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Nordic co-operation 
Nordic cooperation is one of the world’s most
extensive forms of regional collaboration,
involving Denmark, Finland, Iceland, Nor-
way, Sweden, and three autonomous areas:
the Faroe Islands, Greenland, and Åland. 

Nordic cooperation has firm traditions in pol-
itics, the economy, and culture. It plays an
important role in European and international
collaboration, and aims at creating a strong
Nordic community in a strong Europe. 

Nordic cooperation seeks to safeguard Nordic
and regional interests and principles in the
global community.  Common Nordic values
help the region solidify its position as one of
the world’s most innovative and competitive.

The Nordic Food Policy Co-operation

The Nordic Committee of Senior Officials on
Food Issues is concerned with basic Food Pol-
icy issues relating to food and nutrition, food
toxicology and food microbiology, risk evalu-
ation, food control and food legislation. 

The co-operation aims at protection of the
health of the consumer, common utilisation
of professional and administrative resources
and at Nordic and international develop-
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preface

This 4th edition of the Nordic Nutrition Recommendations, nnr 2004,
has been produced by a project group nominated by the Working Group
on Diet and Nutrition, nke, under the Nordic Committee of Senior Offi-
cials on Food Issues, ek-Livs. The project group was established in 2000.

The project group consisted of Wulf Becker, chair, Sweden; Åsa
Brugård Konde and Eva-May Ohlander, secretariat, Sweden; Niels Lyhne
and Agnes N. Pedersen, Denmark; Antti Aro and Mikael Fogelholm, Fin-
land; Jan I. Pedersen, Jan Alexander, Sigmund A. Anderssen and Helle
Margrete Meltzer, Norway; and Inga Pórsdóttir, Iceland. Brittmarie
Sandström, Denmark, was a member of the group, but sadly passed
away in October 2002. A working group on recommendations for chil-
dren was established consisting of Inga Pórsdóttir, chair, Iceland; Olle
Hernell, Sweden; Britt Lande, Norway; Olli Simell, Finland; Kim Fleis-
cher Michaëlsen, Denmark; and Åsa Brugård Konde, secretariat, Swe-
den. The following experts were engaged for specific chapters : Nils-
Georg Asp, Sweden (carbohydrates), Ingegerd Johansson, Sweden
(caries, fluorine), Rune Blomhoff, Norway (vitamin A, antioxidants), Lars
Dragsted, Denmark (antioxidants), Susanne Højbjerg Bügel, Denmark
(copper), Lars Ovesen, Denmark (iodine), Maria Lennernäs, Sweden (eat-
ing pattern), and Ingibjörg Gunnarsdóttir, Iceland (pregnancy, lacta-
tion). Food-based recommendations were evaluated by a working group
consisting of Ellen Trolle, Denmark; Liisa Valsta, Finland; Hólmfrídur
Porgeirsdóttir, Iceland; Lars Johansson, Norway; and Heléne Enghardt
Barbieri and Wulf Becker, Sweden.

Valuable comments and contributions were received from a large
number of nutrition experts, national agencies and institutes in the
Nordic countries in response to referrals in 2003 and 2004. A plenary
discussion was held at the 8th Nordic Nutrition Conference in Tønsberg,
Norway, in June 2004.

The Nordic Nutrition Recommendations nnr 2004 were officially
approved by the Nordic Council of Ministers for Fishery, Agriculture,
Forestry and Food, at their meeting on the 13th of August 2004.

This report consists of nnr 2004 and the comprehensive background
documentation compiled by the project group. 5
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introduction

The Nordic countries have for several decades collaborated in setting
guidelines for dietary composition and recommended intakes of nutri-
ents. Similarities in dietary habits as well as in the prevalence of diet-
related diseases, such as cardiovascular disease, osteoporosis, obesity
and diabetes, warranted a focus on the gross composition of the diet, i.e.
the intake of fat, carbohydrate and protein as contributors to the total
energy intake. Already in 1968 medical societies in Denmark, Finland,
Norway, and Sweden published a joint official statement on ‘Medical
aspects of the diet in the Nordic countries’ (Medicinska synpunkter på
folkkosten i de nordiska länderna). The statement dealt with the develop-
ment of dietary habits and the consequences of an unbalanced diet for
the development of non-communicable diseases. Recommendations
were given both for the proportion of fat in the diet and the fat quality,
i.e. a reduced intake of total fat and saturated fatty acids and an increase
in polyunsaturated fatty acids. Food-based guidelines were also included,
aiming at an increased consumption of fruit, vegetables, potatoes, 
low-fat milk, lean meat and cereal products, and a limitation of the 
consumption of sugar and sugar-rich foods.

The first official Nordic Nutrition Recommendations (nnr), issued
in 1980, emphasised a reduction in total fat intake to less than 35% of
the energy consumed and an increased intake of carbohydrates and
dietary fibre. Subsequent editions of nnr were published in 1989 (2nd
edition) and 1996 (3rd edition) and included a further limitation of fat
intake to 30% of energy intake, more detailed recommendations on fat
quality and a focus on energy balance. nnr are an important basis for
various uses in the area of food, nutrition and health policy, for formu-
lation of food-based dietary guidelines and for diet and health-related
campaigns.

In the present 4th edition, nnr 2004, the official Nordic Nutrition
Recommendations are presented and summarized in Chapters 1 and 2.
Subsequent chapters provide the scientific background documentation
and some practical aspects of its derivation and use. The project group
has reviewed and evaluated scientific work, national and international
recommendations and expert reports. Changes have been introduced 9
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only when strong scientific evidence has evolved since the 3rd edition.
A Nordic perspective has been accounted for in setting the recommen-
dations.

In the 4th edition a chapter on physical activity has been added and
interaction with physical activity has been taken into account for the
individual nutrient recommendations wherever appropriate. The chap-
ter on energy requirement has been thoroughly reviewed and reference
weights and physical activity levels updated. A new chapter on food-
based recommendations has also been included. The chapters on eat-
ing pattern, antioxidants and breastfeeding have been expanded. Com-
pared to the 3rd edition, the recommendations on the proportions of
energy yielding nutrients remain virtually unchanged. The values for
recommended daily intakes are in many cases also unchanged.

The recommended intake (ri) of vitamin A (women) has been low-
ered, while it has been increased for vitamin D (children and adults up
to 60 y), vitamin C (adults) and folate (the same ri for all women of
reproductive age; but increased for pregnant and lactating women).
Regarding iron, the ri ranges for women of reproductive age included
in the 3rd edition have been replaced by a single value. In many cases
the values for infants and children are derived from adult data using
either body weight or energy requirement as a basis for the estimations.

Recommendations for copper intake are introduced, while no recom-
mended intakes are set for biotin, pantothenic acid, chromium, flu-
orine, manganese and molybdenum due to insufficient data, i.e. no
change compared to the 3rd edition.

The primary aim of the nnr 2004 report is to present the scientific
background of the Nordic nutrition recommendations and their applica-
tion. In addition, the report can be used as a complement to textbooks
in the field of nutrition, but it does not attempt to give a comprehensive
overview of metabolism, physiology and clinical aspects of each nutri-
ent or topic.

A secondary aim for nnr 2004 is to function as a basis for national
recommendations adopted individually by the Nordic countries.

The 4th edition, the Nordic Nutrition Recommendations 2004 is pub-
lished as a Nord report by the Nordic Council of Ministers. A summary
and the main recommendations are also published in the Scandinavian
Journal of Nutrition (2004; 48 (4) : 178–187).

Aims and content of NNR

The Nordic Nutrition Recommendations nnr 2004 are to be interpreted
as guidelines for the nutritional composition of a diet which provides a

n
o

rd
ic

n
u

tr
it

io
n

re
co

m
m

en
d

at
io

n
s

20
0

4

10

2004-13 NNR 1-424  24/02/05  16:19  Sida 10Page: 2004-13 s.10.p1.pdfPDF Proof by



basis for good health. The basis for setting recommendations is defined
for each individual nutrient using available scientific evidence. As new
scientific knowledge emerges with time, the nnr have to be reassessed
when appropriate and should therefore not be regarded as definitive.

nnr are based on the current nutritional situation in the Nordic
countries and are to be used as a basis for planning a diet which:
– satisfies the nutritional needs, i.e. covers physiological requirements

for growth and function
– is a prerequisite for an overall good health and contributes to a

reduction of risk for diet-associated diseases

nnr are primarily valid for groups of healthy individuals. For individu-
als with disease and for groups with special needs, the dietary composi-
tion may have to be adjusted accordingly.

nnr are valid for the average intake over a longer period of time, e.g.
over at least a week, since the dietary composition may vary from meal
to meal and from day to day. The recommended intakes refer to the
amounts of nutrients ingested. Losses during food preparation, cooking
etc. have to be taken into account when the values are used for planning
diets.

nnr can be used:
– as guidelines for planning diets for groups
– as a basis for teaching and dietary information
– as a basis for food and nutrition policy
– as a basis for evaluation of dietary intake

nnr cover recommendations and criteria to be used in planning diets
for groups and in evaluating dietary intakes. The recommendations in-
clude the following components, which are presented in Chapters 1 and 2:

1. Recommended intake of fat, carbohydrates and protein as 
percentages of total energy intake (E%). Recommendations on
dietary fibre.

2. Recommended intake of vitamins and minerals. The values
include a safety margin accounting for variations in requirement
and physiological factors influencing the requirement, which
makes it likely that a diet containing these amounts will be
sufficient and adequate for practically the entire population.

3. Reference values for energy intake.
4. Recommendations for physical activity.
5. Recommendations for salt intake.
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6. Recommendations for alcohol consumption.
7. Reference values for evaluation of nutrient intake.

Chapter 3 deals with the background and basis of the recommendations,
while Chapter 4 gives an introduction to the practical uses and applica-
tions of nnr. Subsequent chapters deal with the scientific background
for establishing recommendations for each of the components in-
cluded, as well as some additional topics such as breastfeeding, food-
based dietary guidelines, eating pattern and antioxidants.
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chapter 1

Planning diets for groups

Recommended intake of fat, carbohydrates and protein as a 
percentage of total energy intake (excluding energy from alcohol)

Recommendations for adults and children from 2 years of age

fat Intake of saturated plus trans fatty acids should be limited to approximately

10% of the total energy intake (E%). Trans fatty acids from partially hydrogenated

fats should be limited as much as possible. Cis-monounsaturated fatty acids

should provide 10–15 E% and polyunsaturated fatty acids 5–10 E%, including

approximately 1 E% from n-3 fatty acids. Fat (calculated as total fat content includ-

ing glycerol and other lipid components) should provide 25–35 E%. The population

goal is 30 E% from fat, which should be used for planning purposes.

The fat composition of the diet should be modified, primarily by redu-
cing the intake of both saturated and trans fatty acids. A reduction in
the intake of foods rich in saturated fatty acids is generally accompa-
nied by a reduction in the intake of cholesterol. The saturated fatty acids
lauric, myristic and palmitic acid, trans fatty acids and cholesterol
increase the serum ldl-cholesterol concentration, which is a strong risk
factor for coronary heart disease. For the prevention of coronary heart
disease, it is most important to reduce the intake of these fatty acids. In
addition, moderation in total fat intake is important for the prevention
of obesity. This makes it possible to increase the consumption of low-fat
foods that are rich in nutrients and other compounds that may also be
important for the prevention of cardiovascular diseases and cancer.

Essential polyunsaturated n-6 and n-3 fatty acids should provide at
least 3 E%, including at least 0.5 E% from n-3 fatty acids. For pregnant
and lactating women the essential fatty acids should contribute at least
5 E%, including 1 E% from n-3 fatty acids. An intake of polyunsaturated
fatty acids exceeding 10 E% is not recommended, because this may the-
oretically increase the risk of lipid peroxidation. Furthermore, there are
no health benefits associated with a higher intake. Cis-monounsatu-
rated fatty acids (oleic acid) are almost as effective in lowering serum 13
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ldl-cholesterol concentration as polyunsaturated fatty acids when sub-
stituted for saturated fatty acids.

carbohydrates and dietary fibre Carbohydrates1 should pro-

vide 50–60% of the total energy intake (E%). The population goal is 55 E% from

carbohydrates, which should be used for planning purposes. For adults, the intake of

dietary fibre should be 25–35 g/d, i.e. approximately 3 g/mj. Refined sugars should

not exceed 10 E%2.

This recommendation means for most people an increase in the intake
of both carbohydrates and dietary fibre. The increase should consist in
the first instance of foods naturally rich in carbohydrates and dietary
fibre, i.e. cereal products and potatoes, vegetables, fruit and berries,
which are also good sources of vitamins and minerals. An adequate bal-
ance between carbohydrates and fat in combination with a high fibre
content in the diet contributes to a reduced risk of developing over-
weight and associated diseases. An adequate intake of dietary fibre
reduces the risk of constipation and can most likely contribute to pro-
tection against obesity and colon cancer. Intake of appropriate amounts
of dietary fibre from a variety of foods is important for children as well.
From school age the intake should gradually increase to reach the re-
commended level during adolescence. To ensure an adequate intake of
essential nutrients and dietary fibre, especially in children and adults
with a low energy intake, a limitation of the intake of refined sugars2 is
necessary. Limitation of the intake of refined sugars from drinks may be
important to prevent obesity. It is recommended that the intake of
refined sugars should not exceed 10 E%. Frequent consumption of foods
rich in sugars should be avoided in order to reduce the caries risk.

protein Protein should provide 10–20% of the total energy intake (E%). The

population goal is 15 E% from protein, which should be used for planning purposes.

Protein might provide less than 10 E%, but in order to achieve a varied
diet and according to Nordic dietary habits the recommendation is
15 E% for planning purposes. This intake of protein should more than
adequately meet the requirements for essential amino acids.
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1. Carbohydrates including dietary fibre.
2. Refined sugars include sucrose, fruc-
tose, glucose, starch hydrolysates (glucose
syrup, high-fructose syrup) and other iso-

lated sugar preparations such as food com-
ponents used as such or added during food
preparation and manufacturing.
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At very low energy intakes (< 6.5 mj/d), a protein content providing
more than 15 E% may be necessary for planning purposes.

Recommendations for children up to 2 years of age
Exclusive breastfeeding is recommended for infants during the first 6
months. Recommendations for intake of energy yielding nutrients for
children 6–23 months are given in Table 1.1. The energy percent from
fat should decline successively from the high level during the first year
of life to reach the level recommended for children and adults at the
age of 2 years. During the same period protein intake should increase
from about 5 E% (the level in breast milk) to the recommended content
of 10–20 E% for older children and adults.

n-6 fatty acids should contribute at least 4% of the total energy intake (E%) for chil-

dren 6–11 months, and 3 E% for children 12–23 months of age. n-3 fatty acids should

contribute at least 1 E% for children 6–11 months and 0.5 E% for children 12–23

months. During the first year, the intake of trans fatty acids from partially hydro-

genated fats should be kept as low as possible. From 12 months the recommenda-

tion for older children and adults on saturated and trans fatty acids should be used.
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a As exclusive breastfeeding is the pref-
erable source of nutrition for infants
< 6 months, no recommendations for
fat, protein and carbohydrate intake
are given. For non breast fed infants, 
it is recommended that the values for
infant formula proposed by the Euro-
pean Commission Scientific Commit-
tee on Food (2003) be used. If comple-

mentary feeding has started at 4–5
months, the intakes recommended for
6–11 month old infants should be used.

b Intake of refined sugars should not
exceed 10 E%.

Table 1.1 Recommended intake of fat, carbohydrates and protein expressed as g per mj
and as E% for children 6–23 monthsa. Within the age intervals, a gradual reduction in fat
intake is recommended throughout the period from the highest value to the lowest, with
a corresponding increase in carbohydrates

g per mj Energy percent (E%) 

6–11 months

Protein 4–98 7–15
Fat 8–12 30–45
Carbohydratesb 45–60 

12–23 months 

Protein 6–98 10–15
Fat 8–98 30–35
Carbohydratesb 50–55 
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Table 1.2 Recommended intake of certain nutrients, expressed as average daily intake over time, for
use in planning diets for groupsa. The requirements are lower for almost all individuals 

Age Vit. A Vit. Dd Vit. E Thia- Ribo- Niacin Vit. B6 Folate Vit. B12 Vit. C
years min flavin

re c µg a-tee mg mg ne f mg µg µg mg

< 6 mob – – – – – – – – – –
66–11 mo 300 10 3 0.4 0.5 5 0.4 50 0.5 20
12–23 mo 300 10 4 0.5 0.6 7 0.5 60 0.6 25
62–5 y 350 7.5 5 0.6 0.7 9 0.7 80 0.8 30 
66–9 y 400 7.5 6 0.9 1.1 12 1.0 130 1.3 40 

Females
10–13 600 7.5 7 1.0 1.2 14 1.1 200 2.0 50 
14–17 700 7.5 8 1.2 1.3 15 1.3 300 2.0 75 
18–30 700 7.5 8 1.1 1.3 15 1.3 400 2.0 75 
31–60 700 7.5 8 1.1 1.3 15 1.2 300g 2.0 75 
61–74 700 10 8 1.0 1.2 14 1.2 300 2.0 75 
≥ 75 700 10 8 1.0 1.2 13 1.2 300 2.0 75 

Pregnant 800 10 10 1.5 1.6 17 1.5 500 2.0 85 

Lactating 1,100 10 11 1.6 1.7 20 1.6 500 2.6 100 

Males
10–13 600 7.5 8 1.2 1.4 16 1.3 200 2.0 50 
14–17 900 7.5 10 1.5 1.7 20 1.6 300 2.0 75 
18–30 900 7.5 10 1.5 1.7 20 1.6 300 2.0 75 
31–60 900 7.5 10 1.4 1.7 19 1.6 300 2.0 75 
61–74 900 10 10 1.3 1.5 17 1.6 300 2.0 75 
≥ 75 900 10 10 1.2 1.3 15 1.6 300 2.0 75 

a Refers to the consumed amount, i.e.
changes during preparation, cook-
ing etc. must be accounted for.

b Exclusive breastfeeding is the
preferable source of nutrition for
infants during the first six months
of life. Therefore, recommendations
for single nutrients are not given
for infants < 6 months. If breast-
feeding is not possible, infant for-
mula composed to serve as the only
food for infants should be given 
(see Chapter 5 on breast-feeding: 
Scientific Committee on Food,
2003). If complementary feeding
has started at 4–5 months, the 
recommended intakes for 6–11
month old infants should be used.

c Retinol equivalents; 1 retinol equiv-
alent (re) = 1 µg retinol = 12 µg 
e-carotene.

d From 4 weeks of age, infants should
receive 10 µg vitamin D per day as 
a supplement. Elderly people with
little or no sun exposure should
receive a supplement of 10 µg vita-
min D3 per day in addition to the
dietary intake.

e a-tocopherol equivalents; 1 a-toco-
pherol equivalent (a-te) = 1 mg
rrr-a-tocopherol.

f Niacin equivalent; 1 niacin equiva-
lent (ne) = 1 mg niacin = 60 mg
tryptophan.

g Women of reproductive age are 
recommended an intake of 400
µg/day.
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Table 1.2 cont. Recommended intake of certain nutrients, expressed as average daily intake over
time, for use at planning diets for groups. The requirement is lower for almost all individuals

Age Calcium Phos- Potas- Magne- Ironh Zinci Copper Iodine Sele-
years phorus sium sium nium

mg mg g mg mg mg mg µg µg

< 6 mob – – – – – – – – –
26–11 mo 540 420 1.1 80 8 5 0.3 50 15
12–23 mo 600 470 1.4 85 8 5 0.3 70 20
22–5 y 600 470 1.8 120 8 6 0.4 90 25
26–9 y 700 540 2.0 200 9 7 0.5 120 30

Females 
10–13 900 700 2.9 280 11 8 0.7 150 40
14–17 900 700 3.1 280 15l 9 0.9 150 40
18–30 800j 600j 3.1 280 15l 7 0.9 150 40
31–60 800 600 3.1 280 15l/9m 7 0.9 150 40
61–74 800k 600 3.1 280 9 7 0.9 150 40
≥ 75 800k 600 3.1 280 9 7 0.9 150 40

Pregnant 900 700 3.1 280 – n 9 1.0 175 55 

Lactating 900 900 3.1 280 15 11 1.3 200 55 

Males
10–13 900 700 3.3 280 11 11 0.7 150 40
14–17 900 700 3.5 350 11 12 0.9 150 50
18–30 800j 600j 3.5 350 9 9 0.9 150 50
31–60 800 600 3.5 350 9 9 0.9 150 50
61–74 800 600 3.5 350 9 9 0.9 150 50
≥ 75 800 600 3.5 350 9 9 0.9 150 50

h The composition of the meal influences
the utilization of dietary iron. The avail-
ability increases if the diet contains abun-
dant amounts of vitamin C and meat or
fish daily, while it is decreased at simul-
taneous intake of e.g. polyphenols or
phytic acid.

i The utilization of zinc is negatively
influenced by phytic acid and positively
by animal protein. The recommended
intakes are valid for a mixed animal/
vegetable diet. For vegetarian cereal-
based diets, a 25–30% higher intake is 
recommended.

j 18–20 olds are recommended 900 mg 
calcium and 700 mg phosphorus per day.

k Supplementation with 500–1,000 mg 
calcium per day may possibly, to some
degree, delay age-related bone loss.

l Menstrual flow and its associated iron
losses may vary considerably among

women. This means that some women
require a larger iron supply than others.
At an availability of 15%, 15 mg/d will
cover the requirement of 90% of women
of fertile age. Some women require more
iron than the habitual diet can supply.

m Recommended intake for post-meno-
pausal women is 9 mg per day.

n Iron balance during pregnancy requires
iron stores of approximately 500 mg at
the start of pregnancy. The physiological
need of some women for iron cannot be
satisfied during the last two thirds of
pregnancy with food only, and supple-
mental iron is therefore needed.
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Recommended intake of vitamins and minerals
The recommended intake (ri) of certain vitamins and minerals, ex-
pressed as average daily intake over time, is given in Table 1.2. The values
for recommended intakes are intended for planning diets for groups of
subjects of the specified age intervals. The values include a margin
accounting for variations in requirement and physiological factors influ-
encing the requirement, which makes it likely that a diet containing
these amounts will be sufficient and adequate for practically the entire
population. nnr do not cover all known essential nutrients, since the
scientific basis for establishing recommendations was considered in-
complete for some nutrients.

Recommendations for planning diets for heterogeneous groups
In planning diets for groups with a heterogeneous age and sex distribu-
tion, the amounts of nutrients per mj given in Table 1.3 are recom-
mended. For each nutrient, the figures are based on the age and sex cat-
egory of individuals 6–60 years old, for which the highest nutrient den-
sity is necessary to meet the requirements. These recommendations are
not primarily aimed at pregnant and lactating women, nor at adult diets
with a low energy level, i.e. less than 8 mj per day. Furthermore, they are
less applicable for planning diets with an energy level above 12 mj per
day, in which a lower density of many nutrients is sufficient.

A very low energy intake is defined as an energy intake below 6.5 mj/d as
a minimum daily energy intake necessary for providing adequate
amounts of micronutrients from the diet. An energy intake of 6.5–8 mj
is considered a low energy intake with an increased risk of an insufficient
intake of micronutrients.

A very low energy intake is related to either a very low physical activ-
ity level and/or to a low body weight. Low body weight is related to
small muscle mass and thereby to low energy expenditure. Among
healthy subjects, an actual very low habitual energy intake is probably
rare – even among very inactive elderly subjects with physical activity
level (pal) of 1.4, the estimated energy requirements is 7–8 mj/d (see
Chapter 9). The age-related decrease in energy expenditure may result
in very low energy intake in elderly subjects. Very low energy intake is
also found among persons on slimming diets and among subjects with
eating disorders, food intolerances, etc. When calculating the nutrient
density for groups with low energy intake/requirement using ri in Table
1.2, the nutrient density may become unrealistically high. In that case
the recommended nutrient density per mj from Table 1.3 should be fol-
lowed and supplementation with a multi vitamin-mineral tablet should
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be considered. For groups with a very low energy intake, the diet should
always be supplemented with a multi vitamin-mineral tablet. The most
effective way to prevent low and very low energy intake is to increase
the physical activity level.

Table 1.3 Recommended nutrient density to be used for planning diets for groups of
individuals 6–60 years of age with a heterogeneous age and sex distribution. The values
are adapted to the reference person requiring the highest dietary nutrient density

Content per mj

Vitamin A re 80
Vitamin D µg 1.0
Vitamin E a-te 0.9
Thiamin mg 0.12 
Riboflavin mg 0.14
Niacin ne 1.6
Vitamin B6 mg 0.13
Folate µg 45 
Vitamin B12 µg 0.2
Vitamin C mg 8
Calcium mg 100
Phosphorus mg 80
Potassium g 0.35
Magnesium mg 35
Iron mg 1.6
Zinc mg 1.1
Copper mg 0.1
Iodine µg 17
Selenium µg 4

Reference values for energy intake in groups
Both excessive and insufficient energy intake in relation to require-
ments lead in the long term to negative consequences for health. The
individual’s energy intake and expenditure should therefore be equal at
adult age.

In Table 1.4, reference values are given for energy intake for groups of
adults with two different physical activity levels. An active lifestyle, cor-
responding to pal 1.8, is considered desirable for maintaining good
health. An activity level of pal 1.6 corresponds to a lifestyle with seden-
tary work and limited physical activity level during leisure time. The
reference body weights used for calculation are based on Nordic popula-
tions. The original weights have been corrected so that all individuals
fall within the normal range (18.5–25) of body mass index (bmi).

Individual recommendations for energy intake cannot be given due
to the large variation between individuals with respect to metabolic
rate, body composition and degree of physical activity.
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Table 1.5 contains reference values for energy intakes in groups of
children. The reference values for energy requirements in healthy
infants and children up to 6 years are based on data from studies using
the doubly labelled water technique. For children 6–17 years, the refer-
ence values are based on total energy expenditure using estimations of
the basal metabolic rate (bmr) and physical activity level (pal), with
values for different activity levels from 10 to 17 years.
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a It should be noted that these estima-
tions have a large standard error due to
inaccuracy in estimation of both ree
and pal. Therefore, the results should
be used only for estimation on group
level. See Chapter 9 on Energy for more
details.

b Rounded values. The estimated refer-
ence weights are based on mean popu-
lation weights in Denmark, Sweden
and Finland, with adjustments for indi-
viduals outside bmi range 18.5–25. The
values in the tables are thus estima-
tions assuming that all individuals are
at normal weight. 

c ree = resting energy expenditure.
d pal = physical activity level; total

energy expenditure divided by basal
metabolism (bmr).

e Corresponding to an energy expendi-
ture of 60 minutes brisk walking daily.

f During pregnancy the energy require-
ment increases, mainly during the sec-
ond and third trimesters. An increase
in energy intake of approximately 1.5
mj/d in the second trimester and 2
mj/d in the third, is applicable for both
activity levels provided that the level
(1.6 or 1.8 pal) is unchanged. During
lactation the energy requirement
increases by approximately 2 mj/d for
the reference woman provided that the
level of physical activity is unchanged.
For many pregnant and lactating
women, the increased energy require-
ment is compensated for by a de-
creased amount of physical activity.

Table 1.4 Reference values for energy intakes in groups of adults with sedentary 
and active lifestyle a

Sex and age Body reec Sedentary Active
weightb Sedentary work and Sedentary work and

limited physical regular physical 
activity in leisure time activity in leisure timee

(pald = 1.6) (pald =1.8) 

Women f kg mj/d mj/d mj/d 
18–30 y 62 5.9 9.4 10.7 
31–60 y 63 5.8 9.2 10.4 
61–74 y 63 5.3 8.5 9.5 
≥ 75 y 62 5.1 8.2 9.3

Men
18–30 y 76 7.7 12.3 13.8 
31–60 y 77 7.4 11.8 13.3 
61–74 y 74 6.6 10.6 12.0 
≥ 75 y 73 6.0 9.6 10.8 
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Recommendations on physical activity

Adequate physical activity contributes to the prevention of lifestyle-
related diseases such as cardiovascular disease, osteoporosis and certain
types of cancer. Daily physical activity is therefore recommended as part
of a healthy lifestyle, together with a balanced diet.

Children and adolescents
There should be a minimum of 60 minutes of physical activity every
day. The activity can probably be divided into shorter intervals of phys-
ical activity during the course of the day. Activities should be as diverse
as possible in order to provide optimal opportunities for developing all
aspects of physical fitness including cardio-respiratory fitness, muscle
strength, flexibility, speed, mobility, reaction time and coordination. 

Adults
The adult population should undertake a minimum of 30 minutes of
daily physical activity of moderate intensity and/or vigorous intensity
corresponding to an energy expenditure of about 630 kJ. This should be
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Table 1.5 Reference values for energy intakes in groups of children 

Age Average weighta Estimated energy requirementsb

kg mj/d 

66–11 mo 9.1 3.2 
12–23 mo 11.6 4.1
22–5 y 16.1 5.3
26–9 y 25.2 7.7

Girls 
10–13 y 38.3 8.6
14–17 y 53.5 9.6

Boys 
10–13 y 37.5 9.8
14–17 y 57.0 12.3 

a Values for body weight in the group
0–5 years are primarily based on the
mean of reference values from Den-
mark, Finland, Norway and Sweden.
Recent values for growth at school age
show increasing weight to height and a
prevalence of overweight, therefore
values for the age group 6–17 y are
based on mean values from 1973–1977.

b Values for children 10–17 y are based
on pal 1.75/1.80 for boys and 1.65/1.70
for girls.
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in addition to the energy expenditure through normal inactive living.
The activity can probably be divided into shorter intervals of physical
activity during the course of the day, for instance intervals lasting about
10 minutes. An increase in activity beyond this duration and intensity
will yield additional benefits. More physical activity (about 60 minutes
daily) with a moderate and/or vigorous intensity may be needed for pre-
vention of weight gain.

Recommendations on salt intake

A gradual reduction in the intake of sodium as sodium chloride is desir-
able. The population target is 6 g/d salt for women and 7 g/d for men,
corresponding to 2.4 and 2.8 g/d of sodium, respectively. A further
decrease to 5–6 g salt per day may have additional benefits.

The salt intake of children should also be limited and for children
below 2 years of age the sodium density, expressed as salt, should not
exceed 0.5 g/mj, in order to prevent children becoming accustomed to a
diet with a high salt content.

Recommendations on consumption of alcohol

The consumption of alcohol should be limited and not exceed approxi-
mately 10 g alcohol per day for women and 20 g per day for men. The
energy contribution from alcohol should not exceed 5 E% in adults. Preg-
nant and lactating women, children and adolescents are recommended
to abstain from alcohol.
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chapter 2

Reference values for 
evaluation of nutrient
intake

Values for evaluating the adequacy of intake 
of vitamins and minerals

Table 2.1 gives values for the estimated average requirement (ar) and
lower level of intake (li) for certain vitamins and minerals. The values
are intended only for use in assessing results from dietary surveys.
Before comparing intake data with these reference values, it is crucial to
check whether the intake data derived from a particular survey are suit-
able for assessing adequacy. More guidance on this subject and on how
to use nnr in this context is given in Chapter 4.

The average requirement is the value to be primarily used to assess
the risk for inadequate intake of micronutrients in a certain group of
individuals. The percentage that has an intake below the ar indicates
the proportion having an increased risk of inadequate intake.

Long-term intakes below the li are associated with an increased risk
of developing deficiency symptoms. There is a substantial uncertainty in
several of these values. Thus, they should be applied with caution and if
possible related to clinical and biochemical data. Furthermore, intake of
nutrients above these values is no guarantee that deficiency symptoms
could not occur in single individuals. 

It must be emphasised that a comparison with ar and li values can
never decide whether intake is adequate or not, it can only indicate the
probability that it is. That is because nutrient intake data are not abso-
lutely true values, but are calculated using food composition tables and
reported food consumption, both of which have a considerable error
margin. Therefore, in order to find out whether an intake of a particular
nutrient is adequate, biochemical measurements and thorough dietary
assessment are necessary.

23
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Table 2.1 Estimated average requirement (ar) and lower level of intake (li) for certain
vitamins and minerals for adults. The values are intended for use only in assessing 
results from dietary surveys. Long-term intakes below the li are associated with an
increased risk of developing deficiency symptoms. On the other hand, an intake of 
nutrients above these values is no guarantee that deficiency symptoms could not occur
in single individuals

Nutrient Women Men 

li ar li ar 

Vitamin A re 400 500 500 600
Vitamin D µg 2.5a – 2.5a –
Vitamin E a-te 3 5 4 6
Thiamin mg 0.5 0.9 0.6 1.2
Riboflavin mg 0.8 1.1 0.8 1.4
Niacin ne 9 12 12 15
Vitamin B6 mg 0.8 1.0 1.0 1.3
Folate µg 100 200 100 200
Vitamin B12 µg 1 1.4 1 1.4
Vitamin C mg 10 50 10 60
Calcium mg 400 – 400 –
Phosphorus mg 300 450 300 450
Potassium g 1.6 – 1.6 –
Iron mg (5) b, c 10 (6)b 7 7
Zinc mg 4 5 5 6
Copper mg 0.4 0.7 0.4 0.7
Iodine µg 70 100 70 100
Selenium µg 20 30 20 35
a Primarily for individuals >60 years of age.
) Refers to post menopausal wo

men.

Values for the evaluation of high intakes of vitamins and minerals

For some nutrients, high intakes may cause adverse or even toxic symp-
toms. Upper intake levels (ul) have thus been established for some
nutrients (Table 2.2). Prolonged intakes above these levels can, for certain
nutrients, induce an increased risk of toxic effects (e.g. preformed vita-
min A, vitamin D, iron and iodine). For other nutrients the adverse
effects may be different and milder, e.g. gastrointestinal problems, inter-
ference with the utilization of other nutrients. The upper levels are not
recommended levels of intake, but are maximum levels of daily chronic
intakes judged to be unlikely to pose a risk of adverse health effects to
humans. The upper levels are derived for the normal healthy popula-
tion, and values are given for adults. For other life stages, e.g. infants
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a Primarily for individuals >60 years 
of age.

b ( ) Refers to post menopausal women.
c A lower level cannot be given for

women of fertile age without consid-

ering the woman’s iron status (deter-
mined by clinical-chemical/biochemi-
cal methods).
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and children, specific data may exist for deriving specific values or such
values could be extrapolated. To establish whether a population is at
risk for adverse effects the fraction of the population exceeding the ul
and the magnitude and duration of the excessive intake should be deter-
mined. There is a substantial uncertainty in several of the upper level
values, and they must be used with caution for single individuals. ul
values do not necessarily apply in cases of prescribed supplementation
under medical supervision.c A lower level cannot be given for women of fer

Table 2.2 Estimated upper levels (ul) for average daily intake of certain nutrients for
adults. The upper levels are maximum levels of daily chronic intakes judged to be unlikely
to pose a risk of adverse health effects to humans. The upper levels are derived for the
normal healthy population. There is a substantial uncertainty in several of the upper
level values, and they must be used with caution for single individuals. ul values do not
necessarily apply in cases of prescribed supplementation under medical supervision

Nutrient Upper intake level 
per day 

Preformed vitamin Aa µg 3,000b

Vitamin D µg 50 
Vitamin Ec a-te 300 
Niacinc

nicotinic acid mg 10d

nicotinamide mg 900 
Vitamin B6

c mg 25 
Folic acidc µg 1,000 
Vitamin C mg 1,000 
Potassiumc g 3.7 
Calcium mg 2,500 
Phosphorus mg 4,000 
Iron mg 25e

Zinc mg 25 
Iodine µg 600 
Selenium µg 300 
Copper mg 5

a As retinol and/or retinylpalmitate.
b Intake of retinol above 3,000 µg/d in pregnant women has been associated with an

increased risk of foetal malformations. The upper tolerable level may not adequately
address the possible risk of bone fracture in vulnerable groups. Postmenopausal
women who are at greater risk for osteoporosis and bone fractures should therefore
restrict their intake to 1,500 µg/d.

c In the form of supplements and fortification only.
d Not applicable to pregnant and lactating women.
e 10 mg in addition to habitual dietary iron intake.
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a As retinol and/or retinylpalmitate.
b Intake of retinol above 3,000 µg/d in

pregnant women has been associated
with an increased risk of foetal mal-
formations. The upper tolerable level
may not adequately address the possi-
ble risk of bone fracture in vulnerable
groups. Postmenopausal women who
are at greater risk for osteoporosis

and bone fractures should therefore
restrict their intake to 1,500 µg/day.

c In the form of supplements and forti-
fication only.

d Not applicable to pregnant and 
lactating women.

e 10 mg in addition to habitual dietary
iron intake.
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chapter 3

Nutrition recommen-
dations – background and
principles

There are two types of nutrition recommendations: 1) Traditional nutri-
ent recommendations are based mainly on physiological data on the
requirements of different nutrients, and 2) Recommendations on energy
distribution, i.e. recommendations on the proportions of energy derived
from fat and fatty acids, carbohydrates and protein, expressed as per-
centages of the total energy intake. The latter recommendations gener-
ally have a much wider and different background and imply advice on
food intake aimed at prevention of several nutrition-related chronic dis-
eases. In addition, the term Dietary guidelines is often used for recom-
mendations at food level, but might also include nutrients. A preferred
term is food-based dietary guidelines, originally used by fao (1).

Nordic Nutrition Recommendations (nnr) constitute the scientific
basis for practical planning of diets for various population groups and
for the development of food-based dietary guidelines and advice. If the
diet fulfils these recommendations, is varied, i.e. contains food from all
food groups, and contains enough food to cover the energy require-
ments, the requirements for practically all nutrients will be covered.
Exceptions are vitamin D, iron, iodine and folate in subgroups of the
population. In diet planning it is therefore usually not necessary to cal-
culate in detail the intake of the separate vitamins and minerals.

Background

Historically, the main objective of the nutrition recommendations was
to prevent deficiency disorders. Vitamin and mineral deficiency diseases
were common before these essential nutrients were discovered as vital
components of the diet, e.g. iodine deficiency used to be widespread 
in inland communities in the Nordic countries and due to vitamin D
deficiency, rickets crippled the lives of thousands. 27
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Today, classical deficiency symptoms caused exclusively by too low
dietary intake are very rare in the Nordic countries. Several Nordic
dietary surveys have shown that the intake of vitamins and minerals in
most cases is sufficient in relation to the recommendations, with the
exception of vitamin D, iron, iodine and folate, which in some popula-
tion groups have been found to be low. Low iron status is seen among
children (2) and a varying proportion of women of fertile age (3). Mar-
ginal vitamin D status has been observed among children, adolescents,
the elderly and some groups of immigrants (4–7). Folic acid supplemen-
tation is often recommended to women planning pregnancy.

In the 1970s, nutrition recommendations shifted their main focus
from concentrating on the prevention of deficiency disorders to main-
taining good health and preventing major chronic diseases, first and
foremost coronary heart disease, cancer, diabetes and osteoporosis, but
also other diseases. The present nnr 2004 have considered both data on
the basal nutritional nutrient requirements and on clinical and epi-
demiological data about the relationship between diet and health. 

For more than four decades, nutritionists in the Nordic countries
have recommended that the balance between the macronutrients
(energy-providing nutrients) should be changed. These recommenda-
tions emphasise for example a reduction in the consumption of fat,
especially saturated fat, and refined sugars and an increased consump-
tion of foods rich in complex carbohydrates and dietary fibre, for exam-
ple bread, potatoes, vegetables and fruit. Similar recommendations
have been published by international and national organisations during
recent years (8–11).

General approach

The main objective of the recommendations is, on the basis of state of
the art of knowledge, to ensure a diet that provides energy and nutri-
ents for optimal growth, development, function and health during the
whole life. All these factors are difficult to measure completely with cur-
rently available methods. Furthermore, health is difficult to define.
Some of the indicators that are traditionally associated with good
health, e.g. maximal growth (12) and early maturity, can be in conflict
with other factors, such as the risk of certain forms of cancer (13, 14).

The establishment of a recommended daily intake for a certain nutri-
ent consists of at least two main steps. The first step includes evalua-
tion of the average requirement for the population group in question,
judged by criteria that have to be set for every individual nutrient. The
establishment of these criteria includes considerations about clinical
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and biochemical deficiency symptoms, body stores, body pool turn-over
and tissue levels. The nutritional requirements are influenced mainly by
different biological factors like age, sex, growth, height, weight, preg-
nancy and lactation. In the second step an evaluation is made of a safety
margin that should cover individual variations, as well as smaller un-
specific increases in the requirement. The size of the safety margin
depends on how much the requirement varies between individuals, but
also on variations in bioavailability of the nutrient from the diet and
potential negative effects of high intakes. Furthermore, the precision
of the estimation of the requirement is taken into consideration.

Sub-clinical and clinical deficiency
Deficiency of a nutrient implies that the supply is so small that specific
symptoms of disturbances in body functions emerge. During serious,
manifest deficiency, overt clinical symptoms or signs such as bleeding
of the gums during scurvy and neurological symptoms due to vitamin
B12 deficiency arise.

It is also possible to measure the activity of enzymatic systems in
which nutrients have a role as co-factors, or concentrations of nutrient
in cells or fluids as a measure of tissue stores. Low activities or concen-
trations are usually associated with deficiency symptoms or impaired
function. Moreover, it is possible to define an interval between mani-
fest deficiency and optimal intake level, where clinical symptoms are
more diffuse or do not exist at all. This level is sometimes called sub-
clinical or marginal deficiency, or ‘biochemical deficiency’ (Figure 3.1).
Such indicators are available only for a limited number of nutrients, e.g.
vitamin D, iron, folate and B12.

There is normally a transitional phase between a deficiency disease at
a very low intake of the nutrient, through optimal conditions to toxico-
logical effects at very high intakes. There is also a transitional phase
between overt toxic effects at very high intakes and milder adverse
effects at lower intakes.

Requirement and recommended intake

The concept ‘requirement’ is difficult to handle, partly due to the fact
that the definition of the word ‘requirement’ is not always clear. The
nutritional requirement could be defined as the absorbed amount of a
nutrient that is needed to prevent clinical deficiency symptoms, or as
the amount that maintains satisfactory body stores and tissue function.
Usually ‘requirement’ means the smallest amount of a nutrient that 
is needed to prevent all physiological signs of insufficient nutrition
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(judged from clinical signs or symptoms and/or with biochemical and
physiological parameters) that can be attributed to an insufficient sup-
ply of that nutrient. In reality there is no fixed point for a requirement,
rather there are transitional stages between manifest deficiency symp-
toms at a low intake via biochemical signs of low body stores to an opti-
mal tissue level (Figure 3.1).

The requirement for a nutrient in a population can be described as a
cumulated dose-response relationship (Figure 3.2). In the nnr, the term
average requirement (ar) is used to define the intake of a nutrient that
represents the average requirement for a defined group of individuals
(Figure 3.2). The term ‘average requirement’ is also used by the eu Sci-
entific Committee on Food (6). In the British (7) and us (2) recommenda-
tions, the term ‘Estimated Average Requirement’ is used for the same
concept.

The lower intake level (li) in nnr generally refers to the level below
which an intake could lead to deficiency symptoms in some individuals,
see Figure 3.2. Establishment of a ‘lower intake level’ is thus based on
observations of individuals, and is in many cases based on criteria other
than the average requirement.

In nnr the term ‘recommended intake’ (ri) refers to ‘the amount of
a nutrient that according to present knowledge can meet the known
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Figure 3.1 The theoretical relationship between intake of a nutrient 
and the effect on the organism
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requirement and maintain good nutritional status among practically all
healthy individuals’. This definition corresponds, in general, to defini-
tions used by other expert committees, e.g. the us ‘Recommended
Dietary Allowance’, the British ‘Population Reference Intake’, the eu
Scientific Committee on Food ‘Reference Nutrient Intake’ and recom-
mendations from the fao/who (15).

In nnr the selected criteria for establishing the average requirement
are usually based on data on biochemical markers of adequate nutri-
tional status, and not on amounts that are sufficient to prevent clinical
deficiency symptoms. In many cases preventive or interactive effects
with other dietary factors are accounted for. Examples are the enhanc-
ing effect of ascorbic acid on iron absorption and the effect of folate 
on the homocysteine levels in blood. The recommended levels have
been established as ‘optimal or sufficient levels’ in this context. This
approach is applicable for most nutrients in the nnr.

Higher doses of certain vitamins and minerals may have pharmaco-
logical effects different from their primary nutritional effects. Gener-
ally, this concerns amounts that one cannot normally get from the diet.
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Figure 3.2 Relationships between levels of intake. Recommended nutrient intake (ri)
is usually equal to the average requirement (ar) of a group of individuals plus a safety
margin of two standard deviations (sd) or more. Lower intake level (li) is similarly approx-
imately the 97–98th percentile on the distribution curve of minimum requirement.
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High doses of nicotinic acid have been used as lipid-lowering agents and
vitamin D2 has been used in the treatment of hyperparatyreodism. Vit-
amin E has been used for the treatment of claucadio intermittens. The
effect of fluoride on dental caries can also be considered a pharmacolog-
ical rather than a nutritional effect. Such effects have not been taken
into consideration in the establishment of the recommended intake.

The recommended intake corresponds to the consumed amount,
which means that in planning, losses during handling, preparation, etc.
have to be taken into consideration. The recommended intake is aimed
at the average intake in a group expressed per day for a longer period,
e.g. one week. The body can adapt and save nutrients when the intake is
lower than the immediate requirement. The storage capacity varies and
is highest for the fat-soluble vitamins (several months), while the stores
of water-soluble vitamins (with the exception of vitamin B12) usually
last for about a month if the diet is completely lacking in these vita-
mins.

It is important to distinguish between the average requirement for a
nutrient and the recommended intake. The recommended intake repre-
sents more than the requirement for the average person and also covers
the individual variations in the requirement for the vast majority of the
population group (Figure 3.2). Depending on the criteria used for setting
the average requirement, the margin between ar and ri may vary. 
For some nutrients, where the variation in requirement is known, a sta-
tistical measure, usually 2 sd, is applied to cover the variations in the
requirement. For other nutrients the margin is based on factors such
as turn-over, size of body pool, interaction with other dietary factors
and bioavailability. Generally the recommendations cover increased
requirements, for example during short-term mild infections or certain
medical treatments. It is important to note that the recommendations
are intended for healthy persons. The recommended amounts are there-
fore usually not enough during long-term infections, malabsorption and
various metabolic disturbances, or for treatment of persons with an in-
sufficient nutritional status. Finally, the recommendations are as a rule
only applicable if the supply of other nutrients and energy is adequate.

Recommendations in an international perspective
It has to be pointed out that the recommendations are not measurable
quantities in a traditional scientific sense. They are the result of estima-
tions and evaluations based on existing knowledge about human nutri-
tional needs and health. Therefore they are not static but constantly
have to be reviewed according to new knowledge.
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Some nutrients or dietary components can influence the absorption,
metabolism and excretion of other nutrients. The composition of the
diet can therefore have an impact on the amount of a certain nutrient
that has to be ingested to cover the requirement. For each nutrient it is
therefore necessary to consider different possible interactions. This may
lead to rather different recommendations in different parts of the
world, due to the composition of the diet.

Differences in population structure and dietary habits are reasons for
different recommendations in different countries. However, diverging
interpretation of scientific data can also be a cause of such differences,
as well as the frequency of updating the recommendations. The recom-
mendations may therefore vary from one country to another and from
one period to another for the same country. In spite of the above consid-
erations, recommendations are surprisingly similar around the world.

Criteria for essentiality of vitamins and minerals
Contrary to what is generally believed, there is no general consensus in
the scientific world as to which micronutrients should be classified as
essential. This lack of consensus is reflected in the food regulations of
the various countries, as they differ when it comes to trace elements
allowed in food supplements1.

The first classical criterion for defining a nutrient as essential for
humans, is that:

a) A biological function for the nutrient is known.

Other criteria are that:
b) A person with an otherwise adequate diet demonstrates deficiency

symptoms or reduced biochemical activity when the supply of the
nutrient is insufficient in the diet or the endogenous production is
inadequate,

c) These signs and symptoms disappear when the nutrient is reintro-
duced2.
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1. Examples: In the usa, vanadium is per-
mitted in supplements, but not in Europe.
In England, boron and germanium are per-
mitted, but as far as we know not in the
rest of Europe. 

2. Codex Alimentarius defines an essen-
tial nutrient as follows: Any substance nor-
mally consumed as a constituent of food
which is needed for growth and develop-
ment and the maintenance of healthy life
and which cannot be synthesised in ade-
quate amounts in the body.

2004-13 NNR 1-424  22/02/05  10:20  Sida 33Page: 2004-13 NNR 1-424.p33.pdfPDF Proof by



Following these criteria, there seems to be little disagreement today
about which compounds belong to the group vitamins and major min-
erals. However, there is some controversy when it comes to which trace
elements are considered essential3. This is partly due to the historical
and scientific processes the elements have to go through before we con-
sider them as essential. Not only the accepted essential elements, but
also a large percentage of the non-essential elements in the periodic
table are found in minute quantities in the body of mammals. A func-
tion may have been hypothesised for some and confirmed in a limited
amount of animal studies, but not for humans. Only when clear defi-
ciency signs or reduced biochemical activity are observed for humans
are we willing to accept them as essential. It took 22 years from the dis-
covery of selenium being essential to rats (1958) till it was accepted as
essential to humans (in 1980), and a similar history applies to zinc and
chromium. Diets deficient in arsenic, boron, bromine, lithium, silicon,
tin or vanadium can induce deficiency signs in certain animals, and to
some extent their function has been revealed (16). Nevertheless, as long
as no specific biochemical function or clear deficiency signs have been
observed in humans, they are not universally accepted as essential to us. 

The uncertainty connected to some of the trace elements is reflected
in this version of the nnr through the chapters on chromium, man-
ganese and molybdenum, where no recommendations are given in spite
of the recognition that they are essential for humans according to 
criterion a) above. As long as substantial evidence of fulfilment of crite-
ria b) and c) are missing, we abstain from recommendations for these
nutrients.

Reference values for energy intake
There is an important difference between the recommendations for
energy intake and recommendations for vitamins and minerals. For
some vitamins and minerals recommendations can be given with large
margins, since the absorption can be limited or the excess broken down
or secreted. The recommendations may therefore exceed the absolute
requirements of the individual on a long-term basis. For the energy
intake this is not the case. If the energy intake exceeds the energy
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3. As a substance called vitamin sells bet-
ter, there are examples of both natural and
more or less synthetic compounds being
sold as ‘vitamins’ to obtain better sales fig-
ures. Various flavonoids were sold as vita-
min P with official acceptance until 1964,
and the name still remains with several

manufacturers, although erroneous. For
several decades there were also substantial
sales of the nonexistent ‘vitamins’ B13, B15,
and B17. As B17 (laetrile) turned out to be
directly toxic, manufacturers seem to have
become more careful in the past decade.
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expenditure, the result will be overweight in the long-term. On the
other hand, if the energy intake is lower than the expenditure, body
stores will gradually be emptied. Generally energy intake and expendi-
ture should be the same. There are mechanisms that help the body to
save energy during low energy intakes and to increase expenditure dur-
ing high energy intakes. However, the actual knowledge about these
regulatory mechanisms is rather limited. In nnr the term reference value
means the estimated energy requirement for a defined group of indi-
viduals with similar body size, age, sex and activity level.

Recommendations on macronutrients
In nnr the distribution of energy between the energy-providing nutri-
ents, i.e. macronutrients, is emphasised. The background is that the cur-
rent diet-related health problems mainly result from over-nutrition and
nutritional imbalances, rather than the under-nutrition or deficiency
illnesses that were more frequent before. 

Most of the mechanisms that operate in the development of adult-
onset degenerative diseases are fully functional immediately or soon
after birth. All current evidence suggests that the risk factors that
influence development of these diseases have a great time-based effect
on development of the sedentary changes in childhood as well as in
adults, suggesting that such preventive aspects in recommendations for
children are probably at least as important as those given to the adult
population. The important finding that most of the exogenous risk fac-
tors of diet-related degenerative diseases show a strong tracking, i.e.
those who have proportionally high risk factor levels in early childhood
have high levels also later in childhood and as adults, and also a strong
clustering, i.e. several risk factors have a tendency to accumulate in the
same subjects in childhood as well as in adults, further shows the
importance of early recommendations for disease prevention.

The most important health problems are connected with an imbal-
ance between energy intake and expenditure, high fat intake, especially
saturated fatty acids, too little carbohydrates and dietary fibre and an
excessive salt intake. The intake of refined sugar and alcohol is also high
in some groups. These shortcomings of the diet may, especially in com-
bination with a low physical activity, result in the development of dis-
eases such as coronary heart disease, diabetes, high blood pressure, cer-
tain forms of cancer, overweight, constipation and dental caries. 

The recommended energy distribution can be considered as ‘optimal’
in the dietary circumstances of the Nordic countries. The recommended
levels are based on an overall (holistic) evaluation of our knowledge
about the impact of diet on health. By following this advice, several
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weak aspects of the diet can be corrected and provide a diet that, in
combination with the recommendations on physical activity, would
decrease the risk for several of our health problems. Thus, these recom-
mendations have a completely different background than the classical
nutrient recommendations.

Briefly, the recommendations imply a reduction in the share of the
energy in the diet that comes from fat to about 30%. This should mainly
be achieved by reducing the intake of saturated and trans fatty acids. 
A reduction in the fat content of the diet requires a corresponding in-
crease in carbohydrates. The increase should mainly consist of foods
that are naturally rich in carbohydrates and dietary fibre. The share of
the energy intake that comes from refined sugars should be limited.
The protein content of the diet is today satisfactory.

It is important to point out that the recommendations for macronu-
trients refer to an average intake for groups and should be considered as
goals for dietary changes and dietary advice. 

Dietary changes in accordance with the recommendations about the
intake of fat, carbohydrates and protein as percentages of the total
energy intake also result in an increased nutrient density of vitamins
and minerals. The recommended intakes of micronutrients can there-
fore usually be met without dependence upon enrichment or supple-
mentation, provided that the diet is varied and consumed in amounts
that cover the energy requirement. Exceptions to this include iodine in
some areas, iron for women of reproductive age and vitamin D in small
children and the elderly.

Methodological considerations

Literature review
The documentation published in nnr 1996 was the starting point for
the review of the literature, i.e. the search was concentrated on papers
and other documents published after 1996 and was primarily per-
formed using medline. Other important data sources included sci-
entific reports and recommendations published by national and inter-
national institutions and expert groups, e.g. us Dietary Reference
Intakes (17–19). For setting the upper levels of intake, opinions from
the eu Scientific Committee on Food have been used as major sources,
in addition to reports by national and international expert groups.
National reports and articles published in Nordic languages were
screened using Swemed+ and through networks such as the Nordic
cooperation. Additional papers and reports have been identified during
the work through e.g. reference lists. Where available, meta-analyses
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and systematic reviews have been supplemented by papers on individ-
ual studies and investigations. Studies on Nordic population groups
have been included where available.

The reference lists for the individual chapters include major key ref-
erences used for the establishment of the recommendations, but do not
intend to cover all literature that may be relevant to the basic issues of
each subject, such as metabolism, etc.

Types of data used
A number of research methods are available when investigating nutri-
ent, diet and health relationships – an overview is presented in Figure
3.3, in vitro studies and animal models generally generate knowledge
about mechanisms of nutrient action and dose-effect relationships. Fur-
thermore, such studies are used to establish upper intake levels when
human data are missing. Experimental and observational studies in
humans constitute the basis both for determining human nutrient
requirements, diet and health relationships and for dietary guidelines.
The separate chapters in this book clearly indicate which types of data
are used in the different evaluations.

Nutrient requirements
Classical studies for assessing the average requirement of a specific
nutrient are depletion-repletion studies in subjects fed adequate
amounts of well-defined diets based on normal foods with graded levels
of a nutrient. In many cases test diets have to be partially semi-purified
or even based on liquid formula to enable a sufficiently low content of a
nutrient to be provided. Chemical analysis of the dietary content of the
nutrient is essential and the adequacy of the diet in general should be
documented, e.g. in terms of stable body weights, or other valid meas-
urements, e.g. energy intake: bmr ratios. The length of the study period
should also be sufficient for achieving steady state with respect to the
selected clinical or biochemical criteria.

Few studies, involving a limited number of nutrients, are available
in which clinical symptoms have been induced. These are mainly classi-
cal depletion-repletion studies, e.g. on thiamin, riboflavin, niacin, vita-
min B6 and vitamin A. In these studies status or adequacy has been eval-
uated defining sufficient intakes when biochemical indicators have
been normalised, e.g. plasma levels, urinary excretion or enzyme activ-
ities, in addition to clinical symptoms. Usually such studies include a
limited number of subjects.

A number of studies have investigated biochemical indicators of sta-
tus in normal subjects fed diets with graded levels of nutrients well
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above the amounts necessary to induce clinical symptoms. Population
studies, in which biochemical indicators of nutrient intake have been
assessed and related to clinical or biochemical status, have been used in
the absence of controlled studies.

Diet and health relationships
In addition to the basic requirements for nutrients to maintain body
stores and functions, nnr also take into account effects of dietary
intakes and diet composition on various health outcomes. In terms of
nutrients this applies mainly to the energy-providing nutrients, e.g. fatty
acid composition, but also to other components such as dietary fibre
and to micronutrients such as sodium, potassium and some vitamins.
The studies on which the recommendations are based include dietary
intervention studies with defined diets, prospective cohort studies and
case-control studies (Figure 3.3). Population studies linking a health out-
come to dietary intake or a biochemical marker of intake have also been
evaluated. The term ‘health outcome’ includes clinical endpoints such
as coronary heart disease and markers of increased risk for disease, e.g.
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In vitro and animal 
studies primarily 
generate knowledge 
about mechanisms 
and/or dosages. Are 
also used to derive 
upper tolerable intake 
levels where studies 
on humans are 
insufficient.

In vitro studies Cell studies
Bacteria studies
Organ studies
Other types of in vitro-studies 

Animal models Mice, rats, dogs etc.,
depending on the model best 
suited for the purpose

Experimental and 
observational 
studies are used 
as a basis both 
to determine 
requirements 
and as a starting 
point for dietary 
recommen-
dations

Experimental 
studies, humans

Epedemiological
observation 
studies, humans

Intervention studies
a) Classical nutrition studies
 – Balance studies
 – Tissue saturation
 – Depletion-repletion of
 vitamins and minerals
 – Other

b) Randomized, controlled
 studies

Prospective studies
Case-control studies
Cross sectoral studies

Type of study Subgroup

Figure 3.3 Types of studies used as a basis for nutrient and dietary recommendations
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serum cholesterol, insulin resistance, elevated blood pressure or bone
density. Other biochemical markers of enhanced body functions, e.g.
enzyme activities or immune response, have also been evaluated in rela-
tion to any health effects. The recommendations for physical activity
are based on the same standards.

Weighing the evidence
Various criteria can be applied to evaluate the quality and strength of
the scientific data that are produced by the various methods. Recom-
mendations and dietary guidelines are never based on one finding or
results from one single study. The clearest evidence is found between
diet and health when observational studies are confirmed by experi-
mental studies in humans and where at the same time there is a plausi-
ble biological explanation for the observations. A judgement is based
on the consistency, strength and quality of separate studies evaluated
against the total body of evidence within a subject (20).

There are today several classification systems when it comes to
methodological evaluations of scientific studies, both internationally
and in the Nordic countries. Meta-analysis of randomised, controlled
studies or results from large, randomised, controlled studies are now
required to see a relationship as convincingly established (21).

Although randomised, controlled studies have become an ideal
which can successfully be applied to investigating single constituents of
the diet, e.g. vitamins or minerals, they can rarely be applied for more
than a short period of time in studies involving total dietary interven-
tion, especially in large population groups. In total, dietary interven-
tion studies are extremely expensive to conduct, but more importantly,
they are not possible to conduct if the period of time from initiation to
manifestation of a disease is long. This is the case e.g. with many can-
cers. 

Observational studies therefore provide important evidence when
evaluating the relationship between diet and human health. A lot of
methodological work is being done to strengthen the results from such
studies, in parallel to other work being done to strengthen evidence-
based medicine. The who (22) uses a set of criteria for evaluating sci-
entific evidence that was also applied in this version of nnr. A sum-
mary of the criteria is given in Table 3.1.

When assessing nutritional requirements and the health impact of
dietary changes, it is essential that both the doses of a nutrient and the
diet are objectively assessed. Hence, a major criterion for the studies
used as evidence in nnr is that the total dietary intake during the study
period is adequate for the subjects and that the intake of the compo-
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nent being studied is adequately measured. Another criterion is that
the study period is sufficiently long for the selected indicators or end-
points, based on available knowledge. Generally, stronger evidence is
available from studies that involve biochemical markers of disease risk
than from studies where clinical endpoints have been included. This is
due to the difficulties in performing fully controlled dietary interven-
tion studies and to such studies requiring a large number of subjects
and long duration in order to obtain statistically measurable effects.
Thus, the recommended intakes for those nutrients that are primarily
based on diet-health relationships in many cases have to rely on a com-
bined evaluation of evidence from different types of studies.

Data limitations
In spite of our careful review and analysis of existing data, the data were
often scanty or drawn from studies that had limitations. Scientific
judgement based on best available evidence has thus been the basis for
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Table 3.1 Strength of evidence

Criteria used to describe the strength of evidence according to who (22)

Convincing evidence. Evidence based on epidemiological studies showing consistent
associations between exposure and disease, with little or no evidence to the contrary.
The available evidence is based on a substantial number of studies, including prospec-
tive observational studies and relevant, randomised controlled trials of sufficient size,
duration and quality showing consistent effects. The association should be biologi-
cally plausible.

Probable evidence. Evidence based on epidemiological studies showing fairly consistent
associations between exposure and disease, but where there are perceived shortcom-
ings in the available evidence or some evidence to the contrary, which precludes a
more definite judgement. Shortcomings in the evidence may be any of the following:
insufficient duration of trials (or studies); insufficient trials/or studies) available; inad-
equate sample sizes; incomplete follow-up. Laboratory evidence is usually supportive.
The association should be biologically plausible.

Possible evidence. Evidence based mainly on findings from case-control and cross-sec-
tional studies. Insufficiently randomised controlled trials, observational studies or
non-randomised controlled trials are available. Evidence based on non-epidemiologi-
cal studies, such as clinical and laboratory investigations, is supportive. More trials
are required to support the tentative associations, which should also be biologically
plausible.

Insufficient evidence. Evidence based on findings of a few studies, which are suggestive,
but are insufficient to establish an association between exposure and disease. Limited
or no evidence is available from randomised, controlled trials. More well-designed
research is required to support the tentative associations.
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establishing values. The reasoning used is described in the separate
chapters.

Generally, most available studies have been carried out on adults,
while studies on infants and older children are relatively few. For many
nutrients the recommendations for children have therefore been
extrapolated from data for adults, using body weight, metabolic weight
or energy requirement as a basis for the extrapolation. For infants below
6 months of age no specific ri is generally given, as breastfeeding dur-
ing the first six months is recommended. In cases where breastfeeding
is not possible, infant formula composed to serve as the only food for
infants is recommended. The scientific basis for recommendations for
the elderly has grown in recent years but the knowledge is still limited,
especially concerning the very old (80+ years). Thus, recommendations
for the elderly are often extrapolated from data for younger adults.

Establishment of the upper intake level (UL)

Adverse and toxic effects of nutrients
Like other chemical substances, vitamins and minerals may cause
adverse and toxic effects if consumed in excessive amounts. Hence in
addition to the risk associated with low intake and deficiency, there is
also a risk associated with excessive intake and adverse and toxic
effects. Thus, in addition to guidelines on nutritional requirements,
advice is also provided on the upper tolerable level for each nutrient.
When setting an upper level of intake, it is recognised that the nutri-
tional requirement has to be taken into consideration to balance the
risk of insufficient and excessive intake. The tolerable upper intake
level (ul) was defined by the eu scf as ‘the maximum level of total
chronic intake of a nutrient (from all sources), judged to be unlikely to
pose a risk of adverse health effects to humans’. ‘Tolerable intake’ in
this context denotes what is physiologically tolerable and is a scientific
judgement as determined by assessment of risk, i.e. the probability of an
adverse effect occurring at some specified level of exposure.

It should be noted that the upper intake level is not a recommended
level of intake; it is an estimate of the highest level of intake that carries
no appreciable risk of adverse health effects. The assessment of whether
a population is at risk with respect to a high intake requires an assess-
ment of the fraction of the population that exceeds the ul and by what
magnitude and duration.

The basis for the upper level is a description of the capacity of a 
particular nutrient to cause potential adverse health effects. In this 
context the who definition (23) of an adverse health effect is used: 
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‘a change in morphology, physiology, growth, development of life span
of an organism which results in impairment of functional capacity or
impairment of capacity to compensate for additional stress or increase
susceptibility to the harmful effects of other environmental influences.
Decisions on whether or not any effect is adverse require expert judge-
ment’. 

The definition implies not only that overt toxic effects should be
taken into account when evaluating high doses of nutrients, but also
that more subtle effects, e.g. arising from antagonistic interactions
between nutrients, may be considered adverse. 

Upper intake level (UL)
The first step is to identify the nature of potential adverse effects of high
intakes of a nutrient and secondly to describe at which doses these
effects will occur in terms of severity and frequency. In principle, the
same types of studies that form the basis for estimating nutritional
requirement also form the basis for deriving the upper level. Several
key issues such as evidence of adverse effects in humans, causality, rel-
evance of experimental data (particularly those derived from studies in
animals), mechanism of adverse effects, quality and completeness of
the database and identification of distinct and highly sensitive subpop-
ulations are addressed. 

For nutrients, no risk of adverse effects is expected unless a threshold
dose or intake is exceeded. The threshold for any given adverse effect
varies among members of the population, as it does for any nutrient
requirement. However, there are insufficient human data to establish
distributions of thresholds for each adverse effect. In most cases the
steps are identification of the critical endpoint, which is the adverse
effect occurring at the lowest dose, and using a surrogate measure for
the threshold. These are the following:

No Observed Adverse Effect Level (noael), which is the highest intake 
of a nutrient with no observed adverse effects; and the

Lowest Adverse Effect Level (loael), the lowest intake level with 
an observed adverse effect.

Based on these evaluations, an ul is derived taking into account the sci-
entific uncertainties in the data by dividing the noael by an uncer-
tainty factor (uf). This factor should account for uncertainties in human
inter-variability and, in the case of lack of adequate human data, an
extrapolation from animals to humans, as well as other uncertainties or
deficiencies in the data (Figure 3.4).
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Figure 3.4 Derivation of upper intake level (ul)

Characterisation of the risk, which includes the description of the
uncertainties associated with the ul estimate and scientific confidence,
as well as an indication of the margin between the recommended
intake and the ul or actual intakes is only briefly discussed for the indi-
vidual nutrients. 

General comments on the risk of adverse 
effects at high intakes of nutrients
Generally the risk of adverse effects due to high intakes of vitamins and
minerals in the Nordic population is small at current intakes, although
the margin between recommended intake and upper intake level for
some vitamins and minerals is quite narrow.

In high doses, two of the fat-soluble vitamins (A and D) and all miner-
als are toxic as such, because the body has a limited capacity for secre-
tion and breakdown. They are therefore stored, mainly in the liver but
also in fat, muscle tissue, kidneys and bone. Deaths have been reported
at very high intakes of vitamin A, D and iron. Overdoses of vitamin D to
infants have led to irreversible calcification of the kidneys. At moder-
ately high doses, preformed vitamin A may have a negative effect on
bone health.

Water-soluble vitamins have generally been considered relatively
harmless, even in higher doses and during longer periods. However, in
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connection with increased attention to adverse effects, observations of
negative effects of high intakes of some these vitamins have been docu-
mented.

It is extremely rare for acute poisoning to occur due to a high vitamin
or mineral intake from ordinary foods. An example is an extraordinarily
high consumption of liver from some Arctic animals, which can lead to
vitamin A poisoning. High consumption of kelp may lead to iodine-
induced goitre, as has been reported from e.g. Japan and Norway. Sele-
nium poisoning has been reported from China in a situation where
drought led to accumulation of the element in rice. Otherwise, there
are probably no foods that have such a high vitamin or mineral content
that even an extreme consumption could lead to poisoning. 

In spite of this, there is a growing concern about negative health
effects of high intakes of nutrients, mainly because the food supple-
ment market is steadily increasing and new fortification regulations in
eu will lead to more liberal fortification practices. In acknowledgement
of the risk of excess intake levels of micronutrients due to micronutri-
ent supplements and food fortification, both the Nordic countries and
the us Food and Nutrition Board have published upper safe intake lev-
els for micronutrients in recent years (24–26). The eu scf and subse-
quently the European Food Safety Authority (efsa) is working on the
issue, and upper levels for a number of vitamins and minerals have
been developed and are being published continuously (27).

A Nordic committee working with the same issue recently suggested
dividing all vitamins and minerals into categories according to the
safety margin they represent, i.e. the magnitude of the distance between
recommended and safe upper intake levels (28) :

category a
Nutrients where the range between recommendations (or actual intake)
and upper safe intake level is very narrow (≤ 5-fold), and great caution
should be employed in e.g. regulatory contexts (vitamins A, D, nicotinic
acid, folate and all the minerals). 

category b
Upper safe intake level 5–100 times the recommendation. Considera-
tions should be taken regarding side effects or interactions with other
components in the diet (vitamins B6, B12, C and E). 

category c
Upper safe intake range virtually impossible to set, as no adverse or
toxic effects have been observed even at > 100 times the recommenda-
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tions (thiamin and riboflavin) and interactive effects hitherto not
observed. 

This kind of categorisation has important implications when establish-
ing guidelines for amounts of nutrients that may be added to foods and
for maximum daily doses in dietary supplements.
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chapter 4

Use of nnr

nnr were originally established for planning purposes only. Today their
application is much broader, and they are now used for the following
main purposes:

– As guidelines for diet planning
– As a tool for evaluating dietary intake
– As a basis for food and nutrition policies
– As a basis for nutrition information and education
– As reference values in food production and marketing

Diet planning

The values for recommended intake (ri) presented in nnr are intended
to be used mainly for planning diets for groups of healthy individuals.
The aim is to compose a varied diet that meets the recommendations –
not necessarily on a daily basis but as an average of a period, e.g. a week.
The recommendations are ‘net-intake’ recommendations, i.e. they
assume that losses of vitamins and minerals during peeling, cooking,
keeping warm, and other handling procedures have been subtracted.

For groups of individuals who are reasonably homogeneous as to age,
e.g. young schoolchildren, the diet should obviously be based on recom-
mended intakes for that age group.

For heterogeneous groups, including for example young children,
adult men and women and the elderly, the variation in nutrient require-
ments and energy intake is very large. A diet that is appropriate for
these different subgroups therefore has to be planned in such a way
that it contains sufficient amounts of all the nutrients per energy unit
(mj) to ensure that even subgroups with a low energy intake will obtain
nutrient intakes at their recommended levels. A helpful tool in this con-
text is the definition of the ‘most demanding subject’, for each nutrient.
This is defined as the subgroup having the highest recommended intake
of that nutrient per mj (based on the reference energy intake). The
‘most demanding subject’ does not always refer to the same subgroup.
For iron it is women of fertile age, whereas for calcium it is children. 47
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A table of Recommended Nutrient Densities, aiming specifically at
diet planning for heterogeneous groups, has been compiled (Table 1.3). It
is based on the concept of the ‘most demanding subject’. These recom-
mendations are meant to be used as a general tool, with the exception
of heterogeneous groups including infants, preschool children, preg-
nant and lactating women, and subjects with low energy intakes (< 8
mj/d). A similar table can be made for a homogeneous group by dividing
the recommended intake by the reference energy intake for that age or
sex group. For example, for sedentary women aged 31–60 years the rec-
ommended intake of vitamin C is 75 mg/d and the reference energy
intake is 9.2 mj/day. The recommended density of vitamin C is then 8.2
mg/mj for this group (8 mg/mj when rounded up).

Assessment of dietary intake

Dietary reference values are also used for evaluating dietary intake. For
vitamins and minerals (micronutrients) the main focus is usually on 
the adequacy of intake, i.e. whether intake is sufficiently high to meet
requirements, although attention also has to be paid to high intakes.
Here the average requirement (ar) is the primary reference value, but
ri (recommended intake) and li (lower intake level) can also be used as
complementary values. For the energy-providing nutrients (macronu-
trients) the main concern is not adequacy of intake but inappropriate
composition of the diet. In this chapter, intake is therefore evaluated
separately for micronutrients and macronutrients.

Vitamins and minerals

Comparison of vitamin and mineral intakes with reference values is par-
ticularly useful for obtaining an overview as to which nutrients are pres-
ent in ample amounts and which seem to be problematic and need fur-
ther investigation, in the population as a whole or in a particular group.

It must be emphasised that comparison with reference values can
never decide whether intake is adequate or not, it can only indicate 
the probability that it is. That is because nutrient intake data are not
absolute true values, but calculated values based on food composition
tables and reported intake, both of which have a considerable margin of
error. Furthermore, calculated intake does not take variations in bio-
availability and metabolism between individuals into account. There-
fore, in order to find out whether intake of a particular nutrient is ade-
quate, biochemical measurements of nutritional status for that nutrient
are necessary (1).
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Assessment of the adequacy of vitamin and mineral intake is based
upon the distribution of individual requirements. The cumulative graph
of this normal distribution is presented in Figure 3.2 and shows the pro-
portion of a group with a requirement above a given value. The graph
also illustrates the risk that a random individual’s requirement is not
met at a given intake.

It can be shown that when intake equals average requirement (ar),
the risk of inadequacy is 50%. Because 50% of individuals have a require-
ment larger than the average requirement, a random individual has a
50% probability of having a requirement larger than ar. When intake is
2 standard deviations (2 sd) below ar the risk of inadequacy is 98%, as
98% of the individuals have a higher requirement than this value. When
intake is 2 standard deviations above ar the risk of inadequacy is 2%, 
as only 2% have a requirement that exceeds this value. These figures
illustrate that intakes below the ar value imply a relatively high risk of
being inadequate to meet requirements, the lower the intake the higher
the risk. The opposite applies for intakes above the ar, where the risk
gradually decreases from 50% to less than 2% at the recommended
intake (ri).

The primary reference value when assessing the adequacy of vitamin
and mineral intake is therefore the average requirement (ar), whereas
the recommended intake (ri) and lower intake level (li) are used as sup-
plementary references. 

Before comparing intake with reference values, it is crucial to check
whether the intake data are suitable for assessing adequacy. The most
important issues that need to be clarified before assessment are listed in
Table 4.1.

Group intake assessment

It is a common misunderstanding that group intake, by definition, has to
be adequate if the average intake of the group is equal to the recom-
mended intake (ri). For vitamins and minerals that is not the case,
because when evaluating intake the ri value is to be regarded as an aim
for the intake of a reference individual, i.e. a value set to minimise the
risk of a random individual (see Chapter 3). The key to an appropriate
evaluation of adequacy at the group level is therefore to think in terms
of a continuous risk-of-inadequacy scale, where risk increases as intake
decreases, as shown in Figure 3.1 in Chapter 3. Prevalence of inadequate
intake may then be estimated by comparing the distribution of intake
within the group with this risk scale. The average requirement (ar),
where the risk of inadequacy is 50%, is a key reference value in this eval-
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uation. Intakes below the ar, where the risk steadily increases above
the 50% as intake decreases, are therefore associated with a considerable
risk of not meeting the requirement according to the selected criterion.

Mean intake of the group is not sufficient information to evaluate
adequacy of intake. Data on the distribution of intake within the group,
in the form of percentiles and a histogram, are also necessary. Based on
these data the following questions can be answered:
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Table 4.1 Checklist for intake data

Questions that must be answered before assessment is started

a) How many days per individual are the intake data based on?
Is the number of days sufficient to reflect ‘usual intake’?
Is the number of days sufficient to estimate the size of the risk group?
(more than one day is needed)
Is the number of days sufficient for assessment of a specific individual’s intake?

b) Do the data include total intake from the diet?
Food frequency questionnaires cover only the foods listed in the questionnaire, 
and no other foods are reported. The list may be more or less selective.
Water, tea, coffee and other non-energy beverages are often excluded from the 
calculated intake, but they may be important sources of certain minerals and 
trace elements.

c) Is energy intake acceptable or is underreporting of ‘usual intake’ present?
Underreporting of energy intake is very common in dietary surveys (3), and implies
underreporting of most nutrients (including vitamins and minerals).
Therefore:
Check for underreporting in the group as a whole, and in subgroups, before 
assessment of nutrient intake. If a subgroup shows low intake of a micronutrient,
check for underreporting of energy intake in that group.
1) Express energy intake as a ratio of estimated bmr (calculated from body weight).
2) Use published cut-off values for physiologically plausible ei/bmr values (3, 4)
3) Evaluate the presence, and extent, of underreporting.
4) Consider the potential implications for intake of the specific nutrients 

in question.
Overreporting of energy intake is much less common than underreporting.

d) Do the data include nutrient supplements?
Can this information be analysed separately?
Is the information on nutrient content and dose specific enough for calculating 
intake from these sources?

e) Have losses of nutrients in cooking been taken into account in calculation of intake?
This is particularly important for nutrients like ascorbic acid and folate, for which
substantial losses occur in cooking.

f ) Is the quality of the food composition database acceptable for all the nutrients 
calculated?
For certain trace elements in particular the database may have many missing 
values, even for important foods, and this may result in substantial underestimation
of intake.
Database values for a specific nutrient may be based on an outdated analytical
method that gives systematically higher or lower values than the method used as 
the standard today.
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1) What proportion of the group has a relatively high risk of inade-
quate intake? If defined as a risk of above 50%, it means that this
proportion has an intake below the average requirement, ar.

2) What proportion of the group has a very high risk of inadequate
intake? i.e. an intake below the lower intake level, li.

3) What proportion of the group has a minimal risk of inadequacy? 
If defined as a risk of less than 2% it means that this proportion has
an intake above the recommended intake, ri.

4) What proportion of the group has a high risk of intake being too
high? i.e. an intake above the upper limit, ul.

For a detailed description of this approach and the assumptions on
which it is based, see (2).

This simple approach gives a rough estimate of the overall situation.
It may then be elaborated on by also looking at the remaining part of
the group with intakes between the reference points applied above, for
example those between ar and ri. However, such an elaboration does
not change the conclusions substantially (2).

An example of the simple assessment and its interpretation is shown
below.

Example 1 Group intake assessment

The intake distribution of vitamin C for a group of women (18–74 yrs, n = 626) is pre-
sented below. The average requirement (ar) is 50 mg/d, the recommended intake (ri) is
75 mg/d, the upper limit (ul) is 1000 mg/d, and the lower intake level (li) is 10 mg/d:

Percentiles of vitamin C intake, mg/d

P1 P5 P10 P25 P50 P75 P90 P95 P99
19 31 38 56 81 123 157 180 380

The table shows that less than 25% of the women had an intake below 50 mg/d (ar) and
50% had an intake above 80 mg/d (ri). This means that almost 25% of the women had a
relatively high risk of not getting enough vitamin C (intake below ar, risk of inadequacy
> 50%). About 50% had a minimal risk of inadequacy (intake above ri, risk of inadequacy
< 2%). None of the women had an exceedingly high intake (all intakes << ul). In conclu-
sion, the results indicate that vitamin C intake is not fully satisfactory, as a substantial
proportion of the women, approximately 1, had a relatively high risk of inadequacy,
although no one had an intake below the lower intake level (li).

If the assessment results cause concern, as do the results in Example 1,
there are two things to do. First, the energy intake data in the risk group
(intake below ar) must be scrutinised, as described in Table 4.1 (point
c). This is to find out whether the low intake of the nutrient in question
may simply be ascribed to implausibly low reported energy intake, i.e.
far too low to represent usual intake at weight maintenance. If that is
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the case the focus of attention should become the energy intake in this
subgroup and the validity of the intake data, rather than one specific
nutrient. Second, if the low nutrient intake in the risk group cannot be
explained by implausibly low reported energy intake the results indi-
cate that the risk may be real. Biochemical measurements of nutritional
status are necessary to clarify this and to find out whether there is an
actual problem of insufficient intake of the nutrient in question.

Some population surveys only collect information on 1 day’s intake
per individual. However, dietary data based on information on only 
1 day per individual (a 1 day food record or a single 24-hour recall) do
not reflect the true distribution of intake in the group, but show a
broader distribution with a higher proportion of high and low intakes.
The size of a risk group with too small an intake may therefore be sub-
stantially overestimated when based on 1-day data. Such data are there-
fore unsuitable for assessment of dietary adequacy unless the intake
distribution can be adjusted, based on several days’ intake for a sub-
group of the sample (see (2) and (9) for adjustment description). It is
important to be aware of this aspect when assessing the adequacy of
intake, for example in a population survey. Otherwise a serious mis-
judgement of the situation may be made.

Individual intake assessment

All judgements of the adequacy of intake at the individual level, based
on intake data alone, must be regarded as rough estimates. That is
because the error margin for the absolute intake of a specific individual
is large, much larger than for group intake distribution. The demands
on the quality of the dietary data are therefore much higher, in particu-
lar with respect to the length of the time period reflected by the intake
data, and the accuracy of the quantitative information. However, even
the best data are still based on calculations from a food table, thus intro-
ducing the inevitable errors included therein. As a consequence of the
large error margin, all interpretations of adequacy assessment at the
individual level must be very cautious and regarded as rough approxi-
mations. The only way to decide whether an individual meets their
requirement for a certain nutrient is to measure their nutritional status
with respect to this.

Bearing these reservations in mind, the first step in the assessment of
an individual’s intake is to characterise its risk of inadequacy by com-
paring intake with average requirement, ar. The li and the ri values
may then be used as secondary points of reference. An example of such
as assessment is shown below:
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Example 2 Individual intake assessment

In this example ar = 50 mg/d, ri = 75 mg/d, and the individual’s intake = 55 mg/day.
Intake is only slightly above ar, and that means that there is a considerable risk of 
inadequacy. If, however, intake was 75 mg/day instead, intake would be close to the
nnr, and the risk would then be estimated as very small, although not minimal. 
In conclusion, an intake of 55 mg/d indicates that the person should be advised to
improve their diet with respect to vitamin C intake. 

When assessing the nutrient intake of an individual, it is always neces-
sary to scrutinise their energy intake data for potential underreporting
of intake (see Table 4.1, point c).

Comment
The approach described above for evaluating group and individual
intake implies a well-defined relationship between requirement and
recommended intake. This is not always the case, however, as when an
average requirement value has not been defined for that nutrient the
recommended intake has been based upon other evidence. Also, an
extra safety margin may have been included in order to account for
incomplete information. Before assessing the adequacy of intake by
comparison with dietary reference values, the basis of these values
should always be looked into by reading the chapter on the nutrient in
question.

Energy-providing nutrients

As explained in Chapter 3 the recommendations on macronutrients, that
is the relative intake of fat, carbohydrate and protein, have a back-
ground completely different from the classical nutrient recommenda-
tions for vitamins and minerals. Furthermore, the nnr recommenda-
tions for macronutrients refer explicitly to the average and range of
intake of a group.

The most relevant approach for assessing group intake of macronutri-
ents is therefore to compare the mean intake with the recommendation.
Median intake may be more relevant than the mean if the distribution of
intake is skewed. This assessment of the group average may then be elab-
orated on somewhat by comparing the intake distribution with the desir-
able range, if such a range is indicated, and assessing how large a propor-
tion of the group is within, above and below this range, respectively.

It would be a misinterpretation of the recommendation to use it as a
goal for individual intake, and e.g. state that only x% of the group had an
intake as low as the recommended 30 E% total fat, because the recom-
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mendation explicitly refers to a group average. On the individual level it
is highly relevant, however, to refer to the desirable range (such as a
total fat intake between 25 and 35 E%). The situation is different for alco-
hol and refined sugars, as these recommendations refer to upper limits
for an individual.

Before assessment of the macronutrient composition of the diet it is
always necessary to check the energy intake data (see Table 4.1 c), as
underreporting may be nutrient-specific and thus may be reflected in
the macronutrient composition of the diet (5).

Food and nutrition policy

Recommended nutrient intakes and other reference values are an
important basis for food and nutrition policy formulation and decisions.
In particular the recommended composition of the diet as to the rela-
tive amounts of fat, carbohydrates and protein has been a key element
when setting national goals for dietary intake in Western countries,
including the Nordic countries, during recent decades. 

In nutrition and public health policy, where health promotion
through better dietary habits and increased physical activity is now
becoming an integral part, recommended intakes serve as an important
yardstick when the need for change and action is to be documented.
The recommendations are also used as reference points in evaluation of
programmes, interventions and other initiatives. 

Food and nutrition policies may include food-based dietary guidelines
as well as nutrient recommendations. For example, a large number of
countries now have recommendations on fruit and vegetable intake 
(‘5-a-day’ etc.). Both sets of recommendations may be relevant in the
contexts discussed above. For planning food supply at the national level
and for evaluating long-term trends in intake based on national food
supply statistics, the food-based dietary guidelines are particularly use-
ful. Such food supply data have been used extensively for several
decades, also in the Nordic countries, in spite of all the shortcomings of
that type of data.

Two aspects of food and nutrition policy specifically deal with vita-
mins and minerals, namely addition of nutrients to foods and use of
dietary supplements.

Addition of nutrients to foods

Addition of a nutrient to selected foods may be used in nutrition policy
as a means to increase intake of that specific nutrient in the popula-
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tion. Addition of iodine to salt as a means to increase iodine intake is
used all over the world and is one of the classical examples. This type of
addition is often called ‘fortification’. In the Nordic countries fortifica-
tion of selected foods began as early as the 1930s, with the most com-
mon being fortification of salt, flour and margarine. Two Nordic reports
give an overview of the development and status of fortification policy in
the different Nordic countries (6, 7).

Before the authorities decide to introduce fortification with a given
nutrient, the following five questions need to be answered: 

i) Is there a documented need for increasing the intake 
of this nutrient in this population?

ii) Is fortification an efficient way to increase the intake 
of the target group?

iii) Are there other possibilities for increasing the intake 
of the target group?

iv) Are there any potential adverse effects of the fortification?
v) How can the effect of the fortification be evaluated?

Dietary reference values serve several purposes in this context. First,
when the need for increasing intake is assessed, dietary reference values
are used for evaluating the adequacy of current intake. Intake data are
not sufficient, however, and nutritional status information must also
be available. Second, when planning how much should be added in
order to obtain a relevant effect on nutrient intake in the target group,
the dietary reference values are used as a reference frame. Third, when
the risk at a high level of intake is assessed, the upper limit reference
value is used as a yardstick. For the first two purposes the average
requirement (ar) is the primary reference value to use, with the lower
intake level (li) and the recommended intake (ri) as supplementary
measures. The use of these values for assessing intake is discussed ear-
lier in this chapter.

Some of the recent fortification programmes within the Nordic coun-
tries have published the rationale behind their decisions, including
their calculations of how much the fortification is expected to improve
the adequacy of intake (8). A fortification programme always has to be
monitored, and its effect evaluated, by measurements of nutritional sta-
tus as well as intake before and after the start of the programme.

Addition of nutrients to foods is used on a much larger scale than
simply the fortification programmes initiated by the authorities, based
on documented nutritional relevance. In the food industry nutrient
addition is widely used, not primarily because of a significant nutri-
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tional impact but rather as a parameter of enhanced quality that can
be used in the marketing of the product.

Dietary supplements

Intake of a specific nutrient can be increased by using a dietary supple-
ment. In nutrition and public health policy, supplement use may be re-
commended for a specific target group that has a requirement that is
too high to be met through diet alone. For example, the physiological
need of some women for iron cannot be satisfied during the last two
thirds of pregnancy with foods only and supplemental iron is needed.

nnr values are used for assessing the adequacy of the diet and thus
the need for substantially increasing the intake of a specific nutrient
(see above). However, intake data alone are not enough for this assess-
ment. Information on nutritional status with respect to the nutrient in
question, measured by biochemical measurements, must therefore be
obtained (1).

In the Nordic countries a varied diet that meets the recommenda-
tions on macronutrient composition will usually contain adequate
amounts of most vitamins and minerals. Therefore there is not a gen-
eral need for dietary supplements in the healthy part of the population.
If energy intake is very low, however, as when energy expenditure is
low, more demand is made on the nutritional quality and density of the
diet (see Table 4.1) and adequate levels may be difficult to achieve
through diet alone unless special attention is paid to the selection of
foods. For energy intakes below 6.5 mj/d, adequate nutrient intakes are
difficult to achieve without special effort. For some nutrients the gen-
eral intake level in the Nordic countries is relatively low compared to
the recommendations (vitamin D, iron intake in young women). In
order to obtain adequate intake of these nutrients special attention has
to be paid to including foods rich in these nutrients in the diet if
requirements are to be met through diet alone.

The nnr aim is that the nutritional requirements are met through a
varied diet rather than dietary supplements, as that gives the best
opportunity for achieving a balanced intake of the whole spectrum of
nutrients, including trace elements and other bioactive compounds.

There are certain circumstances, however, where the use of dietary
supplement is, or may be, relevant:

Newborn infants should receive a vitamin K supplement (immediately)
after birth, in order to stimulate normal coagulation of blood and
thus reduce the risk of intra-cranial bleeding.
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Infants should receive a vitamin D supplement from 4 weeks of age. This
is often combined with vitamin A, although the nutritional ration-
ale behind this is not well documented. Infants who do not receive
food products fortified with iron or iron supplements have a consid-
erable risk of developing iron deficiency.

Preschool and School children. For the majority of children of this age, who
have a normal dietary intake and who are healthy and physically
active, there is no nutritional reason to routinely give a dietary sup-
plement. An exception to this is children who have long-term prob-
lems with food intake, while children who on a long-term basis eat a
special diet such as a vegan diet may need to take a dietary supple-
ment such as a multivitamin/mineral product. Exclusively vegetar-
ian diets need vitamin B12 supplementation.

Pregnant and lactating women. nnr includes recommendations on in-
creased intake during pregnancy and lactation. If the diet is varied
and well balanced the increased nutrient requirement can usually 
be met through that diet. However, the iron requirement of some
pregnant women cannot be met during the last two thirds of preg-
nancy through diet alone so iron supplement is necessary. Folic acid
supplement is sometimes recommended to all young women plan-
ning to become pregnant, as the preventive effect of folic acid against
neural tube defect is needed at a very early stage in the pregnancy.
Mothers who only consume a vegan diet need a vitamin B12 supple-
ment.

Elderly. An elderly person who consumes a reasonable amount of a var-
ied and well balanced diet does not need a vitamin/mineral supple-
ment because of age per se. A vitamin D supplement (10 µg/d) is re-
commended for elderly subjects over 60 years of age with little or no
sun exposure. A multivitamin/mineral tablet is more relevant than
vitamin D alone if energy intake and energy expenditure are very
low (< 6.5 mj/d).

Specific groups and circumstances. Attention should be paid to the poten-
tial need for dietary supplementation in connection with food aller-
gies, slimming, vegan diets and some types of vegetarian diets. In
general, individuals with a very low energy intake often have prob-
lems achieving adequate intakes of all micronutrients and a multivi-
tamin/mineral supplement may therefore be relevant. Some immi-
grant groups are particularly vulnerable to specific deficiencies such
as vitamin D deficiency, due to food and cultural habits, and supple-
ments may therefore be relevant. There is no evidence to support
vitamin and mineral supplementation among athletes, with the pos-
sible exception of iron in some cases.
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Disease and drugs. A number of diseases make use of dietary supplements
necessary, but these are not dealt with here as that is outside the
scope of nnr (see Chapter 3). However, attention should be paid to
the fact that numerous common drugs interfere with the absorption
and metabolism of vitamins and minerals.

Advice to individuals on whether to use a dietary supplement should
be given by a medical doctor or a dietician. The advice should be based
on thorough dietary assessment and, if possible, on biochemical meas-
urements, in particular if a specific supplement is to be used. Special
attention must be paid to the potential harmful effects of high doses, 
as the content and sometimes the bioavailability of the supplement is
generally much higher than when the nutrient comes from foods (see
Chapter 3). 

Nutrition information and teaching

Dietary information and advice
In order to make nnr a useful instrument for dietary advice, they have
to be translated into practical advice on food selection and meal compo-
sition. Each country must then adjust these in order to make them fit
with their own foods and traditions. It is important to point out that
there are many ways to compose a diet that fulfils the recommenda-
tion. However, some parts of the advice are more important than others
if the recommendations are to be met. Particularly important is the
advice on reduction of fat intake and increase in carbohydrate and
dietary fibre intake.

Compared to the present dietary habits in the Nordic countries, a
diet that complies with the nnr recommendations on macronutrient
composition involves considerable changes in food selection and meal
composition. The dietary information work should therefore concen-
trate on the changes that are most important for the particular target
group in question. It should be emphasised that a healthy diet is not
synonymous with a puritanical and dull diet. The approach should be
positive and emphasise the good choices. The examples should be real-
istic for the target group and include advice on choice of raw materi-
als, food preparation and meal composition. The advice must take into
account the target group’s situation and food culture, including the
practical possibilities of implementing the suggested changes. The dif-
ferences in food preferences and culture between men and women
must also be taken into account if the message is to be communicated
efficiently to men as well as women.
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It is the everyday diet that counts most in the overall picture. The
dietary information should therefore focus on the everyday aspects. 

Teaching
nnr is an important basis in the teaching of nutrition and food science.
At university level, the nnr report can be used directly as teaching
material. Food composition tables and data on dietary habits are rele-
vant as supplementary material in that context.

Two aspects of the nnr should be stressed in the teaching at all lev-
els. First, the main emphasis should be placed on the dietary composi-
tion as regards macronutrients, the fat and the carbohydrate content
in particular, and how recommendations on these can be met (see pre-
vious section on Nutrition information). Second, it should be underlined
that the recommendations do not have to be met every single day,
although they are expressed as amount per day, but that they refer to an
average intake of several days, or approximately one week. Some days
an individual may obtain more of a certain nutrient, other days less,
depending upon the foods consumed.

In teaching, as in nutrition information, the nutrient recommenda-
tions should be linked to foods and food-based dietary guidelines.

Food production and marketing

The recommended intake values may be used as benchmarks when
defining the desirable nutrient content of a food product. They also
serve as reference points for nutritional labelling. Obviously no single
food, dish or meal is expected to contain the recommended daily
amount of all nutrients, unless it is a special product such as infant for-
mula or a dietetic product used in clinical nutrition. The nutritional
content of a food product is usually expressed as percentage of a recom-
mended daily reference intake. It may also be compared with recom-
mended energy distribution of macronutrients. Complete meals may
be evaluated by comparison with the recommended macronutrient
composition of the diet. In the European Union the regulations on nutri-
tional labelling include a set of specific reference values for certain vita-
mins and minerals, which have to be used in labelling. These may differ
from national recommended intakes.
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chapter 5

Breastfeeding

The benefits of breastfeeding are well documented. Breast milk gives
the newborn essential nutrients in efficiently absorbable combination,
and protects against infection and probably several other diseases as
well. Breastfeeding as such may also play a role in the infant’s emotional
development. More recently, the possible long-term benefits of breast-
feeding on adult health have been extensively discussed.

It is recommended that infants are breast fed exclusively for about 6
months, i.e. given no food other than breast milk. Vitamin D supple-
ments are recommended in the Nordic countries. If breastfeeding is for
some reason not possible, infant formula formulated to serve as the
only food for infants should be given. Beyond this reference, recommen-
dations for single nutrients are not given in nnr 2004 for the age 0–6
months.

Health benefits of breastfeeding

Energy yielding nutrients in human milk have multiple functions.
Breast milk protein provides amino acids in adequate amounts and pro-
portions to support growth and maintenance of muscle tissue in breast
fed infants, and facilitates optimal development of important physio-
logical functions in newborns (1). 

Anti-infective properties of breastfeeding
Scientific evidence shows that breastfeeding effectively protects against
several infections, especially gastroenteritis (diarrhoea) and otitis media
(2). The immunological protection against infections lasts for some
years after cessation of breastfeeding. Development of immunological
tolerance may also play a role in protection against autoimmune dis-
eases (3). Breastfeeding is associated with lower risk of hospitalisation
for respiratory disease in infancy (4), and also protects against allergic
rhinitis in children (5). Thus, breast milk contains many protective
factors that may exert long-term health effects through the child’s
immune system. 61
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Breastfeeding and atopy and asthma
Protection against atopy and asthma is more controversial. Exclusive
breastfeeding during the first months of life is associated with lower
asthma rates during childhood. This effect, which could be caused by
immunomodulatory qualities of breast milk, avoidance of allergens, or
a combination of these and other factors, strengthens the advantage 
of breastfeeding, especially if a family history of atopy is present (6). 
A study that compared children breast fed longer than four weeks to
those who received breast milk for shorter time periods did not find
that breastfeeding protects against atopy and asthma (7). However, 
a more recent multidisciplinary review concluded that breastfeeding
protects against the development of atopic disease (8). 

Breastfeeding and neurological development
Many studies indicate an effect of breastfeeding on healthy neurological
development of the infant. This favourable effect may be caused by the
high content of docosahexaenic acid (22:6, n-3) in breast milk, as the
fatty acid is present in high amounts in nerve cell membranes. A meta-
analysis by Andersson et al. (9) indicated that breastfeeding was associ-
ated with higher cognitive development scores than formula feeding.
However, other authors conclude that the question of whether breast-
feeding and formula feeding have differential effects on cognitive devel-
opment has not yet been comprehensively answered (10).

Iron status and breastfeeding
An earlier study found iron status to be negatively affected by exclusive
breastfeeding for nine months (11). In a recent epidemiological Nordic
study, a shorter duration of breastfeeding was found for iron-deficient
one-year-old children, who had been breast fed for five months on aver-
age, compared to non-deficient children, who were breast fed for eight
months on average (12). However, effects of complementary feeding
including high-protein and low-iron foods could not be excluded in this
study, but another study found that there is no need to give iron supple-
mentation to infants breast fed longer than half a year (13).

Long-term health benefits of breastfeeding
Increasing numbers of studies also indicate a long-term beneficial effect
of breastfeeding for health. Breastfeeding may diminish the risk for
development of type 1 diabetes (14, 15, 16, 17, 18, 19), although the
results are contradictory. This possible protective effect of breast milk
may depend on the different proteins in breast milk and infant formula.
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Breastfeeding also seems to reduce the risk of obesity in children (20,
21, 22). However, findings from a recent Brazilian study were not con-
clusive and indicated that for the population studied, breastfeeding had
no marked protective effect against adolescent adiposity (23). The mech-
anisms for the proposed beneficial effect of breastfeeding against over-
weight and obesity is unknown, but one hypothesis is that obesity is an
inflammatory condition and that the interaction between long chain
polyunsaturated fatty acids, brain growth and development, pro-inflam-
matory cytokines, neurotransmitters and bone morphogenic proteins
(bmps) may explain the relationship (24). Another hypothesis is related
to the fact that breast fed infants tend to grow more slowly in late
infancy than those not breast fed. Programming of high serum leptin
concentrations relative to fat mass through formula feeding and faster
growth in infancy has been suggested as one mechanism linking early
nutrition with later obesity (25). Childhood overweight has been related
to rapid growth in infancy (26) and to catch-up growth from birth to
two years (27). Rapid weight gain in infancy is also associated not only
with childhood obesity but also with obesity in young adulthood (28).
The discrepancy in growth rates between those breast fed and those not
breast fed becomes prominent during the latter half of the first year of
life (29, 30). The reason for the difference may be better self-regulation
of energy intake among breast fed infants (31), which again has been
linked to the lower metabolic rate and lower weight gain of breast fed
infants compared to formula fed infants (32, 33). In 1995, Dewey and
co-workers pointed out that infants breast fed for 12 months grew more
rapidly during the first two months but more slowly from 3 to 12
months than their formula fed peers, and that longer duration of breast-
feeding was associated with a greater decline in weight for age and
weight for length but not in length for age (34). On the basis of this, a
new international growth reference for young children is being devel-
oped (35). Breastfeeding has recently been shown to be related to lower
bmi at the age of 6 years, which was also associated with a slightly
slower growth in the latter half of infancy (36, 37). In light of recent
studies, the solely positive implications of fast growth during infancy, as
suggested earlier, have been seriously questioned. It is not exactly
known how effectively breastfeeding can protect from overweight and
obesity, and other feeding practices in childhood may also influence
later risk of obesity.

Breastfeeding has also been associated with lower blood pressure in
childhood and adolescence (38). Some studies further suggest that
breastfeeding protects against inflammatory bowel disease (39) and
malignant lymphoma (40), while other studies have failed to confirm
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these results (41, 39). The prevalence of breast cancer is lower in women
who have breast fed than in women who have not (42).

Recommendation for breastfeeding

In nnr 2004, exclusive breastfeeding is recommended until the infant
is about six months. This is in accordance with the latest recommenda-
tion from the World Health Assembly, wha, (43). The breast fed baby
only needs to be supplemented with vitamin D, in the form of drops or
as cod liver oil. From the age of six months, other foods should be grad-
ually introduced into the child’s diet as recommended in each country’s
dietary guidelines for infants. Breast milk as part of the diet is recom-
mended throughout the child’s first year, and partial breastfeeding can
be continued for as long as it suits mother and child. Breastfeeding in
the second and third year has been shown to decrease infections in
developing countries, but health effects in industrialized countries have
not been properly investigated.

Breastfeeding has strong health implications and is therefore an
important part of general dietary guidelines. Special guidance should
be given to groups of families with low frequency of breastfeeding, typ-
ically young mothers with limited education (44). Information should be
given through primary healthcare maternity and child programmes.
Routines and support in maternity wards have been shown to be impor-
tant for the establishment of breastfeeding, and have provided the back-
ground for the unicef and who ‘Baby Friendly Hospital Initiative’.
Reports from Sweden show an increased frequency of breastfeeding
after the routines in maternity wards were improved (45). All birth clin-
ics in Sweden have ‘Baby Friendly Hospital Initiative’ status and now
there is a trial to include a breastfeeding support chain into the mater-
nity and child healthcare system. The ‘Baby Friendly Hospital Initiative’
was introduced in Norway in 1993 and by 1996 about 75% of all infants
were born in designated hospitals (46). In a regional Norwegian study,
increased rates of both exclusive and total breastfeeding (the sum of
exclusive and partial breastfeeding) were observed from 1992 to 1997,
and it was found that this improvement could be due to the ‘Baby
Friendly Hospital Initiative’ (47).

If for some reason breastfeeding is not possible during the first 6
months of life, commercial infant formula formulated to serve as the
only food for infants should be given. Parents should be given guidance
on how to prepare and feed formula to their babies. The composition of
the formula should comply with eu guidelines (48). The eu Scientific
Committee on Food has recently made a thorough review of the litera-
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ture to provide a basis for the composition of infant formula (49) and as
a result of this review it is expected that the eu directive will be
updated. According to the Infant Formulae Directive, ‘infant formula’
means a foodstuff intended for particular nutritional use by infants dur-
ing the first four to six months of life. This should satisfy all the nutri-
tional requirements of this category of persons, whereas ‘follow-on for-
mula’ means a foodstuff intended for particular nutritional use by
infants aged over four months and young children and constituting the
principal liquid element in a progressively diversified diet of this cate-
gory of persons (48). Some infants will need complementary feeding
before 6 months of age. Experts agree that solid food should not be
introduced before the age of 4 months. From 6 months of age, gradual
introduction of a diversified diet is recommended and should be given
under the supervision of the national child healthcare system. Recom-
mendations on how to introduce complementary feeding differ slightly
between the Nordic countries, i.e. type of grain, fruit and vegetables.

Prevalence of breastfeeding in the Nordic countries

Prevalence of breastfeeding in the Nordic countries is high. Most moth-
ers start to breastfeed for a period immediately after parturition, and
national statistics show that the prevalence of breastfeeding has
increased during recent decades.

Figure 5.1 shows breastfeeding rates in the individual Nordic coun-
tries as given in national reports.

With the exception of the Swedish data, exclusive breastfeeding is
defined as no food except breast milk. However, vitamin drops (AD
drops) or cod liver oil could have been given. The prevalence of exclu-
sive breastfeeding at 4 months of age was 50% in Denmark (44, data
from 1994); 15% in Finland (50, data from 2000); 46% in Iceland (30, data
from 1995–1997); and 44% in Norway (51, data from 1998). The cross-sec-
tional Icelandic study from 1995–1997 gave similar results to a recent
report including data from 1999–2000 (52). The Swedish prevalence
value for exclusive breastfeeding at 4 months was 68%, but that figure
also included infants given food in small portions to taste, e.g. porridge,
fruits, etc. (53, data from 2000–2001).

Breastfeeding rates are increasing. In Finland during a 5-year period
up to 2000, exclusive and total breastfeeding at 4 months of age
increased from 10% and 61% to 15% and 66%, while total breastfeeding at
six months increased from 45% to 51% during the same period (50).
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chapter 6

Food-based dietary 
guidelines

The Nordic Nutrition Recommendations give values for the intake of,
and balance between, individual nutrients which, based on current
knowledge, are adequate for development and function as well as con-
tributing to the risk-reduction of certain diet-associated diseases. These
values are mainly to be used in planning diets for various population
groups. The practical implementation of such recommendations into
foods, dishes and meals is dependent on a variety of factors such as mar-
ket supply and cultural and culinary traditions. The concept food-based
dietary guidelines, originally used by fao, was defined as advice expressed
at the food level aimed at the general population or specific population
groups (1). Food-based dietary guidelines represent a ‘translation’ of the
recommendations on energy and nutrients to foods and may include
recommendations or advice on food choice, amounts, frequencies and
eating pattern.

The dietary habits in the Nordic countries show several common fea-
tures. These include an ample supply of milk and milk products, moder-
ate to high consumption of meat and a moderate consumption of veg-
etables and fruit. Consumption of fish is moderate to high, but lower in
Denmark. Potatoes and cereal products constitute major staple foods in
most of the countries. The food consumption development during the
last two or three decades also shows some common trends, e.g. in-
creased consumption of low-fat milks and spreads, decreased total con-
sumption of edible fats, and increased consumption of cheese, fruit and
vegetables (2). However, the cultural and culinary traditions, e.g. con-
cerning eating pattern, food choices and traditional dishes, differ. This
has influenced the development and formulation of national food-based
dietary guidelines. 

An inventory of national guidelines in the Nordic countries used in
the last decade showed that most countries have food-based guidelines
aimed at improving the nutritional composition of the diet. These are
intended for both the general population and health professionals. In
some countries the guidelines are used as policy documents for use in 69
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advocacy as a basis for political decisions. The choice of target group
influences the formulation and detail of the guidelines. The focus of the
guidelines also varies among the countries. Quantitative recommenda-
tions on e.g. fruit and vegetable consumption have been developed in
most Nordic countries, although they are expressed in different ways,
e.g. frequencies, portions or amounts per day (3–6).

Experiences from national implementations of the 3rd edition of
nnr (1996) have shown that certain general changes in the diet are
essential, e.g. to fulfil the recommendations regarding the balance
between energy-yielding nutrients, dietary fibre and intakes of several
micronutrients for a typical reference person (3, 7). These include an
increased consumption of fruit and vegetables, bread and cereals, espe-
cially wholegrain fibre-rich products, and fish. For milk and meat,
choice of lean alternatives is preferred and the consumption of edible
fats should be moderate and soft and/or fluid varieties, low in saturated
and trans fatty acids, chosen. The consumption of energy-dense and/or
low nutrient dense foods such as soft drinks, sweets, snacks and sweet
bakery products needs to be limited compared to the current situation.
The intake of alcoholic beverages should also be limited.

Thus, the guidelines in each country support these general dietary
changes. However, more detailed guidelines on types of foods, frequen-
cies and portions, as well as eating pattern, have to be adapted to fit
into the national situation. In nnr, no common dietary guidelines are
given for these reasons.

In addition to food-based guidelines developed on nutritional consid-
erations, there are guidelines on consumption of specific foods based
on occurrence of environmental or other contaminants, e.g. dioxins 
and heavy metals. In many cases contamination is related to defined
geographical areas and specific foods. The guidelines give advice on
amounts or frequencies that can be consumed on a regular basis with-
out exceeding the upper limit or guidance level of the substance in
question. Such guidelines have to be considered in parallel with dietary
guidelines based on nutritional considerations where applicable.

Dietary change and disease risk

Several controlled intervention studies have shown that a shift to a diet
in line with the nnr recommendations (about 30 E% fat, less than 10 E%
saturated fatty acids, and rich in fruit, vegetables and wholegrain cereal
products) in combination with regular physical activity can reduce the
risk of diabetes and cardiovascular disease (8–10). In two controlled
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intervention studies, such changes resulted in an almost 60% reduced
risk of developing diabetes compared to a control group (8, 9). Two con-
trolled intervention studies showed that a shift from a habitual to a rec-
ommended diet reduced blood pressure in spite of weight stability (11,
12). Several studies have shown beneficial effects of dietary changes on
risk factor levels in healthy individuals (13–15) and reduced risk for
coronary heart disease in subjects with a previous myocardial infarc-
tion (16–18). Of the ten major risk factors for non-communicable dis-
ease in Europe listed in the who World Health Report for 2002, six
were directly related to dietary factors (19). In 2003, who also published
population nutrient intake goals (20), which are in line with the cur-
rent nnr.

Fruit and vegetables
Fruit and vegetables are important sources of several nutrients in the
Nordic countries, e.g. vitamin C, folate, potassium and other con-
stituents such as dietary fibre, carotenoids and flavonoids. The nutrient
density of these foods is generally very high, while the energy density is
low.

A large body of epidemiological evidence supports the hypothesis
that vegetables and fruit are protective in the aetiology of chronic dis-
eases and risk factors including cancer, e.g. lung, gastrointestinal and
hormone-related cancers (21–24), blood pressure (11, 12, 25), ldl-levels
(26), cardiovascular disease (27–32), and type 2 diabetes (33). A positive
link between vegetable and fruit consumption and bone health has also
been suggested (34, 35). The protective role of fruit and vegetables for
other diseases has also been studied, with promising results, but the
evidence is still insufficient.

A whole variety of mechanisms have been postulated as potential dis-
ease-preventive mechanisms of vegetables and fruit. Antioxidant activ-
ity, modulation of detoxifying enzymes, stimulation of the immune sys-
tem, decrease in platelet aggregation, alteration in cholesterol metabo-
lism, modulation of steroid hormone metabolism, blood pressure reduc-
tion and even antibacterial and antiviral activity have been hypothe-
sized as mechanisms (36). Vegetables and fruit are known to have high
contents of vitamins (e.g. folate and vitamin C) minerals (e.g. potassium
and magnesium) and fibre, but also a wide variety of other phytochem-
icals (e.g. carotenoids, flavonoids, phytosterols, isothiocyanates, etc.)
compared to their energy content. In addition to the contribution of
these foods to nutrient intake, they may play a role in improving the
dietary pattern by replacing other, less favourable foods in the diet. It
has been shown in many countries that a diet high in vegetables and
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fruit contains less fat and more fibre than a diet low in vegetables and
fruit (see e.g. 37). These foods may also serve as indicators of healthy
food habits, as they may be connected with other healthy food choices
or more widely with a healthy lifestyle of the consumer.

It has been estimated that an increase in vegetable and fruit con-
sumption to at least 400 g/d would reduce the cancer incidence by 20%
in Sweden (38). Similar estimations have been made for Denmark (39)
and Norway (40). An increase in the vegetable and fruit consumption
level to 600 g/d has been estimated to be associated with a 10–20% reduc-
tion in cardiovascular disease incidence (5). The results of such calcula-
tions depend on the current and targeted average consumption levels
and the disease pattern of the target population, among other factors
(22, 38). Smoking has also been suggested to be an important factor
determining the potential benefits associated with fruit and vegetable
consumption. Data from the 25-year follow-up of men in the Seven
Countries Study showed that fruit intake was associated with reduced
risk of lung cancer, but the beneficial effect was limited to heavy smok-
ers (41).

A high and varied consumption of fruit and vegetables is desirable. In
addition to providing a range of nutrients, ample consumption of fruit
and vegetables may confer additional health benefits.

Potatoes
Potatoes are a staple food in the Nordic countries. Potatoes contribute
starch and add to the daily intake of several nutrients, e.g. potassium,
vitamin B6, vitamin C and fibre. Boiled potatoes generally have a high
glycaemic index (42), but also a high satiating index (43, 44). Based on
the glycaemic properties of potatoes and the lack of data of a protec-
tive effect of potato consumption on chronic disease risk, a restricted
consumption of potatoes has been recommended by some researchers
(45, 46). Relatively few studies have investigated the association between
potato consumption as such and disease risk. In some epidemiological
studies, dietary patterns including a high consumption of potatoes in
various preparation forms have been associated with increased risk of
e.g. diabetes type 2 (47, 48) coronary heart disease (49) and weight gain
(50). However, in many of these studies potatoes were reported as fried
(e.g. chips) and were generally associated with a dietary pattern charac-
terized by a high consumption of meat and high-fat and high-sugar
foods and a low consumption of fruit, vegetables and fibre-rich cereals
(47, 48, 50) and with a less favourable nutrient profile, e.g. more fat and
less dietary fibre (48, 50). In other epidemiological studies using the
dietary pattern approach, consumption of e.g. baked potatoes and sweet
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potatoes was more frequent in healthy eating patterns (characterized
by e.g. a high consumption of fruit and vegetables, low-fat dairy prod-
ucts and whole grains) associated with a lower mortality (51). Epidemi-
ological or case-control studies on cancer in which potato consumption
is analysed are few, and the results are conflicting (52–58). Potato con-
sumption has not been associated with stroke risk (32).

In the 8-month trial by Sandström et al. (13), the intervention diet
included potatoes in amounts exceeding 100 g per 10 mj. This diet,
which also included an increase in fruit and vegetables and fish,
together with a decrease in meat and cheese, resulted in an improved
serum lipid profile and reduced blood pressure and other risk markers
of ischaemic heart disease (13, 14). In contrast to what is generally
assumed, the traditional Mediterranean Cretan diet contained amounts
of potatoes (150–200 g/d) comparable to those consumed in many
Nordic countries today (59). In summary, due their contribution to the
daily intake of several nutrients and to their traditional use, potatoes
have a place in a diet based on nnr.

Cereals
Cereals are a major source of carbohydrate and dietary fibre in the
Nordic diet. Cereals, especially wholegrain products, also provide a num-
ber of nutrients including potassium, magnesium, vitamin E, folate, and
other biologically active constituents (e.g. phenolic acids, lignans and
phytosterols).

The potential protective effect of cereal consumption against chronic
diseases has been mainly connected with the consumption of whole-
grain cereals. Several observational studies support the beneficial role of
wholegrain consumption or cereal fibre in reducing the risk of cvd
(60–62) and total mortality (63). High wholegrain consumption has also
been associated with a reduced risk of developing insulin resistance and
diabetes (64–67), hypertension (68) and some types of cancer (69–71).

The phytochemicals of wholegrain cereals may serve as both antiox-
idants and phytoestrogens (72). The potential beneficial effects of whole-
grain food include lowering of serum total and ldl-cholesterol, in some
cases also hypotriglyceridaemic effects, antioxidant properties and pos-
sibly also antithrombotic and decreased platelet-aggregating effects (14,
73). In addition, the effects of wholegrain foods on insulin resistance
and the beneficial insulinaemic response to wholegrain foods is of great
potential importance in reducing the risk of chd and type 2 diabetes.

An increased consumption of wholegrain cereals is desirable. Apart
from providing dietary fibre and other nutrients, wholegrain consump-
tion may confer additional health benefits. 
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Fish
Fish and seafood provide a range of nutrients and contribute especially
to the intake of vitamin D, iodine and selenium. Fish, especially fatty
fish, is also a major source of long-chain n-3 fatty acids.

There is a body of evidence suggesting beneficial effects of fish con-
sumption on health (74–79). Available evidence strongly indicates that
eating fish or n-3 fatty acids from fish reduces the risk of fatal coronary
heart disease (chd), especially in high-risk populations. In observational
studies it has been shown that in the general population, the consump-
tion of moderate amounts of fish or n-3 fatty acids from fish is associ-
ated with a lower risk of fatal coronary heart disease and in particular
sudden cardiac death (80–85). A few secondary prevention trials showed
that prescription of fish or n-3 fatty acids to patients with prior myocar-
dial infarction is effective in preventing mortality due to chd (86–88).

The long chain n-3 fatty acids may modify the key risk factors for car-
diovascular disease in several ways. The most plausible hypothesis today
is that n-3 fatty acids reduce the risk of chd mortality via anti-arrhyth-
mic effects (78, 81). It is also possible that the protective effect of fish
intake against chd and related diseases is attributable to constituents
other than n-3 fatty acids, for example fish proteins (89–91).

High intakes of n-3 fatty acids in the form of fish oil (median 4 g/d)
have been associated with reduced blood pressure (92), but the effects of
doses below 0.5 g/d are uncertain. 

The evidence for a protective role of fish consumption against major
cancers is less clear, partly due to lack of properly designed studies (93).
Available epidemiological studies show somewhat inconsistent results,
but overall there seems to be either no association or an inverse asso-
ciation between fish consumption and risk of breast, colorectal and
prostate cancer.

Regular consumption of fish, both fatty and lean varieties, contrib-
utes to the intake of iodine, selenium, vitamin D and n-3 fatty acids in
particular, and is recommended as part of a balanced diet.

Milk and milk products
Milk, fermented milks and cheese are traditional foods in the Nordic
diet. Milk provides several nutrients, e.g. calcium, potassium, riboflavin
and selenium. Cheese contains largely similar amounts of nutrients on
an energy basis, except for e.g. lactose and potassium, which are con-
centrated in the whey. Milk fat is rich in saturated fatty acids, which is
the main reason for recommending choice of low-fat varieties. Inter-
vention studies show that diets containing moderate to high amounts of
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low-fat dairy products and conforming to e.g. Nordic recommendations
have been associated with favourable changes in risk factor profile for
coronary heart disease, e.g. on serum cholesterol (13, 14), blood pres-
sure (12, 13) and diabetes (8). Consumption of milk or conventional fer-
mented milk products has in some earlier studies been shown to have
less pronounced effects on serum lipids than could be expected from
their fat content (94, 95). Many of the studies included very large
amounts of milk, which could have affected the general dietary com-
position. More recent intervention studies in humans including mainly
fermented milk products containing different bacteria strains have
shown varying results (96–100).

In cross-sectional and epidemiological studies, consumption of milk
and milk products has been associated with both increased and de-
creased risk of cardiovascular disease (101–106). The observed risk was
in some studies related to the fat content (102–104), while this aspect
was not considered in other studies (105, 106). Dietary milk fat or
specific fatty acids have also been associated with some favourable
metabolic features in some cross-sectional and epidemiological studies,
but any causal relationship has yet to be identified (107, 108). Some of
the relationships observed may be due to incomplete and selective
dietary reporting (109). 

In epidemiological studies, consumption of milk (and calcium intake)
has been associated with reduced risk of colorectal cancer (110, 111),
while case-control studies are inconclusive. No or weak associations
with breast cancer have been reported (112, 113). Some case-control
studies have reported an increased risk of prostate cancer (114), while
findings from cohort studies show no or weak associations (115–119).
The interpretation of the studies should be made with caution since
data did not always allow a differentiation of type of milk or milk prod-
uct, e.g. with respect to fat content. In studies in which this aspect was
analysed, different risk estimates were found (111, 120).

Due to their high content of calcium, milk and milk products have
been promoted for adequate bone formation during childhood and the
prevention of post-menopausal osteoporosis. Adequate or high intakes
of calcium seem to increase bone density in adolescence and supple-
mentation with calcium or milk has similar effects in older women.
Some epidemiological studies showed no protective effect of milk con-
sumption or high calcium intake on osteoporotic hip fractures in post-
menopausal women (121). An evaluation of available studies (122) con-
cluded, however, that high consumption of milk and dairy products
seems to have beneficial effects on bone development in adolescence
and to postpone pre-menopausal as well as postmenopausal bone loss. 
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A low consumption of milk and dairy products seems to increase the
risk of osteoporotic fractures. In addition, no evidence has been found
to support the hypothesis that milk and dairy products have negative
effects on bone mineral content or on the risk of osteoporotic fractures.

Regular consumption of milk and milk products, mainly lean vari-
eties, contributes e.g. calcium, riboflavin and other nutrients, and is re-
commended as a part of a balanced diet.

Meat
Meat and meat products are traditional foods in the Nordic diet and con-
tribute protein, readily available iron, selenium, zinc and a range of B-
vitamins. Meat also provides fat, especially saturated fatty acids, and
cholesterol. Processed meat products usually contain relatively high
amounts of sodium (as salt). A relatively high, but variable, proportion
of women of childbearing age in the Nordic countries is iron deficient.
Inclusion of lean meat into the diet improves iron availability and sta-
tus. Due to the relatively high proportion of saturated fatty acids, high
consumption of fatty meat and meat products can contribute to in-
creased ldl-cholesterol levels and thereby an increased risk of cardio-
vascular disease (123). High consumption of meat, especially red and
processed meat (e.g. beef, pork, sausages) has also been regarded as a
risk for colorectal cancer. A report by the World Cancer Research Fund
(21) contains the following statement: ‘if eaten at all, consumption of
red meat should be less than 80 g per day’. The statement was largely
based on epidemiological and animal evidence (124). In more recent
years this statement has been re-evaluated. Case-control and cohort
studies have shown that relationship between meat intake and colon
cancer incidence is dependent on the amount eaten and proportion of
protective agents in the diet. Two large cohort studies from North Amer-
ica (125, 126) showed that only the highest intake group (more than
140 g red meat per day) had an excess risk of colorectal cancer. In a large
prospective cohort (n = 265 000) study from Japan an inverse relation-
ship between meat intake and colorectal cancer was found in the group
consuming green-yellow vegetables daily. For those who never ate veg-
etables there was a positive correlation between meat intake and cancer
of the colon and rectum (127). The current evidence suggests that meat
consumption is not carcinogenic per se. However, meat may contain
harmful components that are formed during cooking (heterocyclic
amines and polycyclic aromatic hydrocarbons), processing (nitrates and
nitrites) or during intestinal metabolism (N-nitroso compounds). The
carcinogenic potential of these compounds may be diminished by avoid-
ing exposure of meat surfaces to flames and high temperatures and also
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by increasing dietary intake of protective constituents derived from
plant foods. The balance of promoting and protecting factors within the
diet is important for the protection against cancer (128). 

Meat and meat products provide a range of nutrients. Consumption
of moderate amounts of meat, preferably lean varieties, is recom-
mended as part of a balanced and varied diet.

Edible fats
Edible fats, e.g. butter, margarines and vegetable oils, are the major
sources of fat in the Nordic diet. The recommendations on choice of fats
are mainly based on the evidence regarding fat composition and risk of
coronary heart disease, which emphasises a limitation of saturated and
trans fatty acids, and an increase in n-3 fatty acids, while maintaining
the n-6 fatty acid intake (see Chapter 11 on fat).

In practice, to achieve the recommendation on fat composition, soft
or fluid vegetable fats, low in saturated and trans fatty acids, should pri-
marily be chosen. An increase in the intake of n-3 fatty acids can be
achieved by choosing suitable edible fats, e.g. rapeseed oil and rapeseed
oil based fats, in addition to other good sources such as fish and seafood.

Energy-dense and sugar-rich foods
Foods rich in fat and/or refined sugars, such as soft drinks, sweets,
snacks and sweet bakery products, mainly contribute ‘empty calories’.
Frequent consumption of such foods decreases the nutrient density and
increases the risk of nutritional imbalance and inadequacy and also den-
tal caries. Some studies (129–130), but not all (131), indicate that a high
intake of refined sugars in fluid form, e.g. soft drinks, may increase the
risk of overweight (see e.g. chapter on carbohydrates). In order to fulfil
the nnr, consumption of such foods needs to be limited.

Salt
The recommendation on sodium (salt) is mainly based on effects on
blood pressure (see Chapter 32). A major factor in order to achieve the
recommended salt intake is a reduction in the sodium levels in many
processed foods. In addition, household and individual use of table salt
needs to be moderated.
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chapter 7

Eating pattern

Nutritional status, health, mood and performance may be influenced
not only by what you eat, but also by when and how often. Daily eating fre-
quency and the size (energy content) and composition (nutrients) of the
meals are linked to metabolic and behavioural processes such as hunger
and satiation, habits and societal conditions. Furthermore, metabolism
after a meal – postprandial metabolism – varies during the 24-hour day
due to circadian variations in digestion, absorption and metabolism.

Eating pattern, here defined as frequency, periodicity and distribu-
tion of food intake over the day, is determined by social, psychological
and biological demands and needs (1–3). Environmental factors in the
24-hour Western society seem to support an unhealthy lifestyle charac-
terised by over-eating energy, physical inactivity, mental stress, irregular
work hours and sleep deficiency. Foods and take-away meals are on offer
in abundance around the clock. In many societies, it is no longer consid-
ered inappropriate to eat alone, to eat outside the home or to eat out-
side ‘traditional’ meal times (4, 5). Taken together, changes in attitudes,
behaviour and environment challenge the biological capacity of indi-
viduals to regulate energy intake. Because of this complexity, guidelines
on appropriate eating patterns are a pre-requisite for planning meals
for individuals, families and groups, e.g. in schools and workplaces (6).

Studying eating patterns: methodological aspects

It is difficult to evaluate and describe eating patterns from observational
studies due to a number of methodological problems (7, 8). Most studies
lack objective and reliable criteria for eating event classification. Eat-
ing events are subjectively grouped into categories such as ‘meal’,
‘snack’, ‘main meal’ or ‘lunch’. The basis for classification varies, i.e. it
relates to the hour of the day, to the chronological order of the eating
events or to the perceived nutritional quality of the foods consumed.
Neither types of foods nor nutrients are reflected in the terminology
used. Furthermore, both the subjects themselves and the investigators
may ignore intakes not perceived as ‘proper meals’. Concepts for classi- 85
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fication of eating events have been developed and applied by relatively
few researchers (9, 10). Only one concept is strictly food based, i.e. qual-
itative (11). Due to methodological pitfalls, i.e. underreporting of dietary
intake, much of the cross-sectional epidemiological data on eating peri-
odicity and nutritional status, e.g. hypercholesterolaemia, chd, glucose
tolerance and bmi (12–14), must also be questioned (3, 5).

Either experimental or intervention studies are required to study
links between eating periodicity, postprandial response and nutritional
status, i.e. serum lipids, lipoproteins and energy metabolism. A number
of well-controlled studies are available (15–22) but must be interpreted
with caution, since they included relatively few subjects and had a short
duration. For example, the intervention per se may affect habitual eating
pattern, food choice and other lifestyle factors of importance for the
outcome. Intervention studies often compare nibbling/grazing (6–17
daily meals) and gorging (1–2 meals). Thus, many of the studies reflect
an exceptional eating frequency.

Physiology and metabolism

The biological clock
The eating behaviour of animals and humans is strongly related to the
daylight cycle. Oscillators in the central nervous system (cns), which
are synchronised by the changes in light and darkness, determine the
temporal organisation of eating to a large extent. Human beings are
genetically pre-disposed to be day-active (diurnal). The body clock is sit-
uated in the paired hypothalamic suprachiasmatic nuclei (scn) in the
brain (23, 24). The endogenous circadian (‘about 24-hour’) rhythm (25) is
disturbed by external factors, such as time zone transitions, light, dark-
ness and behaviour (eating, sleeping, working). The role of the body
clock is not only to increase body activity during daytime, but also to
decrease it, and so to conserve energy and promote restitution, during
nocturnal sleep (1, 26–28). Hormonal changes that might affect appetite,
metabolism and body weight are to some extent related to seasonal vari-
ations in daylight, e.g. an increased intake of energy when daily pho-
toperiod decreases during autumn (29, 30). After a time zone transition,
during night work or weekends with prolonged morning sleep, the nor-
mal synchronicity between lifestyle and body clock is temporarily lost.
As a consequence, the ability of individuals to sleep, metabolise nutri-
ents and perform physical and mental work, as well as their desire to
eat and sleep, no longer matches their habitual lifestyle and they suffer
from ‘jet-lag’ of various degrees (31).
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Circadian rhythms in metabolism
Postprandial response to a meal varies as a function of time of day. Gas-
tric emptying rate is lowered during evening and night (32) while glu-
cose tolerance is decreased in the evening (33, 34). There is a circadian
variation in postprandial lipaemia (35). Plasma triacylglycerol (tag) cir-
culating after a meal appears to be influenced by both the circadian
clock and sleep time, with higher levels during biological night defined
as the time between the onset and offset of melatonin secretion (36).
During normal conditions (where sleep is nocturnal) energy is stored
during daytime, when lipogenesis takes place in the adipose tissue and
glycogenesis in the liver. From an energy balance perspective, net lipol-
ysis and glycogenolysis occur during the dark, resting and fasting phase
(37) when appetite also decreases as a function of circadian variations in
energy-regulating hormones (28, 38). There is a profound circadian vari-
ation in carbohydrate metabolism (39). During nocturnal sleep and fast-
ing, metabolism is designed to mobilise endogenous blood glucose for
the brain cells and to save blood glucose by a decreased uptake in mus-
cle cells. This phenomenon is called insulin resistance. Therefore, noc-
turnal eating might create an added risk for type 2 diabetes in persons
already at risk. Eating at night in combination with long-term sleep
deficiency also impairs carbohydrate metabolism in healthy subjects
and increases the risk for development of type 2 diabetes and the meta-
bolic syndrome (40). Thus, from a metabolic point of view, it is clear
that metabolism is in favour of eating before and after overnight fasting
and avoiding nocturnal eating.

It is possible that the time of eating and circadian rhythm phase
might determine the energy intake in accordance with a postprandial
response that leads to meal termination. Evening meals seem to have a
less satiating effect than morning meals (41). There is one very consis-
tent finding that obese people – children, adolescents, adults – tend to
eat less in the morning than lean controls, and to eat more in the after-
noon and evening (5).

Morning
Eating within a couple of hours after over-night fasting is appropriate
with respect to circadian variations in (carbohydrate) metabolism. At this
time of day, glycogen stores in the liver are depleted and body metab-
olism is in favour of carbohydrate oxidation after food intake rather
than oxidation of fatty acids from adipose tissue. Glucose tolerance is
high in the morning compared to the evening and night and therefore
eating carbohydrates seems to be favourable in the morning (34). 
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Breakfast eating is associated with more adequate dietary intake in
children (42), adolescents and adults (43).

Eating or omitting breakfast seems to affect macronutrient composi-
tion in the diet and substrate utilisation over the day. Observational
studies of fasting during the Holy Month of Ramadan have shown that
diurnal fasting, characterised by lack of a morning meal and condensed
eating during late evening, affects the rhythms of melatonin and corti-
sol. Subjects also decrease their spontaneous intake of carbohydrates
in the daytime, but not their total energy intake. Diurnal fasting affects
nutrient utilisation, carbohydrate oxidation decreases in the morning
and fat oxidation increases during the day (44–46). An intervention
study has shown that the amount of energy eaten at breakfast influ-
ences nutrient utilisation during the rest of the day. A high energy
breakfast (2,900 kJ), corresponding to 25% of the daily energy intake)
led to a strong inhibition of fat oxidation throughout the day compared
to a low energy breakfast (420 kJ) of the same composition (47).

Evening and night
Glucose tolerance decreases from morning to night. The insulin secre-
tion is lower and the glucose level is higher after a meal eaten in the
evening compared to an equal meal eaten in the morning (39). 

During (nocturnal) sleep, endogenous blood glucose is mobilised
through glycogenolysis in the liver and gluconeogenesis from lactate,
glycerol or amino acids. Growth hormone (GH, sleep dependent) and
cortisol (circadian rhythm dependent) are key hormones to stimulate
the nocturnal, endogenous mobilisation of blood glucose (34). The noc-
turnal peak of GH diminishes with increasing age and disappears at
approximately 60 years of age, which may affect nocturnal glucose
mobilisation and sleep quality. Cortisol rhythm is robust and persists,
although de-synchronised, across work shift schedules (36, 48).

Insulin has a great impact on the control of postprandial lipid metab-
olism. Due to circadian variations in insulin response (34), eating late or
during the night could be unfavourable with respect to lipid and carbo-
hydrate metabolism. This association might explain findings of im-
paired metabolism in shift workers (49–55).

Individual and social factors

Eating patterns defined as preferred hours for eating and eating fre-
quency vary between and within individuals due to genetic factors
(chronotype), sleeping habits, social circumstances and age (31, 56, 57).
The need for many or few meals a day depends on the energy density of
the diet and the individual’s energy expenditure. Subjects eating low
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energy, fibre-rich foods require larger portions and more frequent meals
than subjects having a more energy-dense diet.

Appetite is a psychological desire to eat related to pleasant sensa-
tions, while hunger is a more painful feeling signalling a biological need
for food (39, 58, 59). Besides nutritional and psychological aspects, eat-
ing offers an opportunity to take a break, rest, recover and socialise.

New-born babies have an on-demand feeding rhythm of about 4
hours. The sleep hormone melatonin in the mother’s breast milk prob-
ably helps the baby to adjust its rhythm to nocturnal sleep and diurnal
activity. It takes approximately six months for the cells in the scn to
mature and run rhythms of eating and sleep (60).

Puberty is an anabolic period of intense growth associated with
morning tiredness. A follow-up study of Swedish school children from
13 to 15 years of age showed that the prevalence of evening-orientated
subjects increased from 34% to 45%, while the prevalence of morning-
orientated subjects decreased from 13 to 7% (57). Studies of adults indi-
cate that the proportion of morning- and evening-orientated subjects is
more even, 10–15% and 15–20%, respectively. With increasing age, circa-
dian rhythms in almost all humans move towards a morning-orientated
pattern (24, 61).

Chronotype is a genetic setting that may be modified, but not com-
pletely changed, by habits or social demands. The internal clock in morn-
ing-active subjects keeps close to the 24-hour astronomic day, while
evening-orientated subjects have an internal drive to establish a day >24-
hour under free-living conditions, i.e. isolated from environmental time-
cues setting the internal clock. Evening types are more flexible in sleep-
ing habits and tolerate shift work better. After 45 years of age, the toler-
ance for shift work and varying sleeping hours decreases in many sub-
jects (24, 62). Lack of appetite in the morning might reflect awakening
in the ‘wrong’ circadian phase, when the body is not prepared for activity.

Experimental studies show that chronic sleep deprivation in healthy
subjects increases appetite, impairs carbohydrate metabolism and
increases the risk for type 2 diabetes. Variations in glucose tolerance
occur during sleep and the quality of sleep markedly influences the noc-
turnal utilisation of glucose. Chronic sleep disturbances, in for instance
elderly people, night workers and obese subjects with sleep apnoea,
may be associated with disturbed glucose regulation (40).

Shift work, eating pattern and health

Only two studies seem to have been designed to assess the effect of
work schedules on the temporal distribution of eating events. Energy
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intake seems to be reduced during 8-hour night shifts (35% of 24-hour
intake) compared to morning (47%) and afternoon shifts (51%) (63). 
A lower intake during nocturnal shifts is probably related to circadian
rhythms in appetite (38). The 24-hour temporal distribution of eating
events and energy intake seems to differ markedly between work shift
days, while the total 24-hour dietary intake seem to be almost unaf-
fected by work schedule (64, 65).

Observational studies of shift workers show that nocturnal eating is
associated with an impaired regulation of blood glucose (increased fast-
ing levels), serum cholesterol (increased ldl, decreased hdl) and tag
metabolism (51, 52). Epidemiological studies show that shift work is an
established risk factor for cardiovascular disease and the metabolic syn-
drome, i.e. impaired lipid and glucose metabolism (49, 50, 54, 55). How-
ever, metabolic disorders in shift workers might also be linked to other
factors, e.g. irregular and/or nocturnal eating, sleep debt and circadian
rhythm factors (31, 40).

Experimental studies of eating around the clock show that postpran-
dial endocrine response and gastrointestinal activity vary (36, 66–68).
Insulin, pancreatic polypeptide (pp), thyroid stimulating hormone, free
thyroxine, cortisol and leptin responses differ with the hour of the 
day. The observed decreased evening and nocturnal cortisol and pp
responses indicate that nocturnal eating might have health implications
(67). However, data show that the human body seems to buffer small
variations in meal size and timing during a 24-hour period, provided
that energy balance is maintained. Comparison of 4 isoenergetic day-
time meals followed by nocturnal fasting (while awake), and 6 isoener-
getic meals eaten every 4-hour around the clock showed that energy
expenditure, blood glucose, tag, insulin and glucagon concentrations
were lower and fatty acid concentrations were higher during the noctur-
nal fasting than during nocturnal eating. However, no 24-hour differ-
ences in average metabolic responses between the two dietary regimes
were apparent (69).

Eating pattern and energy balance

The cumulative energy cost to digest foods and absorb nutrients is
around 10% of the total energy intake (58). The thermic effect of feeding
(tef), also referred to as diet-induced thermogenesis (dit), is primarily
influenced by the quantity and quality of the energy ingested. Short-
term studies show no significant difference in total tef between nib-
bling and gorging (70–73). Studies using whole body calorimetry and
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testing 1–2 meals against 3–7 meals also failed to demonstrate any
effects of meal pattern on total energy expenditure (20–22, 69, 74, 75).

A central problem in short-term studies is whether the postprandial
measurements capture the entire thermogenic peak. Many studies are
restricted to a 3-hour duration due to difficulties in keeping subjects
completely still for longer periods during calorimetric measurements.
The increase in metabolic rate after a meal lasts for at least 5 hours,
while the thermogenic peak may take much longer to subside, particu-
larly after a very large meal.

In early studies, a nibbling pattern has been associated with favour-
able effects on body weight and metabolism (12, 13). However, both
observational and epidemiological studies are inconclusive due to
design problems and confounding factors (3, 7, 11, 70, 76). Intervention
studies of several weeks of restricted energy intake show that eating
frequency does not affect the total energy expenditure and the rate of
weight loss (5, 14, 74). 

Several studies show that obese subjects have an abnormal distribu-
tion of their dietary intake, i.e. lack of appetite in the morning (ano-
rexia) and evening over-eating (hyperphagia) (9, 77, 78). One can specu-
late whether this abnormal and displaced eating behaviour is related
to a dysfunction in the endogenous, circadian rhythm system. Rat stud-
ies show that dysfunction or lesions in the feeding area involved in the
circadian control of food choice in the hypothalamus make rats lose
control of intake and timing of eating (28). In summary, body weight is
related to total energy intake and there is no support in the available
data for a major role of eating frequency in the development of over-
weight. However, an increase in the daily number of eating occasions
must be accompanied by a reduction in portion size and vice versa 
(5, 59), to maintain body weight. There may be indirect relationships
between eating frequency and body weight, although there is no cur-
rent evidence of such. For instance, frequent eating might prevent some
individuals from over-eating due to strong hunger sensations following
long intervals between meals. On the other hand, for other subjects
every eating occasion might bear a risk for over-eating and losing con-
trol of food intake.

Eating pattern and carbohydrate metabolism

Cross-over studies have been carried out with normal subjects and type
2 diabetics to investigate the effect of nibbling (8–17 eating events per
day) and gorging (3 daily eating events) on carbohydrate metabolism.
In the normal subjects, glucose concentration was similar during both
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regimes, but mean serum insulin levels were decreased significantly by
eating 17 times compared to 3 times daily (16). In type 2 diabetics, no
potential benefits (fasting plasma glucose and insulin concentration) of
increased eating frequency were observed (79, 80).

Studies on acute effects (< 24 hours) of eating frequency have also
been carried out. In healthy subjects there was no difference between
eating a meal every 4 hours over a 24-hour period and eating 4 meals
between 8 a.m. and 8 p.m., regarding total response of blood glucose or
insulin. However, postprandial response differed between night and day
(69). In type 2 diabetics, a flattened pattern was observed in glucose and
insulin response to more frequent eating (81) but meal frequency still
did not affect the mean concentration of plasma glucose (82).

Eating pattern and serum lipids

In normal subjects, postprandial lipaemia peaks 3–4 hours after a meal
and subsides to a baseline concentration after 5–6 hours. Two or more
postprandial peaks in tag usually occur during daytime, whereas post-
prandial peaks after an overnight fast are usually monophasic (58). Post-
prandial lipid, lipoprotein and apolipoprotein concentrations are
affected by circadian rhythm factors (35). The complex interactions
between factors determining serum lipids and lipoproteins explain why
epidemiological studies on meal frequency and lipid metabolism are
biased due to the data collection method and the presence of several
confounders (83). Meal composition in laboratory studies very often has
an unrealistically high content of fat (84).

There is evidence from epidemiological and experimental cross-over
studies that increased meal frequency may be associated with a favour-
able lipoprotein profile likely to be linked to a reduced risk of cardiovas-
cular disease. There is evidence for plausible mechanisms by which
increased meal frequency might reduce levels of total and ldl-choles-
terol (83).

Eating pattern and cognitive function

In a long-term perspective, deficient intake of a number of vitamins and
minerals impairs brain function and behaviour (85). Short-term alter-
ation in nutritional intake might have an effect on functions such as
alertness, learning, memory, information processing and also mood.
Tests have been constructed that are monotonous and robust to bias
(e.g. learning or intelligence) and that can be used to study the effects of
eating or omitting a meal on cognitive variables. Examples of such tests

n
o

rd
ic

n
u

tr
it

io
n

re
co

m
m

en
d

at
io

n
s

20
0

4

92

2004-13 NNR 1-424  22/02/05  10:20  Sida 92Page: 2004-13 NNR 1-424.p92.pdfPDF Proof by



are : simple reaction time test, vigilance test, matching figure test, mem-
ory tasks (86). Almost no research has been done to examine the effects
of meals or food composition on a complicated task such as car driving,
a task that requires a number of cognitive functions (87). Studies on the
effect of food intake on performance are difficult to design and inter-
pret, since there are a number of other aspects interacting with the
nutritional effects (88). 

Dieting usually results in a performance decrement, i.e. poor vigi-
lance and a higher vulnerability to stress (89).

Breakfast
Psychological tests have shown that eating breakfast improves perform-
ance related to memory (90), sustained attention and improves other
functions sensitive to sleepiness, e.g. vigilance (91). A review of studies
on school children suggests that omitting breakfast interferes with cog-
nition and learning, and that the effect is more pronounced in children
at nutritional risk than in well-nourished children (92).

Lunch/mid-day meal
In a realistic setting, a reduction in alertness and efficiency is generally
observed shortly after lunch compared with morning or late afternoon
hours. This decline in mental function is referred to as the ‘post-lunch
dip’. It has been suggested that this simply reflects endogenous alert-
ness rhythm, with a decline in alertness 12 hours after the circadian
nadir (24). Results from different studies are divergent, but taken
together, there is no consensus as to what extent a ‘post-lunch dip’ is
affected by food intake.

Over-day fasting
Over-day fasting is associated with cognitive slowing and longer reac-
tion times. Performance related to memory, numerical performance
and coping with time stress is not impaired. The feeling of sleepiness
and fatigue increases during afternoon in a fasting state (93). Morning
fast followed by doubled intakes at lunch and dinner has no effects on
performance or night sleep onset (91).

Work at night
Eating activities per se, rather than energy intake or types of nutrients
consumed, seem to improve wakefulness for a short while in drowsy
subjects. Laboratory studies show that glucose intake does not improve
wakefulness more than fructose or water (94). Furthermore, a large
intake of energy (1,000 kcal) from solid foods does not improve wakeful-
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ness more than a small intake (100 kcal) of the same food (95). A field
study of truck drivers shows that neither energy content (840/440 kcal)
nor balance between macronutrients in four test meals eaten at break-
fast or lunch (day drivers) or as dinner and between meals (night drivers)
had any effect on self-estimated wakefulness (96). Shift workers have a
spontaneously reduced intake during night shifts (63) and satiation
occurs with less food during the night (38).

In conclusion, eating breakfast and avoiding over-day fasting may im-
prove mental performance. However, hunger and the circadian rhythm
phase can influence mental performance and wakefulness even more
than eating does.

Eating patterns in the Nordic countries

The concept ‘eating pattern’ involves many dimensions: hour, sequence,
food combinations, nutrient intake. It is difficult to compare results
from different studies due to lack of standardised meal characterisation.

Some dimensions of the ‘eating system’, i.e. when eating occurred,
what was eaten, what the social context was like, where and with whom
the meal took place, were compared in the Nordic countries (8). The
data show cultural differences between the countries with respect to
‘peak hours’ for eating and the daily number of meals. A hot lunch is
eaten in Finland and Sweden in contrast to Denmark and Norway,
where sandwiches constitute a midday meal. A hot dinner is usually
eaten between 4 p.m. and 8 p.m. in all countries, and it is served earliest
in Norway, followed by Finland and Sweden. Five eating occasions a day
is common in Denmark and Finland, while Swedes seem to eat a little
less frequently, 4–5 times, according to this study. The lowest frequency,
4 times a day, was observed in Norway due to no intermediate meal
between lunch and dinner.

The daily frequency of eating has been evaluated in six Swedish pop-
ulation groups using a Food Based Method for Classification of Eating
(11, 97–102). The mean frequency of daily eating events in adults ranged
from 4.4 times a day in retired people to 6.5 times per day in male shift
workers, while it was 5.4 times a day in pre-school children.

Guidelines

Available data do not allow specification of a universal, optimal eating
pattern in terms of number of meals and temporal distribution. Results
from observation studies show, however, that most subjects in the
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Nordic countries and elsewhere eat 4–6 times daily, out of which 2–3
are main eating occasions (8, 103).

In general, the daily eating frequency does not affect body weight
unless the energy intake exceeds energy expenditure. The higher the
energy expenditure, the greater the need for food. Frequent meals are
associated with favourable serum lipid profiles. Metabolism is in favour
of a meal after overnight fasting, namely breakfast. Eating breakfast is
associated with the positive effects of better dietary quality and cogni-
tive function, and a lower risk of developing obesity, although a direct
causality has not been established. Nocturnal eating and eating late at
night should be avoided.

The daily food and energy intake could be distributed as follows

Morning meal (breakfast) 20–25%
Midday (lunch) 25–35%
Evening (dinner) 25–35%
1–3 intermediate meals of good nutritional quality 5–30% in total

A morning meal, preferably with carbohydrate-rich foods, is recom-
mended within 1–2 hours after overnight fasting. A midday meal is re-
commended before the metabolism peak in the afternoon. An evening
meal is recommended no later than 1–2 hours before sleep.

A regular eating pattern is recommended in order to avoid frequent
snacking.

Physical activity of at least recommended duration and intensity facil-
itates good eating habits by allowing for a greater intake. Sleep depriva-
tion and mental stress impair regulation of food intake and involve a
risk for over-eating.

The advice to eat a relatively greater part of the daily intake as dinner
than as breakfast is based on observations that hot meals are often the
main contributors of energy and macro-nutrients within Nordic popula-
tions.

Children
Children do not have the same capacity as adults to eat large portions or
to mobilise stored energy. Two to three intermediate meals are recom-
mended. The need for an evening intermediate meal depends on bed-
time. As childhood is a period of intense growth, children leaving day-
care or pre-school late in the afternoon might need an intermediate
meal before going home. Children having dinner early might need an
extra meal before going to bed. 
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Example of daily meal distribution for pre-school children

Breakfast 20%
Intermediate meal 5%
Noon/midday/lunch meal 25%
Intermediate meal 15–20%
Afternoon/evening/dinner meal 25%
Evening ‘intermediate’ meal 5–10%

Adolescents
Puberty is a pronounced phase of growth. About 25% of an individual’s
height is achieved during adolescence. To meet the increased need for
energy and nutrients, as many as three intermediate meals, or maybe
even more, may be needed in addition to main meals, particularly in
physically active persons.

Adolescents in general are less morning-orientated, have difficulty
waking up, and are more evening-orientated, being alert during late
hours. This is due to puberty-related variations in circadian rhythms.
When appetite for breakfast is lacking, a minor breakfast at home may
be complemented by breakfast eaten at school.

Elderly
The capacity to absorb, digest, store and metabolise nutrients may be
slower in elderly people. Many also have a diminished ability to
mobilise blood glucose during postprandial fasting and night sleep,
which is due to weaker circadian hormonal control (61). Overnight fast-
ing should not last longer than 11 hours. Elderly people in general
become more morning-orientated and might need their first meal early
in the morning.

Night and shift work
Shift-workers are recommended to eat at approximately the same hours
every day during the work shift cycle, irrespective of working hours.
The following eating pattern is advised.

Morning meal/breakfast: after night work, before day-sleep
Midday meal/lunch: after day sleep
Evening meal/dinner: at work or outside working hours
At night:
– avoid eating at all or eat reduced portions, as the metabolism changes
– avoid sugar-rich beverages and sweets, as sugar (glucose, sucrose) does not improve
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chapter 8

Fluid and water balance

Water is the largest single component of the human body. It comprises
about 60% of body weight in young adults, and the proportion declines
with age and increasing obesity. Total body water is divided into two
compartments : about 40% is intracellular water, whereas the extra-
cellular water is found mainly in plasma represents about 20% of body
weight (1).

Physiology and metabolism

The regulation of fluid balance is closely bound to the regulation of elec-
trolyte balance (balance between sodium, potassium and chloride). In
kidneys, the excretion of water and electrolytes is regulated by hor-
mones. With excess water in the body, diluted urine is excreted. If there
is too high a concentration of electrolytes in body fluids, the thirst cen-
tre in the brain is stimulated, which leads to a feeling of thirst and
reduced excretion of water by the kidneys.

Foods contain on average 1,000 to 1,500 ml water per day. Oxidation
of fat, carbohydrates and protein yields an additional 300 to 350 ml
water per day. Loss occurs by four routes: urinary output and the water
in stools, and by evaporation from the respiratory tract and the skin.
The daily urinary output exceeds 600 ml in healthy adults and is nor-
mally between 1,000 and 2,500 ml. The water content of stools is gener-
ally 100 to 200 ml per day but may be increased considerably by diar-
rhoea. The daily insensible losses by evaporation are on average 300 to
500 ml per m2 body surface in a temperate climate. Losses by sweating
are generally small but they may increase to several litres per day in a
warm and humid environment with exercise or exposure to the sun. 

During total parenteral nutrition, the daily requirement for total
water is generally considered to be 30 ml per kg body weight, corre-
sponding to 2,250 ml for a person with a body weight of 75 kg. 

103
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Requirement and recommended intake

In the recent us recommendations (2) it was concluded that the evi-
dence is insufficient to establish water intake recommendations as a
means to reduce the risk of chronic diseases, and that normal hydra-
tion status for all adults, as measured by serum osmolality, can be
achieved with a wide range of water intakes. Therefore, an adequate
intake (ai) for total water (i.e. from drinking water, beverages and food)
was set at 3.7 litres per day for men and at 2.7 litres per day for women
based on the median intakes reported in the nhanes iii survey. The ai
for total water was 1.3 litres per day for children 1–3 years and 1.7 litres
per day for children 4–8 years of age, 2.4 and 2.1 litres per day for 9–13
year old boys and girls respectively, and 3.3 and 2.3 litres per day for
14–18 year old boys and girls, respectively. 

Guiding values for total water intake in relation to energy intake are
about 0.25 ml/kJ (=̃1 ml/kcal) for adults. For healthy adults with a seden-
tary lifestyle in a temperate climate, the average daily water balance is
estimated to be approximately 2,500 ml, including 1,000–1,200 ml from
drinking fluids (3). Thus, in the conditions of the Nordic countries the
guiding value for daily intake of drinking fluids for adults is about 
1 litre in addition to that derived from foods. For elderly people, whose
capacity to concentrate the urine is limited and who often have im-
paired feeling of thirst, a broader safety margin is needed, and the guid-
ing value for intake is 1.5 litres per day (4). 

Few data exist on daily water turnover and water intake in healthy
children. In relation to body weight, a total water intake of approxi-
mately 65–70 ml per kg body weight for 2–3-year old children, falling to
40 ml per kg body weight for 15-year-olds, seems to be adequate (5). 
In relation to energy intake, a total water intake of approximately 
0.25 ml/kJ seems to be adequate for children older than 3 years (6, 7).

In the conditions of the Nordic countries, the guiding value for daily
intake of drinking fluids for children is 1 litre in addition to that derived
from foods.

Lactating women increase their fluid intake in relation to the volume
of breast milk. A volume of 750 ml per day of breast milk during the
first six months increases the requirement for fluid by about 600–700
ml per day. This is generally compensated for by a self-regulatory in-
crease in fluid intake of 12–16% (8).
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Lower and upper limits of intake

Mild dehydration defined as a 1% to 2% loss of body weight caused by
fluid losses results in headache, fatigue, loss of appetite and vertigo,
while dehydration in excess of 3% to 5% of body weight decreases
endurance and strength and is the primary cause of heat exhaustion (9).
Dehydration of 15% to 25% body weight lost as water is fatal (10).

Excessive voluntary intake of water or mineral water has been recom-
mended by ‘health experts’ for the enhancement of beauty or vitality,
but this is not supported by scientific evidence. Acute water toxicity has
been reported (11) due to rapid consumption of large quantities of fluids
that greatly exceed the kidney’s maximal excretion rate of 0.7 to 1.0
litre per hour. Excessive ingestion of water may increase the risk of
water intoxication and hyponatraemia during pregnancy (8).

Dietary intake

The usual volume of ingested water and other fluids amounts to 1,000–
2,000 ml per day in the Nordic countries. This brings the total amount
of available water to 2,000–3,500 ml per day, which is about 10% of total
body water.

Hydration status in relation to coffee and alcohol 

Coffee is reported to increase 24-hour urine excretion in subjects with
no habitual intake (12), while hydration status seemed unaffected in
habitual coffee drinkers (13). Strong tea seems to have a light diuretic
effect (14). As the main diuretic compound in coffee and tea is caffeine,
it seems as if caffeine tolerance develops after habitual consumption.

Strong alcohol has a diuretic effect by inhibiting the vasopressin
secretion. Moderate amounts of less strong alcohol such as beer and
wine seem to have little or no effect on hydration status (4, 15, 16).

Health effects of coffee and tea

In general, studies examining the relationship between fluid intake/
small urine volumes and specific disease are conflicting and far from
conclusive (9, 17). For the health effects of other beverages like milk,
soft drinks and alcohol, see Chapters 11, 12 and 14.

Epidemiological studies have shown that high consumption of cof-
fee is associated with osteoporosis. Several early studies suggested an
association between high consumption of coffee and incidence of coro-
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nary heart disease. However, the statistical association disappeared
when the results were adjusted for smoking. Regular consumption of
coffee was associated with a slight increase of systolic and diastolic
blood pressure in a meta-analysis of 11 trials (18). The cancer risk effect
of coffee is considered minimal. High consumption of coffee has been
associated with reduced risk of type 2 diabetes in prospective studies
from several countries including Finland and Sweden (19, 20). Caffeine
may reduce insulin sensitivity, and it is assumed that the putative
antidiabetogenic effect of coffee depends on constituents other than
caffeine. Epidemiological evidence linking the consumption of tea with
coronary heart disease is conflicting but, in a recent study, regular tea
consumption after myocardial infarction was associated with reduced
mortality (21).

In the Tromsø study, it was found that individuals with high con-
sumption of coffee had higher serum cholesterol concentrations than
coffee abstainers (22). Subsequent epidemiological studies in Norway
(23), Finland (24) and Sweden (25) showed that the connection between
coffee and cholesterol was caused by higher cholesterol levels in those
who consumed traditionally boiled coffee.

Boiled coffee that has not been filtered through paper increases the
concentrations of ldl-cholesterol and apoprotein B in serum, whereas
filtered coffee and instant coffee have little or no effect on serum lipids
(26). The effect of boiled coffee is caused by the diterpenoid cafestol (27).
It may influence lipid metabolism in the liver, but the mechanism is so
far unknown. The consumption of boiled coffee has declined gradually
in all Nordic countries, and its effects in the population are diminishing.
Individuals with hypercholesterolaemia and those who have higher
than average consumption of coffee are advised to use filtered coffee
instead of boiled coffee.

A number of epidemiological studies have investigated the possible
relation between caffeine intake, e.g. as coffee, and fertility, pregnancy
outcome and behavioural or cognitive effects in children (28). Whereas
the total information gave no indications of a significant correlation for
most of the outcomes, a link between high caffeine intake during preg-
nancy and foetal growth retardation cannot be ruled out and a link
between caffeine intake and spontaneous abortion is indicated.
Although the available epidemiological studies in this field are partly
contradictory and not easy to interpret, depending mainly on problems
with confounding, an increased risk associated with high coffee con-
sumption during pregnancy and early spontaneous abortion is currently
supported by some recent, well-designed and well-performed studies
(e.g. 29). Those who consumed 500 mg caffeine or more per day had an
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increased risk for spontaneous abortion. In addition, a recent prospec-
tive follow-up study among 18,000 pregnant Danish women found cof-
fee drinking associated with an increased risk of stillbirth but not with
infant death. Compared with women who did not drink any coffee dur-
ing pregnancy, the adjusted risk of stillbirth was lower among women
who drank 1–3 cups per day, slightly increased among women who
drank 4–7 cups per day, and more than doubled among women who
drank 8 or more cups per day (30). 

Tea and chocolate contain certain flavonoids and coffee contains phe-
nolic acids. These have been suggested to mediate beneficial health
effects, but these are so far not supported by data from clinical trials.
Coffee and tea contain tannins that may reduce the absorption of non-
haeme iron. Therefore, persons with iron deficiency may benefit from
avoiding drinking coffee and tea with their main meals.
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chapter 9

Energy

Components of daily energy expenditure

Definitions
The basic principle for energy requirement reference values is energy
balance, i.e. a physiological state in which daily energy intake equals
energy expenditure (ee), and both body weight and energy content
(defined by body composition) are unchanged. For some people, namely
those who are markedly over- or underweight, the recommended
energy intake may be smaller or larger than energy expenditure for a
prescribed time period, but long-term energy balance is the ultimate
goal even in treatment of undernourishment and obesity. The nnr
therefore define energy requirement in adults as the energy intake needed to
cover energy expenditure in individuals with body weight, body composition and
physical activity compatible with good health. However, because body energy
stores are very large (at least 30 times daily energy expenditure), there is
no need for energy intake and ee to be equal over short periods, such as
1–4 days (1). 

Energy requirements are based on data of daily energy expenditure.
The doubly labelled water (dlw) technique is now the ‘gold standard’
method for determining energy expenditure in a way that is both non-
invasive and does not constrain normal activity pattern (2). The tech-
nique uses two stable isotopes of water (2H and 18O) given orally, which
are measured in urine over a period of days (2). Other methods, such 
as the factorial (diary) method, heart rate monitors, the accelerometer
and the ventilated hood method (indirect calorimetry) are needed to
describe components of daily energy expenditure. 

The daily energy expenditure can be divided into the following 
components:
· Resting (or basal) energy expenditure (ree or bee)
· Diet-induced thermogenesis (dit)
· Energy expenditure caused by physical activity (paee) 109
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The basic unit of energy expenditure is kJ (or mj = 1,000 kJ) per time
unit (usually mj/d). 1 kJ equals 0.24 kcal (or 1 kcal = 4,184 kJ), a unit
which is still often used in the literature. 

In individuals with approximately equal physical activity level, daily
ee is strongly related to body mass and particularly to fat free mass
(ffm = body mass – fat mass) (3). Fat mass (fm) also shows a positive
correlation with daily ee, but the slope (increase in ee per kg fm) is less
steep than for ffm (3). However there is a variation in bee, explained by
the heterogeneous composition of the ffm compartment. Thus, the
slope of bee against ffm is lower at high ffm and, conversely, higher at
low ffm (4). Organ metabolic rate is much higher than skeletal muscle
and fat metabolic rate because of higher oxidative capacity in organ
mass. In adults 70–80% of bee is derived from organs that comprise 5%
of the body weight (5). 

Daily ee is also higher in men than in women, but the difference dis-
appears after adjustment for the sex difference in body composition.
Very cold or hot environments, genetic differences, hormonal status
(e.g. concentrations of thyroid and growth hormone), sympathetic activ-
ity, psychological state, pharmacological agents and several disease
states may increase or decrease daily ee, mainly by affecting ree (6, 7).

Basal energy expenditure
Basal energy expenditure (bee) or basal metabolic rate (bmr) is defined
as the energy expenditure of an individual lying at physical and mental
rest in a thermoneutral environment, about 12 hours after the previ-
ous meal. Resting energy expenditure (ree) is measured in less rigorous
conditions than bee. Therefore, ree is considered to be approximately
5% higher than bee. The mean ee during sleep is slightly lower than
during waking hours (3). Therefore, sleeping energy expenditure (see) is
about 10% lower than bee. However, despite small systematic differ-
ences see, bee and ree are very strongly inter-correlated and they are
often used interchangeably. 

The strongest determinant of bee is ffm, which explains up to 80%
of the inter-individual variation (3,7). The relationship between these
parameters seems to be linear, at least within a normal range of adult
ffm (40–100 kg). The inter-individual variation at a given ffm is about
2.1 mj, indicating the possible magnitude of difference in ree between
two individuals with a similar ffm. Genetic variation, body composi-
tion, variation in hormone concentrations, energy balance and physical
fitness are factors that have been found to explain the variation in bee
after adjustment for ffm (6–9). 

Because of the technical constraints of bee measurements, determi-
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nations of energy requirements are usually based on predicted bee.
Table 9.1 shows prediction equations for bee, as given by Schofield et al.
(10), who/fao/unu (11) and the Commission of the European Commu-
nities (12). However, these equations are not applicable in obese sub-
jects and when applied in populations where overweight is common
they tend to produce biased estimates of bmr (13, 14). 

Table 9.1 Equations for calculating average basal energy expenditure (mj/d) for men 
and women based on body weight (W, kg) and for children and adolescents based on 
W and height (H, m)

Age bee bee
year mj/d on weight mj/d on weight and height

Girls
< 3 000.244 W – 0.13 00.068 W + 4.28 H – 1.73
<4–10 000.085 W + 2.03 00.071 W + 0.68 H + 1.55
11–18 000.056 W + 2.90 00.035 W + 1.95 H + 0.84

Women
19–30 0.0615 W + 2.08
31–60 0.0364 W + 3.47
61–75 0.0386 W + 2.88
> 75 0.0410 W + 2.61

Boys
< 3 000.249 W – 0.13 0.0007 W + 6.35 H – 2.58
<4–10 000.095 W + 2.11 00.082 W + 0.55 H + 1.74
11–18 000.074 W + 2.75 00.068 W + 0.57 H + 2.16

Men
19–30 00.064 W + 2.84
31–60 0.0485 W + 3.67
61–75 0.0499 W + 2.93
> 75 00.035 W + 3.43

Diet-induced thermogenesis
Diet-induced thermogenesis (dit) or diet-induced ee can be defined as
the increase in ee above bee divided by the energy content of the food
ingested (15). The postprandial rise in ee lasts for several hours, but
about 90% of dit is observed within 4 hours after the meal. dit is
assumed to be 10% of daily ee in individuals in energy balance consum-
ing an average mixed diet. However, dit of fats is only 5% of their
energy content, whereas dit of proteins is approximately 20% of energy
content. dit of carbohydrates is normally around 10% of energy content,
but may be up to 20% if carbohydrates are directly converted to fat (de
novo lipogenesis), a process that normally only occurs to a minor degree
in individuals consuming diets typical for the Nordic countries (16).
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Physical activity
Physical activity is defined as any body movement achieved by contrac-
tion of skeletal muscles that increases ee above resting levels (17). Exer-
cise is a subcategory of physical activity: exercise is voluntary, deliberate
physical activity performed because of anticipated positive consequences
on physical, psychological and/or social well-being. The daily physical
activity level (pal) is defined as total ee divided by bee (or ree). This
way of quantifying physical activity is based on the assumption that the
variation in daily ee is based on physical activity and body size. 

Daily physical activity (and physical activity induced ee) can be
divided into occupational and leisure activity. The latter can be further
divided into exercise and non-exercise activity, with different grades of
intensity. Inactivity means a state with ee close to ree, which in every-
day life means sitting or lying while awake. Spontaneous physical activ-
ity corresponds to small, involuntary muscle movements, such as fidget-
ing, and may be related to weight control (18), but the data are limited.
The associations between physical activity and health are described in
detail in Chapter 10.

Energy balance and health

Body mass index and health
Body mass index (bmi), defined as body weight (kg) divided by height
(m) squared, has a U or J shaped association with total mortality and
morbidity. However, these relationships are difficult to interpret,
because pre-existing illnesses may affect body weight rather than vice
versa. Generally in adults, the bmi that is compatible with the lowest
mortality (and morbidity) is approximately 22–23. According to the
who definition (19), the normal (or recommended) bmi is between 18.5
and 24.9 (Table 9.2). A bmi of 30 or more is considered to be obesity. The
reference intervals of Table 9.2 are applicable in all Nordic countries. The
prevalence of obesity in the Nordic countries is shown in Table 9.3.

Table 9.2 Body mass index, definitions of underweight, overweight and obesity and
health risks for adults (18–64 years)

Body mass index Definition Morbidity and mortality

< 18.5 Underweight Slightly increased
18.5–24.9 Normal weight Low
25.0–29.9 Overweight Slightly increased
30.0–34.9 Grade I obesity Increased
35.0–39.9 Grade II obesity Much increased
> 40.0 Grade III obesity Very much increased
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Obesity in children and adolescents may be defined using bmi, but the
cut-off points differ significantly from those presented in Table 9.2. Cole
et al. (20) have published international age- and sex-specific bmi cut-off
points for overweight (85th percentile) and obesity (95th percentile) for
children and adolescents between 2 and 18 years.

Table 9.3 Prevalence (%) of adult (25–64 y) obesity (bmi > 30.0) in the Nordic countries,
assessed from self-reported body weight

Women Men Reference

Denmark 19.8 10.9 (21)
Finland 13.8 13.5 (22)
Iceland 13.5 13.4 (23)
Norway 18.6 10.0 (24)
Sweden 10.2 12.2 (25)

The bmi-related risk for some diseases (e.g. type 2 diabetes and some
cancer forms) increases more linearly than e.g. total mortality. However,
it should be kept in mind that bmi may represent different levels of fat-
ness and body fat distribution depending on age, sex and ethnicity or
race (26, 27). Therefore, bmi on individual level should be used with
great caution. Other simple measures, such as waist circumference (see
section on Obesity) may assist in assessment of obesity-related health risks.

Studies have found that ageing is associated with decreasing height,
weight and body mass index (bmi) (28, 29) and with loss of muscle mass
and gain of body fat (30). These changes imply that optimal bmi may be
different in old people compared to younger. Several studies have found
the nadir (bmi associated with lowest relative mortality) to be higher in
old people compared to recommendations for younger populations
(31–35). The suggested cut-off limits range from 24–33 but the exact
level is still unknown (36). Unfortunately the data are inadequate to
make any precise recommendations for optimal bmi among the elderly.

Studies that relate bmi to functional ability have found both a high
and a low bmi to be related to disability (37, 38). However, marked obe-
sity is clearly associated with physical disability and difficulties in per-
forming the activities of daily living (39, 40).

Weight stability and health
According to epidemiological studies, stable weight is related to the low-
est total mortality, whereas weight gain is clearly related to increased
mortality (41). Many epidemiological studies indicate that weight loss is
also associated with increased mortality (e.g. 41–44). However, these
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data should be interpreted with caution, because of difficulties in sepa-
rating voluntary and involuntary (due to pre-existing disease) weight
reduction. Moreover, epidemiological studies do not separate different
techniques or rates of weight reduction, or composition of lost body
weight (45). In contrast, even a modest (5–10% of body weight) weight
reduction in high-risk individuals improves health (19). Weight cycling
(weight reduction, then increase to previous levels) may have adverse
effects on mortality and morbidity (46, 47), but the data do not provide
compelling evidence (48). A 25-year study in Gothenburg, Sweden, has
found an age-related decrease in body weight from the age of 70 to 95 of
approximately 0.5–1.0 kg body weight for every 5 years, more pro-
nounced in the highest quintiles of body weight (29). 

Obesity

Definitions: Obesity and abdominal obesity
Obesity is defined as a state with adverse health effects related to the
amount or anatomical distribution of body fat. According to the who
(19), obesity is defined as a bmi above 30 (see Table 9.2). In addition,
abdominal fat distribution, being an indicator of intra-abdominal fat
mass, may also be used as an indicator of obesity (49). Table 9.4 presents
cut-off points for waist circumference measurement, as suggested by
the National Institute of Health (50) and who (19). Intra-abdominal fat
mass, or abdominal fat distribution, may even be more strongly associ-
ated with metabolic disturbances than the amount of total body fat. The
cut-off points are probably higher for elderly subjects (51, 52).

Table 9.4 Waist circumference (cm) and the risk of metabolic complications associated
with abdominal obesity in adults (18–64 years) 

Risk level Women Men

Low ≤ 79 ≤ 93
Increased 80–87 94–101
High ≥ 88 ≥ 102

Determinants of obesity and weight control
Weight gain is caused by positive energy balance. Several retrospective
and prospective population-based studies have evaluated factors related
to obesity or weight gain. Many comparisons between countries and
short-term laboratory experiments have identified high fat intake as an
important dietary predictor of obesity (53). However, observational
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(cohort) studies have yielded inconclusive evidence regarding fat as a
causal factor for obesity and weight gain (54, 55). An explanation may be
underreported fat intake (56) weakening the association between fat
intake and obesity. Fat quality, total intake of sucrose, moderate alcohol
consumption and meal frequency have not been shown to be associated
with obesity or weight gain (57). Moreover, variations in carbohydrate
quality (indicated by dietary glycaemic index) have not been conclu-
sively shown to predict weight change in intervention studies (58). How-
ever, an abundant intake of sucrose in beverages may induce weight
gain, at least in individuals with obesity (59). A decrease in fat intake
leads to short-term (about 6 months) weight loss, but the long-term 
(> 1 y) consequences are not equally clear (53, 60). 

Low levels of physical activity are associated with obesity and more
age-related weight gain. Most studies have examined leisure activity,
and data on occupational energy expenditure adjusted to e.g. socioeco-
nomic factors in relation to obesity are lacking. High levels of physical
activity are also associated with less weight being regained after weight
reduction (61). However, most of the above findings are observational
and retrospective. The studies are still inconclusive on whether physical
activity could be regarded as a single predictor of weight control. Obe-
sity is also associated with education level and socioeconomic status.
The general trend is that higher social classes have a lower prevalence
of obesity compared with lower social classes (61, 62).

Secular trends in obesity, dietary intake and physical activity
The prevalence of obesity has increased in all Western countries dur-
ing the past 20 years, and a rapid increase is also seen in developing
countries undergoing an economic transition to market economy (19).
The trend for increasing obesity has also been observed in all the Nordic
countries. Comparisons of national data are difficult because of method-
ological and sampling differences, but the available results suggest that
the prevalence of obesity in adults is highest in Finland (about 13–14% of
adults with self-reported bmi >30) (see Table 9.3).

The prevalence of overweight and obesity has increased steadily in
Finland since 1980 (63) but in recent years it seems to be levelling off in
Finnish women, at least when overweight (bmi >25) is used as the crite-
rion. In Norway, measured weight and height from health surveys in 8
counties show that the prevalence of obesity (bmi > 30) in 40–42 year
old men increased from 10% in 1994–96 to 14% three years later (64),
while the corresponding figures for women were an increase from 9% in
1996–99 to 12% three years later. The prevalence of obesity has also
risen in Denmark, at least since 1987 (21).
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The change in eating habits and patterns has been fairly rapid during
recent decades. Secular trends in the Nordic countries show an increase
in e.g. fruit, vegetable, meat, vegetable fat and alcohol consumption,
and consumption of more sweets, fast food and eating out in general. 
At the same time, the intake of saturated and total fat has decreased.
The change in fat quality has been particularly prominent in Finland. 
In Norway the dietary content of fat decreased from 40 to 35 E% during
1975–1990, followed by a modest decrease to 34 E% in the subsequent
ten years (65). Despite large changes in consumption of food items,
energy and fat intake show much less secular variation (66).

Traditions of measuring and evaluating food consumption on a pop-
ulation level are well established in many Nordic countries. In contrast,
the methods to assess physical activity are often crude. The available
data on the prevalence of vigorous physical activity suggest little change
during the past 20 years (66). Occupations with high energy expendi-
ture seem to have decreased drastically over time. The data on leisure
non-exercise activity are very scarce, partly due to the severe difficul-
ties of measuring activity, and partly to the fact that the importance of
non-exercise activity on our health has only recently been recognised.
Nevertheless, proxy measures, such as the time of tv-watching and the
number of cars per household, strongly suggest that the non-exercise
leisure energy expenditure may have decreased considerably (67). More-
over, Finnish data show that commuting to and from work by walking
or bicycling decreased between 1982 and 1992 (66).

Reference values for energy requirements 
in children and adolescents

Part of the energy intake of children and adolescents is used for growth,
and the energy requirement per kg body weight is therefore higher 
for these age groups than for adults. During the first four months of
life, approximately 27% of the energy intake is used for growth. At the
end of the first year of life, this fraction decreases to approximately 5%;
at age 1–3 years it represents approximately 3% and is thereafter less
than 2% (68).

The energy intake of healthy, thriving infants and children, as meas-
ured by dietary surveys, was previously used as the basis for energy ref-
erence. Intake studies were used as it was not possible to measure
energy expenditure and specify with confidence the allowance for a
desirable physical activity level (pal) in infants and young children (69).
The doubly labelled water (dlw) technique is now the preferred
method for determining energy expenditure even in children. However,
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when studying children, the energy cost of growth must be taken into
consideration. This can be divided into two parts : first the energy cost
of producing and laying down new tissue, which is included in the
measurement of total energy expenditure (tee) and second, the energy
deposited in new tissue, which is not a part of tee (70). This can be
roughly calculated using energy deposition rates consistent with good
health and added to tee to provide an estimate of energy requirements
in children. Studies using the dlw technique to measure the energy
expenditure in infants and children have accumulated and are used as a
basis for new reference values for infants and children, 0–5 years, in
the current nnr. However, fewer studies using dlw have been per-
formed for older children and adolescents. The new reference values
are therefore based on total energy expenditure using estimations of
basal metabolic rate (bmr) and physical activity level (pal) (71), with
values for different activity levels from 10 years and up.

Reference values for energy requirements of children and adoles-
cents should be based on their energy expenditure and requirements
for growth as well as their habitual physical activity. Energy expendi-
ture should be consistent with the attainment and maintenance of long-
term good health, including recommended physical activity (71).

Age 0–23 months
Previous reference values, which were based on the energy intake of
healthy infants fed energy-dense formula, are too high since measure-
ments of energy expenditure using dlw have consistently given lower
values (11, 69–73) and are also supported by recent studies on energy
intake (74). The differences are still apparent when adjustments are
made for the energy cost of energy deposition in order to produce better
comparisons of expenditure and intake (70). The reference values for
energy requirements for children 0–12 months were lowered in nnr
1996 from nnr 1989 and are now further decreased by 3–13% for the
age group 0–23 months (Table 9.5). Accumulation of available data and
increased knowledge about the use of the dlw technique for young
children, in addition to more accurate calculations, support the above
findings (69, 75, 76). The estimated energy requirement for one-month-
old infants is based upon a review of studies using dlw by Butte and co-
workers (75), while the eer for older infants is based on recent data
from studies on healthy infants, also using dlw (69, 76). New reference
values do not necessarily mean that infants and children should lower
their energy intake, but that science and scientific methods have pro-
gressed towards giving a more realistic picture of how much energy
infants and children really need.
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Table 9.5 Estimated average daily energy requirements (per kg body weight) 
for children 0–23 months

Age Average daily energy requirements
months kJ/kg bw per day

1 390
3 365
6 355

12 355
18 355

Some studies have shown that breast fed infants have a lower intake of
energy-yielding nutrients than formula fed infants (77–79), especially
infants breast fed for more than seven months, which results in less
body weight gain from six to 10 months than in infants breast fed for a
shorter period (74, 80). The effect of infant feed source on energy
requirements was found to persist throughout the second year of life in
one of the studies used as a basis for the estimated energy requirement
(69). This was primarily because of the higher ree in the formula fed
infants than in the breast fed (6, 9), although varying digestibility might
also play a role (81). However, the differences between feeding groups
never exceeded 20 kJ/kg, and current nnr give one energy requirement
valid for both breast fed and formula fed infants. An explanation for
the lower reference values today is therefore also an increase in the pro-
portion of breast fed babies compared to formula fed babies.

Age 2–5 years
The reference values for this age group have been changed from the ref-
erence values in nnr 1996 and are now based on a review by Torun and
co-workers (71) of studies compiling data on energy expenditure using
dlw. The values have been adjusted by adding 2% for the energy cost of
new tissue. Earlier reference values were based on adjusted reference
values from fao/who (11). nnr 1996 recognized that newer studies
indicated that the reference value for energy intake in the 2–5-year age
group might still be too high (82), but concluded that there was still not
enough evidence to change the reference values. However, more studies
using the dlw technique now support the view that the previous refer-
ence values were too high for this group (73, 83), and they have been
lowered by 4–16% (Table 9.6), compared with nnr 1996.

Age 6–9 years
The reference values have primarily been decreased slightly for this age
group, compared with nnr 1996. The new reference values are based
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on a review by Torun and co-workers (70), using Schofield’s equation as
before to calculate bmr (10), but also a new evaluation of moderate pal,
using studies on physical activity from many locations, particularly
Europe and the usa (Table 9.6). The evaluations are based on studies
assessing physical activity using dlw, heart rate monitoring and activ-
ity-time allocation studies (71). The Schofield equation has been found
to be in good agreement (± 8%) with measured values in 5 to 15-year-old
children and adolescents (84). Fewer studies using dlw have been per-
formed in this age group compared with younger children. The new ref-
erence values, however, coincide reasonably well with the data from
dlw studies performed so far in this age group (71, 85–87).

Table 9.6 Estimated average daily energy requirements (per kg body weight) 
for children 2–9 years

Age Girls Boys
years kJ/kg bw per day kJ/kg bw per day

2 355 355
3 330 355
4 320 330
5 320 325
6 320 325
7 305 325
8 285 310
9 265 295

Age 10–17 years 
The energy reference values for this age group have been changed from
nnr 1996. The new evaluation of energy requirement is calculated
from bee, based on sex and body weight (10) multiplied by pal values
representing three daily levels of physical activity. These values are also
based on the overview of studies by Torun and co-workers of children
engaged in different forms of activities. As the variation in physical
activity is greater among older children and adolescents, the values are
given with regard to light, moderate and heavy physical activity (Table
9.7). The new evaluation of energy requirement for moderate activity is
higher (5–16%) than earlier reference values from 1996, as studies on
habitual physical activity have shown that there are sufficient grounds
to increase the reference values (71). This is also supported by studies
using dlw suggesting an increase in the values for energy requirement
in this age-group (88–90), as well as studies using heart rate monitoring
(91).
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Table 9.7 Estimated average daily energy requirement (per kg body weight) for 
adolescents 10–17 years for three levels of physical activity. The pal values used 
are for ages 10–13 and 14–17 (92)

Age Light activity Moderate activity Heavy activity
years kJ/kg bw/d kJ/kg bw/d kJ/kg bw/d

Girls pal pal pal
1.50/1.45 1.70/1.65 1.90/1.85

10 220 250 280
11 200 230 255
12 190 215 240
13 180 200 225
14 165 190 210
15 160 180 205
16 155 180 200
17 155 175 195

Boys pal pal pal
1.55/1.60 1.75/1.80 1.95/2.05

B10 250 285 315
11 235 265 295
12 220 250 280
13 210 235 265
14 205 230 265
15 195 220 250
16 190 215 240
17 185 210 235

Estimated average reference values in relation to age, 
sex, puberty and body composition
The estimated daily energy requirements according to age for children
(Table 9.8) are based on calculations and assumptions described below.
The values are based on the energy requirement per kilogram body
weight (Tables 9.5–9.7).

When comparing body weight data from the Nordic countries, the
differences between body weights in the same age intervals are small ;
differences are mainly smaller than one kilogram. Values for body
weight related to age in the group 0–5 years are based on the mean of
reference values from Denmark (93), Norway (94), Sweden (Swedish
growth chart, 2000) and Finland (Finnish growth chart, 1993). No values
were available for 2–5 year-olds in Finland and data for 3–5 year-olds 
in Norway and the other Nordic values were used. Recent values for
growth at school age show increasing weight to height and prevalence
of overweight (95), therefore values for the age group 6–17 years are
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based on mean values from 1973–1977 (93). The increasing incidence
of overweight and obesity among young children and adolescents
makes the use of means or medians from more recent data to estimate
daily energy requirement less satisfactory. Figures from Sweden which
are one decade younger than those used for the reference weight show
an increase in median weight of up to 4 kg among 10–17 year-old chil-
dren. Figures from Iceland which are 15 years younger show even larger
differences (95). Over a similar time period (1978–1998) the average
height has only increased by 1 cm among 9-year-old children in Iceland
(96) and less than 1 cm among 18-year-old conscripts in Sweden, Den-
mark and Finland from 1975–1990 (97). In the us the estimated energy
requirements for children are based on the median weight and are
slightly higher than the reference weights in the current nnr (98). Chil-
dren of the same age vary widely in body weight, particularly in the age
groups where only a few children have reached puberty. The body
weight of children of the same age and sex may differ by a factor of two.
The estimated energy requirement in a certain age group, as illustrated
in Table 9.8, must therefore be used with caution.

The calculated energy requirement for overweight children (> 2 sd
weight-for-height) is too high when based on body weight, since the
energy requirement is primarily determined by the ffm. Therefore, it is
recommended that the energy requirement in overweight children
should be based on the weight 1 sd above normal weight for height, or
on the weight corresponding to the cut-off value to overweight accord-
ing to International Obesity Task Force (19).

Reference values for energy requirements in adults

The reference values for energy requirements in adults are based on
estimations of basal energy expenditure (bee) and daily physical activity
level (pal). Energy requirement is equivalent to the product of
bee¬pal. bee can be calculated from prediction equations (e.g. equa-
tions presented in Table 9.1). The pal values used in these recommenda-
tions (Table 9.9) are generalisations based on studies using dlw. By using
more detailed information on daily physical activity (time spent in dif-
ferent activities) and the respective metabolic equivalents (met values =
activity ee/resting ee) (99), pal can be calculated as the daily weighted
average met value (Table 9.10). It should be noted, however, that the pub-
lished met values may underestimate energy expenditure in very obese
individuals.
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Table 9.8 Estimated energy requirements (per day) for children 0–17 years 
based on age-related average weight and moderate physical activity

Age Average weight, kg Estimated energy requirements, mj/d

Girls Boys Girls Boys

0–1 mo 3.4 3.6 1.3 1.4
3 mo 5.7 6.1 2.1 2.2
6 mo 7.7 8.2 2.6 2.7

12 mo 9.9 10.6 3.4 3.7

2 y 12.5 13.2 4.4 4.7
3 y 14.9 15.4 4.9 5.5
4 y 16.8 17.3 5.3 5.7
5 y 19.2 19.4 6.1 6.3

6 y 21.1 21.4 6.8 7.4
7 y 23.7 24.8 7.2 8.1
8 y 26.1 26.5 7.4 8.2
9 y 28.7 29.1 7.6 8.6

10 y 31.8 32.2 8.0 9.2
11 y 35.5 35.3 8.2 9.4
12 y 40.4 39.1 8.7 9.8
13 y 45.6 43.5 9.1 10.2

14 y 49.9 49.2 9.5 10.8
15 y 53.2 55.1 9.6 11.3
16 y 54.8 60.0 9.9 12.0
17 y 56.0 63.6 9.9 13.4

Table 9.9 Physical activity level expressed as multiplies of resting energy 
expenditure according to different levels of occupational and leisure activity 
(modified from Black et al. (100))

pal

Bed-bound or chair-bound (not wheelchair) 1.1–1.2

Seated work with no option of moving around and little or no leisure activity 1.3–1.5

Seated work with some requirement to move around but little leisure activity 1.6–1.7

Work including both standing and moving around (e.g. housework, shop assistant) 1.8–1.9

Very strenuous work or daily, competitive athletic training 2.0–2.4

Note 1 Moderate, leisure physical activity (e.g. brisk walking):
0.025 pal unit increase for each weekly hour. 

Note 2 Strenuous, leisure physical activity (e.g. running, competitive soccer):
0.05 pal unit increase for each weekly hour.
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Table 9.10 Two examples of how to estimate daily physical activity level from 
data on physical activity 

Very inactive day Active day

Intensity of Activity (met) Time, h met¬h Time, h met¬h

Rest (1.0) 10 10 8 8
Very light (1.5) 12 18 8 12
Light (2.0) 2 4 4 8
Moderate (5.0) 0 0 1 5
Strenuous (10.0) 0 0 1 10

Total 24 32 24 43

pal 1.33 1.79

Explanation. The time spent in different activities is multiplied by the respective meta-
bolic equivalent value (met value). To obtain the daily physical activity level (pal), the
sum of daily met¬h is divided by 24. Hence, pal is the weighted average of daily met¬h.
Daily energy expenditure is calculated by multiplying pal by basal (or resting) energy
expenditure.

An average pal for adults in the Nordic countries is assumed to be
around 1.6, which is compatible with sedentary work and some physical
activity. A totally sedentary lifestyle (pal 1.4–1.5) is associated with
health risks that may be equal to the risk associated with marked obe-
sity (bmi 30–35) or regular smoking. These health risks are offset by
approximately 3–4 hours per week moderate physical activity or 2
hours per week more strenuous leisure-time physical activity (101),
which would mean an increase of only 0.1 pal units. However, it is
likely that a pal of roughly 1.8 would be more optimal for overall
health. This pal is approximately the same as observed in moderately
active prepubertal children (102). Strenuous athletic training may
increase energy requirements to pal 2.0–2.5 and in extreme cases even
up to 3.5 (103, 104). However, it is rare for physical exercise to increase
energy requirements by more than 20% compared to energy expendi-
ture during normal daily living. 

Table 9.11 shows reference weights based on mean population weights
in Denmark, Sweden and Finland, with adjustments for individuals out-
side bmi range 18.5–25.0. Table 9.12 shows average estimates of daily
energy requirements for men and women with respect to age, body
weight and activity level based on data in Table 9.11. In other words, the
values in Table 9.12 are estimations assuming that all individuals are at
normal weight. It should be noted that these estimations have a large
standard error due to inaccuracy in both estimation of bee and of pal.
Therefore, the results should be used only for estimation on group level.
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Few studies with dlw have been carried out with elderly subjects.
Therefore, the data for the oldest age group in Tables 9.11 and 9.12 should
be used with special caution. 

Due to the age-related weight changes among healthy elderly indi-
viduals, 0.5–1.0 kg should be subtracted from the average weights in
Table 9.11 for every 5 years above the age of 75. The reference weights
used in Table 9.12 for aged individuals (> 75 y) are 73.4 kg for men and
61.7 kg for women (both calculated as 1 kg less than the reference
weight for the age-group 61–74 y).

Table 9.11 Reference weights (kg) in Denmark, Sweden and Finland. Data from Dansker-
nes kostvaner 1995 (Denmark), Riksmaten 1997–98 (Sweden) and finrisk 2002 (Finland)

Age Danskernes Riksmaten finrisk
years kostvaner

Women weight corr. wt weight corr. wt weight corr. wt mean corr.

* ** * * * * * * * * weight

18–30 62.7 61.6 65.6 63.3 65.5 62.0 62.3
31–60 65.5 63.1 66.6 63.7 70.1 63.2 63.3
61–74 66.7 62.6 68.2 63.5 72.2 61.9 62.7

Men
18–30 78.8 76.3 77.4 75.2 81.0 75.7 75.7
31–60 81.7 77.0 82.0 77.3 85.1 76.1 76.8
61–74 80.2 74.6 81.7 75.4 83.2 73.1 74.4

* = self reported weight
** = all individuals with bmi < 18.5 adjusted to 18.5; all with bmi > 25 adjusted to 25
*** = weighed in a laboratory; youngest age range 25–30 y

Table 9.12 Reference energy requirements (mj/d) in adults based on Nordic 
reference weights (Table 9.11) and different activity levels

Age ree Sedentary Normal Active
years pal 1.4 pal 1.6 pal 1.8

Women
18–30 y 5.9 8.3 9.4 10.7
31–60 y 5.8 8.1 9.2 10.4
61–74 y 5.3 7.4 8.5 9.5

> 75 y 5.1 7.1 8.2 9.3

Men
18–30 y 7.7 10.7 12.3 13.8
31–60 y 7.4 10.4 11.8 13.3
61–74 y 6.6 9.3 10.6 12.0

≥ 75 y 6.0 8.4 9.6 10.8

ree = resting energy expenditure
pal = physical activity level
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Reference values for energy requirements are based on assumptions of
normal weight and energy balance. However, this may not always be
the case. For instance, negative energy balance is needed in treatment of
obesity. If energy intake is 2.1 mj/d lower than the energy requirement
for energy balance, the estimated weight reduction is 0.5 kg/week. This
rate of weight loss is often recommended, although a larger negative
energy balance (up to 4.2 mj/d) leading to a weight loss of 1 kg/week still
seems to be compatible with a healthy weight reduction (19, 50). Con-
versely, some other situations (e.g. treatment of malnutrition) may
require more energy than estimated for energy balance.

If an estimation of energy requirement is needed for an individual
with weight and physical activity different from those presented in
Tables 9.11 and 9.12, the calculation is carried out as follows: First, the
resting energy expenditure (basal metabolic rate) is estimated from the
equation given in Table 9.1. Then, pal is estimated either from Table 9.9,
or by calculation as shown in Table 9.10. Finally, the energy requirement
is calculated as ree¬pal. It should be noted, however, that the estima-
tion of both ree and pal may be imprecise, and it is indeed possible to
misjudge daily energy requirement by at least 2 mj.

Energy requirements during pregnancy
Studies in humans and animals show that an insufficient energy and
nutrient supply during the foetal lifetime and immediately after birth is
related to health later in life. To ensure optimal nutrient supply for the
foetus and the baby, it is important that the pregnant and lactating
woman eats a well-balanced diet in appropriate amounts. The woman’s
nutrient intake before conception also seems to be of importance for
healthy development of the baby.

When a woman becomes pregnant, her need for energy increases.
The higher energy requirement during the pregnancy can be satisfied
by an increased food intake but also, at least theoretically, by decreased
physical activity resulting in a smaller energy requirement.

During pregnancy several physiological adaptations take place in the
woman’s body. Besides the growth of the foetus, the placenta and the
uterus, the blood volume, the breasts and body fat mass also increase.
All those factors together lead to an increased body weight.

There is great variation in how much the woman’s body weight in-
creases during pregnancy. A positive association between the woman’s
weight gain and the health of both baby and mother has been observed.
However, a very large weight gain is a health risk for both the mother
and the child, especially among pre-pregnancy overweight or obese
women (e.g. increased risk for breast cancer of the mother, higher risk
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for spontaneous abortion, gestational diabetes and gestational hyper-
tension) (105, 106). If the body weight increase during pregnancy is too
small, the risk of the baby having low birth weight is increased, as
weight gain in pregnancy is positively correlated to size at birth (106).
Low birth weight increases the risk for health complications early in
life, and small size at birth has been found to be related to higher risk of
adult diseases, such as coronary artery disease, hypertension and type 2
diabetes (106–109). Increase in body weight during pregnancy among
Nordic women has been on average 14–15 kg (110, 111) but has in-
creased over recent years, for example in Sweden (111). In Iceland,
women of normal weight before pregnancy have been found to gain on
average 16.7 kg in pregnancy (106). Birth size in the Nordic countries is
high >3,500 g, highest in Iceland and the Faeroe Islands and has been
increasing for full-term babies in all the Nordic countries over recent
years (112). A weight gain up to 18 kg in Icelandic women of normal
weight before pregnancy has been found to be safe, both as regards
complications during pregnancy and delivery as well as postpartum
overweight (106, 113). Similar research has not been performed in the
other Nordic countries. 

The recommended weight gain during pregnancy should depend on
the woman’s pre-pregnancy body weight in relation to her height. The
weight gain should be higher for leaner women and lower for over-
weight and obese women. The Institute of Medicine in the usa has
developed recommendations for weight gain in pregnancy based on pre-
pregnancy weight, established on studies considering the health of both
the mother and baby. Women who are underweight before pregnancy
(bmi< 19.9 kg/m2) are recommended to gain 12.5–18 kg in pregnancy,
women of normal weight (bmi 19.8–26.0 kg/m2) are recommended to
gain 11.5–16 kg, overweight women (bmi > 26.0–29.0 kg/m2) 7–11.5 kg
and obese women (bmi > 29) > 6–10 kg (111). In support of this, recent
studies by Butte and co-workers showed that the increase in mainte-
nance energy metabolism, one of the main components of the energy
cost of pregnancy, varies in response to pre-pregnancy body fat content
of the woman (114, 115).

The energy cost in pregnancy is due to the foetus, placenta and amni-
otic fluid, as well as the weight gain of uterus, breasts and blood vol-
ume, extracellular water and adipose tissue (116).

Energy requirement during pregnancy based on total energy expen-
diture and total energy deposition has been estimated for women of
normal weight to increase negligibly in the first trimester, by 1,500 kJ
(350 kcal) per day in the second trimester and by 2,100 kJ (500 kcal) per
day in the third trimester (114). Physical activity influences the energy
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requirements during pregnancy. It has been suggested that if a woman
decreases her physical activity there should be no need for an extra
energy intake. However, Butte et al. concluded that extra energy intake
is required by healthy pregnant women to support adequate gestational
weight gain and increases in bmr, which are not totally offset by reduc-
tions in activity energy expenditure in pregnancy (114). Thus in that
cohort of healthy women, pregnancy in a real-life situation was associ-
ated with increased requirements for dietary energy. A recent Swedish
study supports this by showing that activity level among pregnant
women is generally unaffected in pregnancy until week 32, when the
pal value decreases slightly (117).

Energy requirements during lactation
The extra need for energy during lactation is estimated in the same way
as during pregnancy. The breast milk contains approximately 2.8 kJ per
gram (118). A woman who feeds her baby completely with breast milk
produces about 700–800 g breast milk per day (118). During a six month
period, this corresponds to approximately 386 mj. The energetic effec-
tiveness of producing milk is suggested to be about 80% (116). In well-
nourished women, the bee appears to be influenced only to a very small
degree during the lactation period. The total energy cost for six months’
complete breastfeeding of one baby is thus 482 mj, or 2.6 mj per day.
Since there are large variations between women regarding the amount
of milk produced and also some variation in the composition of the
milk, the energy cost for lactation differs between women. This energy
cost can be satisfied by an increased food intake, by mobilisation of fat
from the woman’s fat store and/or by a decreased level of physical activ-
ity. However, because of a risk for weight gain after pregnancy (119), it
is recommended that lactating women increase rather than decrease
their amount of physical activity.

In well-nourished women the mobilisation of fat stores during lacta-
tion seems to be relatively moderate. Swedish studies (120, 121) show
that healthy lactating women mobilise approximately 300 g fat per
month. For a woman who is exclusively breastfeeding and with a loss 
of the body fat gained during pregnancy of approximately 500 g per
month, the increment of energy need is 1.8–2.2 mj (122). In general,
women have larger fat stores after the lactation period than prior to the
pregnancy, which probably increases the risk for continuing over-
weight. 

There is large variation in the extent to which different women use
fat stores to satisfy the energy cost for lactation. The figures mentioned
above are therefore not relevant for an individual woman. If the lacta-
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tion period is longer than six months, the energy cost for the lactation
is calculated in the same way as described above. In general the produc-
tion of breast milk is smaller, which will result in a smaller energy cost
for the lactation. The suggested reference value for an extra energy
intake during lactation is 2.0 mj per day.

Energy requirements in the elderly
Daily energy expenditure declines with age (123, 124), mainly due to
decreased fat free mass (ffm) (125, 126) and decreased physical activity
(127, 128). Basal energy expenditure (bee) is strongly related to ffm,
mainly organ mass (129). The decrease in bee is not fully explained by
the age-related decrease in ffm (130). Pannemans et al. (123) found that
80% of the variation in bee in elderly subjects was explained by ffm.

Longitudinal (131, 132) and cross-sectional (101, 133, 134) studies have
found an age-related decrease in bee. Knowledge about daily energy
expenditure in the elderly (> 75 years) is limited (101). A Swedish study
found that bee among 91–96 year-old subjects was not different from
bee among 70–80 year-old subjects (135). However, a longitudinal fol-
low-up of the 73-year-olds at age 78 showed a decrease in bee as well as
tee but not in active energy expenditure (aee) (136). Their pal values
averaged 1.74 at both ages indicating a physically active lifestyle for the
age group (136). Diet-induced thermogenesis (dit) does not seem to be
affected by age (134).

Low energy intake
Lowenstein (137) has suggested a reference value of 1,500 kcal/d, corre-
sponding to approximately 6.5 mj/d, as the minimum daily energy in-
take necessary for providing an adequate intake of micronutrients 
from an ordinary diet. In nnr, very low energy intake is defined as an
energy intake below 6.5 mj/d, while an energy intake of 6.5–8 mj is con-
sidered a low energy intake with increased risk of an insufficient intake of
micronutrients.

A very low energy intake is related to either a very low physical activ-
ity level and/or to a low body weight. Low body weight is related to
small muscle mass and thereby to low energy expenditure. The age-
related decrease in energy expenditure may result in very low energy
intake, and very low energy intake is also found among people on slim-
ming diets and among subjects with e.g. eating disturbances or food
intolerances.

Among healthy subjects an actual very low habitual energy intake 
is probably rare – even among sedentary elderly subjects the estimated
energy requirement is 7–8 mj, see Table 9.12. However, with lower 
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body weight among the sedentary elderly the energy expenditure may
become critically low.

Intake of most micronutrients is positively associated with the
energy intake and accordingly, habitual low energy intake is associated
with low nutrient intake. In dietary surveys low energy reporting is
biased by a widespread underreporting independent of age and espe-
cially among women and overweight/obese subjects. Thus, it is difficult
to explore the consequences of low energy intake on nutritional status
based on low energy reporters. 

Among elderly subjects, low reported energy intakes were not paral-
leled by biochemical deficiencies (138, 139) indicating underreporting
and/or recommendations on the large side and/or insufficient cut-off
levels of the biochemical parameters. Among elderly Europeans (138)
it was not possible to establish a level of reported energy intake that
ensured an adequate reported supply for all of four micronutrients
(iron, thiamine, riboflavin and pyridoxine). At a reported intake of 8 mj
13% of the men and 16% of the women still had an inadequate intake
(defined as 2/3 of  ri) of at least one of the four micronutrients.

Energy content of foods

Calculation of energy content
The energy available for metabolism – physiologically available energy
– is primarily determined by the chemical energy of the food, which is
determined by laboratory measurements of the heat produced when its
organic molecules are fully oxidized. Not all chemical energy in foods is
available to the human and the chemical energy value must therefore
be corrected for losses due to insufficient absorption and, as regards
protein, even for incomplete oxidation and losses in urea. A precise cal-
culation of the physiologically available energy content in foods
requires knowledge of the chemical composition and the digestibility of
all the food components. Since those components vary, it is more prac-
tical to use standardised factors based on the average composition and
digestibility. Due mainly to historical background and tradition, differ-
ent standard factors still exist, which differ from each other to some
extent. In nnr the energy content for a mixed diet is calculated by the
following factors : 17 kJ/g protein or available (= glycaemic) carbo-
hydrate, and 37 kJ/g fat. Alcohol (ethanol) is calculated to yield 29 kJ/g. 
In kcal, these standard factors are: 4 kcal/g protein or carbohydrates, 
9 kcal/g fat and 7 kcal/g alcohol. Note that these numbers include some
errors caused by rounding off. To transform the figures between the 
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two different systems of units, the following relationships are used: 
1 kcal = 4.2 kJ (or more precisely 4.184) and 1 kJ = 0.24 kcal (or more pre-
cisely 0.239).

The standard factors should in principle not be used for calculation of
energy content in separate foodstuffs, because both the oxidation heat
and the digestibility vary slightly between foodstuffs. In a mixed diet,
however, these variations balance each other and the calculated values
are very close to the values determined experimentally. Specific factors
for calculating energy content in certain foodstuffs have been presented
(140, 141).

Carbohydrates and fibre
The values for carbohydrate presented in food composition tables are in
many cases determined by the ‘difference method’, which defines total
carbohydrate as the difference between the total dry matter and the
sum of protein, fats and ash. The value for carbohydrate then includes
digestible mono-, di- and polysaccharides (starch) as well as non-
digestible carbohydrate, lignin and organic acids. The glycaemic or
‘available’ carbohydrate represents total carbohydrates minus total
dietary fibre, or the sum of sugars and starch. Available carbohydrate
can be calculated by difference (total carbohydrates–dietary fibre).
Sugar, alcohols and organic acids are presented separately, but calcu-
lated as total carbohydrate. For glycaemic carbohydrate, the oxidation
heat is slightly smaller for monosaccharides than for disaccharides and
is greatest for polysaccharides (141) but those differences do not have to
be considered in practice. When the total carbohydrate is analysed by
the difference method, available carbohydrate and dietary fibre con-
tribute the same amount of energy. Therefore the real energy content is
overestimated if the diet contains a high amount of fibre. In a diet with
around 30 g fibre per day or less, the standardised factors for energy
may be used without any significant consequences for the energy calcu-
lation (142). Fibre actually contributes a small amount of energy due to
the fact that a proportion of the fibre is fermented in the colon to short-
chain fatty acids, which can be absorbed and oxidized for energy. This
energy contribution depends on the type of fibre but a factor of 8 kJ/g 
(2 kcal/g) has been suggested as an average value (140, 143). This value is
used in nnr when calculating dietary energy. In the regulations for
specifying the nutrient content of foods, the energy level for fibre has to
be set at zero. However, both the Codex Alimentarius Commission and
current suggestions for coming revisions of the European Nutrition
Labelling Directive propose that dietary fibre be given an energy factor
of 8 kJ/g.
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The digestibility of carbohydrate varies between 90% in fruits to
approximately 98% in cereals. The digestibility of flour depends on the
fractions included, i.e. the digestibility decreases with a higher content
of fibre.

Protein
Protein does not fully oxidize in the body. The physiologically available
energy from protein is therefore reduced due both to incomplete
digestibility and urea losses in the urine. The digestibility of protein is
lowest in legumes (78%) and highest in animal products (97%) (140, 141).

Fat
The heat of oxidation for fat depends on the fatty acid composition of
the triglycerides and the proportion of other lipids in the diet. On aver-
age, the available energy from fat is calculated as 95% in most foodstuffs
(140, 141).
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chapter 10

Physical activity

There is a scarcity of data that would allow us to compare the level of
energy expenditure in the population historically and at present. Fur-
thermore, physical activity is often defined differently in different stud-
ies, making comparable analysis difficult. However, the impression that
our habitual physical activity level has gradually decreased is supported
by studies showing that both average weight and the percentage of
women and men in the Nordic countries who are overweight/obese has
increased over recent decades (1–4), while results from nutritional sur-
veys imply that the energy intake in the adult population remained rel-
atively stable from the mid-1970s until 1997 (5, 6). This trend is most
likely due to structural changes in society, which have resulted in a
decrease in physical activity in daily life. As a result, large segments of
the population can be characterized as physically inactive. 

Physical inactivity is linked to a number of diseases and disorders (for
instance certain types of cancer, hypertension, type 2 diabetes, cardio-
vascular disease and osteoporosis) and the effects of regular physical
activity are in many cases similar to those of a well-balanced diet.
Changes in physical activity and diet can have an additive effect on
these diseases and conditions, while public health strategies also target
the same group for the same reason. Furthermore, if diet and physical
activity are separated, people may view them as alternatives and hence
the additive value of both activity and a wholesome diet as components
of a healthy lifestyle is not so easily recognised. Therefore, nnr 2004
integrate nutrition and physical activity. 

Definitions

Physical activity is a comprehensive concept that encompasses many
terms related to movement of the body. It is defined as any bodily move- 139

Recommended minimum physical activity Minutes Intensity
in addition to normal inactive living per day

Adults 30* Moderate
Children and adolescents 60* Moderate/vigorous

* Somewhat less if the activity is vigorous.
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ment achieved by contraction of skeletal muscles that increases energy
expenditure (ee) above resting levels (7). Physical inactivity equals low
levels of physical activity and may be defined as a state where ee
approaches resting energy expenditure (ree). Accordingly, people who
are sedentary both at work and in their leisure time, who sit or lie a lot
and who largely use motorised transportation would be characterised as
physically inactive. Exercise is planned, structured, and repetitive bod-
ily movement carried out to improve or maintain one or more compo-
nents of physical fitness (8). Physical fitness is a set of attributes related to
the ability to perform physical activity that people have or achieve (8).
The term includes cardiorespiratory fitness, strength, coordination,
flexibility etc. Cardiorespiratory fitness relates to the ability of the circu-
latory and respiratory systems to supply oxygen during sustained phys-
ical activity (8). met (metabolic equivalent) is a unit used to estimate the
metabolic cost (oxygen consumption) of physical activity. One met
equals the resting metabolic rate of approximately 3.5 ml O2/kg and
minute. Light activity is defined as activity corresponding to an ee below
3 mets, such as fidgeting while sitting or walking slowly (< 3.5 km/h).
Moderate physical activity is defined as activity that requires three to six
times as much energy as the energy needed in a resting state. Vigorous
physical activity is activity requiring more than six mets. Resistance training
is exercise designed to increase strength, power and muscle endurance.
Endurance training is repetitive, aerobic use of large muscles (e.g. swim-
ming, walking, bicycling).

Physical activity in the prevention of various diseases

Cardiovascular disease, metabolic syndrome and type 2 diabetes
Several studies show an inverse relationship between coronary heart
disease (chd) and physical activity (9–14) or physical fitness (15–18).
This applies to both men and women. People who are physically inac-
tive run twice as great a risk of developing chd as those who are phys-
ically active (19). This is probably an underestimation due to dilution of
relative risk (20). The documentation establishing a correlation between
physical activity or physical fitness and chd is convincing, and there
seems to be a clear dose-response relationship. Paffenbarger et al.
demonstrated that those who had an extra energy expenditure of 4–8
mj (500–1,000 kcal) per week had a 22% lower mortality compared to a
group who were physically inactive (21). Leon et al. showed that people
who were regularly physically active for 30 minutes a day during their
leisure time, corresponding to an energy expenditure of 150 kcal (630
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kJ), had a 36% lower risk of dying from chd adjusted for other impor-
tant chd risk factors (12). Estimates from Finland (22) indicate that
approximately 22–39% of chd death can be attributed to physical inac-
tivity. The same source shows that physical inactivity is just as impor-
tant a risk factor as smoking, high serum total cholesterol level or
hypertension. 

Regular physical activity/physical fitness is favourably associated with
plasma lipids (triglycerides, hdl- and ldl-cholesterol) (23, 24) blood
pressure (25), insulin sensitivity (26) haemostasis/fibrinolysis (23, 27),
and endothelial function (28). Increased physical activity has the poten-
tial to influence all these factors in a favourable direction at the same
time. The effect ‘size’ and the amount of physical activity needed to
improve these factors are not fully outlined. However, data with respect
to plasma lipids, blood pressure and insulin sensitivity are available.

The average expected changes in lipids and lipoproteins following
increased physical activity are: An increase in hdl cholesterol of 4.6%, 
a reduction in ldl-cholesterol of 3.7% and in triglycerides of 5% (29).
There is also evidence of a beneficial effect on ldl sub-classes (24). 
The baseline levels strongly influence the effect of physical activity in
that greater beneficial effects are seen in those with poor lipoprotein
profile. The improvements are probably more related to the amount of
activity and not to the intensity or improvement in cardiorespiratory
fitness (24).

A meta-analysis of randomised controlled trials has indicated that
the effect of physical activity on systolic/diastolic blood pressure reduc-
tion is on average 3/2 mm Hg in normo-tensive and 8/6 mm Hg in hyper-
tensive groups (25). Moderate physical activity on three to five occasions
per week with a duration of 30–60 minutes seems to be effective in
blood pressure reduction. Physical activity with higher intensity does
not seem to be more effective.

There is strong evidence that regular physical activity has a beneficial
effect on insulin sensitivity (26). Prospective studies have shown that
regular physical activity brings about a linear decrease in the age-
adjusted risk of developing type 2 diabetes (30–32). The decrease is in
the magnitude of 6% for each 4.1 mj (500 kcal) expended by physical
activity in weekly leisure time (32). The documentation is convincing. It
appears that those who are at greatest risk of developing type 2 diabetes
benefit the most from regular physical activity (31). The effect of physi-
cal activity in patients with type 2 diabetes is conflicting (33), although
a meta-analysis concludes that exercise training reduces HbA1c by an
amount that should decrease the risk of diabetic complications (34). 
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Overweight and obesity 
Physical activity has profound effects on body composition and metab-
olism. It increases ee and helps to maintain and increase muscle mass,
which may result in an increased basal metabolism and an increased
capacity for mobilising and burning fat both while using the muscles
and in a resting state (35, 36). Thus, regular physical activity is likely to
be of importance in long-term regulation of body weight. Regular phys-
ical activity is important for obese people, as health benefits can be
achieved through improved physical fitness, regardless of weight loss
(37). The mortality and morbidity of being overweight are substantially
reduced in people who, despite being overweight, are physically fit (38).
Only in short-term studies (16 weeks or shorter duration) is it possible to
find evidence of a linear dose-response relationship between the vol-
ume of physical activity and the amount of weight loss when diet is con-
trolled. The amount of weight loss is consistent with the excess energy
expended (39). In practice, only modest weight loss of around 3 kg
might be expected following increased physical activity in obese per-
sons (40). Even though there is a lack of conclusive data, it seems that
the amount of activity needed to avoid weight gain is about 60 minutes
of moderate intensity or somewhat less of vigorous intensity activity
(41).

Cancer
The five types of cancer (colon (42), breast (43–46), prostate, lung and
endometrial (47)) for which a convincing or at least a possible relation-
ship between physical activity and cancer has been established com-
prise a total of 45% of all incidences of cancer. The risk reduction for
the most active individuals in relation to inactive groups is about 50%
for colon cancer (48). There is evidence of a dose-response relationship
between physical activity and colon cancer and pre- and postmeno-
pausal breast cancer (49). It is not possible to determine the shape of
the dose-response curve, but the data confirm that moderate activity is
effective. The significance of physical activity in the treatment or reha-
bilitation of cancer patients is unclear.

Musculo-skeletal disorders
Among the many reversible risk factors for falls are muscle weakness in
the limbs, poor balance and a poor level of overall physical fitness.
These are factors that can be improved through regular physical activ-
ity, for instance strengthening exercises (50–52).
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Muscle strength and muscle endurance diminish with increasing age
and decreasing activity level (53). Physical activity can counter and
reverse this trend to a substantial degree (51, 54). Another benefit is
fewer muscle complaints in all age groups.

Loss of calcium may lead to osteoporosis. This risk increases with age,
particularly in post-menopausal women. Physical activity contributes
to increased bone density and can thus counteract osteoporosis. Physi-
cal activity during puberty seems to be particularly useful for bone mass
and structure (55, 56). Physical activity immediately before and during
puberty yields greater maximum bone density in adult life (56–59). For
adults and the elderly, physical activity retards bone loss (60). To be
beneficial for bone mass and structure, exercise should preferably be
weight-bearing (61). Repeated weight-bearing loading, such as walking
and running, is more beneficial than e.g. swimming and cycling. Even
better for bone health are activities with high and odd impacts (e.g. ten-
nis, squash, aerobics) or high volume loading (weight training). How-
ever, there is a lack of information about the dose-response relation-
ship for osteoporosis (61).

Strengthening exercises – targeting the muscles that stabilize the
back – reduce the incidence of back problems, particularly in people
with a history of back problems, but also to a certain degree among
those who have not previously experienced such problems (62). Regular
physical activity may have a preventive effect on low back pain,
although the type of the activity has yet to be determined (61).

Mental health and quality of life
A positive association is found between physical activity habits and self-
esteem and psychological well-being in children and young and mid-
dle-aged adults (8). Furthermore, observational studies have shown that
those who are physically inactive are at greater risk of developing
depression than those who are physically active (63, 64). However there
is no dose-response relationship between physical activity and depres-
sion and anxiety (65). Further research is needed to study the volume
and mode of physical activity that is most psychologically beneficial and
to explore the mechanisms by which physical activity improves mental
health.

Recommendations on physical activity

There is strong evidence that vigorous physical activity sufficient to
improve cardio-respiratory fitness has a major impact on different
health outcomes (8). As a matter of fact, until recently the recommenda-
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tions on physical activity were equal to the quantity and quality of exer-
cise sufficient to develop and maintain cardiorespiratory fitness. How-
ever, as previously described in this chapter, experimental studies have
established that activity of a moderate nature, which does not yield an
increase in cardio-respiratory fitness, also produces a favourable effect
on several risk factors for chd and type 2 diabetes (8, 66). Therefore it is
important to point out that substantial health gains can be achieved
through moderate physical activity. The recommendations should
therefore include both modalities of physical activity. Examples of
energy requirements corresponding to 3–6 mets (moderate activity) and
> 6 mets (vigorous activity) are given in Table 10.1. Maximal oxygen
uptake decreases as people age and also as a consequence of physical
inactivity. Activity of a certain met value therefore requires a greater
percentage of a person’s maximal oxygen uptake (Table 10.1) as she or he
ages. Note that activity of a certain energy cost may be perceived differ-
ently by different groups. For instance climbing stairs may be perceived
as light activity for a 30-year-old but hard for a 70-year-old.

Table 10.1 Energy requirements for performing various activities in different age 
groups shown as mets and as percentages of cardio-respiratory fitness (≈ maximal 
oxygen uptake)*

Energy requirements as percentages 
of cardio-respiratory fitness 
(≈ maximal oxygen uptake)

Activities Energy Young Middle- Old Very 
cost aged old

in mets 20–39 y 40–59 y 60–79 y 80+ y

Watching tv/reading 1.3 10 13 15 18
Light household work 2.5 20 25 29 35
Driving car 1.5 12 15 18 21

Moderate physical activity
Playing with small children 3.5 27 35 41 49
Climbing stairs 5.5 42 55 64 77
Walking (4.8 km/h) 3.5 27 35 41 49
Walking (6.4 km/h) 4.0 31 40 46 56
Snow clearing (snow blower) 3.0 23 30 35 42
Snow clearing (manual) 6.0 47 60 70 84
Lawn mowing (manual) 4.5 35 45 53 63

Vigorous physical activity
Lifting or carrying 11–20 kg 8.0 62 80 93 >100
Jogging 8.0 km/h 7.0 55 80 93 >100
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* Activity of a certain energy cost may be
perceived differently by people both as a
function of age and physical inactivity.

For instance climbing stairs may be per-
ceived as light activity for a 30-year-old
and hard for a 70-year-old.
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Figure 10.1 Dose-response curve for physical activity and health (69). Different health
outcomes probably have different dose-response relationships.

The total amount of physical activity (a combination of intensity, dura-
tion and frequency) is related to a number of health variables in a dose-
response relationship. The preventive effect (the health gain) increases
with increasing activity level, but the relationship is not linear (Figure
10.1). Those who are physically inactive may achieve the greatest health
gains. This applies even in old age (8, 11, 67). The health gain seems pri-
marily to be dependent on the total energy expenditure, and probably
less on the intensity. Another aspect is whether several short bouts of
activity are as effective in influencing health outcome as one longer
session of the same total duration (68).

The question of how much physical activity is needed to yield health
gains is not easily answered, as the answer depends on the group of peo-
ple in question: the young, older people, overweight individuals, etc.
The dose-response relationship between physical activity level and
health gains is a continuum that does not seem to have a lower limit. 
It is important, however, to keep in mind that the different health out-
comes probably have different dose-response relationships and also
depend on the type of activity.
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Children and adolescents 

Regular physical activity is necessary for normal growth and the devel-
opment of cardio-respiratory endurance, muscle strength, flexibility,
motor skills and agility (70–74). In addition, physical activity during the
formative years strengthens the bones and connective tissues and yields
greater maximum bone density in adult life (70, 75, 76). Exercise that
gives a high impact loading on bones is important for bone develop-
ment, particularly during early puberty (55). There is also evidence of an
association between cardiorespiratory fitness and cardiovascular dis-
ease risk factors in children and adolescents. Furthermore, risk factors
such as fatness, insulin: glucose ratio and lipids cluster in children and
adolescents with low cardiorespiratory fitness (77).

Regular physical activity is associated with well-being and seems to
promote self-esteem in children and adolescents. Furthermore, children
and adolescents who are involved in physical activity seem to experi-
ence fewer mental health problems (78–81). There is no indication that
increased physical activity in school represents any risk of impairing
children’s cognitive skills as a result of less time for theoretical school
subjects (82). 

There is little doubt about the health effects of physical activity in
children and adolescents. However, the amount of physical activity
(including intensity and duration) required for enhancing and maintain-
ing normal development and health in children and young people is
rather unknown. Nevertheless the following is recommended for chil-
dren and adolescents:
· There should be a minimum of 60 minutes of physical activity 

every day. The activity should include both moderate and vigorous
intensity.

· The activity can probably be divided into shorter intervals of 
physical activity during the course of the day.

· Activities should be as diverse as possible in order to provide 
optimal opportunities for developing all aspects of physical fitness
including cardiorespiratory fitness, muscle strength, flexibility,
speed, mobility, reaction time and coordination. 

Varied physical activity provides opportunities to develop both fine-
motor and gross-motor skills. Active children get the exercise they need
while playing in the neighbourhood, at day-care, or on the school play-
ground and by participating in children’s sports. n
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Adults

Following the previous literature review and comments, we can con-
clude that a ‘target dose’ that will yield health gains for adults who have
been physically inactive for a long time is activity of moderate inten-
sity which corresponds to an additional energy expenditure of approx-
imately 630 kJ (150 kcal) per day (or slightly more than 4.2 mj (1,000
kcal) per week). An equal health impact can be expected with vigorous
activity (such as jogging, cross-country skiing, swimming, circuit train-
ing, resistance training, etc.) of shorter duration but equal energy 
expenditure. Energy expenditure exceeding this ‘target dose’ yields fur-
ther health gains. Perhaps the optimal health effects can be expected
from the combination of the two modalities; that is 2–3 hours of vigor-
ous exercise per week and daily moderate physical activity correspon-
ding to a total of 8.4 mj or 2,000 kcal per week (see Figure 10.2). The re-
commendations on physical activity for adults are:
· For inactive adults, daily physical activity of moderate and/or vigor-

ous intensity corresponding to an energy expenditure of about 
630 kJ (150 kcal) yields substantial health benefits. This should be in
addition to the energy expenditure through normal inactive living.
This is equivalent to walking briskly for about 30 minutes.

· The activity can probably be divided into shorter intervals of 
physical activity during the course of the day, for instance intervals
lasting 10 minutes.

· An increase in activity beyond this duration and intensity will yield
additional benefits, see Figures 10.1 and 10.2. (Tables 10.2 and 10.3 
provide examples of the duration required when engaging in 
various activities to achieve energy expenditure of about 630 kJ.)

· More physical activity (about 60 min daily) with a moderate and/or
vigorous intensity corresponding to an energy expenditure of 
1,300 kJ (300 kcal) may be needed for prevention of weight gain.

Elderly

Regular physical activity in elderly people is associated with improved
strength and functional ability (83) and inversely related to mortality
(84), and was strongly associated with maintaining mobility during a 
4-year follow up (85). 

Endurance training in the elderly has been found to improve oxygen
consumption (vo2 max) by approximately 23% in a meta-analysis (86).
Hard endurance training results in improved vo2 max, increased mus-
cle mass, unchanged body weight and unchanged daily energy expendi-
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ture because of a compensatory decline in physical activity during the
remainder of the day (87, 88) while moderate endurance training
increases basal energy expenditure, daily energy expenditure and total
energy intake (89).

Resistance training increases basal energy expenditure, muscle mass
(67, 90), and daily energy expenditure in the elderly (91) and may coun-
teract the age-related accumulation of fat (92). Frequency of high-resist-
ance training may be less than 3 times a week (93). Low-intensity exer-
cise may be beneficial in the institutionalised elderly (94) and effects of
resistance training have been seen even in 85–97 year-old subjects (95).
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6–7 times per week
3–4 hours in total

3–4 times per week
2–3 hours in total

Adequate

Exercise, 
e.g. jogging

Moderate 
physical 
activity, 
e.g. walking

Optimal

Inadequate Adequate

B C

A

Figure 10.2 Two modalities of physical activity adequate to give health benefits:

A) Physical activity of moderate intensity, for instance walking, household work, playing,
with a frequency of 6–7 times per week and a total of 3–4 hours a week;

B) Exercise of moderate to vigorous intensity, for instance jogging, swimming, tennis,
resistance training, circuit training, cross-country skiing, with a frequency of 
3–4 times a week and a total of 2–3 hours a week.

C) The optimal activity dose may be the combination of a) and b) (both moderate 
physical activity and moderate to vigorous exercise).
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Healthy elderly people can largely use the recommendations for the
adult population at large. This particularly applies to the advice to
become more physically active in daily life. 

The following recommendations apply:
· Those who have been physically inactive for a long period should

start with a programme consisting of walking. The intensity 
should be increased gradually.

· The intensity can be increased by climbing stairs or hills of increas-
ing steepness, preferably on uneven terrain (which is an advantage
for improving balance). Hiking, skiing and orienteering are well
suited.
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Table 10.2 Duration of various activities to expend 630 kJ (150 kcal) for an average 77 kg
man. The larger the bodyweight, the higher energy expenditure per unit time at equal
absolute intensity and vice versa

Intensity Activity mets Approximate duration 
(minutes)

Moderate Walking 4.8 km/h 3.5 33
Moderate Walking 6.4 km/h 4.0 29
Moderate Bicycling 12 km/h 4.0 29
Moderate Table tennis 4.0 29
Moderate Raking leaves 4.5 26
Moderate Lawn mowing (manual) 4.5 26
Vigorous Jogging 8.0 km/h 7.0 17
Vigorous Bicycling 22 km/h 8.0 15
Vigorous Running 9.7 km/h 10.0 12

Table 10.3 Duration of various activities to expend 630 kJ (150 kcal) for an average 63 kg
woman. The larger the bodyweight, the higher energy expenditure per unit time at equal
absolute intensity and vice versa 

Intensity Activity mets Approximate duration 
(minutes)

Moderate Walking 4.8 km/h 3.5 40
Moderate Walking 6.4 km/h 4.0 36
Moderate Bicycling 12 km/h 4.0 36
Moderate Table tennis 4.0 36
Moderate Raking leaves 4.5 32
Moderate Lawn mowing (manual) 4.5 32
Vigorous Jogging 8.0 km/h 7.0 20
Vigorous Bicycling 22 km/h 8.0 18
Vigorous Running 9.7 km/h 10.0 14
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Other forms of aerobic exercise which can be engaged in as an alterna-
tive to walking include swimming and other water activities, various
types of dance, cycling, rowing, exercise bicycle or rowing ergometers,
etc.

Since resistance training is particularly valuable in restoring lost
muscle strength, a varied, progressive programme of weight training is
recommended for older people, particularly if the muscle condition
and/or mass have decreased. Strengthening exercises should be tailored
to the needs of the individual with regard to types of exercises, number
of sets, repetitions and frequency of training sessions. Strengthening
exercises should optimally be combined with aerobic, balance and
mobility training.

Pregnancy and lactation

Pregnancy is associated with extensive physiological and anatomical
changes. Despite this fact, regular physical activity or exercise has min-
imal risk and confirmed benefits for most women (96). Women who are
moderately physically active during pregnancy experience easier preg-
nancies and deliveries, have better self-esteem, gain less weight, have
more normal deliveries and fewer perinatal complications than women
who have not engaged in physical activity during their pregnancy
(97–99). There is no evidence of increased risk of miscarriage, prema-
ture delivery or foetal growth retardation due to exercise during preg-
nancy (100–102). Except for complicated pregnancies and a few circum-
stances in which exercise is contraindicated (see Artal & O’Toole (96) for
details), the following recommendations apply:
· Women who have previously not been physically active should

engage in moderate physical activity during pregnancy with a 
gradual progression of up to 30 minutes a day.

· Women who are regular exercisers before pregnancy should con-
tinue to engage in physical activity at an appropriate level. They
should be able to engage in vigorous intensity exercise, such as 
jogging, swimming and aerobics. 

· Pregnant women must avoid getting overheated. This means that
they should be cautious when engaging in prolonged moderate or
vigorous physical activity (in excess of 45 minutes of continuous
activity) when it is too hot. The concerns related to overheating
may be eliminated by performing the activity in shorter bouts, 
such as 15-minute periods.

· Training the muscles of the pelvic floor is particularly important
during pregnancy and after giving birth. 
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· Activities with a high risk of falling (such as horseback riding,
downhill skiing) and activities that include contact sports (such as
handball, basketball, ice hockey) may increase the risk of trauma
and should be considered undesirable. Scuba diving should be
avoided throughout the pregnancy.

· Women who have had an uncomplicated pregnancy can begin mod-
erate physical activity such as walking immediately after delivery.
Most women can resume normal physical activity 6–8 weeks after
delivery. The recommendations for adults generally apply for
breastfeeding women. However, they are advised to nurse before
vigorous exercise (96).
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chapter 11

Fat

Fat provides the organism with energy in a concentrated form. Lipids,
mainly phospholipids and cholesterol, are included in cell membranes
and triglycerides are stored in adipose tissue as energy reserves. In addi-
tion to energy, dietary fats provide essential fatty acids and fat-soluble
vitamins. 

Physiology and metabolism

Most of the naturally existing fats are mixtures of triglycerides com-
posed of one molecule of glycerol esterified with three fatty acid mole-
cules, mainly long-chain fatty acids with 16–18 carbon atoms. Non-
esterified fatty acids are uncommon in the diet. Fatty acids account for
more than 90% by weight of triglycerides. The effects of fatty acids
depend on the length of the carbon chain, the degree of saturation, the
number, position and structure of the double bonds, and to some extent
also on their position in the triglyceride molecule. The unsaturated fatty
acids are characterised by the number of double bonds: monounsatu-
rated fatty acids (mufa) have only one double bond whereas polyunsat-
urated fatty acids (pufa) have 2 to 6 double bonds. The positions of the
double bonds are calculated either from the carboxy-terminal end of
the carbon chain (∆) or the methyl end (/omega/ or n-). The human
organism is capable of synthesising saturated fatty acids (sfa) and
mufa from acetate, whereas pufa, in both n-6 linoleic acid and n-3
alpha-linolenic acid series, are required from the diet. The n-6 and n-3
fatty acids are metabolised (desaturated and elongated) further in the
organism by the same enzyme systems (Figure 11.1).

Naturally occurring unsaturated fatty acids in plants and free-living
fish are mainly cis-fatty acids. However, they can be transformed into
trans-isomers chemically in the food industry by partial hydrogenation
of vegetable and fish oils or through the action of bacteria in the
forestomach of ruminants. Small amounts of trans fatty acids, mainly
∆11-trans vaccenic acid (18:1 n-7), are found in the milk and meat of
cow, sheep and goat. Industrially hydrogenated oils contain varying 157
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amounts of various trans isomers of fatty acids, mainly the ∆8-, ∆9- and
10-isomers but also some vaccenic acid (1). The metabolic effects of indi-
vidual trans fatty acid isomers have not been studied separately in
humans. Studies on the associations between trans fatty acid intake and
risk of coronary heart disease do not show clear differences between
trans fatty acids of ruminant and industrial origin (2). The main sources
of dietary trans fatty acids are dairy products and deep-fried and indus-
trially produced fatty foods containing partially hydrogenated fats.

A particular group of trans fatty acids are conjugated linoleic acids
(cla), which are formed by bacteria in the rumen and by desaturation
of trans C 18:1 in the organism. The cis-9, trans-11 cla that is the pre-
dominant isomer in milk fat has exhibited anticarcinogenic properties
in experimental animal studies. A chemically produced mixture of cla
isomers reduces fat mass and increases lean body mass in experimental
animals. In humans the effect has been less prominent (3). The trans10,
cis12 cla-isomer seems to be responsible for the adipose tissue effects.
The same isomer has been found to increase insulin resistance (4) and C-
reactive protein levels in humans (5).

In addition to triglycerides, dietary fats comprise phospholipids and
cholesterol. The most common dietary phospholipid is phosphatidyl-
choline (lecithin). Cholesterol is found in foods of animal origin and is
synthesised in the human organism, which is true for phospholipids as
well. Plants contain small amounts of plant sterols, mainly sitosterol
and campesterol, which are poorly absorbed (5–15%) from the intestine,
but interfere with the absorption of cholesterol. The absorption of 
the corresponding saturated sterols sitostanol and campestanol is only
1–3%.

In the gut triglycerides are hydrolysed by lipases to monoglycerides
and fatty acids, which together with bile salts, lysophospholipids and
unesterified cholesterol form mixed micelles from which the digested
lipids are absorbed in the small intestine. Fats are not soluble in water
and are therefore transported in the blood as lipoprotein particles. The
core of lipoproteins is formed by triglycerides and esterified cholesterol.
The surface of the particles is composed of free cholesterol, phospho-
lipids and proteins. The lipoproteins are commonly divided into four
classes according to density : chylomicrons, vldl (very low-density
lipoprotein), ldl (low-density lipoprotein) and hdl (high-density lipo-
protein). ldl contains about two-thirds of circulating cholesterol and
is an important risk factor of atherosclerosis. A high hdl-cholesterol
concentration and a low ldl/hdl cholesterol ratio are associated with
a reduced risk of atherosclerosis.
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Figure 11.1 Metabolism of polyunsaturated fatty acids
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Essential fatty acids

n-6 and n-3 polyunsaturated fatty acids are essential fatty acids (efa)
and must be provided by the food, normally as linoleic acid (C18:2 n-6)
and alpha-linolenic acid (C18:3 n-3). They serve important physiologi-
cal functions in the organism, and the human organism lacks the
enzymes ∆11- and ∆15-desaturase that are capable of introducing dou-
ble-bonds in the n-6 and n-3 positions (Figure 11.1). Linoleic acid, when
incorporated into skin ceramides, is essential for maintaining the water-
permeability barrier of the skin, thereby avoiding excessive trans-
epidermal water loss and the accompanying energy loss from water
evaporation.

Physiology and metabolism
Both linoleic acid and alpha-linolenic acid can be elongated and desatu-
rated in the organism (Figure 11.1). Linoleic acid is metabolised to e.g.
gamma-linolenic acid (C18:3 n-6), dihomo-gamma-linolenic acid (C20:3
n-6, dhgla) and arachidonic acid (C20:4 n-6, aa). From alpha-linolenic
acid, eicosapentaenoic acid (C20:5 n-3, epa), docosapentaenoic acid
(22:5 n-3, dpa) and, to a limited extent, docosahexaenoic acid (C22:6 
n-3, dha) are formed. dhgla, aa and epa can be further transformed
to eicosanoids, a group of biologically active substances including
prostaglandins, prostacyclins and leukotrienes, which participate in the
regulation of blood pressure, renal function, blood coagulation, inflam-
matory and immunological reactions and other functions in tissues.

Furthermore, n-6 and n-3 pufa, particularly the long-chain metabo-
lites, are important structural components of cell membranes. They are
essential for various membrane functions such as fluidity, permeabil-
ity, activity of membrane-bound enzymes and receptors, and signal
transduction.

Linoleic acid and alpha-linolenic acid compete for the same desat-
urases and elongases. The latter have a higher affinity for the enzymes.
Therefore, a very high intake of alpha-linolenic acid reduces the rela-
tive proportions of long-chain n-6 fatty acids in tissues. Correspond-
ingly, a very high dietary intake of linoleic acid may disturb the metab-
olism and distribution of n-3 fatty acids. Because of the competition for
metabolic enzymes between the fatty acids of n-6 and n-3 series it is
important to maintain a balance between n-6 and n-3 pufa in the diet.
The importance of increasing the proportion of n-3 fatty acids in dietary
fats in the usa has been emphasised in review articles (6), but there is
no consensus about the optimal n-6/n-3 ratio in the diet.
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Deficiency
Clinical symptoms of efa deficiency (skin changes and growth retarda-
tion) have been found in healthy newborn babies fed for 2–3 months
with a diet low (< 1 E%) in linoleic acid. efa deficiency in adults is rare.
Reported cases have been associated with chronic diseases or prolonged
parenteral or enteral nutrition, either without fat or very low in fat. The
minimum requirement for linoleic acid remains unknown. Combined
deficiency of linoleic acid and alpha-linolenic acid leads to increased
formation of the pufa C20:3 n-9 and an increased C20:3 n-9/C20:4 n-6
ratio. It has not been confirmed that this ratio is a useful indicator of
essential fatty acid deficiency in man.

Clinical signs (skin changes) of insufficient supply of alpha-linolenic
acid have been reported at intakes of < 0.05 E% during enteral nutrition
and < 0.1 E% during parenteral nutrition, but the specificity of these
findings has been challenged. However, there is evidence that alpha-
linolenic acid or its metabolite dha is essential. dha is found at high
concentrations in the synapses of the central nervous system and in 
the rod outer segment of the photoreceptor cells of the retina, where it
is essential for the development of normal visual function (7).

Humans are able to desaturate and elongate alpha-linolenic acid to
epa and dpa but further desaturation to dha is limited. Conversion is
higher in women than in men (8, 9, 10). Studies in preterm infants
strongly suggest that fatty acids of n-3 series are essential for normal
development of visual function and perhaps for optimal psychomotor
development. These findings support the concept that it is necessary to
consume n-3 fatty acids at least in amounts sufficient to replace physio-
logical losses.

Several studies indicate that the enzymes that are responsible for the
metabolism of efa cannot synthesize enough long-chain pufas from
their parent fatty acids to meet the needs at birth, at least not in infants
born before term. However the capacity for pufa synthesis in preterm
infants may be higher than for term infants (11). Therefore aa and
dha, which are present in human milk, should be considered condi-
tionally essential for a limited time after birth. It is therefore recom-
mended that a small proportion of aa and dha, resembling the
amounts in human milk, should be included in infant formula intended
for preterm infants. There is as yet no consensus whether these fatty
acids are conditionally essential also for infants born at term, although
it has been recommended that formula intended for term infants
should also be supplemented with aa and dha (12). Supplementation
of infant formula with long-chain polyunsaturated fatty acids has been
associated with lower blood pressure during later childhood (13). Such

fa
t

161

2004-13 NNR 1-424  22/02/05  10:20  Sida 161Page: 2004-13 NNR 1-424.p161.pdfPDF Proof by



supplementation is in accordance with the European directive on infant
formula and follow-on formula intended for term infants, although the
directive does not give a specific recommendation for supplementation
with aa and dha (14).

Intake of long chain n-3 fatty acids in pregnancy improves the n-3
status of the foetus and newborn child (15) and may be favourable for
the mental development of the child as assessed by the iq (16). Plasma
n-3 long chain fatty acid concentrations that are optimal for both moth-
ers and infants have to be defined before general recommendations for
intake are made (17). n-3 content of breast milk is affected by the
mother’s intake (18), and this in turn may affect the development of
visual acuity in the breast fed infant (19).

Upper intake levels and toxicity
Infants have been fed formula containing high (60% of total fatty acids)
amounts of linoleic acid without apparent harmful effects. Nonetheless,
high intakes of pufa may have untoward consequences through 
increased peroxidation, altered immune responses or an increased 
tendency for bleeding. High concentrations of linoleic acid increase in
vitro oxidation of ldl, but it is not known whether this has harmful
effects on health. Prolonged high intake of epa and dha (1.5 E% for sev-
eral months) has been associated with an increased tendency to nasal
bleeding (20). Reduced activity of leucocytes ex vivo has been observed 
after high intakes of alpha-linolenic acid (6.3 E%) or fish oils (1.5 E%)
(21, 22, 23).

Estimated requirement
Because minimum requirements of pufa for adults are not known, the
estimates are based on threshold intake data from children. For adults
and children from 2 years of age, the lower level of intake of pufa (sum
of n-6 and n-3) is kept unchanged compared to nnr 1996, i.e. 3 E%,
including at least 0.5 E% from n-3 fatty acids. This will provide some
margin above the minimum requirement. For pregnant and lactating
women, the contribution of pufa should be at least 5 E%, including
about 1 E% from n-3 fatty acids. For children 6–11 months and 1–3 years
of age, the lower level of intake of n-6 fatty acids in nnr 1996 was set at
4.5 and 3 E%, respectively, and that of n-3 fatty acids at 0.5 E%. These
estimates are now changed and for children 6–11 months of age the
total amount of pufa should comprise at least 5% and n-3 fatty acids at
least 1% of the total energy intake. n
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Cholesterol
Cholesterol is formed in various types of cells in the human organism. It
is used for the production of bile acids and steroid hormones and for
cell membrane structures. Its synthesis is effectively regulated. Choles-
terol uptake by cells reduces endogenous synthesis. About 1 gram of
cholesterol is synthesised in the adult human organism daily. This is
3–4 times the amount absorbed from an average Nordic diet of adults.

The most important dietary sources of cholesterol are meat and offal,
eggs and dairy products. The fractional absorption of cholesterol is
reduced when the intake increases. On average, 40–50% of dietary cho-
lesterol is absorbed, but absorption varies between individuals. Accord-
ing to a meta-analysis of studies published after 1974 (24), 100 mg of
dietary cholesterol increased serum total cholesterol by 0.056 mmol/L
and hdl-cholesterol by 0.008 mmol/L, and slightly increased the
total/hdl-cholesterol ratio by 0.020 units. In a minor part of the popula-
tion (e.g. subjects who have the apoprotein E 4/4 genotype) dietary cho-
lesterol has a more pronounced effect on serum cholesterol whereas in
most people dietary cholesterol only negligibly influences the serum
cholesterol concentration.

Several expert groups, mainly in the usa, have recommended that
cholesterol intake in adults should be kept below 300 mg/day. The aver-
age cholesterol intake in the Nordic countries is 250–350 mg/day. It is
anticipated that the dietary guidelines promoting increased consump-
tion of vegetable foods and limiting excessive intake of fatty dairy and
meat products will lead to a reduction in cholesterol intake. Therefore,
the current recommendation does not set an upper intake level for cho-
lesterol. Apparently, the endogenous capacity to synthesise cholesterol
is sufficient to meet the needs even in preterm infants. Therefore, there
is no recommendation that infant formula should contain cholesterol,
although cholesterol is a natural constituent of human milk.

Dietary fat and health
The relatively high fat content of the diet in the Nordic countries may
have contributed to the high prevalence of cardiovascular diseases, cer-
tain types of cancer, obesity and gallstones. There has been a strong
association between the intake of saturated fat, serum cholesterol con-
centration (ldl-cholesterol) and the incidence of coronary heart disease
in cross-cultural studies. In prospective studies within populations, the
associations between saturated fat intake and risk of coronary heart dis-
ease have been less significant. By reducing total fat intake, or by mod-
ifying dietary fatty acid composition in order to reduce the proportion
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of sfa and increase that of unsaturated fatty acids, the risk of coronary
heart disease (chd) is reduced. In studies exceeding six months in dura-
tion, reduction or modification of dietary fat intake reduced cardiovas-
cular events by 16%. In studies of more than 2 years’ duration, the risk
reduction was 24% (25). In a review of epidemiological studies and
dietary intervention trials, Hu et al. (26) concluded that replacing satu-
rated fat with unsaturated fat is more effective in lowering the risk of
chd than simply reducing total fat consumption. 

When cis-mufa and pufa are substituted for the sfa and trans fatty
acids, ldl-cholesterol concentration in serum is reduced while hdl-
cholesterol remains unchanged (27, 28). If total fat intake is reduced as
well, the hdl-cholesterol concentration also declines. Increased physi-
cal activity may counterbalance the effects of reduced fat intake on
hdl-cholesterol. Studies with dietary intervention in free-living indi-
viduals have shown a mean reduction in serum total cholesterol of 8.5%
in 3 months and 5.5% in 12 months, but the dietary goals were seldom
achieved (29). In metabolic ward studies the compliance has been better,
and the serum cholesterol levels have been reduced by 10–15% (30). 
A high intake of trans fatty acids has been associated with increased
risk of chd in some prospective studies (31, 32, 33). 

Detailed recommendations on intakes of individual fatty acids are so
far poorly justified. The effects on lipoprotein lipids of individual satu-
rated fatty acids differ to some extent. Myristic acid (C14:0), palmitic
acid (C16:0) and lauric acid (C12:0) increase both ldl- and hdl-choles-
terol levels (C14:0>C16:0>C12:0) but stearic acid (C18:0) has a neutral
effect comparable to that of oleic acid (C18:1). Trans fatty acids from
partially hydrogenated vegetable oils or fish oils increase ldl-choles-
terol almost as much as the C12–16 sfas but may in high amounts
reduce hdl-cholesterol (34, 35, 36). In one study trans fatty acids from
partially hydrogenated fish oils affected ldl- and hdl cholesterol con-
centrations more than partially hydrogenated soybean oil (34). 

The cholesterol-raising fatty acids are generally found in the same
foods that are the main sources of total saturated fatty acids. For practi-
cal reasons it is sufficient to divide dietary fats into saturated plus trans
fatty acids, which should contribute about 10 E%, and cis-unsaturated
fatty acids contributing about 20 E% (mufa 10–15% and pufa 5–10%).
Population studies indicate that the risk of atherosclerosis can remain
quite low even though the total fat intake varies between 10 and 40 E%,
as long as the intake of sfa does not exceed 10 E%. However a restricted
total fat intake may be beneficial for body weight control in populations
with low physical activity and high prevalence of obesity. Population
studies indicate a clear association between fat intake and obesity, and
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intervention studies have shown that fat-reduced diets consumed ad libi-
tum contribute to weight reduction, although the effect is limited, on
average 2.5 kg (37). For these reasons and for the balance between differ-
ent nutrients in the diet, a moderate reduction of total fat intake to
about 30 E% intake seems prudent, in order to ensure sufficient intake
of other nutrients that are important for health maintenance, and pos-
sibly to prevent weight gain (38).

To sustain the rapid growth rate during infancy, fat accounts for
about 50% of the total energy in human milk and infant formula. After
6 months of age this high energy density should be reduced by succes-
sively lowering the fat content of the complementary food to meet the
recommendations for adults. If the proportion of fat and thereby the
energy density of the food becomes too low, this must be compensated
for by more voluminous servings, which in turn might result in in-
sufficient energy intake. Some studies in children indicate that the 
recommendation of a fat content around 30% of the total energy is
applicable for children already after the age of 1 year, since fat intakes at
these levels did not adversely influence children’s growth and neuro-
logical development (39). Therefore it should be safe to conclude that
from the age of 2 years the total fat intake can be reduced to 30 E%,
which is a change compared to nnr 1996. This adjustment reflects
newer data on energy expenditure in infants using the doubly labelled
water method (40).

Dietary fat composition may also influence blood pressure, insulin
sensitivity, blood coagulation and risk of cancer. High intakes of epa
and dha reduce high blood pressure values, increase bleeding time and
reduce high serum triglyceride levels, but they may increase serum ldl-
cholesterol levels as well. Dietary supplementation with n-3 fatty acids
has reduced mortality in patients with chd (41, 42, 43, 44). The effect
may be mediated by reduced risk of cardiac arrhythmias, and fish may
be more beneficial than fish oils (45). In a recent Finnish study, alpha-
linolenic acid showed similar inverse associations with the risk of chd
death as eicosapentaenoic acid and docosahexaenoic acid in the fatty
acid composition of serum lipids (46). It is possible that very low intake
of pufa increases blood pressure, but at intakes exceeding the mini-
mum requirement, blood pressure is not affected by linoleic acid intake.

Recent studies including subjects from the Nordic countries suggest
that replacing saturated fatty acids with unsaturated fat improves
insulin sensitivity in healthy subjects when total fat intake is kept
below 37 E% (47) and that reduction of total and saturated fat intake in
conjunction with modest weight reduction and increased physical activ-
ity reduces the risk of diabetes in subjects with glucose intolerance (48).

fa
t

165

2004-13 NNR 1-424  22/02/05  10:20  Sida 165Page: 2004-13 NNR 1-424.p165.pdfPDF Proof by



Regular physical activity improves insulin sensitivity and reduces the
risk of chd.

In experimental animal studies, fat intake promotes the develop-
ment of breast cancer and colon cancer. In epidemiological studies, the
associations between dietary fats and the risk of different types of can-
cer have remained controversial.

Recommendations

Adults and children from 2 years of age
It is recommended that the intake of saturated plus trans fatty acids be
reduced to about 10 E% (calculated as fatty acids). Even lower levels may
be desirable in persons with hypercholesterolaemia. The intake of trans
fatty acids from partially hydrogenated, industrially produced, fats
should be reduced as much as possible. To achieve the recommended
intake values, the intake of saturated plus trans fatty acids should be
reduced by roughly one-third in the Nordic countries. Saturated and
trans fatty acids are mainly found in the same foods, and therefore the
intakes of both classes of fatty acids are expected to be reduced propor-
tionally. A reduction of sfa intake will generally also reduce cholesterol
intake. 

Cis-mufa should contribute 10–15 and pufa 5–10 E% intake, includ-
ing about 1 E% from n-3 fatty acids. Because of the potentially harmful
effects of very high pufa intakes, higher intakes of pufa are not recom-
mended. A ratio of n-6 to n-3 polyunsaturated fatty acids between 3 and
9 is considered to be adequate.

Consequently, the recommended total fat intake is 25–35 E%, calcu-
lated as triglycerides. Reducing total fat intake below 30 E% may be
desirable for obese people whereas intakes of 30–35 E% are acceptable
for lean people, provided that the consumption of saturated plus trans
fatty acids does not exceed the recommendation. It is difficult to ensure
sufficient intake of fat-soluble vitamins and efa if total fat intake is
below 15 E%. Generally, a reduction of fat intake below 25 E% does not
provide additional benefits, since very low-fat diets tend to reduce hdl-
cholesterol and increase triglycerides in serum and impair glucose toler-
ance in susceptible individuals.

From studies in adults it has been estimated that a reduction in the
intake of sfa by 5 E% would reduce the risk of chd by 17–42%, depend-
ing on whether carbohydrates or unsaturated fatty acids are substituted
for the sfa (32), and a reduction in the intake of trans fatty acids by
2 E% would decrease the risk of chd by 25% (33). Correspondingly, in
the Nordic countries, the risk of chd would be reduced by about 30% by
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a one-third reduction (4–5 E%) in sfa intake and by about 3% through a
one-third reduction (0.2–0.3 E%) in trans fatty acid intake.

Children 6–23 months
Due to the rapid growth the energy requirement per kg body weight is
higher during infancy than later in life. To meet this, close to 50% of the
energy in human milk is provided by fat. Infants who are not breast fed
or are partially breast fed should be fed an infant formula as a substitute
during the first 4–6 months, whereafter the diet successively becomes
more diversified. According to the proposed revision of the eu direc-
tive (14) for infant formula and follow-on formula, fat should comprise
40–55 E% in infant formula and 35–55% in follow-on formula, intended
as the major liquid part of an increasingly diversified diet from the fifth
month of age. As exclusive breastfeeding is recommended during the
first 6 months of life, and because the fat composition of infant formula
and follow-on formula is regulated, no further recommendations are
given for the first 6 months of life. With increasing amounts of comple-
mentary foods the fat intake often declines rapidly to around 30 E% at
the end of infancy, depending on the composition of the complemen-
tary food. It is also common that after the first year the proportion of fat
increases gradually until 3 years of age to levels common among adults.

It is recommended that the proportion of total fat be kept between 30
and 45 E% for infants between 6 and 11 months of age and between 30
and 35 E% from 12 to 23 months of age. A gradual decrease of the fat
content with age from 6 months to 2 years of age is recommended.
From 6–23 months of age the total amount of pufa should constitute
5–10% of the total energy intake, including at least 1 E% from n-3 fatty
acids. The optimum ratio of n-6/n-3 fatty acids is not known for various
age groups. From 6–11 months of age it is recommended that the ratio
of 5–15:1 for infant formula and follow-on formula (14), gradually
approaches the ratio for adults of 3–9:1.

Trans fatty acids interfere with the metabolism of pufa (49). The
intake of trans fatty acids from partially hydrogenated, industrially pro-
duced fats should be kept as low as possible as long as the child’s capac-
ity to desaturate and elongate fatty acids may be limited. From the age
of 12 months, the intake of saturated plus trans fatty acids should be
limited to about 10% of total energy.

Dietary sources and intake

Habitual fat intake in the Nordic countries today is higher than it used
to be 100 years ago. It was highest during the 1960s and 1970s but has
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declined during the past 20–30 years. Table 11.1 shows the mean fatty
acid intake in the Nordic countries according to recent surveys. The
ratios of linoleic acid (la) to alpha-linolenic acid (ala) intakes were
among the lowest values of the 14 European countries participating in
the European transfair study (50).

Table 11.1 Dietary intake (E%) of total fat and fatty acid clusters in 
the Nordic countries in 1997–2002

Denmark Finland Iceland Norway Sweden
2000–02 2002 2002 1997 1997–8

Total fat 33 33.6 35.3 31 34
sfa 14.3 14.0 14.7 12.1 14
tfa 11.2 10.5 11.4 < 1.0* 11
mufa 11.5 11.2 11.2 10.8 12
pufa 14.7 15.1 14.7 15.4 14.5
n-6/n-3 ratio 14.2 14.0 13 15.5 15

* Household consumption survey 2000

The intake of fat from butter and milk products declined by 20% in Ice-
land between 1968 and 1985. In Finland the intake of saturated fatty
acids was reduced from 19 to 14 E% between 1982 and 2002, and in
Norway the intake of saturated plus trans fatty acids was reduced from
21 to 15% between 1975 and 2001. 

Mortality in chd has declined among people of working age in the
Nordic countries during the past 30 years, but there are differences
between the countries, particularly for men (Table 11.2). In people of
working age the chd mortality has been reduced by more than one-
half since 1970 both in Finland and in Norway. Of the reduction, 30–50%
has been estimated to result from the decline in serum cholesterol 
levels (51, 52, 53, 54).

Table 11.2 Ischaemic heart disease mortality rates per 100,000 in women 
and men aged 25–64 years in the Nordic countries (www.who.dk)

Women Men

1971 1999 1971 1999

Denmark 44.25 15.18* 174.36 58.67*
Finland 63.20 16.48* 373.73 105.99*
Iceland 52.74 13.71* 221.76 76.24*
Norway 36.08 15.76* 196.74 67.24*
Sweden 38.20 16.43* 158.22 64.16*

* 1997
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The most important sources of fat are 1) margarines, butter, oils and
other fats, 2) milk and milk products, and 3) meat and meat products.
Dairy products, hard margarines and hydrogenated fats in processed
products are the main sources of saturated and trans fatty acids. Soft
margarines and vegetable oils are the main sources of polyunsaturated
fatty acids, while monounsaturated fatty acids are derived from all three
product groups.

Since January 2004, Danish legislation prohibits sale of products con-
taining > 2% trans fatty acids (based on the total amount of fatty acids)
produced by industrial hydrogenation (39). Trans fatty acids from rumi-
nant animal products are not considered in the Danish regulations.
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chapter 12

Carbohydrates

Carbohydrates provide 40–80% of the energy in the human diet and are
the single most important source of energy worldwide. Chemically, car-
bohydrates are heterogeneous and include polyhydroxy aldehydes,
ketones, alcohols and acids, as well as their derivatives and polymers.
Analytically, for instance for labelling of foods, carbohydrates are still
often expressed ‘by difference’, which means that moisture, protein, fat
and ash are determined and the rest named ‘carbohydrates’. This obvi-
ously non-specific procedure includes all kinds of carbohydrates regard-
less of their physiological and nutritional properties, as well as variable
amounts of non-carbohydrate material, e.g. organic acids, lignin and
polyphenols (1–3).

Chemical classification

The chemical classification of carbohydrates is usually based on molec-
ular size and monomeric composition, three principal groups being
sugars (1–2 monomers), oligosaccharides (3–9 monomers) and poly-
saccharides (10 or more monomers) (1). As shown in Table 12.1, the most
important food carbohydrates are glucose, fructose and galactose
(monosaccharides), sucrose, lactose and trehalose (disaccharides), oligo-
saccharides and polysaccharides. There are two main classes of poly-
saccharides, starch and non-starch polysaccharides (nsp). Starch is a
homopolymer of glucose with two main forms, amylose (basically 
unbranched) and amylopectin (highly branched). nsp include a host of
different polymers, highly variable in terms of molecular size and struc-
ture, as well as in monomeric composition. Main classes of nsp are cel-
lulose, hemicelluloses, pectins, and hydrocolloids. Due to the structural
variability, different nsp may have very different physical-chemical
properties, which are of key importance for their physiological effects.
Whereas cellulose is insoluble in water, pectins and hydrocolloids, e.g.
guar gum and mucilages, may form highly viscous water solutions.
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Nutritional classification

Nutritionally, it is useful to differentiate in the first place between two
broad categories of carbohydrates – those digested and absorbed in the
human small intestine, providing carbohydrates to body cells, and those
passing to the large intestine, forming substrate for the colonic micro-
flora. The importance of this differentiation was recognised already in
the 1920s by McCance and Widdowson who classified carbohydrates as
‘available’ or ‘unavailable’. The term ‘dietary fibre’ was then coined and
increasingly used more or less synonymously with ‘unavailable carbohy-
drates’ (4). A recent fao/who Expert Consultation on Carbohydrates in
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Table 12.1 Classification of main food carbohydrates. Adapted from (4)

Class (dp *) Sub-Group Components Monomers Digesti-
bility**

Sugars (1–2) Monosaccharides Glucose +
Galactose +
Fructose +

Disaccharides Sucrose Glu, Fru +
Lactose Glu, Gal + (–) ***
Trehalose Glu +
Maltose Glu +

Oligosaccharides (3–9) Malto-oligo- Maltodextrins Glu +
saccharides
Other oligo- a-Galactosides Gal, Glu –
saccharides Fructo-oligo- Fru, Glu –

saccharides

Polysaccharides (> 9) Starch Amylose Glu + (–)
Amylopectin Glu + (–)
Modified starch Glu + –

Non-starch Cellulose Glu –
poly-saccharides Hemicelluloses Variable –

Pectins Uronic acids –
Hydrocolloids, e.g. Variable –
gums, mucilages, 
e-glucans

* dp = Degree of polymerisation
** Denotes digestibility in the small intestine (+ digestible, – non-digestible, 

+ (–) mainly digestible, + – partly digestible)
*** Lactose is more or less non-digestible by individuals with low intestinal 

lactase activity
Fru Fructose
Glu Glucose
Gal Galactose

2004-13 NNR 1-424  22/02/05  10:20  Sida 174Page: 2004-13 NNR 1-424.p174.pdfPDF Proof by



Human Nutrition (1) recommended introduction of the concept ‘gly-
caemic carbohydrate’, meaning ‘providing carbohydrate for metabolism’.

Glycaemic carbohydrates
The main glycaemic carbohydrates are: 
· Glucose and fructose (monosaccharides)
· Sucrose and lactose (disaccharides)
· Malto-oligosaccharides
· Starch (polysaccharide) 

Main sources of glucose and fructose are fruits, berries, juices and some
vegetables. Free galactose is rare in foods, except in fermented and lac-
tose hydrolysed milk products. Fruits, berries and juices are also natural
sources of sucrose, although sugar added to foods, carbonated drinks
and sweets or in the household usually provides most of the dietary
sucrose. More or less completely hydrolysed starch or high fructose
syrup, in which about half the glucose is isomerised to fructose, have
been increasingly used to replace sucrose in confectionary and carbon-
ated drinks. Lactose occurs exclusively in milk and milk products.
Human milk has the highest lactose content, 7 g/100 g, which is a main
source of energy in the milk. The lactose content in cow’s milk is
around 5 g/100 g. Malto-oligosaccharides originate mainly from partly
hydrolysed starch. Main sources of starch are bread and other cereal
products, potatoes and tubers (1).

Dietary fibre
The main types of dietary fibre are:
· Non-starch polysaccharides – cellulose, hemicelluloses, pectins,

hydrocolloids, etc.
· Resistant oligosaccharides – fructo-oligosaccharides (fos), 

galacto-oligosaccharides (gos), other resistant oligosaccharides 
· Resistant starch

1) Physically enclosed starch,
2) Some types of raw starch granules,
3) Retrograded amylose 
4) Chemically modified starches

· Lignin (and other usually minor components associated with 
the dietary fibre polysaccharides)

The term dietary fibre was originally defined as ‘that portion of food
which is derived from cellular walls of plants which are digested very
poorly by human beings’ (5). The recognition that polysaccharides
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added to foods, notably hydrocolloids, could have effects similar to
those originating from plant cell walls led to a redefinition of dietary
fibre to include ‘polysaccharides and lignin that are not digested in the
human small intestine’ (6).

The definition and delimitation of ‘dietary fibre’ has been much
debated and related both to physiological considerations and to meth-
ods that can be used for dietary fibre analysis in foods. There have been
two slightly different standpoints in this debate: 

A) In view of the key importance of small-intestinal digestibility for
the nutritional effects of carbohydrates, dietary fibre should be
defined to include all non-digestible carbohydrates (ndc). Lignin
and other non-digestible but quantitatively minor components
that are associated with the dietary fibre polysaccharides and
may influence their physiological properties should be included
as well (4, 7, 8). 

B) In keeping with the original definition focusing on the impor-
tance of plant cell walls, the dietary fibre concept should be lim-
ited to non-starch polysaccharides of plant cell wall origin (9).

In 2002, the Food and Nutrition Board’s report Dietary Reference
Intakes for Energy, Carbohydrates, Fiber, Fat, Protein and Amino Acids
(Macronutrients) (10), differentiated two kinds of fibre: 1) Dietary Fibre
(consists of non-digestible carbohydrates and lignin that are intrinsic
and intact in plants) ; and 2) Functional Fibre (consists of isolated, non-
digestible carbohydrates that have beneficial physiological effects in
humans). Total Fibre is defined as the sum of these two kinds of fibre.
The rationale behind this differentiation is that there is epidemiological
evidence for beneficial effects of foods naturally high in dietary fibre,
such as wholegrain cereals, fruits and vegetables, and that dietary fibre
can be regarded as a marker of such foods. Consequently, some form 
of documentation on the beneficial effects of added, functional fibre
should be required. However, the report (10) stated that it is not antici-
pated that the new definitions will significantly impact on recom-
mended levels of intake, but that information on both dietary fibre and
functional fibre will more clearly delineate the source of fibre and the
potential health benefits. 

With any definition of dietary fibre, nsp from plant cell walls, such
as cellulose, hemicelluloses and pectins, are the dominant components.
Hydrocolloids can be either naturally occurring cell wall or storage com-
ponents, or added to foods as ingredients to obtain specific technologi-
cal and/or nutritional benefits. Recently, there has been a steadily in-
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creasing interest in the importance of two other classes of ndc, resist-
ant oligosaccharides and resistant starch. In view of the partly similar
physiological and nutritional effects of these food components and non-
starch polysaccharides, both scientists and regulators increasingly tend
to regard dietary fibre as synonymous with non-digestible carbohy-
drates.

Average dietary fibre intake in Western countries is typically around
20 g/day. Cereals are the predominant source of dietary fibre in Nordic
diets (11) and wholegrain cereals contain 3–4 times more fibre than
products made from white flour. Fruits and vegetables provide a larger
proportion of the fibre in southern Europe (12). Cellulose is insoluble in
water and occurs together with hemicelluloses in cereals. The lignified
outer layers are the predominant source in wholegrain products, and
this type of fibre is most resistant to fermentation by the colonic
microflora. Oats and barley contain high levels of a soluble viscous poly-
saccharide, e-glucan. Pectins – a main type of dietary fibre in fruits and
vegetables – have similar properties.

Sugar alcohols (polyols) such as sorbitol, xylitol, mannitol, etc. are
often included in ‘sugars’. The small-intestinal absorption of polyols
depends on their structure and on the amount. Thus, polyols may add
variably to ndc.

Considerable amounts of lactose may reach the colon in young chil-
dren, due to the high content in breast milk, and in children and adults
with low intestinal lactase activity. A limited capacity to absorb fruc-
tose seems to be rather common, especially if this sugar is consumed
alone without glucose, which may be another cause of diarrhoea due
to carbohydrate malabsorption (13). Foods naturally containing fructose
such as fruits and berries, however, generally also contain glucose and
other sugars.

Organic acids such as lactic acid, citric acid, malic acid, which occur
in fermented foods, fruits and berries, respectively, may contribute to
carbohydrates measured ‘by difference’.

The nutritional classification of food carbohydrates cannot be based
on the chemical properties alone, although a chemical classification is
necessary as a basis for the specific carbohydrate analysis. The fao/who
Consultation (1) recommended the term ‘glycaemic carbohydrates’ and
stressed that ‘use of the term dietary fibre should always be qualified 
by a statement itemising those carbohydrates and other substances
intended for inclusion. Dietary fibre is a nutritional concept, not an
exact description of a component of the diet’. Another important aspect
in practice, not least when used for food tables and labelling, is that the
definitions of various classes of carbohydrates have to be complemen-
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tary to avoid accounting for any fraction twice or not at all. Thus, the
sum of glycaemic carbohydrates and dietary fibre should ideally equal
‘total carbohydrate’. With the methods currently used some overlap
may occur and some components may be missed, as shown in Table 12.2.

Dietary fibre is usually analysed using enzymatic gravimetric or enzy-
matic chemical methods that include non-starch polysaccharides (nsp),
analytically resistant starch and lignin. Methods measuring nsp alone
give lower estimates in foods containing resistant starch and/or lignin,
e.g. wholegrain flour and cereals processed in a way that generates
resistant starch. Resistant oligosaccharides are not included in any of
the current dietary fibre methods, and therefore have to be measured
separately and added to the total fibre estimate. Dietary fibre methods
including resistant starch measure the fraction resistant to the enzymes
used in the assay. Such ‘analytically resistant starch’ includes mainly
retrograded amylose, and the analytical methods need fine-tuning to
correspond better to the physiologically resistant starch (4, 14).

In both epidemiological studies and mechanistic intervention stud-
ies, the term dietary fibre is usually used for non-digestible plant mate-
rial as measured by official analytical methods approved by the Associ-
ation of Official Analytical Chemists. This means inclusion of non-starch
polysaccharides (nsp) as the main component, lignin and analytically
resistant starch. Other ndc such as resistant oligosaccharides and
inulin are not included and usually make up a small part of the ndc in
Nordic diets. Therefore, the dietary fibre recommendation in nnr,
based on the available studies, refers to dietary fibre naturally occur-
ring in plant foods as measured by aoac methods for total dietary fibre.

Physiology and metabolism

Glycaemic carbohydrates
Digestion and absorption
The glycaemic carbohydrates provide carbohydrate to body cells, mainly
in the form of glucose. In practice, only monosaccharides can be
absorbed in the small intestine. The enzymatic degradation of starch
begins by the action of salivary amylase and is continued in the small
intestine by pancreatic amylase. The degradation products – mainly
maltose and oligosaccharides – are hydrolysed further to glucose by a
set of enzymes, ‘disaccharidases’, bound to the brush border membrane
of the enterocytes. The same enzymes hydrolyse the dietary disaccha-
rides. Glucose and galactose are absorbed efficiently by a secondary
active carrier coupled with sodium (glucose transporter, glut 2),
whereas fructose is absorbed by facilitated diffusion that does not
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Table 12.2 Classification and measurement of main carbohydrates and related sub-
stances, all included in carbohydrate ‘by difference’

Class (dp * ) Components Analysis methods

‘Sugars’ ‘Starch’ ‘Dietary Digestibility
fibre’ in the small 
aoac * * intestine

Sugars (1–2) Glucose + +
Galactose + +
Fructose + +

Sucrose + +
Lactose + + (–) 1

Trehalose + +

Oligosaccha- Maltodextrins + + +
rides (3–9) a-Galactosides +/– –

Fructo-oligosaccharides +/– –

Polyols Maltitol + (–) 2

Sorbitol + (–) 2

Xylitol + (–) 2

Polysaccha- Starch (amylose 
rides (>9) amylopectin) + +

Chemically modified
starch (food additives) +/– + (–) 3 + (–)
Resistant starch +/– + (–) 3 –
Cellulose + –
Hemicelluloses + –
Pectins + –
Hydrocolloids e.g. + –
alginates, gums, 
mucilages, e-glucans
Inulin + (–) 3 –

Related Lignin + –
substances Tannins/polyphenols + (–) 3 + (–) 4

Phytate + (–) 3 –
Organic acids – +

* DP: Degree of polymerisation
** AOAC: Association of Official Analytical Chemists
+/– Determined in some but not all methods
1 Adults with low intestinal lactase activity have a limited capacity to digest 

and absorb lactose
2 Polyols are partly and variably absorbed
3 Partly determined
4 Includes soluble, partly absorbable, and insoluble, un-absorbable forms.
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involve sodium co-transport (glut 5). The monosaccharide absorption
is generally regarded as the rate-limiting step. However, down-regula-
tion of lactase occurs in most humans between 1–2 years to teenage
(primary low lactase activity, hypolactasia), resulting in a limited lac-
tose absorption capacity. The same is true for sucrose in the rare cases of
sucrase deficiency (15, 16).

Absorbed sugars are transported to the liver and then to the systemic
circulation. The cellular uptake is mediated by a number of glucose
transporters (glut 1–4), variously expressed in different tissues. Insulin
is a key hormone for the uptake and metabolism of carbohydrates. The
plasma insulin concentration increases immediately after ingestion of
carbohydrates. One important effect is to increase the translocation of
glucose transporters (glut 4) to cell membranes, which increases the
peripheral uptake, counteracting an excessive rise in blood glucose. Glu-
cose is a preferred fuel for most body cells, and can be stored as glyco-
gen in the liver and in the muscles. The storage capacity is limited, in
total to around 500 g, of which 3–400 g can be stored in the muscles.
Liver glycogen is used to maintain normal blood glucose levels between
meals, whereas muscle glycogen is used primarily as source of energy
within the muscles. Unlike glucose, fructose enters mainly liver cells
without the need for insulin. The metabolism of fructose favours lipoge-
nesis more than glucose. Galactose, arising from hydrolysis of lactose, is
also transformed to glucose mainly in the liver. This transformation is
inhibited by alcohol.

There is no absolute need for food carbohydrates to sustain life, pro-
vided that adequate amounts of protein, for de novo synthesis of glucose,
and fat are consumed. Only cells in the central nervous system, red
blood cells and some other cells dependent on anaerobic glycolysis have
an absolute requirement for glucose. At prolonged deficit of glucose
brain cells can adapt partially to utilise fat-derived metabolites, i.e. e-
hydroxybutyric acid and acetoacetic acid. A very low carbohydrate diet,
however, results in a chronically increased production and plasma level
of these acids, referred to as ketosis, and absence of glycogen stores,
with adverse effects on high-intensity energy production by muscles
(17). Other possible adverse effects of diets very low in carbohydrates
are bone mineral loss, hypercholesterolaemia and increased risk of
urolithiasis, but such effects are not well documented (10, 18). 

Rate of absorption and the glycaemic index (gi)
The glycaemic carbohydrates reach the peripheral circulation mainly
as glucose. Insulin is secreted in response to the elevated blood glucose
concentration after a meal. Vagal signals, gastrointestinal hormones
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(incretins) and certain non-carbohydrate food components, notably
amino acids, contribute to stimulating the insulin secretion. The blood
glucose level is determined by three main factors : The rate of intestinal
carbohydrate uptake, the net liver uptake or elimination, and the
peripheral glucose uptake, which is in turn dependent upon the insulin
level and the peripheral insulin sensitivity/resistance. With a constant
dietary carbohydrate load, there is a range of blood glucose responses
between individuals, from low responses with a continuum to what is
defined as ‘impaired glucose tolerance, igt’ and ‘type 2 diabetes’.

Avoiding excessive blood glucose elevations and concomitant high
post-prandial insulin levels, with rapid decline and risk of subsequent
fall of the blood glucose concentration below the fasting level, has long
been regarded as important for metabolic control in diabetes. A stable
blood glucose level has also been considered advantageous in relation to
satiety and mood. The concept glycaemic index (gi) was introduced by
Jenkins and co-workers in 1981, in order to rank foods in a standard-
ised way regarding their effects on blood glucose levels after a meal.
The fao/who Expert Consultation on Carbohydrates in Human Nutri-
tion (1) defined gi as the incremental area under the blood glucose
response curve during 1.5–3 hours after a 50g carbohydrate portion of a
test food, expressed as a percentage of the response to the same amount
of carbohydrate from a standard food taken by the same subject. Glucose
or white bread are used as standards. gi values obtained with the white
bread standard are about 40% higher than those obtained with the glu-
cose standard. gi values for about 750 foods have been published (19).

In practice, the blood glucose response is determined by both the gi
and the amount of carbohydrate in a normal portion of the food. Conse-
quently, the glycaemic load (GL) concept was introduced in 1997 by Har-
vard epidemiologists to quantify the glycaemic effect of a portion of
food (20). GL is defined as the amount of glycaemic carbohydrate in a
food times the gi of the food/100, and addition of GL values for foods
and meals has been used to estimate the glycaemic load of the whole
diet. The glycaemic response to a meal can be influenced, in addition, by
protein and fat content, as well as the size of the meal and the amount
of drink taken with the food. Several groups, however, have demon-
strated that the glycaemic response to a meal can be predicted from
properly determined gi of the constituent foods (e.g. 21–22). Lack of con-
sistency in other studies (e.g. 23) using published gi values may be due
to these values not being applicable to the foods in question. Therefore,
further application of the gi concept is dependent on validated gi
determinations for specific food products. In this connection the
beneficial effect of physical activity on glucose metabolism should be

c
a

r
b

o
h

y
d

r
a

t
e

s

181

2004-13 NNR 1-424  22/02/05  10:20  Sida 181Page: 2004-13 NNR 1-424.p181.pdfPDF Proof by



kept in mind (See Chapter 10, (26) and (33)). Physical activity has the
potential to influence insulin sensitivity and thereby the glycaemic
response to any meal.

Whereas it was previously assumed that sugars are rapidly absorbed
and polysaccharides (starch) slowly absorbed, research in recent years
has identified a number of food-related factors determining the gi.
These factors are generally unrelated to the molecular size of the carbo-
hydrate. For instance, fructose has a low gi (30 with the white bread
reference as 100) and sucrose an intermediate gi (24), i.e. lower than
white bread. Starchy foods, on the other hand, can have low, intermedi-
ate or high gi, depending on their composition (amylose/amylopectin
ratio) and physical/chemical state. The swelling and dissolution of starch
at wet heat treatment, known as gelatinisation, is particularly impor-
tant in making starch more readily accessible to digestive enzymes (24).

Physical barriers such as in intact cereal grains, cellular structures in
leguminous seeds, parboiled rice and whole fruits, and the protein net-
work in pasta products are food-related factors lowering the glycaemic
index (24). Organic acids (acetic, propionic and lactic acid) decrease the
glycaemic response to foods or meals, mainly due to inhibition of gas-
tric emptying (25). Viscous soluble types of dietary fibre may also delay
gastric emptying, in addition to their inhibitory effect on diffusion and
transport in the small intestine (26).

The glycaemic index may influence the metabolic response to a sub-
sequent meal. Short-term studies have demonstrated such ‘second meal-
effects’ on blood glucose and insulin levels at a lunch meal following a
low-gi breakfast or at breakfast following intake of slow-released and/or
indigestible carbohydrate meals in the late evening. Improved glucose
tolerance in the morning has thus been demonstrated after low gi/high
fibre meals late in the evening. Such effects may be partly related to the
colonic fermentation of ndc (27–30).

There are epidemiological findings suggesting that excessive post-
prandial glycaemia may be related to increased all-cause mortality in
diabetics as well as in people with normal fasting blood glucose con-
centration. This could be related to effects on established risk factors
such as ldl- and hdl-cholesterol, triglycerides and coagulation/fibrinol-
ysis factors, but also to protein glycation and possibly increased oxida-
tive stress (31). However, the extent to which the differences in gly-
caemia are related to differences in gi or to insulin resistance deter-
mined by fatness, genetics and physical activity cannot be determined.

Medium-term (3–8 week) intervention studies have shown that low
gi diets can improve metabolic control in diabetes. Improvements in
insulin sensitivity, blood lipid levels and fibrinolysis (pai1) have been
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reported in patients with cardiovascular disease and diabetes (for review
see e.g. 31). In a recent controlled intervention study (32) a low fat, high
carbohydrate diet with low gi also reduced ldl cholesterol in healthy
subjects. 

Attenuation of postprandial blood glucose levels, with concomitant
lower insulin levels, could be expected to influence satiety. Studies on
the importance of low gi foods for satiety and body weight regulation,
however, have given variable results and intervention studies have so
far failed to substantiate clear benefits of low gi, in addition to those
obtained by a high carbohydrate diet (see below) (33, 34). The satiating
effect of foods is not simply related to gi (35). For instance, boiled pota-
toes have a high gi, but nevertheless a very high satiating effect (36).

More long-term intervention studies are needed to establish the role
of low gi foods and diets for maintenance of health and prevention of
chronic disease. In order to perform such studies in a realistic way, a
variety of low gi foods are needed.

Effects of carbohydrates on plasma lipids
A number of short- to medium-term studies have shown a transient
increase in fasting triglycerides and decreased hdl-cholesterol levels
after introduction of high-carbohydrate diets (37). Furthermore, epi-
demiological studies (38, 39) have shown a significant negative associa-
tion between gi and hdl-cholesterol. In an eight-month intervention
study with a controlled, fat modified diet rich in fruit and vegetables,
complex carbohydrates and dietary fibre conforming to e.g. nnr recom-
mendations, an initial increase in trigyceride levels was seen, which
diminished with time (40). A specific trigyceride elevating effect of fruc-
tose, and hence sucrose, has been demonstrated in animal experiments.
In some, but not all, human studies a high intake of refined sugars
(> 20 E% sucrose or > 5 E% fructose) has resulted in elevated triglyceride
levels (37, 41). A recent well-controlled study with 17 E% as fructose
showed increased fasting and daylong triglyceride levels in men but not
in women (42). On the other hand, a three-month multi-centre study
did not show any adverse effects on plasma lipids of high-carbohydrate
diets (with 51–56 E% carbohydrates) either with predominantly sugars,
including fructose, or predominantly starch (43). Restriction of refined
sugar intake may, however, lead to reduced triglyceride levels in hyper-
triglyceridaemic subjects, even at relatively moderate intake levels (44).

In summary, effects on plasma lipids do not motivate specific restric-
tions in sucrose (which is half fructose) or fructose for the general pop-
ulation, other than those based on general nutritional considerations,
i.e. a limitation of added refined carbohydrates to 10 E%.
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Carbohydrate malabsorption
Congenital deficiency of sucrase is a rare cause of sucrose malabsorption,
which can cause gastrointestinal complaints, including diarrhoea, when
larger amounts of sucrose are introduced into the diet (15). Congenital
lactase deficiency is a rare cause of severe diarrhoea and malnutrition in
infants due to the high content (7 g/100 g) of lactose in breast milk.

The common form of low intestinal lactase activity is due to a down-
regulation of the enzyme in most people in the world, usually at the
age of 2–15 years. Individuals with low lactase activity experience symp-
toms such as increased intestinal gas production, diarrhoea and pain,
due to fermentation of malabsorbed lactose in the large intestine, i.e.
lactose intolerance, when their lactose absorption capacity is exceeded.
However, most adults can drink 1–2 dl milk (corresponding to 5–10 g
lactose) or more without symptoms, especially when taken with meals.
Fermented milk products are usually tolerated better, and hard cheese
is in practice lactose free. Reports on sensitivity to very small amounts
of lactose, a few grams or less, have not been reproduced in controlled
studies. Furthermore, some malabsorption of lactose would add to the
fermentation substrate available for the colonic flora with possible
beneficial effects as long as the lactose does not give intolerance symp-
toms. Lactose malabsorption should therefore not be a reason for a gen-
eral exclusion of milk products from the diet. The individual sensitivity
is quite variable and should be tested (45, 46).

Resistant oligosaccharides are almost completely malabsorbed. The
rapid fermentation in the colon may give intolerance symptoms similar
to those characteristic for disaccharide malabsorption.

About 10% of dietary starch is estimated to be resistant to enzymatic
degradation in the small intestine, i.e. resistant starch, rs. Since vari-
ous starchy products are staple foods in most diets, the amount of resist-
ant starch can be estimated to 10–20 g/d or more, i.e. in the same order
of magnitude as nsp (47). The fermentation of rs is slow, and therefore
generally does not cause intolerance symptoms (48).

Dietary fibre

The interest in dietary fibre as a health-promoting constituent of foods
started from epidemiology. The inverse relationship between intake of
dietary fibre and the prevalence of chronic ‘Western’ diseases led to the
hypothesis that dietary fibre would be protective against a number of
chronic diseases prevalent in populations with low fibre intake. Mecha-
nistic studies have revealed a range of physiological effects of dietary
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fibre components, providing support for this hypothesis (for review, 
see e.g. 49).

Physiological effects of dietary fibre
The main physiological effects of dietary fibre are summarised in Table
12.3. Beneficial effects on lipid and carbohydrate metabolism are shared
with, and complementary to, those exerted by other food components
and properties.

laxation. Insoluble, especially lignified types of fibre, such as in
wheat bran, have the most prominent effects on faecal bulk. The in-
crease in faecal weight ranges from 1.3 g/g ingested pectin to 5.7 g/g
wheat bran fibre (50). Oligosaccharides and resistant starch may also
provide some faecal bulk (51).

blood lipids. Viscous types of soluble fibre lower plasma total and
ldl-cholesterol levels. Although fasting triglyceride levels are generally
not affected, different kinds of fibre, especially soluble, viscous types,
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Table 12.3 Main physiological effects of dietary fibre as related to other 
components or properties of foods

Physiological effect Type of dietary fibre Examples of food compo-
nsp rs ndo nents or properties with
Sol Insol similar effects

Faecal bulking effect + ++ + +
Fermentation substrate ++ + ++ ++ Lactose, fructose in some

individuals and instances
Blood glucose response ↓ +/– 0 ? 1) Food form

Cellular structure
Starch gelatinisation
Amylose/amylopectin
ratio
Organic acids

LDL-cholesterol level ↓ +/– 0 ? 2) +/– 0 Unsaturated fatty acids
Plant sterols 

Triacylglycerol level +/– 0 +/– 0 +/– 0 ? 2) n-3 fatty acids (–)
Carbohydrates (+)

1) rs is not absorbed but may or may not
influence the glycaemic response of
digestible starch

2) Lipid lowering effects seen in animals
but not demonstrated in man. 
Refers to fasting triacyl glycerol levels.
Post-prandial levels may be influenced

nsp Non-starch polysaccharides
rs Resistant starch
ndo Non-digestible (resistant) oligo-

saccharides
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can reduce post-prandial hyperlipidaemia (52). These effects are related
to diminished cholesterol and/or bile acid absorption (53) and hypothet-
ically also to products of colonic fermentation. Effects on lipid metabo-
lism of resistant starch and resistant oligosaccharides demonstrated in
experimental animals have so far not been reproduced in man.

blood glucose attenuation. Viscous, soluble type of fibre is one
factor contributing to a lower post-prandial blood glucose (lower gi)
and insulin response. This was originally demonstrated by incorporat-
ing isolated viscous fibre into test meals (54). When occurring in foods,
the structural properties to which dietary fibre contribute are more
important in this respect, unless e.g. special cereal varieties or fractions
enriched in soluble viscous fibre are used (25, 55).

fermentation. Dietary fibre components are subject to anaerobic
fermentation by the colonic microflora. The extent of fermentation is
dependent on both substrate and host factors, e.g. molecular structure
and physical form of the substrate, bacterial flora and transit time. Less
fermentable types of fibre, such as in lignified outer layers of cereal
grain, generally have the most prominent faecal bulking effects due to
their ability to bind water in the distal colon. Fermentable fibre also
contributes to the faecal bulk through increased microbial mass. The
importance of fermentation and fermentation products for colonic
health is increasingly recognised (56).

The main fermentation products are short-chain fatty acids (scfa)
such as acetate, propionate and butyrate, and gases, notably hydrogen
and methane. The decrease in pH of the colonic content has been impli-
cated as protective against colon cancer, e.g. through reduced formation
of bile salt metabolites implicated in carcinogenesis. Furthermore,
butyrate is recognised as a main source of energy for colonocytes with
effects on cell differentiation and apoptosis that might be protective
(56, 57). Acetate and propionate are absorbed with possible systemic
effects on carbohydrate and lipid metabolism. Propionate has been
shown to inhibit liver cholesterol synthesis in experimental animals,
but the importance of such a mechanism in humans remains to be
established (52). The proportion of different scfa differs with the fer-
mentation substrate. Resistant starch and oat fibre are types of dietary
fibre that have been shown to produce high proportions of butyrate (for
review, see e.g. 51).

Probiotics are ‘live microbial food ingredients that are beneficial to
health’ and prebiotics have been defined as ‘non-digestible food compo-
nents that beneficially affect the host by selectively stimulating the
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growth and/or activity of one or a limited number of bacteria in the
colon, that have the potential to improve host health’ (58). Fructo-
oligosaccharides (fos, i.e. inulin and shorter) were first shown to
increase the count of bifidobacteria, but this now seems to be a more
general effect of increased amounts of non-digestible carbohydrates,
such as other oligosaccharides (galacto-oligosaccharides, gos ; resistant
malto-oligosaccharides, mos) and resistant starch (48, 51).

soluble and insoluble dietary fibre. The distinction between
‘soluble’ and ‘insoluble’ dietary fibre was based on the variable physio-
logical effects described above. However, this differentiation is method
dependent, and solubility does not always predict physiological effects.
For instance some types of soluble fibre may be resistant to fermenta-
tion, and the blood glucose and ldl-cholesterol lowering effect may be
lost if soluble viscous fibre is depolymerised, losing its viscosity. There-
fore, the distinction between soluble and insoluble fibre should be
phased out (1).

Dietary fibre and chronic disease
colon cancer. The reduced transit time, increased faecal weight
with dilution of the intestinal content and improved laxation were fac-
tors behind the early hypothesis that an appropriate intake of dietary
fibre would reduce the risk of both colonic cancer and diverticular dis-
ease. There is an inverse relationship between faecal weight (influenced
by non-starch polysaccharide intake) and risk of colon cancer (59).
Recent epidemiological evidence further supports a protective effect
(60), but more refined case control studies and intervention studies with
alternate end-points have so far been unsuccessful in substantiating
such a relationship.

coronary heart disease. A number of epidemiological studies
have consistently shown a lower risk of coronary heart disease (chd)
with increased intake of dietary fibre from wholegrain cereals and fruits
and vegetables (for review see e.g. 61). Correlations with wholegrain
cereals are consistently stronger than with dietary fibre or cereal fibre.
Viscous types of dietary fibre, such as pectin, guar gum and oat e-glu-
cans, lower serum cholesterol, but it is not known to what extent the
protective effects are due to dietary fibre or to other constituents of
wholegrain cereals, fruits and vegetables. Furthermore, other lifestyle
factors associated with the consumption of wholegrain foods and fruits
and vegetables may contribute to the protective effects.
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obesity. Several physiological effects of foods rich in dietary fibre may
be important for body weight regulation, including diminished energy
density, slower gastric emptying, short-term increase in satiety and
decreased rate of nutrient absorption. Two recent reviews of ran-
domised trials concluded that a high intake of dietary fibre (or nsp)
resulted in weight loss, with no difference between fibre types or
between fibre in foods or as supplements (61, 62). The recent fao/who
recommendations (63) judged the evidence that nsp (dietary fibre)
might protect against weight gain and obesity as ‘convincing’.

other diseases. The possible protective effects of dietary fibre
against breast cancer, diabetes, duodenal ulcers and gastric cancer need
further substantiation, as well as the possible effects of fermentation
on immune functions.

Refined sugars
Nutrient density
Nutrient density is the amount of essential nutrients in foods per unit
energy content. An adequate nutrient density is essential for providing
recommended intakes of nutrients, especially in individuals with a low
energy intake. Fat and refined sugars mainly provide energy and no or
few nutrients and thus tend to decrease the nutrient density. Studies
among both children and elderly nursing home residents (64–67) have
shown that a high intake of refined sugars (> 10–15 E%) may adversely
affect the intake of essential nutrients. This is a main reason for main-
taining the previous recommendation of an upper limit of 10 E% from
refined sugars (68). Refined sugars include sucrose, fructose, glucose,
starch hydrolysates, i.e. glucose syrup, high-fructose syrup etc., as food
ingredients or added during food manufacturing. This limit is of spe-
cial importance for children and adults with low energy intake. It is also
applicable for planning diets for heterogeneous groups to obtain recom-
mended intakes of nutrients and dietary fibre (69).

Dental caries
Historically, introduction of refined sugars into the diet led to a pro-
nounced increase in dental caries, and later experimental and epidemi-
ological studies confirm the association (70). Caries develops as tooth
tissues demineralise upon pH decrease due to fermentation of carbohy-
drates by tooth-colonising bacteria. Thus, dental caries is an infectious
disease but sucrose and other easily fermentable mono- and disaccha-
rides play a key role (70). Foods rich in starch may also contribute, espe-
cially when the starch molecule is easily available to degradation by
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amylase. The presence of sucrose intensifies the cariogenic potential of
starch, whereas acid production from lactose is normally low (71).

Rapid and efficient fermentation, mainly into lactic acid, upon sugar
exposure causes pH decreases well below 5.5, which is considered criti-
cal for caries development in enamel (the tooth crown). In tooth roots
the critical pH for demineralisation is approximately 6.5, a pH reached
already when bread without added sugar is consumed. In addition to
lactic acid, sucrose induces production of insoluble extracellular glu-
cose polymers, i.e. glucans and mutans, leading to voluminous biofilms
that favour colonisation of cariogenic streptococci on the teeth surfaces.

Dental caries prevalence has declined in the Nordic counties during
recent decades, whereas no corresponding reduction in sugar intake
has been noted. Accordingly, newer studies in the Nordic countries do
not identify a significant correlation between reported sugar intake and
caries prevalence (72, 73), whereas some older studies do (74). The
impact of fluoride and other life-style variables seem to override varia-
tions in sugar intake in these studies. High sugar intake has been asso-
ciated with an increased risk of caries only when oral hygiene is simul-
taneously poor and at low level fluoride prophylaxis (68, 75). Compar-
isons between countries with highly deviating sugar intake, however,
display a strong correlation between average sugar intake and caries
prevalence (70).

Though there has been a considerable improvement in caries status
among children and adolescents in recent decades, it is noteworthy that
most of the disease today is found in a fraction (15–20%) of the popula-
tion, and that substantial socio-economic and geographical differences
persist in caries prevalence. The polarised distribution of dental caries,
seen already at the age of one year (76), and an increase in caries devel-
opment among some groups of children call for a focus on individually
designed caries preventive programmes, in addition to the population-
directed primary prevention by fluoride-containing toothpaste.

A general level of safe sugar intakes cannot be stated, since net caries
development upon sugar challenge is modified by various other life-
style factors (exposure to fluoride, meal frequency and diet composi-
tion), heredity, illness, medication, malnutrition, and flow and compo-
sition of saliva.

Sweeteners
Sweeteners are used as substitutes for sucrose for various reasons: 1) As
low-energy alternatives, 2) For people with diabetes, and 3) In tooth-
friendly products (substitution diminishes the risk of caries but not of
erosions due to a low pH). Different kinds of sweeteners are allowed for
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use in foods, marked E950–E967. These substances are either sugars or
sugar alcohols, or natural or synthetic compounds chemically unrelated
to carbohydrates (77).

Fructose is somewhat sweeter than sucrose, whereas lactose and 
partially hydrolysed starch are less sweet alternatives. These sugars 
are regarded as food raw materials and do not carry any E-number. 
Their energy value is similar to sucrose, and they are fermented by 
dental plaque bacteria, implying increased risk for caries at frequent
consumption.

Sugar alcohols, such as sorbitol, mannitol, xylitol, isomalt, lactitol and
maltitol are somewhat less sweet than sucrose. They are not fermented
by plaque bacteria and are therefore tooth-friendly. Their absorption is
limited and the metabolisable energy contribution therefore less than
that of readily absorbable sugars, usually 8–12 kJ/g. Products with more
than 10% sugar alcohols have to carry a label warning for a laxative
effect at high consumption.

Saccharin, cyclamate, aspartam and acesulfam K are approved syn-
thetic, high-intensity sweeteners that do not provide energy. Neohes-
peridindihydrochalcon and taumatin are produced from plant material.
With due consideration of the legal limitations for their use, these
sweeteners can be regarded as safe alternatives to avoid the energy con-
tribution of traditional sweeteners. From the point of view of dental
decay, products such as drugs, lozenges, chewing gums and soft drinks
with sweeteners can be regarded as safe. However, frequent consump-
tion of e.g. soft drinks with high acidity may lead to erosion of the teeth.

Carbohydrates and obesity 
The potential of low-fat (< 30 E%)/high carbohydrate (> 50–55 E%) diets
for weight reduction under free-living conditions has been demon-
strated in a number of medium-term intervention studies (less than one
year). Meta analyses of such studies have shown consistently lower body
weight on the fat-reduced high carbohydrate diets, compared with nor-
mal or high fat diets (78–81). However, the long-term effect of a reduced
fat intake on weight-loss is generally less documented and available
studies vary in design and size (81). In addition, most of the studies
showing lack of good long-term results lack active intervention during
the entire trial (82). Furthermore, two recent large diabetes prevention
trials (83, 84) demonstrated that fat-reduced, high-fibre diets together
with 20–30 min daily physical activity produced sustained weight loss
over four years and a 58% reduction in type 2 diabetes onset.

The main potential in a low fat/high carbohydrate diet may be in pre-
venting weight gain, as well as weight regain after a weight loss (85).
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Diets with a higher fat content, and restricted high glycaemic index car-
bohydrates in particular, have been advocated as an alternative. How-
ever, the effects on body weight and the safety of such diets have not
been documented in intervention studies. As mentioned above, there is
strong evidence that dietary fibre helps to decrease/maintain the body
weight.

The importance of the type of carbohydrate (‘simple’ versus ‘complex’
carbohydrates, in practice sucrose versus starch) in a high carbohydrate
diet (51–56 E%) was investigated in a three-month multi-centre trial (43).
Both groups lost weight on the high carbohydrate diets, and there were
no significant effects on plasma lipid levels. In another 10-week inter-
vention study, on the other hand, a high sucrose consumption (28 E%)
mostly as beverages, increased energy intake, body weight, fat mass,
and blood pressure in moderately overweight subjects, compared with
the intake of artificially sweetened beverages (86). Together with epi-
demiological observations showing a relationship between consump-
tion of sugar-sweetened drinks and childhood obesity (87), this study
supports the importance of limiting carbohydrate intake from bever-
ages sweetened with sugar.

Fructose has recently been suggested to play a specific role in weight
gain and insulin resistance syndrome (88). Unlike glucose, fructose is
preferentially metabolised to lipids in the liver. On the other hand, fruc-
tose has a low glycaemic index. Fructose induces metabolic alterations
typical for insulin resistance (metabolic) syndrome in animal models,
but data in humans are less clear. Until more human studies have been
performed, there is no basis for specific recommendations regarding
fructose, beyond the general limitation of refined sugars.

Low-carbohydrate/high-fat/high-protein diets have been increasingly
advocated recently and are very popular in the media, without detailed
evidence of their efficacy or safety. A systematic review (89) concluded
that there is insufficient evidence to make recommendations for or
against the use of low-carbohydrate diets. The safety of long-term adher-
ence to such diets has not been documented. Among the published stud-
ies, participants’ weight loss while using low-carbohydrate diets was
principally associated with decreased energy intake and increased diet
duration but not with reduced carbohydrate content. On the other
hand, increasing protein content to 20–25 E% while keeping a low fat/
high carbohydrate content may assist weight reduction (90).

Carbohydrates and physical performance
Carbohydrate is the most readily available substrate for muscle activ-
ity, and dietary carbohydrates are essential for muscle and liver glyco-
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gen formation (see Chapter 10). The general recommendation that carbo-
hydrates should provide at least 50–55 E% is generally also sufficient for
optimum glycogen storage. Low gi carbohydrates may be advantageous
before strenuous long-duration exercise, although evidence in human
studies is conflicting. High gi foods may provide the most rapid restora-
tion of glycogen levels after exercise. Adequate supply of carbohydrates
during exercise (0.5–1.0 g/kg body weight/hour) prolongs maximal per-
formance during extended exertion (> 2 hours) and may even improve
shorter (1–2 hours) aerobic and intermittent exercise (91, 92).

Requirement and recommended intake

Although there is no absolute need for food carbohydrates to sustain
life, dietary supply of carbohydrate is essential to avoid ketosis. The us
Food and Nutrition Board estimated the average requirement of (gly-
caemic) carbohydrate to 100 g/d for children and boys and girls up to 18
years, as well as adults (10), based mainly on data regarding carbohy-
drate utilisation by the brain. This corresponds to about 15–20 E% in
adult females and males, respectively. A Dutch expert group (93) used
similar calculations, arriving at carbohydrate requirements correspon-
ding to 40–45 E%. As reviewed above, available evidence indicates that
diets with a total carbohydrate content of > 50–55 E% and with a fat con-
tent of 25–30 E% are advantageous with respect to maintenance of body
weight in prevention of weight gain.

A restriction in the intake of added, refined sugars is important to
ensure an adequate nutrient density of the diet, especially for children
and persons with a low energy intake. Frequent consumption of sugar-
containing foods should be avoided to reduce the risk of dental caries.
Consumption of sugar-sweetened drinks has been associated with an
increased risk of excess weight-gain (see above) and should therefore
be limited.

In nnr 1996, the recommendations on dietary fibre intake were
based on an evaluation of some international expert reports, which
mainly considered effects on the intestine. A quantitative recommenda-
tion of dietary fibre intake still has to be based primarily on amounts
required for bowel regularity and for keeping a faecal bulk associated
with a diminished risk of colon cancer (50, 59). Since then a number of
studies have been published supporting the beneficial effects of dietary
fibre and/or dietary fibre-rich foods such as wholegrain cereals, fruit
and vegetables, on a number of diseases. A protective effect of dietary
fibre against colon cancer was supported by the epic study (60), and
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there is epidemiological evidence of protective effects on the risk of
coronary heart disease, as well as obesity.

The previous recommendation of 25–35 g dietary fibre/d, correspon-
ding to about 3 g/mj, is kept unchanged. The lower figure can be
regarded as a minimum intake for women and the higher figure for
men. Similar intake levels were set as reference intakes by the us fnb,
38 g/d for men and 25 g/d for women, respectively. These are based
mainly on perceived protective effects against coronary heart disease,
supported by data indicating protective effects also against type 2 dia-
betes (10).

Total carbohydrate content
50–60 percent of the energy should be provided by carbohydrates. For
planning purposes 55 E% is to be used.

Refined sugars
Refined sugars (sucrose, glucose, fructose, starch hydrolysates and other
carbohydrates that do not carry essential nutrients) should not exceed
10 E% to ensure adequate nutrient density.

Frequent consumption of sugar-rich foods should be avoided in order
to reduce the caries risk.

Dietary fibre
The dietary fibre intake for adults should be at least 25–35 g/d or 3 g/mj
(aoac methods for total dietary fibre). This intake should be derived
primarily from foods naturally rich in dietary fibre, such as wholegrain
cereals, pulses, vegetables, potatoes and tubers, fruits and berries. Such
foods provide a range of nutrients in addition to the dietary fibre.
Added, isolated fibre may provide some specific benefits in relation to
gastro-intestinal and/or metabolic functions. Low gi foods may confer
benefits in addition to those related to their fibre content.

Intake of appropriate amounts of dietary fibre from a variety of foods
is important for children as well. By school age an otherwise balanced
diet is likely to provide at least 10 g dietary fibre/d (94). The intake
should then gradually increase to reach the recommended level during
adolescence.

Dietary sources and intake

Cereals and potatoes are the major sources of carbohydrates in the
Nordic diet. Fruit, berries and milk provide, in addition to refined sug-
ars, mono- and disaccharides. Cereals (wholegrain), fruits, berries, veg-
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etables and potatoes provide the main proportion of the dietary fibre
intake. Total carbohydrates contribute 45–52 E% and the fibre intake is
19–27 g/10 mj.
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chapter 13

Protein

Proteins are a constituent of all organic material in cells of animals and
plants, and the protein molecules are built of 20 amino acids. Proteins
perform specific functions within the body, such as building the major
cellular structural elements, repairing processes, enzyme action, anti-
body action and transport of various substances. Dietary protein has
two roles in nutrition, a specific role as source of nitrogen and amino
acids and a non-specific role as an energy source. In individuals in
energy balance and with a moderate physical activity level, the protein
requirement is defined as the lowest intake of protein to maintain nitro-
gen balance.

Physiology and metabolism

During digestion and absorption dietary proteins are split into amino
acids. Within the body, amino acids absorbed into the blood build tissue
protein and other nitrogen-containing compounds. Thus, the require-
ment of protein is actually a requirement of amino acids and nitrogen.

Body proteins are continually broken down and synthesised. The pro-
tein turnover is many times higher than the amount of proteins added
from dietary protein, which indicates an extensive reutilisation of
amino acids in protein metabolism. Nitrogen from the amino acids
leaves the body via the urine in the form of urea, uric acid, creatinine,
etc. Small quantities of nitrogen are also lost from faeces, sweat and
other secretions, and from the skin, hair and nails. The body needs
amino acids to compensate for these losses, and amino acids are also
needed for protein synthesis during anabolism, e.g. growth, pregnancy
and lactation.

It is usually assumed that almost all of the dietary nitrogen takes the
form of protein. Dietary nitrogen x 6.25 is accepted as a reasonable
approximation of the amount of protein in the diet, since the average
protein contains 16% nitrogen and should be referred to as ‘crude pro-
tein’ (1). However, as the nitrogen content of amino acids varies from
7.7% to 32.2%, the nitrogen content of individual foods depends on the 199

2004-13 NNR 1-424  22/02/05  10:20  Sida 199Page: 2004-13 NNR 1-424.p199.pdfPDF Proof by



amino acid composition. The conversion factor can vary from 5.30 (sun-
flower) and 5.83 (wheat) in foods that contain protein with high nitrogen
content to 6.38 (milk) in foods containing proteins with lower nitrogen
content (1). Nitrogen balance is the difference between nitrogen intake
and nitrogen output. A negative nitrogen balance (i.e. losses greater than
intake) is seen during fasting and starvation. A positive nitrogen balance
is seen during active growth. Over a long-term basis, healthy adult subjects
should have nitrogen equilibrium, i.e. intake and losses should be equal.

Amino acids from dietary protein are classified as either essential (in-
dispensable) amino acids that cannot be synthesised in the human body
and thus must be provided in the diet, or nonessential (dispensable)
amino acids that are synthesised within the body from other amino
acids (transamination) provided an adequate nitrogen supply. In man
the essential amino acids are: isoleucine, leucine, lysine, methionine,
phenylalanine, threonine, tryptophan, valine and histidine. Histidine
is considered essential although it does not fulfil the criterion of reduc-
ing protein deposition and inducing negative nitrogen balance when
removed from the diet (2, 3).

In addition, the nonessential amino acids are : alanine, arginine,
asparagine, aspartic acid, cysteine, glutamine, glutamic acid, glycine,
proline, serine and tyrosine (4). Conditionally essential amino acids are
amino acids the synthesis of which requires the provision of another
amino acid, either as the carbon donor or as the donor of an accessory
group, e.g. the sulphur group of cysteine (5). Under normal conditions
they are synthesised in sufficient amounts but during certain condi-
tions, such as prematurity (6) and during illness (7), synthesis cannot
support the metabolic needs. These amino acids include arginine, cys-
teine, glutamine, glycine, proline and tyrosine.

Amino acids essential for adults and the elderly are also essential for
infants and children.

Dietary proteins differ in their nutritional quality. This reflects the
differences in amino acid composition of proteins and the amount of
each amino acid. High-quality protein indicates an optimal amino acid
composition of dietary protein according to the human needs for each
amino acid. Dietary proteins of animal origin (meat, fish, milk, and egg)
are considered high quality and are almost fully absorbed, while dietary
proteins of plant origin (cereals and vegetables) are considered lower
quality due to their less optimal amino acid composition and lower
digestibility (legumes and oilseeds). Dietary proteins of plant origin
complement each other and the quality of the protein is usually not a
nutritional problem in complex meals. A high intake of dietary fibre
may inhibit the digestion of dietary proteins. The typical Nordic mixed
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diet includes meat, milk and fish, and thus the quality of the dietary pro-
teins is usually high. In practice the differences in quality between pro-
teins may be unimportant in diets containing a mixture of proteins (8).

Protein constitutes 15–20% of the human body, which corresponds
to approximately 12 kg in a person with a body weight of 70 kg.

Requirement and recommended intake

fao/who/unu defines the protein requirement of an individual as ‘the
lowest level of dietary protein intake that will balance the losses of
nitrogen from the body in persons maintaining energy balance at mod-
est levels of physical activity’ (9). fao/who/unu sets the average daily
protein requirement for adults to 0.6 g good-quality protein per kg body
weight based on published data from short-term (1–2 weeks) and long-
term (1–3 month) nitrogen balance studies. The requirements of pro-
tein and especially amino acids are under heavy discussion. The contro-
versy is focusing on quality rather than quantity, since diets throughout
the industrialised world provide much higher intakes of both protein
and essential amino acids than considered adequate. Measurement of
nitrogen balance is considered relatively imprecise but despite its limi-
tations the nitrogen balance method is considered the main technique
to evaluate the minimum protein needs in studies over relatively short
periods (10). A new approach that estimates the requirements of amino
acids determined by tracer balance has proposed considerably higher
requirements than fao/who/unu (11). Millward and Rivers (12) have
proposed a diurnal cycling model that combines nitrogen balance and
amino acid tracer balance studies. However, methods deducing require-
ments from amino acid oxidation (tracer balance method) also have lim-
itations (13).

Protein deficiency results in oedema, muscle weakness and changes
in hair and skin. Protein deficiency is often linked to energy deficiency,
protein-energy malnutrition (pem), as well as deficiency of other nutri-
ents based on a general nutrition deficiency At present, there are no
specific biochemical markers of protein deficiency. Based on anthro-
pometry (bmi, skinfolds), weight loss and biochemistry, the prevalence
of pem has been estimated to be approximately 28% among 5,000
Swedish patients (14).

Adults
fao/who/unu recommends 0.75 g of good-quality protein per kg body
weight per day based on an estimated average requirement (ear) of
0.6 g per kg per day increased by two standard deviations (2¬12.5%) to
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allow for individual variability. The 2002 us recommendations (15) for
protein are based on a meta-analysis of nitrogen balance studies (16)
and cite an ear of 0.65 g and rda of 0.83 g good-quality protein for
healthy adults with no significant differences according to adult age or
sex. In addition fnb 2002 recommends an Acceptable Macronutrient
Distribution Range (amdr) of 10–35 percent of energy intake (E%) from
protein. 

Higher satiety after protein intake than after carbohydrate and fat
intake has been shown, but not consistently (17). A recent meta-analysis
of the effect on weight loss of high protein-low carbohydrate diets in
the treatment of obesity showed that weight loss was associated with
decreased energy intake and not with the macronutrient composition
of the diet (18). 

At reference energy intakes a protein intake of 0.8 g per kg body
weight corresponds to 8–10 E% from protein. Most foods have a protein
content higher than 10 E%, which makes it difficult to compose a diet
with a protein content less than 10 E%. The average protein intake in
the Nordic countries ranges from 14 E% to 18 E%. 

According to the Nordic dietary habits, a protein intake correspon-
ding to 10–20 E% is recommended. For food planning purposes the re-
commendation is 15 E%. This intake of protein should more than ade-
quately meet the requirements for essential amino acids.

At very low energy intakes (< 6.5 mj) a protein content above 15 E%
may be necessary for food planning purposes.

Protein and physical exercise
Whether there is an increased protein requirement as a result of heavy
physical exercise is still somewhat an ongoing matter of controversy.
Physical exercise leads to an increased protein oxidation in the muscle
in absolute terms. However, the contribution of protein to energy
turnover is remarkably reduced in relation to that of fat and carbohy-
drate. As the body gives priority to covering its energy needs – even
when protein turnover is increased – one must be certain that energy
needs are met before discussing increased protein needs during physical
exercise. Critical analysis of the background data in many studies that
give support for increased protein needs indicates that energy needs
are not met. 

An increased demand for protein during physical exercise may be
due essentially to three reasons: 1) increased muscle mass as result of
training; 2) increased breakdown of muscle tissue and protein turnover
during hard physical activity, especially endurance training; 3) increased
gluconeogenesis from muscle protein if energy needs are not met, lead-
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ing to muscle protein catabolism and negative nitrogen balance (19, 20).
Studies using both the nitrogen balance technique and stable isotope
technique have suggested that the daily protein requirement may be 
as high as 1.4–1.8 g per kg body weight in athletes with heavy training
(21, 22, 23, 24). Recent long-term studies using stable isotope techniques
(25, 26, 27) indicate, however, that there seems to exist a compensatory
reduction in leucine oxidation during the recovery phase post-exercise,
indicating a homeostatic response in order to conserve body protein,
an effect that has not been observed in short-term studies (3–4 hours) on
protein turnover during physical exercise (23, 24). Consequently, the
fact that protein turnover is increased during exercise does not neces-
sarily mean that protein need over a 24-hour period is increased in ath-
letes, as protein utilisation may be improved and more efficient as a
result of training (28, 29).

However even though physical training would double the daily pro-
tein requirements (as suggested by earlier studies), the daily energy
needs would also be very high. Therefore, there are no data supporting
the use of protein supplements in athletes consuming a variable, mixed
diet (19, 20). 

A protein intake corresponding to the intake for adults, i.e. 10–20 E%,
is recommended since no special consideration is given to physical
activity levels in the present dietary recommendations.

Elderly
Chronic disease is more frequent in the elderly, and may lead to peri-
odic temporary losses of body protein through fever or simply loss of
appetite. Such losses have to be replaced from the diet and thus repre-
sent an added need for dietary protein (30). In addition, older individu-
als exhibit a gradual loss of lean body mass with age (sarcopenia) esti-
mated to be 0.5 mg nitrogen per kg body weight per day (10), not only as
a result of decreased physical activity (31).

In 1985 fao/who/unu concluded that healthy elderly people have a
dietary protein requirement that is not less than the need established
for younger adults, and that this amount is higher than for younger
adults in relation to lean body mass ‘because it is an accepted fact that
protein utilisation is less efficient in the elderly’. However the basis of
this ‘accepted fact’ is unclear, since little is known about the extent and
regulation of protein utilization in humans (32). Previous balance stud-
ies in the elderly are conflicting, with some supporting (33, 34) and oth-
ers questioning (35, 36, 37) the adequacy of 0.8 g protein per kg body
weight per day. A retrospective re-analysis (38) of shorter-term nitrogen
balance studies (33, 34, 35) supports the conclusion that this recommen-
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dation may not be adequate for many elderly persons, while others have
questioned this conclusion (10, 32). Recent long-term nitrogen balance
studies have found protein needs at or above 0.8 g (39, 40, 41). Only two
studies specifically addressed the question of the extent of age-related
changes in protein requirements by studying both younger and older
subjects (33, 42, 43). No differences were identified.

A recent balance study indicated that in healthy elderly individuals
there is a lower metabolic demand for dietary protein and no significant
impairment in protein utilization and thus on average a lower apparent
protein requirement than in younger subjects (44). A meta-analysis by
Rand et al. (16) did not find age-related differences in requirements and
the recommendation for adults +51 years of age. Thus, the data to estab-
lish an average protein requirement and a suggested safe and adequate
protein allowance for older persons are conflicting.

A protein intake corresponding to the intake for adults, i.e. 10–20 E%,
is recommended since this amount also seems abundant for the elderly.

For food planning purposes for elderly people with a very low energy
intake (< 6.5 mj), the protein intake should be at least 1.0 g protein per
kg body weight per day.

Infants and children
Recommended protein intakes in infants and children are based on the
factorial method. The calculation is based on estimates of the need for
maintenance and growth, the efficiency of conversion from dietary pro-
tein to body protein and intra-individual variation in growth. There is,
however, considerable discussion about the appropriate values to use
for these calculations during the first year of life, leading to large differ-
ences in the recommendations for protein intake during the first year of
life, especially the first 6 months. The 2002 us recommendations (15)
give an adequate intake (ai) of 1.52 g protein per kg body weight for the
whole 0–6 month period, and a rda of 1.5 g protein per kg body weight
for the 6–12 month period. For comparison, the revised estimates of the
fao/who/unu 1985 figures (45) decline gradually from 2.7 g/kg during
the first month of life to 1.0 g/kg for the 6–12 month period. These
figures were used as the 1996 nnr. For the present nnr no adequate
intake is given for the first 6 months. During this period infants are
either breast fed or receive infant formula. The protein content of breast
milk is considered adequate in term infants and the protein content of
infant formula is regulated by an eu directive. According to the current
directive (91/321/eec), the protein content of an infant formula should
be between 0.45 and 0.7 g/100 kJ. For the 6–11 month and 1–1.9 year
age groups, the new adequate intakes are equal to 1996 nnr, which
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were based on the revised estimates of the fao/who/unu 1985 figures
(45), and close to new values from other European countries (46, 47).

In relation to body weight for children between 2 and 18 years of age,
there is agreement among the values in recent recommendations (15,
46, 47) and these values have been used in the current adequate intake
(Table 13.1).

If the recommended protein intakes are combined with the average
energy requirements for the same sex and age groups, the protein
energy percentage necessary to cover the adequate protein intake can
be calculated. At 6 months this value is 5.3 E%, followed by a decline to
4.3% at two years. Thereafter, there is a gradual increase to 7.3 E% for
boys and 8.7 E% for girls at the age of 17 years.

During the first 1–2 years of life, the protein E% increases consider-
ably when the infant gradually changes from breast milk with an E%
about 5 to the family diet with an E% typically around 15. The average
protein E% at the age of 12 months in selected European countries is
quite high, between 15% and 19.5 E% (48). 

In nnr 1996 the recommended protein E% in the 6–11 month period
was 7–10 E%; this has been expanded in the present recommendation to
7–15 E%. 

The reasons are that very few infants during the last months of
infancy have an E% below 10, and also to balance the decrease in the
recommendation for fat E% during this age in the present nnr.

The recommended protein E% for the 12–23 month period is the
same as for the 1996 nnr, i.e. 10–15 E%.

Table 13.1 Adequate protein intake in infants and children per kg body weight *

Age Protein g/kg bw

66–11 mo 1.1
12–23 mo 1.0
62–17 y 0.9

* The origins of the values are given in the text

Pregnant and lactating women
In pregnancy, the average protein requirement is increased to provide
additional protein for deposition in the maternal (i.e. blood, uterus,
breasts), foetal and placental tissues. Recent observational studies indi-
cate a relationship between a low protein intake in late pregnancy and
suppressed placental and foetal growth (49, 50). fnb (15) recommends
an increase in the average intake of 25 g protein per day added to the
non-pregnant allowance during the second and third trimester or 1.1 g
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protein per kg body weight per day. Adaptive responses in nitrogen
metabolism aimed at nitrogen and protein accretion by the mother and
the foetus are evident in early gestation (51). In the nnr 1996, 6 g pro-
tein per day through pregnancy added to the non-pregnant allowance
was recommended after correction for digestibility. The average pro-
tein intake of Nordic women is high and many women do not need to
add protein to their diet during pregnancy. Since total energy expendi-
ture changes little and weight gain is minor during the first trimester
compared to in the non-pregnant woman, the additional energy and
protein intake is recommended during the second and third trimester
only. In nnr 2004 an energy intake of approximately 1.5 mj and 2 mj
above the needs for non-pregnant women is recommended during the
second and third trimester of pregnancy, respectively. 

A protein intake of 10–20 E% throughout pregnancy will thus provide
sufficient protein and is recommended to pregnant women.

During lactation the average protein requirement is increased in rela-
tion to the milk composition and volume. The average protein content
of breast milk (nitrogen¬6.25) has been taken as 1.1 g protein* per
100 ml. During the first month the protein content is higher, approxi-
mately 1.3 g per 100 ml (9). The increased requirement of protein and
energy is based on the average amount and content of breast milk.
fao/who/unu suggests a safe level of extra protein intake of about 16 g
per day during the first 6 months of lactation, 12 g per day during the
second 6 months, and 11 g per day thereafter. fnb (15) recommends an
increase in the average intake of 25 g protein per day added to the non-
lactating allowance or 1.1 g protein per kg body weight per day.

For a woman who is exclusively breastfeeding and with a loss of the
body fat accumulated during pregnancy of approximately 500 g per
month, the increment of energy need is 1.8–2.2 mj (52). During an
increased energy intake of about 2.2 mj, a protein content of 20 g corre-
sponds to 15 E% from protein. Thus, a diet containing 10–20 E% during
an increased energy intake of approximately 2 mj should have sufficient
protein content for lactating women.

During lactation the recommendation is also 10–20 E% from protein.

Upper intake levels

A high intake corresponding to two or three times more than recom-
mended intake of protein has been associated with increased risk of
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* I.e. crude protein. The real nitrogen conver-
sion factor is 5.18 as approximately 25% of the
nitrogen content in breast milk is derived from

non-protein nitrogen that corresponds to a real
protein content of 0.8 g protein per ml.
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juvenile diabetes and adiposity in children, increased calcium losses
and increased homocysteine levels (53). A high intake of protein has
also been associated with progression of renal disease, but at present
there is no evidence of impaired renal function in healthy individuals
(53, 54). A high intake of protein increases the calcium losses via urine
but there is no evidence of an increased risk of osteoporosis provided
adequate calcium intake (55, 56). Recent analyses found no influence on
calcium balance in young adults but improved balance in the elderly
with increased protein intake (57), and bone mineral density improved
by increased protein intake in elderly subjects supplemented with cal-
cium and vitamin D, but no association between protein intake and
change in bone mineral density in un-supplemented subjects (58). In
addition, a study found (59) that a high protein intake (24 E%) was asso-
ciated with a decreased risk of ischaemic heart disease compared to a
lower protein intake (15 E%). There is no evidence of adverse effects of
an intake of 15–20 E% from protein, and a recent meta-analysis found no
adverse effects on health at a protein intake up to 25 E% (60). However,
there does not seem to be any advantage at this level and there is little
long-term information on the health effects (61). Thus, there seems to
be a need for a better understanding of the functional implications of
dietary protein intake, which might lead to protein requirements based
on optimal health.

Considering the recommendations for fat and carbohydrates, the pro-
tein intake of adults should not exceed 20 E% from protein.

A high protein intake results in a high renal solute load. However, it
is only during the first months of life that the kidneys cannot handle a
high solute load (62). It has been suggested that a high protein intake
during the first years of life can increase the risks of obesity later in
childhood (63), but the present evidence is not convincing. However, in
a recent study from Iceland, 9–12 month olds with the highest protein
intake, i.e. more than 17 E%, had higher bmi at the age of 6 years than
their peers consuming less protein (64).

Although the possible negative consequences of a high protein intake
are not clearly demonstrated, the following upper limits for protein
intake are suggested, assuming sufficient intake of other nutrients : 
0–6 mo: 10 E%, 6–12 mo: 18 E%, and above 1 y: 20 E%.

Dietary sources and intake

Dietary proteins are found in almost all foods of animal and plant ori-
gin. Meat, fish, milk and eggs have a high content of protein of high
quality. Pulses, nuts and seeds also have a high protein content, which
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makes them important sources of proteins in vegetarian diets, espe-
cially for vegans who also exclude milk and eggs from their diet.

The average protein intake is high in the Nordic countries, ranging
from 14 E% in Denmark to 18 E% in Iceland.

According to the Danish National Dietary Surveys 1995 and 2001 (65),
the average dietary intake of protein among 4–14 year-old boys and girls
was 14 E% in 1995 and 13 E% in 2000/01. Among healthy elderly people,
the average protein intake is estimated at 71–97 g per day in men and
55–80 g in women, corresponding to 13–14 E% from protein (66). In the
Danish elderly this corresponds to 0.98 g per kg body weight per day (65).

The Icelandic Dietary Survey 2002 shows that energy percent from
protein increases with age, i.e. 15 E% for 15–19 year olds and 20 E% for
60–80 year olds (see Chapter 43).
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chapter 14

Alcohol

Alcohol (ethanol) is generally consumed as beer (2.5–6 vol-% alcohol),
wine (about 12%) or spirits (about 40%). The energy liberated upon oxida-
tion of alcohol in the organism corresponds to 29 kJ per g. At high alco-
hol consumption the energy efficiency appears to be lower, with rela-
tively higher heat dissipation than with the other energy yielding nutri-
ents (1). Alcohol is efficiently absorbed through passive diffusion in the
intestine and is distributed in the total water compartment of the body.
Most of it is oxidized in the body but a small amount (5–10%) is lost with
expired air and in the urine.

Alcohol is a toxic substance that affects all organs of the body. Both
acute and chronic alcohol damage contribute significantly to morbidity
and mortality in the population. From a public health perspective it is
important to bear in mind that overall consumption is a main determi-
nant of the alcohol-related harm rates in the population (2). The nega-
tive health effects of alcohol are primarily determined by the total
amount of alcohol to which the body is exposed. This means that alco-
hol damage may develop in individuals who have not been visibly drunk.
It is likely that a daily consumption of 70 g alcohol per day will result in
alcohol damage (3). Alcohol is associated with blood pressure in a J-shaped
manner (more marked in women than in men) (4). An intake as small as
25 g per day may be followed by an increase in blood pressure (5).

In the Nordic countries, alcohol accounts for about 5% of energy
intake in persons above 15 years of age, somewhat higher in Denmark
than in the other countries. The intake is very unevenly distributed and
about half the population is responsible for most of the consumption.
Estimates suggest that every third man and tenth woman obtain as
much as 10% of energy intake from alcohol. A moderate intake of alco-
hol may generally (6, 7), but not always (8), provide a surplus of energy
in addition to that from food and may thus contribute to overweight.

Replacing part of the food intake with alcohol reduces the quality of
the diet, which often leads to a limited choice of food items with an in-
creased proportion of fat and refined carbohydrate. In particular the 213
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consumption of milk products, fruits and vegetables appears to decrease
when the intake of alcohol is increased. Some exceptions to this pat-
tern may be noted. A Danish study showed a strong association between
fruit and vegetable consumption and wine intake (9). A high alcohol
consumption may result in impaired absorption of nutrients and in-
creased loss in the urine. From a nutritional point of view it is there-
fore reasonable to recommend moderation in alcohol intake. Among
high alcohol consumers, nutritional status is always affected (10). In par-
ticular, deficiencies in ascorbic acid, thiamine, magnesium, phospho-
rus, vitamin D and protein are frequent (11, 12).

Alcohol consumption even in moderate amounts is associated with
increased mortality among both men and women under the age of 45
years (13–17). For older age groups several epidemiological studies have
shown that moderate intake of alcohol is associated with reduced mor-
tality due to reduced incidence of cardiovascular diseases (14, 17) and
stroke (18). However, mortality increases at high intake. In women, the
decreased mortality has been observed in the age group above 50 and
those at high risk of coronary heart disease (19). The preventive effect
has been ascribed to the hdl cholesterol increasing effect of alcohol. 
In an intervention study it was shown that moderate alcohol intake 
(15 and 30 g per day), in addition to increasing hdl cholesterol also
decreased ldl cholesterol and triacylglycerol (20). A reduction in C-reac-
tive protein as a marker for systemic inflammation has also been
observed after an intake of 40 g and 30 g alcohol per day for men and
women respectively (21). Increased C-reactive protein is also considered
a predictor for cardiovascular disease. In a Danish prospective study,
the preventive effect was associated only with consumption of wine,
while consumption of beer was neutral and that of spirits associated
with increased mortality (22). It was suggested that this pattern could
explain the U-formed association between alcohol intake and mortal-
ity. Antioxidants in red wine (flavonoids, tannins, polyphenols, etc.)
might possibly explain the protective effect of wine. Furthermore, 
a large meta-analysis concludes that moderate wine consumption is
inversely associated with vascular risk (23). On the other hand, a sys-
tematic review of a large number of different epidemiological studies
concluded that the protective effect is connected to alcohol per se (24).

Quantity as well as frequency of alcohol consumption are important
in the risk assessment of alcohol intake (26). Binge drinking is related to
acute impairment and has numerous adverse health consequences com-
pared to steady drinking (25–27).

Even in old age the relationship between alcohol and mortality is 
U-shaped (28), and the benefit is mainly found among elderly people
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with coronary heart disease (17). The level at which the risk of mortality
is lowest is age-related and reaches the highest intake of alcohol at age
65+ (17). On the other hand, elderly subjects may become more sensitive
to alcohol because of the age-related changes in body composition (i.e.
decreased body water and increased body fat). Light-to-moderate alcohol
consumption has recently been shown to be associated with reduced
risk of vascular dementia in elderly individuals in a prospective follow-
up study (29).

The effect of alcohol on the risk of cardiovascular and other diseases
is dependent on the distribution of other risk factors in the population.
It is uncertain whether the beneficial effects of moderate alcohol con-
sumption might apply only to individuals at risk of cardiovascular dis-
eases. No studies have analysed the effect on mortality risk when sub-
jects change their alcohol intake from abstention to a moderate intake.
In addition, several other nutrients (e.g. fibre, certain unsaturated fatty
acids, antioxidant vitamins) and physical activity have been shown to
reduce the risk of cardiovascular mortality and morbidity. Therefore
there is no good reason to increase alcohol consumption with the moti-
vation of preventing cardiovascular disease.

The increased blood pressure and triacylglycerol may at least partly
explain the increased cardiovascular mortality at high alcohol intake.

In the European Comparative Alcohol Study, no support was found
for the notion that increases in per capita consumption of alcohol have
any cardioprotective effect at the population level (2).

High alcohol intake has been associated with cancer in the mouth,
pharynx and oesophagus (30) as well as with breast cancer (31, 32).

Foetal alcohol syndrome (fas) is the most important identified cause
of mental retardation in the Western world (33). fas is characterised
by defects in the central nervous system, growth retardation, facial
deformities and malformations of different kinds. Based on self-recorded
intake it has been shown that an intake above 30 g per day is associated
with increased risk of fas (34). A daily intake of > 25 g late in pregnancy
has been shown to result in reduced birth weight (35). Alcohol intake
during pregnancy is also associated with increased frequency of abor-
tion. Although the effect of alcohol consumption during lactation has
not been established, some studies (36), but not all (37), have suggested
impaired development of infants whose mothers consumed alcohol
when lactating. Reduced milk production (38), reduced milk intake (39)
and sleep disturbances in the child (40) have been described. Because
the lowest intake of alcohol not associated with health risk is unknown,
pregnant and lactating women should abstain from alcohol.
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Recommendation

Considering that alcohol has negative health effects and affects nutri-
tional status, it is recommended to limit alcohol intake. Based on esti-
mates of the maximal mortality risk reduction associated with moder-
ate alcohol consumption (16, 17), the intake should not exceed 10 g
(approximately 1 unit* ) per day for women and 20 g (approximately 2
units*) per day for men. In relation to energy intake, the consumption
of alcohol should not exceed 5 energy percent in adults.

Pregnant women, children and adolescents are recommended to
abstain from alcohol.

* 1 unit is defined as 12 g alcohol (41) corresponding to the alcohol content in one bottle of beer
(330 ml), one glass of wine (120 ml) or one glass of spirits (40 ml). The definition of a unit may 
differ in different countries from approximately 8 g to 12 g (17).
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chapter 15

Dietary antioxidants

Free radicals and other reactive oxygen and nitrogen species (ros and
rns) are formed as a result of normal cellular oxidative metabolic reac-
tions. Such molecules are also formed as a consequence of diseases (e.g.
inflammations) and of tobacco smoke, environmental pollutants, natu-
ral food constituents, drugs, ethanol and radiation. If not quenched by
antioxidants, these highly reactive compounds react with and poten-
tially alter the structure and function of several cellular components,
such as lipid-containing cell membranes, lipoproteins, proteins, carbo-
hydrates, rna and dna.

Oxidative stress can result when the critical balance between gener-
ation of ros or rns and antioxidant defences is unfavourable. Com-
pelling evidence has emerged in the past two decades demonstrating
that such oxidative damage or oxidative stress is intimately involved in
the pathophysiology of many seemingly unrelated types of disease.
Thus, oxidative stress is now thought to make a significant contribu-
tion to all inflammatory diseases (arthritis, vasculitis, glomerulone-
phritis, lupus erythematosus, adult respiratory distress syndrome),
ischaemic diseases (heart disease, stroke, intestinal ischaemia), cancer,
haemochromatosis, acquired immunodeficiency syndrome (aids),
emphysema, organ transplantation, gastric ulcers, hypertension and
preeclampsia, neurological diseases (multiple sclerosis, Alzheimer’s
disease, Parkinson’s disease, amyotrophic lateral sclerosis, muscular
dystrophy), alcoholism, smoking-related diseases and many others (see
references 1–5 for reviews).

A complex endogenous antioxidant defence system has been devel-
oped to counteract oxidative damage and oxidative stress. Such an anti-
oxidant defence is essential for all aerobic cells. The antioxidant defence
has both enzymatic and non-enzymatic components that prevent radi-
cal formation, remove radicals before damage can occur, repair oxidative
damage, eliminate damaged molecules and prevent mutations (4–6). 

In addition to the endogenous antioxidants, diet may also contribute
to antioxidant defence. For discussions of the roles of vitamin C, E and 219
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selenium, see separate chapters. It has recently been appreciated, how-
ever, that plants also contain numerous additional compounds with
antioxidant properties. The contribution of these dietary antioxidants is
not well understood but they are potentially important modulators of
several oxidative stress related diseases. 

It is now globally accepted that a diet rich in fruits and vegetables
reduces the risk of major oxidative stress related diseases. Thus, most
countries in the world recommend an increased intake of fruit and veg-
etables, see the Swedish sbu Report ‘Preventing Disease with Antioxi-
dants’ (7), the Danish (8) and Norwegian (9) report on fruit and vegeta-
bles and the report ‘Food, Nutrition and the Prevention of Cancer : 
A Global Perspective’ by the World Cancer Research Fund (10). There
are several candidates for the protective compounds in fruits and veg-
etables, but antioxidants that are abundant in many fruits and vegeta-
bles have been regarded as the most likely candidate. 

The dietary antioxidants present in fruits and vegetables may con-
tribute to two important components of the antioxidant defence sys-
tem: 1) the ability to scavenge or neutralize free radicals directly, and
2) the ability to induce endogenous antioxidants.

Compounds with ability to scavenge or neutralize free radicals

Carotenoids are ubiquitous in the plant kingdom, and as many as 1,000
naturally occurring variants have been identified. At least 60 carote-
noids occur in fruit and vegetables commonly consumed by humans (6).
Besides the provitamin A carotenoids, a- and e-carotene and e-cryptox-
anthin, lycopene and the hydroxy-carotenoids (xanthophylls) lutein and
zeaxanthin are the main carotenoids present in the diet. Their major
role in plants is light harvesting as auxiliary components and quenching
of excited molecules that may be formed during photosynthesis (4–6).

Phenolic compounds are also ubiquitous in dietary plants (6). They
are synthesized in a large variety of forms belonging to several molecu-
lar families such as benzoic acid derivatives, flavonoids, proanthocyani-
dins, stilbenes, coumarins, lignans and lignins. Over 8,000 plant phe-
nols have been isolated. Plant phenols are antioxidants by virtue of the
hydrogen-donating properties of the phenolic hydroxyl groups (6).

Glutathione, which is the major cellular antioxidant, is present in
abundant amounts in the diet, although it is not absorbed as such from
the diet but broken down to its constituent amino acids on digestion.
The dietary availability of sulphur amino acids can, however, modulate
cellular glutathione production (4–6, 11–12).
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It is likely that antioxidants from the molecular families described
above with different chemical and biochemical properties recharge
each other in an integrated manner. Such interaction has been proven
in vitro for a-tocopherol, a-tocotrienol, ascorbic acid, lipoic acid and thi-
ols by Packer and colleagues (11), but the concept could have much
broader validity as suggested by Buettner (12). This raises the prospect
that a variety of antioxidants are necessary to maintain the proper
antioxidant defence system. Thus, the total amount or balance of anti-
oxidants (i.e. electron- or hydrogen-donating reductants) in the diet may
be a better concept than individual dietary antioxidants.

Different methods have been used to assess total antioxidant capacity
of dietary plants (13–17). The results from such studies differ somewhat
since the methods are built on different chemical properties of the
antioxidants, and their ability to pick up both water- and fat-soluble
antioxidants may differ. Foods identified as containing high levels of
total antioxidants include several berries (such as blueberries, blackber-
ries, strawberries and raspberries), fruits (pomegranates, grapes and
oranges), nuts and seeds (walnuts and sunflower seeds), vegetables (kale,
red cabbage and pepper) and drinks (green tea and red wine). It remains
to be proven whether individuals eating high amounts of such antioxi-
dant-rich dietary foods have a reduced, unchanged or increased risk of
oxidative stress related diseases.

Compounds with ability to induce antioxidant enzymes 

An additional antioxidant defence mechanism involves the induction
of detoxification enzymes, including members of the glutathione 
S-transferase family, d-glutamyl cysteine synthetase and nad(p)h :
quinone reductase (quinone reductase) (18–19). These enzymes are gen-
erally referred to as phase 2-enzymes because they catalyse conversion
of xenobiotics, mutagenic metabolites or their precursors to com-
pounds that are more readily excreted. It is believed that if benign or
non-damaging plant compounds induce the phase 2 enzymes, cells are
more readily able to ‘neutralize’ toxic agents such as free radicals and
other toxic electrophiles when they appear. 

The major plant compounds believed to be able to support antioxi-
dant defence via this mechanism include the glucosinolates and several
other sulphur containing plant compounds. Glucosinolates are wide-
spread plant constituents, and it is believed that glucosinolate break-
down products (such as the isothiocyanate sulphoraphane) induce
phase 2 enzymes and are therefore responsible for the protective effects
shown by Brassica vegetables (6, 18–19). Allium vegetables contain a
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number of other sulphur containing compounds that may also induce
phase 2 enzymes. These compounds include the cysteine sulphoxides
and the dithiolthiones. Like the glucosinolates, the active components
found in Allium vegetables result from enzymatic degradation of the
plant compounds (6, 18–19).

Dietary plants rich in compounds that induce phase 2 detoxification
enzymes include broccoli, Brussels sprouts, cabbage, kale, cauliflower,
carrots, onions, tomatoes, spinach and garlic. However, the evidence
for phase 2 enzyme inductions at ordinary intake levels of plant foods in
humans is limited, and the importance of this defence mechanism in
the overall protection against oxidative damage is still uncertain.

Protective effects of antioxidant-rich diets in 
experimental animal and human studies

The suggested protective role of dietary antioxidants against oxidative
damage is often based on extensive studies in cell culture systems. How-
ever, it is not always clear whether the effects in cell cultures, often
observed with high doses of single compounds, can be readily extrapo-
lated to humans. For example, studies in cell cultures most often do not
reflect how the phytochemicals are processed in vivo, how they are
absorbed and metabolised in the body, or whether they are available to
the tissues of interest.

Some initial experimental dietary studies in animals and humans
confirm the beneficial effects of dietary plants rich in either phytochem-
icals with ability to scavenge free radicals, or phytochemicals with abil-
ity to induce phase 2-enzymes. For example, Joseph and colleagues
(20–21) have demonstrated that feeding of strawberries, spinach and
blueberries to rats retards and reverses age-related neurodegeneration.
Antioxidant-rich berries such as raspberries and strawberries (22–23)
also efficiently inhibit carcinogenesis in experimental animals. Walnuts
(24–25) and pomegranates (26–27), which are exceptionally rich in scav-
enging antioxidants, reduce ldl oxidation and atherosclerosis related
processes in animals and humans.

It has also been observed that Brussels sprouts, onions and tomatoes
are able to reduce the excretion of 8-oxo-deoxyguanosine, a biomarker
for oxidative free radical dna damage, into urine and to reduce the
level of dna damage in lymphocytes in animals and humans (28–32).
However, examples also exist of rigidly controlled studies where little
effect was observed after intervention with plant food items rich in
antioxidants (33–34). Low bio-availability and extensive metabolism of
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some plant-derived antioxidants may in part explain some of these dis-
crepancies.

Human dietary intervention studies using disease endpoints provide
the strongest evidence for an effect of antioxidant-rich dietary plants
on disease risk. Such types of studies typically need to be large to have
adequate statistical power. They should be monitored for many years
and include a number of dietary permutations, and are consequently
too expensive to be conducted by most scientists. Many phytochemicals
also have overlapping mechanisms of action, and may have synergistic,
additive, or inhibitory effects on each other. Additionally, it is quite
difficult in practice to perform classical placebo-controlled studies,
which are the hallmark for proving the efficiency of pharmaceutical
drugs. Despite these challenges, human experimental dietary studies
should be designed and executed to explore the relationship between
dietary antioxidants and oxidative stress related diseases.

Intervention trials with antioxidant supplements

Results from intervention trials with antioxidant supplements such 
as vitamins E, vitamin C or e-carotene have not been conclusive with
respect to their protective effect. Indeed, supplementation with antiox-
idants has often resulted in no effect or even adverse disease outcomes
in clinical trials.

Albanes et al. (35) in the atbc Study randomly assigned 29,133 Finnish
men aged 50–69 years who smoked five or more cigarettes daily to receive
a-tocopherol (50 mg), e-carotene (20 mg), a-tocopherol and e-carotene,
or a placebo daily for 5–8 years (median 6.1 years). Disappointingly, how-
ever, the results showed that e-carotene supplementation was associ-
ated with about a 20% increase in lung cancer risk. Rapola et al. (36) stud-
ied the frequency of major coronary events in 1,862 men enrolled in
the atbc Study who had a previous myocardial infarction, and observed
that there were significantly more deaths from fatal coronary heart dis-
ease in the beta-carotene groups than in the placebo group.

Similar findings were observed in the caret study by Omenn et al.
(37), who tested a combination of 30 mg e-carotene and 25,000 iu reti-
nyl palmitate taken daily against a placebo in 18,314 men and women 
at high risk of developing lung cancer. The caret intervention was
stopped 21 months early because of clear evidence of no benefit and
substantial evidence of possible harm; there were 28% more lung can-
cers and 17% more deaths in the active intervention group that was
administered the combination of beta-carotene and retinyl palmitate.
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The caret study also observed that the active treatment group had a
26% increase in relative risk of death from cardiovascular disease (38).

Adverse effects have also been observed in three additional studies. In
a study which included 160 patients with coronary disease, Brown et al.
(39) observed that antioxidants (100 mg selenium, 1 g vitamin C, 800 iu
vitamin E and 25 mg e-carotene) had no effect alone, but attenuated the
protective effects of simvastatin on both lipid markers and clinical end-
points. Potential adverse effects of antioxidants (800 iu vitamin E and
1 g vitamin C per day) were also observed by Water et al. (40) studying
coronary atherosclerosis in 423 postmenopausal women with coronary
stenosis. Finally, Graat et al. (41) studied the effect of antioxidant sup-
plement on immune response in 652 non-institutionalised individuals
aged 60 years or older. They observed that the individuals treated with
200 mg vitamin E per day had an increased severity of infections com-
pared to the controls.

Several studies have observed no clinical effects of antioxidant treat-
ment. For example, the mrc/bhf Heart Protection Study (42) which
included 20,536 adults with coronary disease, observed that an antioxi-
dant mixture (600 mg vitamin E, 250 mg vitamin C and 20 mg e-caro-
tene) improved plasma biomarkers, but had no effects on clinical end-
points. Furthermore, the hope study (43) in which a total of 9,541 men
and women 55 years of age and older who were at high risk for cardio-
vascular events were enrolled, observed no significant effects of 400 iu
vitamin E per day for a mean of 4.5 years.

Positive effects on clinical endpoints have been observed in two stud-
ies. The chaos study (44) (1,035 patients with coronary atherosclerosis
who either received 800 iu vitamin E or placebo) observed that vitamin
E reduced the rate of non-fatal myocardial infarction after 1 year of
treatment. In addition, in the asap study (45) (N = 520) retarded progres-
sion of carotid atherosclerosis was observed in men, but not in women,
after treatment with 182 mg a-tocopherol and 500 mg vitamin C per
day for three years. 

Recommendations

Antioxidant supplements
In summary, although experimental studies in cell cultures and animals
have indicated that antioxidants such as e-carotene, ascorbic acid or a-
tocopherol may reduce oxidative stress, and oxidative stress related dis-
eases, the human studies published so far do not support a beneficial
effect of antioxidant supplements. Therefore Governmental and non-
governmental organizations such as The Swedish Council on Technol-

n
o

rd
ic

n
u

tr
it

io
n

re
co

m
m

en
d

at
io

n
s

20
0

4

224

2004-13 NNR 1-424  22/02/05  10:20  Sida 224Page: 2004-13 NNR 1-424.p224.pdfPDF Proof by



ogy Assessment in Health Care (sbu) (7), the us Preventive Task Force
(46), the us Institute of Medicine (Dietary Reference Intake) (47), the
Danish Veterinary and Food Administration (48), the American Heart
Association (49) and the report ‘Food, Nutrition and the Prevention of
Cancer: A Global Perspective’ by the World Cancer Research Fund (10)
do not recommend intakes of single or combinations of supplemental
antioxidants. 

Antioxidant-rich foods
It is generally recommended that one should ‘eat 400–800 grams or five
or more portions a day of a variety of vegetable and fruits (pulses, tubers
and starchy roots not included) all year round’ (7–10). However, there is
insufficient scientific evidence to show that antioxidative mechanisms
are involved in the protective effects of fruits and vegetables. Recom-
mendations for specific antioxidant-rich fruits and vegetables beyond
the ordinary dietary recommendations can therefore not be given at
this point.
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chapter 16

Vitamin A

Vitamin A, re/d Women Men Children

2–5 y 6–9 y 10–13 y

Recommended intake ri 700 900 350 400 600
Average requirement ar 500 600
Lower level of intake li 400 500

Vitamin A is a term reserved to designate any compound possessing 
the biological activity of retinol (1). The term retinoids include both the
naturally occurring forms of vitamin A as well as the many synthetic
analogues of retinol, with or without biological activity (2).

All-trans retinol, the parent retinoid compound, is a primary alcohol.
In most animal tissues, the predominant retinoid is retinyl palmitate,
but other fatty acid esters, such as retinyl oleate and retinyl stearate,
are also found. Most of these metabolites occur in the all-trans con-
figuration. Furthermore, the 11-cis aldehyde form, 11-cis retinal, is pres-
ent in the retina of the eye, whereas several acid forms such as the all-
trans retinoic acid, 13-cis retinoic acid and 9-cis retinoic acid, may be
present in many tissues (3–4).

Vitamin A exists in the plant world only in the form of precursor
compounds such as e-carotene. e-Carotene is one of 50–60 members
with vitamin A activity of a large class of naturally occurring com-
pounds called carotenoids. In all cases, a requirement for vitamin A
activity is that at least one intact molecule of retinol or retinoic acid
can be obtained from the carotenoid.

Originally, international units (ius) (1 iu = 0.3 µg of all-trans retinol)
were used for nutritional recommendations of vitamin A. Then ‘retinol
equivalents’ (re) were used to convert all sources of preformed retinol
and provitamin A carotenoids in the diet into a single unit. When
defining re it was assumed that the efficiency of absorption of provita-
min A carotenoids was relatively efficient (5). However, recent studies
report that absorption of carotenoids is much lower and appears to be
quite variable. Percentage absorption of a single dose of 45 µg to 39 mg 229
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e-carotene has been reported to range from 9 to 22% (6). In addition, a
number of factors such as protein-energy malnutrition, zinc-deficiency,
dietary fat, alcohol, infections and degree of food processing/food
matrix affect the bioavailability and bioconversion of retinol and caro-
tenoids (3–4, 6). Based on these and similar studies, which are limited
and not conclusive as yet, the us fnb (6) have introduced the concept
‘retinol activity equivalents’ (rae). 1 rae is equal to: 
· 21 µg of dietary or supplemental preformed vitamin A (i.e. retinol)
· 22 µg of supplemental e-carotene
· 12 µg of dietary e-carotene
· 24 µg of other dietary provitamin A carotenoids (e.g. a-carotene 

and e-cryptoxanthin)

In nnr the same factors are used, but the term retinol equivalents (re)
is maintained.

Physiology and metabolism

Vitamin A is essential for the life of all vertebrates. The vitamin has
numerous important functions including a role in vision, maintenance
of epithelial surfaces, immune competence, growth, development and
reproduction (3–4, 7). When intake of vitamin A is inadequate to meet
the body’s needs, clinical vitamin A deficiency characterised by several
ocular features (xerophthalmia) and a generalised impaired resistance
to infection occurs. A series of epidemiological and intervention studies
in children living under poor conditions have documented a relation-
ship between poor vitamin A supply and increased rates and severity 
of infections, as well as mortality related to infectious diseases such 
as measles (8). Vitamin A deficiency is a public health problem in over
120 countries (9). The problem is probably uncommon in developed
countries but may be under-recognised since simple screening tests to
measure sub-clinical deficiency are lacking. Vitamin A, may however,
be a double-edged sword since it was recently suggested that intake
marginally above the recommended dietary intake is associated with
embryonic malformations (7, 10), reduced bone mineral density and
increased risk for hip fracture (11).

The major dietary sources of vitamin A are provitamin A carotenoids
from vegetables and preformed retinyl esters from animal tissues (3, 4,
12, 13). Carotenoids such as a- and e-carotene and e-cryptoxanthin are
absorbed by passive diffusion. After entry into the enterocytes, provita-
min A carotenoids are cleaved yielding either one or two molecules of
retinol. Absorption of retinyl esters includes enzymatic conversion to
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retinol in the intestinal lumen prior to entry into enterocytes. Retinol is
then esterified to long chain fatty acids before incorporation into chylo-
microns. Generally 70–90% of ingested preformed vitamin A (e.g. retinol)
is absorbed.

Most of the chylomicron retinyl esters are transported to the liver.
In vitamin A sufficient states, most of the retinyl esters taken up by
hepatocytes are transferred to perisinusoidal stellate cells in the liver
for storage. Normally, 50–80% of the body’s total retinol is stored in the
hepatic stellate cells as retinyl esters. The normal reserve of stellate cell
retinyl esters is adequate to last for several months (14).

Retinol bound to retinol-binding protein is released from the liver
and circulates in plasma, ensuring an ample supply of retinol to target
cells. Inside target cells, retinol is oxidized to retinal and retinoic acid
which are the active retinol metabolites. These metabolites are usually
synthesised in target cells by a complex metabolic system involving
numerous enzymes and binding proteins (3, 4, 12, 13). Retinal functions
as a chromophore in the visual process while retinoic acid activates
specific nuclear retinoic acid receptors and thereby modulates gene
transcription (15).

Requirement and recommended intake

Earlier recommendations have mainly been based on studies aimed at
eliminating symptoms of vitamin A deficiency. In the Sheffield study
(16), symptoms of vitamin A deficiency (reduced plasma retinol, reduced
dark adaptation, dryness of the skin, eye discomfort) developed in sev-
eral of 16 healthy men following intake of a diet essentially free of vita-
min A for 8 months. Of the 16 subjects studied, only 3 had changes in
dark adaptation of sufficient magnitude to serve as a criterion to inves-
tigate the curative ability of varying amounts of retinol and e-carotene.
Addition of 390 µg retinol per day to one of the individuals with vita-
min A deficiency eventually improved dark adaptation and also im-
proved somewhat the plasma retinol levels. Supplementation with
780 mg retinol per day for 45 days had little further effect on the sub-
ject’s plasma retinol level. However, retinol supplement of 7,200 µg
retinol per day increased his plasma retinol above his initial level of
1.2 µmol/L. Furthermore, it was demonstrated in the other vitamin A-
deficient individuals that daily intake of 1,500 µg e-carotene in oil, but
not 768 µg e-carotene in oil, improved dark adaptation and plasma
retinol levels. Hume and Krebs (16) concluded that daily retinol intake
of 390 µg represented the minimum protective dose. This figure should
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be raised to 470 µg to correct for an error in the conversion factor used
in the analytical measurements (17).

Similar observations were obtained in the Iowa study (18) where vita-
min A deficiency developed in 8 healthy men after several months on a
vitamin A-deficient diet. Abnormal electroretinograms occurred at
plasma retinol levels of 0.1–0.4 µmol/L and impaired dark adaptation
was observed at plasma retinol levels of 0.1–0.9 µmol/L, whereas follicu-
lar hyperkeratosis was found at plasma levels of 0.3–1.3 µmol/L. Plasma
levels below 1.1 µmol/L were associated with a mild degree of anaemia
that responded to retinol supplementation. The Iowa study also ob-
served that daily intake of 300 µg retinol partially corrected the abnor-
mal electroretinograms, whereas supplements of 600 µg/d were needed
to prevent eye changes in adult men. By using isotope-labelled retinol it
was calculated that the average rate of utilization of retinol during the
state of vitamin A depletion was about 910 µg retinol/day. The study (17)
concluded that a daily retinol intake of 900 µg per day would maintain
a plasma level of 1.1 µM in most adult men. For women, the require-
ment would be reduced in proportion to body weight.

nnr 1996 recommended intakes of 900 and 800 re per day for men
and women, respectively, primarily based on the Sheffield and Iowa
studies (16, 17, 18). The recent us dris (6) for vitamin A are based on
estimated requirements that assure adequate body stores of retinol
where no clinical signs of deficiency are observed, adequate plasma
retinol levels are maintained and there is protection against vitamin A
deficiency for approximately 4 months on a vitamin A-deficient diet.
The underlying evaluation assumes that the body turn-over of retinol is
0.5%, the minimal liver reserve is 20 µg/g, the liver weight: body weight
ratio is 1:33, the total body: liver vitamin A reserve is 10:9, and that 
the efficiency of storage (i.e. retention of absorbed vitamin A in liver) 
is 40%. Based on these assumptions (6), and using reference weights 
for us adults, the estimated average requirement of preformed vitamin 
A required to assure an adequate body reserve in an adult male is
627 mg/day. The corresponding value for women was estimated to
503 µg/day. Using a factor of 1.4 to cover the variation, a recommended
daily allowance was set to 900 µg/d for men and 700 µg/d for women
above 19 years of age (6). These estimations are in general agreement
with a large number of recent studies using functional criteria for vita-
min A status, such as dark adaptation, papillary response test, conjunc-
tival impression cytology and markers of immune function (see (6) for a
review of these studies). 

Using the above factorial method for the Nordic reference subjects,
the estimated average requirement for vitamin A would be very similar
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as for the us reference subjects, i.e. close to 600 and 500 µg/d for men
and women respectively. In the present nnr, the recommended intakes
for adults are based on these considerations and thereby set to 900 re/d
for men and 700 re/d for women. This means a reduced ri for women
compared to the previous edition. Average requirements are set to 600
and 500 re/d for men and women, respectively. The lower intake level
is estimated to be 500 re/d for men and 400 re/d for women.

In infants, no functional criteria of vitamin A status have been pub-
lished that reflect the response to dietary intake. Breast milk from well-
nourished mothers in the Nordic countries usually contains sufficient
amounts of vitamin A. Infants are generally given vitamin A supple-
ments during the first year. For non-breast fed infants, vitamin A con-
tent of formula is sufficient. No specific recommended intake of vita-
min A for infants aged 0–6 months is therefore given. Any contribution
by carotenoids was not considered since the bioconversion of caro-
tenoids in infants is not known.

Direct studies on the requirement for vitamin A are not available to
estimate an average requirement for infants, children and adolescents
aged 1–17 years. Thus, the ris for children and adolescents are extrapo-
lated from those for adults by using metabolic body weight and growth
factors (bw0.75, see (6)).

Experimental data to estimate an average requirement during preg-
nancy are lacking. Using the retinol accumulation in foetal liver as a
criterion, about 50 µg vitamin A per day would be needed in addition to
the ar for non-pregnant women (6). The ri for pregnancy is set to 800
re/d to cover the individual variation.

The vitamin A content of breast milk varies with the dietary vitamin
A intake. Reported values for Western countries are 450–600 re/l. With
an average milk production of 750 mL/d, this corresponds to 350–450
re/day. An additional intake of 400 re/d is therefore recommended dur-
ing lactation.

In elderly subjects, intakes of 800–900 re/d vitamin A seem more
than adequate (19). Some early studies (20) have found an age-related
trend toward higher serum retinol values with advancing age, but
recent studies have found trends towards a slight decrease (21). None 
of these elderly subjects had retinol values below a cut-off value of
0.35 µmol/L. Using a cut-off value of 0.7 µmol/L as proposed by nhanes
data from 18–74-year-old subjects only resulted in very few subjects 
at risk (21). In a Danish cross-sectional study of 80-year-old men and
women, 10% had a dietary intake of vitamin A below the lower level,
but only one subject had a retinol value below 0.7 µmol/L (22). Use of
the same vitamin A-containing supplements has been linked to higher
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circulating retinyl ester values in elderly subjects compared to younger
(23), due perhaps to delayed plasma clearance in the elderly (24). A
recent intervention study found an altered postprandial plasma retinol
concentration in older subjects compared to younger, while the intes-
tinal absorption and esterification were the same in the elderly com-
pared to the younger subjects (25).

Serum retinol levels are generally considered to be a relatively poor
reflection of vitamin A status, unless liver stores are either very depleted
or highly saturated, while plasma e-carotene seems to be a possible bio-
marker of the e-carotene status (26). Several studies (21, 27, 28) have
found a positive relationship between plasma levels and the intake of e-
carotene in elderly subjects. Consumption of carotene-containing fruits
and vegetables is inversely related to overall mortality and cardiovascu-
lar mortality, even in the elderly (29, 30). However, the role of e-carotene
in the prevention of age-related diseases is still too weak to use as a basis
for vitamin A recommendations.

The ri for elderly subjects > 60 years of age is the same as for younger
adults.

Upper intake levels and toxicity

Several studies have shown that doses up to 180 mg e-carotene per 
day as supplements may be used for many years with no evidence of
vitamin A toxicity and without the development of abnormally ele-
vated blood retinol concentrations. Recently, serious adverse effects of 
e-carotene in the form of supplements have, however, been reported
but these are not related to its conversion to retinol (see discussion in
Chapter 15).

Retinol toxicity is an important issue for the Nordic countries where
the dietary intake of retinol is relatively high, especially in Iceland. The
issue of retinol toxicity is complicated by the fact that genetic retinol
intolerance is known to exist in a handful of individuals. In addition, in-
take of ethanol, various drugs and xenobiotics, and diseases of the liver
and kidney also affect retinol toxicity (31, 32).

Vitamin D antagonism
Several studies have provided evidence of an antagonism between reti-
nol and vitamin D (33, 34, 35). Recently, animal studies have shown that
retinol serves as an antagonist to vitamin D action, not only in toxic
amounts but also at the physiological level (36). In a recent meta-analy-
sis, which included all cases of retinol intoxication published in scien-
tific literature (37), it was observed that the mean dose of retinol causing
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hypervitaminosis A was higher when the dose originated from a for-
mula containing vitamin D. Although these results are not conclusive as
yet, they raise some important questions : Since high levels of vitamin D
are associated with reduced toxicity of retinol and vice versa, could vita-
min D deficiency increase the sensitivity for retinol toxicity? Conversely,
does excess retinol intake exacerbate vitamin D insufficiency? Address-
ing these questions may have important clinical implications as low
vitamin D status is known to be common in the elderly and is an impor-
tant risk factor for fractures.

Risk of acute and chronic hypervitaminosis A
Retinol toxicity related to osteoporosis and teratogenicity is discussed in
separate sections below. There have been no reports in the Nordic coun-
tries describing either classical chronic or acute hypervitaminosis A due
to intake of foods such as liver, except a few cases of early Arctic explor-
ers eating Polar Bear liver (38). Although adults in the Nordic countries
have a generous intake of retinol, very few if any healthy individuals are
likely to ingest amounts that may lead to classical hypervitaminosis A.
Thus, the risk of hypervitaminosis A due to retinol-rich foods is very low. 

A major issue when evaluating the potential toxicity of retinol is the
observation that intake of retinol in various physical forms appears to
have different thresholds for toxicity (31, 37). Retinol in water-soluble,
emulsified or solid (i.e. tablets) preparations generally seems to have more
acute toxic effects than retinol in foods or oils (37). This may be relevant
for potential hypervitaminosis A from supplements and foods fortified
with retinol. Several foods commonly used in the Nordic countries are
fortified with retinol. If the diet consists of large amounts of retinol-
fortified foods, the daily intake may approach the upper safe levels. There-
fore, oil-based retinol preparations should preferably be used in supple-
ments and fortification of foods. Supplements and fortification with
water miscible/emulsified preparations should be kept to a minimum.

A total of 17 suspected cases of supplement-induced chronic hypervi-
taminosis A, but no acute cases, have been reported in scientific litera-
ture in the Nordic countries (31). Chronic hypervitaminosis A is induced
after daily doses of 2 mg/kg/d of retinol in oil-based preparations for
many months or years (37). In contrast, only a few weeks of intake of
doses as low as 0.2 mg/kg/d of retinol in emulsified/water-miscible and
solid preparations caused hypervitaminosis A (31). Thus, emulsified/
water-miscible and solid preparations of retinol are about 10 times more
toxic than oil-based preparations of retinol. The safe upper single dose
of retinol in oil or liver seems to be about 4–6 mg/kg bodyweight (37).
These thresholds do not vary considerably with age.
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Hepatotoxicity is a manifestation of hypervitaminosis A and toxic
symptoms seem to depend on both the amount and duration of expo-
sure. Mechanisms of hepatic effects are linked to overload of the storage
capacity of the liver for vitamin A which may cause cellular toxicity,
production of collagen and eventually fibrosis and cirrhosis. The low-
est dose reported to cause cirrhosis was a consumption of 7,500 re/d
for 6 years, and it can be hypothesized that this value might be the
upper threshold of the storage capability of the liver (32).

Risk of retinol-induced teratogenicity
Animal studies demonstrate that both retinol deficiency and retinol
excess may give rise to embryonic malformations, and that a single high
dose of retinol or retinoic acid may be teratogenic if given at a suscepti-
ble stage of early embryonic development (see discussion in (31) and
references therein). In humans, several cases of teratogenicity have
been reported due to retinoic acid medication, but no cases due to pre-
formed retinol in foodstuffs. Epidemiological data suggest that intakes
of retinol supplements up to 3 mg vitamin A per day during pregnancy
are not associated with an increased risk of giving birth to a malformed
child, and since epidemiological data indicate that the threshold for ter-
atogenicity is higher than 3 mg retinol/d it is assumed that this level
offers adequate protection against teratogenic effects (32). Thus, it is
recommended that the intake of retinol supplements during pregnancy
should be limited to no more than 3 mg per day unless other medical
aspects argue for a higher intake. As the possible adverse effects of
excess intake of retinol appear very early during pregnancy, this advice
is expanded to all women of childbearing age. Furthermore, it is recom-
mended that pregnant women should avoid eating liver as the main
course of a meal.

Risk of retinol-induced osteoporosis
There is abundant documentation from animal experiments, in vitro
studies, pharmacological studies and clinical observations that retinol
intoxication is associated with severe detrimental effects on the skele-
ton (see discussion in (31) and references therein). Recently, retinol
intake about twice the recommended dietary intake has been found to
be associated with a doubled risk of hip fracture in two large epidemio-
logical studies, while other studies did not find such effects. The avail-
able evidence for an increased risk of osteoporosis at doses down to
1.5 mg/d is therefore limited and not consistent and further studies
addressing the issue are warranted (32).
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Setting an upper intake level for retinol or retinyl esters
Toxic effects have primarily been linked to preformed vitamin A, i.e.
retinol or retinyl esters. It is clear that the hazards and their associated
doses are different for different groups of the population and the sever-
ity of the adverse effect varies from minor to irreversible. 

Taking into account the low margin between the recommended
intake value and doses that might pose a risk to different groups of the
population setting an upper level of intake is not easy. The recom-
mended maximum intake of 3 mg/d of retinol supplements for women
of childbearing age is chosen as the upper level for the whole popula-
tion. This level is 2.5 times below the level which may cause hepatotox-
icity. With regard to risk of osteoporosis this upper level may not ade-
quately address the possible risk of bone fracture in vulnerable groups.
Postmenopausal women who are at greater risk for osteoporosis and
bone fractures should therefore restrict their intake to 1,500 µg/day.

Dietary sources and intake

Vitamin A is present in the diet either as preformed vitamin A (i.e.
retinol and its fatty acyl esters) in animal sources such as milk, eggs,
butter and fish liver oils or as provitamin A carotenoids in dark green
leafy vegetables and in red or orange coloured fruits and vegetables
such as carrots. In addition, preformed vitamin A is also contained in a
number of mono and multivitamin supplements (31). 

Mean intake of preformed retinol in the Nordic countries varies from
740 to 1,200 µg/10 mj. In general, Icelanders have the highest intake fol-
lowed by Norwegians. The main sources of retinol are liver and liver
products, edible fat, milk and milk products, including retinol fortified
margarine, spreads and milk. Cod liver oil is an important source of
retinol in Iceland and Norway (31).

The 10% of the adult population with the highest intake (the 90th
percentile) have daily intakes of preformed retinol from foods that are
up to 2–3 times higher than the ri for vitamin A. The 90th percentile
intakes were the following among men: in Denmark 1,600 µg, in Fin-
land 1,600, Norway 2,800 and in Sweden 1,900 µg retinol per day. For
women the corresponding intakes were: Denmark 950, Finland 1,200,
Norway 2,500 and in Sweden 1,200 µg retinol per day (31, 39, 40).
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chapter 17

Vitamin D

Vitamin D, µg/d Women Men

Recommended intake ri
age 2–60 years 7.5 7.5
age ≥ 61 years 10 10

Average requirement ar – –
Lower level of intake li 2.5 2.5

Vitamin D3 or cholecalciferol is a steroid-like molecule that can be syn-
thesised from 7-dehydrocholesterol in the skin under the influence of
ultraviolet B light (wavelength between 290 nm and 315 nm) (1). It may
also be derived from the diet. Vitamin D2 or ergocalciferol formed by uv
irradiation of ergosterol from yeast is used as a pharmacological prepa-
ration of vitamin D. The requirement for vitamin D3 can be completely
satisfied by solar exposure of the skin. Experience demonstrates, how-
ever, that under our living conditions and at the latitude of the Nordic
countries vitamin D deficiency may occur if the diet is devoid of the
vitamin. Infants may develop rickets and elderly people osteomalacia.
For this reason vitamin D has to be considered a micronutrient. Vita-
min D is also a prohormone because it is converted to a hormone, 1,25-
dihydroxyvitamin D, in the body.

One iu (international unit) corresponds to 0.025 µg vitamin D.

Physiology and metabolism

A rather modest exposure to sunlight is sufficient to produce a satisfac-
tory amount of vitamin D3 in the skin (1). Exposure of the face, arms,
hands and legs to sunshine for 6–8 minutes 2–3 times a week is more
than adequate to satisfy the requirement (2). Dermal production of vita-
min D is reduced by pigmentation of the skin and with age. It is gene-
rally considered that regular outdoor activity exposing just face and
hands is sufficient to cover the needs. Vitamin D may be stored in the
body, in particular in the adipose tissue. Studies from the uk have
shown that children who have been outside frequently during the 
summer may have an acceptable vitamin D status during the rest of the
year (3).
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The liver rapidly takes up Vitamin D formed in the skin or absorbed
from the gut where it is hydroxylated to 25-hydroxyvitamin D (25-oh-
d). This metabolite is transported in plasma bound to the vitamin D
binding protein (also known as the group specific protein, Gc).

The circulating concentration of 25-oh-d is a good marker of vita-
min D status. Reliable methods are now available for determination of
25-hydroxyvitamin D in plasma. Variations between laboratories may
be of the order of 30%, however (4). Serum concentration of 25-oh-d
< 40 nmol/L may indicate moderate hypovitaminosis (5) while values
> 50 nmol/L may be considered desirable (6, 7)

25-oh-d is further converted into 1,25-dihydroxyvitamin D in the kid-
neys. This is a calcium-regulating hormone that becomes active after
binding to a nuclear receptor, (the vitamin D receptor). Together with
parathyroid hormone and calcitonin 1,25-dihydroxyvitamin D ensures
that the concentration of calcium and phosphate in plasma is kept
within narrow limits. Its main function is to stimulate the absorption of
calcium from the intestine. In concert with parathyroid hormone it also
stimulates release of calcium from bone, thereby increasing the con-
centration of calcium in the plasma. By contributing to maintenance of
normal concentration of calcium (and phosphate) in the blood and the
extracellular fluid, vitamin D is essential for normal mineralisation of
the skeleton. Deficiency of vitamin D results in defective mineralisation
with development of rickets in children and osteomalacia in adults. 
The presence of vitamin D receptor in a number of tissues, epidemiolog-
ical and experimental data indicate that in addition to the functions
mentioned above, vitamin D may play a role in cancer, autoimmune
diseases, infections and muscle strength. Epidemiological evidence
suggests that lack of vitamin D during infancy may increase the risk of
type 1 diabetes (8). However, in a large population-based case-control
study, use of cod liver oil but not other vitamin D supplements during
the first year of life was found to be associated with lower risk of type 
1 diabetes (9).

As a consequence of a good public health service and because most
infants receive vitamin D supplement, rickets has become very rare in
the Nordic countries during the past 3–4 decades. More recently an in-
creased number of infants with rickets has been admitted to hospitals.
Almost all are children of Muslim immigrants (10–12). 

In Finland 90 cases of rickets were diagnosed during 1981–85 and 245
cases during 1986–90 (13). The cause of this increased incidence was
probably that the infants did not receive vitamin D supplements and
that milk formula and baby foods were not enriched with vitamin D
during that time.
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Requirement and recommended intake

Based on a large number of studies where 25-oh-d has been used as a
criterion for vitamin D status the following conclusions can be drawn:

New-borns
New-borns have a store of vitamin D that depends on the vitamin D sta-
tus of the mother. During the first six weeks of life there is a rapid fall of
25-oh-d to a level seen in rickets (14). Human milk does not contain
sufficient vitamin D to prevent rickets even if the mother takes vitamin
D supplement (15).

Sun exposure has a marked effect on vitamin D status in infants and
vitamin D supplementation may not be required provided exposure is
sufficient. At northern latitudes, however, as in the Nordic countries,
vitamin D supplementation is required in order to ensure that no infant
develops rickets. During the first 6 weeks after birth, serum 25-oh-d
concentration falls to a range where there is a high risk of rickets (< 27.5
nmol/L). Supplementation therefore should start from the age of 2–4
weeks. An intake of 2.5 µg vitamin D/d may prevent rickets but a study
from northern China showed that this amount does not ensure that 25-
oh-d is raised to a satisfactory level in the majority of the infants (16).
Even supplementation with 5 µg failed to raise the concentration above
27.5 nmol/L in about 30% of the infants, while with a supplementation
of 10 µg all but 2 out of 33 attained a concentration above this level (16).
In the study by Markestad (14), a group of 8 infants were fed exclusively
on milk formula containing 10 µg/L. At 6 weeks of age they all had
serum 25-oh-d within the normal range. It thus appears that a mean
intake of 7.5 µg (corresponding to an intake of 750 ml of formula) en-
sures satisfactory vitamin D status. This is supported by a Chinese study
where 150 bottle-fed infants received amounts of about 5 to 8.5 µg/d up
to the age of 18 months. At that age they all had 25-oh-d concentra-
tions above 50 nmol/L (17). The amount needed to cure rickets is 2.5–
7.5 µg, while intakes between 8.5 and 15 µg/d would have the maximal
effect on linear growth (references cited in 16).

Based on these considerations, 10 µg/d is recommended for new-
borns from 2–4 weeks of age to 2 years.

There is a marked increase in 1,25-dihydroxyvitamin D in plasma
during pregnancy. A close correlation has also been found between vita-
min D status of the mother and the new-born (14). Levels of 25-oh-d
have been found to be particularly low during winter in unsupple-
mented pregnant woman living under our climatic conditions, suggest-
ing that vitamin D supplementation may be warranted (19). A supple-
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ment of 10 mg/d to pregnant women results in an 25-oh-d level in the
upper normal range (20). For these reasons 10 µg/d is recommended dur-
ing pregnancy and lactation.

Children and adolescents
Large variations in vitamin D status have been found among children
and adolescents. In the northern parts of Scandinavia after rainy sum-
mers, a large fraction has unsatisfactory vitamin D status (21). In a
recent study from Finland it was found that 13.4% of girls aged 9–15
years had 25-oh-d levels < 20 nmol/L during winter (22). Supplementa-
tion with 10 µg of vitamin D2 per day did not restore serum 25-oh-d to
within the normal range. It should be noted, however, that vitamin D2

is less efficient than vitamin D3 in increasing 25-oh-d level (23). In a
similar study from Sweden it was found that 15% of young girls (mean
age 15.7 yrs) had serum 25-oh-d concentrations below 20 nmol/L and
75% between 20 and 38 nmol/L (24). An intake of 7.5 µg/d is recom-
mended for this group.

Adults
Vitamin D deficiency is rare among native adults (20–60 years) in the
Nordic countries. Under our climatic conditions there are indications
that exposure to sunlight is insufficient for enough vitamin D to be
formed in the skin and for vitamin D status to be maintained during
the winter months. A study from northern Finland in 1980 showed that
vitamin D status was satisfactory during the summer but that a large
number had unsatisfactory vitamin D status during the winter months
(25). On the other hand satisfactory serum levels of 25-oh-d and sea-
sonal variation were found among adults in a similar study from Tromsø
in northern Norway, indicating that light intensity is sufficient at 70
degrees north to stimulate vitamin D formation in the skin (26). A rea-
sonable explanation for the difference in vitamin D status between
these two population groups during the winter months is that at the
time of these studies the consumption of fish and margarine fortified
with vitamin D was higher in Norway than in Finland. These findings
indicate that dietary vitamin D is essential to ensure satisfactory vita-
min D status at northern latitudes. 

Practically all adults have been found to have satisfactory vitamin D
status during the summer months, but during the winter months low
serum concentrations of 25-oh-d have been found in a small number of
young adults (21). A high prevalence of hypovitaminosis D was found
among both male and female 42–46 year-old ambulatory patients in Fin-
land (27) as well as among middle-aged Danish women during the win-
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ter-spring period (28). Vitamin D deficiency appears to be prevalent
among Muslim immigrants. Thus, low serum levels of 25-oh-d and sec-
ondary hyperparathyroidism have been found among pregnant Pak-
istani women in Oslo (11). Similar findings have been reported from
Denmark (12).

The lowest amount of oral vitamin D to prevent or cure osteomalacia
is about 2.5 µg/d (29–32). However, no effect of this amount on serum 25-
oh-d is observed in non-sun exposed individuals (33). A significant
increase is seen after intake of 3–4 µg of vitamin D2 (34). 4–5 µg of
dietary vitamin D was found to be associated with plasma 25-oh-d lev-
els of around 50 nmol/L during winter and 75 nmol/L during summer in
independently living British elderly (35). However, in a more recent
study on the effect of oral dosing of vitamin D on 25-oh-d, it was esti-
mated that 12.5 µg is necessary to maintain a stable level through the
winter (36). It may thus be assumed that the previously recommended
dietary intake of 5 µg/d may be insufficient to maintain an acceptable
plasma concentration of 25-oh-d during the Nordic winter. In order to
diminish the seasonal drop in 25-oh-d, the recommended intake is
therefore set at 7.5 µg/d for the age groups 2 to 60 years.

Elderly
A number of studies from the Nordic and other countries have shown
that a large proportion of the elderly population has an unsatisfactorily
low vitamin D status (37–42). Elderly people living in institutions are at
particularly high risk of vitamin D deficiency, as are elderly patients
with dementia living in their own homes (6). There may be several rea-
sons for the low vitamin D status in the elderly. Time spent outdoors is
limited, the amount of 7-dehydrocholesterol in the skin epidermis
diminishes with age and the efficiency of conversion of this precursor
into vitamin D is less effective than in younger individuals (1). The cut-
off limit for a satisfactory serum concentration of 25-oh-d in the elderly
is, however, controversial. Proposed cut-off limits range from 30 nmol/L
(43) to 100 nmol/L (44), mainly based on the association to pth status.
Furthermore it has been found that the level of pth increases between
the ages of 70 to 95 at similar 25-oh-d levels, corresponding to a differ-
ence of 20% in pth levels (45). Mean serum concentrations of 25-oh-d
corresponding to 85–105 nmol/L have been found in Norwegian elderly
people receiving a total of at least 10 µg/d (6, 39). Only a marginal in-
crease in serum 25-oh-d and a decrease in pth is seen when the intake
of vitamin D3 is increased from 10 to 20 µg/d (46).

A high incidence of osteoporotic hip fracture is seen in all Nordic
countries. During the past 50 years, there has been an age-adjusted in-
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crease in fracture incidence by a factor of about 2–3. The incidence is
higher in urban areas than in rural. This indicates that exogenous fac-
tors are of importance. The more rapid bone loss and higher fracture
rate in elderly women than in men is related to diminished oestrogen
production in post-menopausal women. The extent to which vitamin D
deficiency and osteomalacia contribute to the risk of fracture in the eld-
erly is unclear. Some studies indicate that vitamin D deficiency may con-
tribute to osteoporotic fractures in the highest age groups. Three inter-
vention studies where both vitamin D and calcium were given to the
elderly showed a reduction in incidence of osteoporotic fractures
(47–49). Studies in Finland and England in which only vitamin D was
given also resulted in a reduction in total number of fractures (50, 51),
while studies in the Netherlands and Norway showed no effect of sup-
plementary vitamin D (52, 53). In a large prospective study among eld-
erly women, an inverse relationship was also found between vitamin D
intake and risk of hip fracture (54).

A total intake of 10 µg/d is recommended for all individuals above
the age of 60 years. Elderly people with little or no sun exposure should
receive a supplement of 10 µg vitamin D3/d added to the dietary intake.

Upper intake levels and toxicity

Large amounts of vitamin D are toxic and may lead to hypercalcaemia,
nephrocalcinosis and kidney failure. Infants and children are more sen-
sitive than adults. Adults can tolerate a single yearly megadose of 7.5 mg
(50) while children given such a dose once a year developed hypercal-
caemia (55). There are several reports of hypercalcaemia in connection
with uncritical supplementation of infant foods with vitamin D (56) and
in connection with incidental over-enrichment of milk (57, 58). No clear
toxic level has been defined, but based on the effects on serum 25-oh-d
level and the risk of hypercalcaemia, the following upper levels of
intake have been proposed by the eu Scientific Committee on Food: for
infants and children up to age 10 years 25 µg/d, for adolescents and
adults 50 µg/d (59).

Sources and intake

Oily fish, margarine and milk enriched with vitamin D are the only
dietary sources of importance. Certain freshwater fish may contain
appreciable quantities of vitamin D (60, 61). Eggs contribute a small
amount of vitamin D but contain some 25-oh-d3 (62). Dietary surveys
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disclose a low intake (2 to 6 µg/d) in all the Nordic countries. A relatively
large proportion of the population has an intake below 2.5 µg/day.
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chapter 18

Vitamin E

Vitamin E has traditionally been used as a common term for two groups
of components with biological vitamin E activity in mammals, toco-
pherols and tocotrienols, which are synthesised in plants (1). Vitamin E
is essential for neurological function and acts as a lipid soluble antioxi-
dant (2). Tocopherols (a, e, b, d) have a ring structure and a saturated
side chain. Tocotrienols have an unsaturated side chain. The natural
tocopherol isomer is rrr-a-tocopherol. In human tissues a-tocopherol
is the most common form and contributes about 90% of the vitamin E
content in plasma (3) and 50–80% in other tissues (4).

The biological vitamin E activity of the various tocopherols and toco-
trienols used up till now was primarily established on the basis of the
rat foetal resorption assay (5–7). Based on these, the activity of 1 mg rrr-
a-tocopherol was set to 1 tocopherol equivalent (a-te), and relative
activity factors applied to the other components: 0.5 for e-tocopherol,
0.1 for d-tocopherol, and less than 0.1 for other tocopherols and toco-
trienols. The activity factor used for all-rac-a-tocopherol was 0.74 and
for all-rac-a-tocopherol acetate 0.67, vitamin E compounds used in foods
and supplements. In older literature 1 a-te corresponds to 1.49 iu.

The appropriateness of the above activity factors for the various toco-
pherols and tocotrienols other than 2R-a-tocopherols has been ques-
tioned (9). Recent studies have shown low affinity of tocopherols and
tocotrienols, other than the 2R-stereoisomeric forms to hepatic a-toco-
pherol transfer protein (a-tpp), which transfers a-tocopherol in the
liver to plasma lipoproteins. In the us dris (9), only the 2R-stereoiso-
meric forms (rrr-, rsr-, rrs- and rss-a-tocopherol) are used for estab-
lishing reference values for intake. However, these affinity data are
derived from in vitro experiments and no information is currently avail- 251

Vitamin E, a-te/d Women Men Children

2–5 y 6–9 y 10–13 y
girls/boys

Recommended intake ri 8 10 5 6 7/8
Average requirement ar 5 6
Lower level of intake li 3 4
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able for stereoisomers other than rrr-a-tocopherol. This means that
only a-tocopherol in foods and 2R-a-tocopherols in vitamin E prepara-
tions contribute vitamin E activity. For commercially available vitamin
E preparations, the following factors have been suggested: 0.5 for all-
rac-a-tocopherol, 0.455 for all-rac-a-tocopheryl acetate and 0.91 for rrr-
a-tocopheryl acetate 0.91 (4, 8).

Physiology and metabolism

The absorption of a-tocopherol and other vitamin E forms generally
varies between 51% and 86% of the ingested amount. The absorption of
a-tocopherol is related to the efficiency of fat absorption and requires a
normal pancreas and bile secretion (9). Lower values (21–29%) have been
found in patients with fat malabsorption, cystic fibrosis, gastric carci-
noma and lymphatic leukaemia (9). The relative absorption tends to
decrease with increasing intakes. Absorbed vitamin E is transported in
chylomicrons and taken up mainly by the liver, and some is redistrib-
uted to other lipoproteins and tissues (9). The liver vitamin E is secreted
in lipoproteins bound to a-tpp, which preferentially carries a-toco-
pherol. a-Tocopherol and the other vitamin E components are found in
the cell membranes. High concentrations occur in liver, adrenal glands
and myocardium. Compared to a-tocopherol, lower levels of other vita-
min E forms are generally found in tissues, especially in plasma. A
recent study, however, showed that d-tocopherol constituted 31–53% of
total tocopherols in adipose tissue, muscles, skin and vein (4). This indi-
cates that other vitamin E forms, e.g. d-tocopherol, may have important
biological roles, despite the low plasma concentrations (10, 11).

All tocopherols and tocotrienols are fat-soluble and act as a mem-
brane-bound defence against free radical formation, e.g. peroxidation
of fatty acids, primarily polyunsaturated fatty acids (1, 8). Vitamin E pre-
vents peroxidation by stopping the peroxyl radical-initiated chain-reac-
tion. During this reaction a radical is formed which, at least partially,
can be regenerated by vitamin C. Vitamin E protects to a lesser degree
against peroxidation initiated by Fe2+-containing complexes and in-
hibits, together with vitamin C, the formation of nitrosamines, compo-
nents that have been associated with an elevated risk for gastric cancer
(12). Through its antioxidative capacity, vitamin E protects erythrocytes
from haemolysis. At a plasma concentration of a-tocopherol below
12 µmol/L (5 mg/L) the haemolytic tendency of the erythrocytes in-
creases among adults, a property that can be used as a criterion of vita-
min E adequacy.
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a-Tocopherol can also affect the vascular function and has been
shown to influence e.g. prostacyclin formation. High vitamin E intakes
have been associated with prolonged bleeding in humans (13) and 
animals.

Vitamin E has been associated with a number of degenerative dis-
eases, e.g. cardiovascular disease, cataracts and cancer, and several epi-
demiological studies have suggested a protective effect of either high
serum concentrations (> 30 µmol/L) or large dietary intakes, generally
well above current recommended daily intakes. Most well controlled
intervention studies using large intakes (50–800 mg/d) of supplemental
vitamin E (a-tocopherol) have, however, failed to show a protective
effect in healthy subjects (see Chapter 15, Dietary Antioxidants).

Requirement and recommended intake

Vitamin E deficiency due to low dietary intake has not been described in
normal, healthy individuals. Clinical symptoms have only been docu-
mented among premature very low birth weight infants receiving
infant formula with a high iron and polyunsaturated fatty acid (pufa)
content (14), as part of protein-energy malnutrition syndrome (15),
among adults with prolonged fat malabsorption (9), or in connection
with genetic abnormalities in vitamin E transport, i.e. abnormal a-ttp
(9, 16). In premature children, symptoms such as haemolytic anaemia,
trombocytosis and oedema have been reported (14). Clinical symptoms
in adults include peripheral neuropathy, ataxia and skeletal myopathy.
In adults, prolonged low intakes of vitamin E have been shown to in-
crease haemolytic tendency in vitro (17) without any clinical symptoms.
In the elderly, reduced plasma levels of a-tocopherol (15 µmol/L com-
pared to 20 µmmol/L) have been associated with impaired cognitive
function although a cause-effect relationship remains to be proven (18).

The plasma concentration of a-tocopherol is regarded as the most
adequate indicator of vitamin E status (8, 19). However, since the plasma
lipid level influences the a-tocopherol concentration, correction for
plasma lipids may be warranted in subjects with high lipid levels when
assessing vitamin E status in populations.

The vitamin E requirement is partly related to the pufa intake,
which is generally not a practical problem since most foods rich in pufa
also are rich in vitamin E.

Adults
Among adults, criteria for establishing requirement and recommended
intake are the plasma concentration of a-tocopherol or the relationship
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to pufa intake. Data from studies by Horwitt et al. (17) showed an
increased haemolytic tendency in subjects with a plasma a-tocopherol
concentration below 12 µmol/L, corresponding to a tocopherol: total
cholesterol ratio of 2.25 µmol/mmol (20). However, the in vitro haemo-
lytic response was dependent on the pufa content of the diet and the
limited number of subjects makes this level uncertain. A plasma level
above 16.2 µmol/L has been suggested as an indicator of acceptable vita-
min E status (19).

Among adults consuming a diet with the lower level of pufa, i.e.
3 E%, an a-tocopherol intake of 3–4 mg/d probably covers the basic
needs. This is supported by a study in which plasma a-tocopherol levels
of 17–18 µmol/L (4 µmol/mmol cholesterol) were seen in young subjects
who were fed diets with about 1–2 mg a-tocopherol per day for three
weeks (21). Data from Nordic populations show that a-tocopherol in-
takes of on average 6–8 mg/d (8–10 a-te) are associated with mean
plasma a-tocopherol concentrations of 20–40 µmol/L among adults
(3, 22–31). Low vitamin E status has been observed in high consumers of
alcohol (32) and occasional cases of neurological symptoms, which have
responded to vitamin E supplementation (33), have been reported in
the Nordic countries. Otherwise available data indicate that vitamin E
status is sufficient in the Nordic populations at current vitamin E
intakes. In a controlled clinical study, a-tocopherol levels were about
40 µmol/L (6 µmol/mmol cholesterol) after intakes of less than 8 mg/d
of a-tocopherol for six months (25). It is thus not possible to establish an
intake level at which plasma levels exceed 30 µmol/L, which has been
associated with e.g. prevention of cardiovascular disease. The relation-
ship between vitamin E and pufa intake could also be used as a crite-
rion for the recommended intake. This ratio is related to the general
antioxidant effect of vitamin E. Using a ratio of 0.6 a-te/g pufa (34) and
an average pufa level of 5% of energy intake (E%), an intake of 7 and 9 a-
te/d for women and men, respectively, would be sufficient. The Sci-
entific Committee on Food considered a ratio of 0.4 a-te/g total pufa to
be adequate (20) both for adults and infants. This ratio could be used as
a basis for the average requirement. The estimated average requirement
would thus be 5 and 6 a-te/d for women and men, respectively.

In the absence of signs of vitamin E inadequacy in the general Nordic
population, the recommended intake of vitamin E is set to 8 a-toco-
pherol/d for women and 10 a-tocopherol/d for men. As no human data
are available on the biopotency, apart from antioxidative activity, of
tocopherols and tocotrienols other than the 2R-isomers of a-tocopherol,
the reference values only apply to the 2R-isomers. Compared to nnr
1996, this means an increase of approximately 20%, which is the esti-
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mated average contribution from the other vitamin E forms in a mixed
diet using the old activity factors. A number of studies suggest that
other vitamin E forms, e.g. d-tocopherol, may have important functions
and beneficial health effects. Although the evidence is insufficient to
give numerical recommendations, it is recommended that the diet
should contain various vitamin E compounds in addition to a-toco-
pherol.

Children
The recommended intakes for infants and children are generally based
on the vitamin E content in breast milk and the relationship between a-
tocopherol and linoleic acid or total pufa (35). The Scientific Commit-
tee on Food considered a ratio of 0.4 a-te/g total pufa to be adequate
(20). In nnr 2004, the recommended intakes are based on a ratio of at
least 0.6 and a mean intake of pufa corresponding to 5E%.

Pregnancy and lactation

The recommended intake value for pregnancy is set to 10 a-te, which is
applicable in the last two trimesters. The recommended intake during
lactation includes the extra need to cover secretion in breast milk.

Upper intake levels and toxicity

Vitamin E is less toxic than other fat-soluble vitamins. In most studies
no signs of adverse effects have been documented at intakes of 100–
800 mg/d among adults. In the us dris the upper safe limit of intake is
set to 1,000 mg/d of a-tocopherol (9). It is stated that this level might be
re-evaluated if other studies in addition to the Finnish atbc study show
risks associated with high intakes. The Scientific Committee on Food
(36) has proposed an upper level of a-tocopherol of 300 mg/d for adults.
This level is mainly based on effects of increased intakes of vitamin E
supplementation on blood clotting and includes an uncertainty factor.

In the atbc study a weak, but non-significant, increase in total mor-
tality was observed among smoking middle-aged men consuming 50
mg supplemental a-tocopherol for about 6 years (37). Mortality due to
haemorrhagic stroke and cancer was increased, while mortality in
ischaemic stroke was decreased (37). Further analysis (38, 39) showed
that the risk of haemorrhagic stroke was increased, while the risk of
ischaemic stroke was reduced only among hypertensives. The net effect
on stroke incidence and mortality was, however, non-significant. 
The authors conclude that vitamin E supplements might increase the
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risk of haemorrhagic stroke and decrease the risk of ischaemic stroke
among high-risk individuals with hypertension. No benefits of vitamin
E supplementation among subjects with a high risk for cardiovascular 
disease have been observed (40–42). Supplementation with 200 mg 
vitamin E to elderly subjects did not alleviate acute symptoms of respi-
ratory tract infections, instead adverse effects on illness severity were
observed (43).

Supplemental of a-tocopherol in the order of 30–50 mg/d may affect
bleeding tendency in combination with acetylsalicylic acid and in sub-
jects treated with anticoagulants (13, 44).

Taken together, available scientific data suggest that there are no
benefits of high intakes of vitamin E. Although the risks associated with
high supplemental intakes of vitamin E remain unclear, available data
suggest some potential risks, especially among long-term smokers and
subjects with increased risk of cardiovascular disease. In the absence of
clear health benefits, prolonged intake of supplemental vitamin E does
not seem to be justified for the general population.

Dietary sources and intakes

Vegetable oils, vegetable oil-based spreads, nuts and seeds, certain fatty
fish, egg yolk and whole grain cereals are the main dietary sources of
vitamin E. The content of the various vitamin E forms varies consider-
ably between the vegetable oils commonly available on the market. 
The a-tocopherol content is high in sunflower seed and corn oil, but
moderate to low in olive, rapeseed and soybean oil. Rapeseed oil is high
in d-tocopherol. Recent national dietary surveys in the Nordic countries
have found intakes of 8–13 a-te per 10 mj (calculated with previous
conversion factors), corresponding to about 7–11 mg a-tocopherol (see
Chapter 43).
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chapter 19

Vitamin K

Vitamin K is the collective term for compounds with vitamin K activity
and having the common 2-methyl-1,4-naphtoquinone ring structure.

Vitamin K occurs naturally in two forms. Phylloquinone or vitamin
K1 (2-methyl-3-phytyl-1,4-naphtoquinone) is synthesised by plants. Men-
aquinones or vitamin K2 (multi-isoprenylquinones, several species) are
produced by bacteria. Both forms are found in animal tissues.

Physiology and metabolism

Compounds with vitamin K activity are required as cofactors for the car-
boxylation of glutamic acid to d-carboxyglutamic acid (Gla) needed for
the synthesis of factors ii (prothrombin), vii, ix, and x, and proteins C,
S, and Z, all involved in the coagulation of blood (1, 2). The presence of
Gla in these proteins enables them to bind calcium. Three Gla-contain-
ing proteins have been identified in bone, i.e. osteocalcin, matrix Gla
protein and protein S. Osteocalcin may be involved in the regulation of
bone mineralisation, but otherwise the exact function of these proteins
in bone is not known. Any role of vitamin K in osteoporosis is currently
under intense investigation (3). A number of other Gla-containing pro-
teins with unknown functions have been identified in several tissues,
such as Gas6 which is presumably involved in cell cycle regulation,
nephrocalcin, atherocalcin and the prolin-rich Gla proteins 1 and 2.

Under normal conditions 40–70% of vitamin K is absorbed in the
jejunum and ileum but depending on source and the vehicle in which it
is administered, absorption may be as low as 10% or as high as 80% (2).
Absorption from the colon is very low. Absorption requires bile and
pancreatic juice and is increased by fat in the diet. Fat malabsorption
decreases the absorption of vitamin K significantly and bleeding is often
an early sign of this condition. Poorly absorbable fat substances or fat
substitutes may also reduce absorption. 

Absorbed vitamin K is transported by lipoproteins in the lymph and
is mainly taken up by the liver, considered to be the main storage organ. 261
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Some is also stored in other organs, in particular relatively high con-
tents have been detected in bone tissue. Compared to other fat soluble
vitamins, the total body pool is small. Turnover of phylloquinone is
rapid, but somewhat slower for menaquinones. Hepatic reserves are
rapidly depleted when dietary vitamin K is restricted. A more or less
continuous supply is thus required to maintain satisfactory body stores.

Because of poor placental transport of vitamin K and consequent
deficiency in the newborn, haemorrhage, sometimes also intracranial,
may occur during the neonatal period.

Vitamin K and osteoporosis

High concentrations of undercarboxylated osteocalcin and low concen-
trations of vitamin K have been reported to be associated with low bone
mineral density and increased risk of hip fracture. Low vitamin K intake
was found to been associated with increased risk of hip fracture in 2
large prospective studies (4, 5). Low dietary vitamin K has also been
found to be associated with low bone mineral density in women, but
not in men (6). A possible confounder in these studies may be that high
dietary intake of vitamin K is associated with high intake of vegetables,
which may be suggestive of a healthy lifestyle. In a meta-analysis of the
effect of long-term treatment by oral anticoagulant on bone density, no
differences were found any site apart from lower bone density in the
ultradistal radius (7). It may thus be premature to conclude that low
vitamin K status is a risk factor for osteoporosis.

In connection with bone formation, the interplay between vitamin D
and vitamin K should be mentioned. Vitamin D is involved in transcrip-
tional regulation of proteins subsequently post-translationally gamma
carboxylated by vitamin K.

Requirement and recommended intake

Clinical deficiency is normally not detected after the first few months 
of life. Deficiency has been seen in connection with malabsorption, anti-
biotic treatment and parenteral nutrition without vitamin K supple-
mentation.

Determination of the requirement for vitamin K has been difficult
since it is not possible to observe clinical deficiency symptoms on a vita-
min K-free diet. Bacterial synthesis in the intestine is not sufficient,
however, to maintain normal serum levels of vitamin K. The traditional
method to evaluate vitamin K status has been to determine the concen-
tration of coagulation factors, most often measured as prothrombin
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time. This is an insensitive method and more recently serum concentra-
tion of under-d-carboxylated prothrombin and percentage under-d-car-
boxylated osteocalcin and urinary gla excretion have been introduced
as measures of vitamin K status (8). The Food and Nutrition Board did
not find these methods reliable to be used in the assessment of require-
ment (9) because of uncertainty surrounding their true physiological
significance and the lack of sufficient dose-response data. Therefore, 
the recent us dris, 120 and 90 µg/d for men and women respectively,
are based on reported vitamin K dietary intake in apparently healthy
population groups (8, 9). A depletion-repletion study on 10 young men
showed that a reduction of phylloquinone in the diet from the normal
level of 80 µg/d to about half that level resulted in reduced plasma phyl-
loquinone after 3 weeks, increase in undercarboxylated prothrombin
in plasma and reduced urinary excretion of Gla (10). Supplementation
by 50 µg/d reversed these changes. Healthy young individuals on intakes
of about 60 to 80 µg/d have shown no signs of deficiency, indicating that
this intake is adequate for the majority of individuals (10–12). The
findings are in accordance with older data indicating a requirement of
the order of 1 µg/kg/d (13). In the absence of more specific data, a recom-
mendation of 1 µg/kg/d is provisionally proposed for both children and
adults. It cannot be excluded, however, that this amount might be
insufficient to fully support maximal osteocalcin d-carboxylation in the
elderly (14).

Breast fed newborns are at risk of haemorrhage. Vitamin K concen-
trations in human milk have ranged from 0.85 to 9.2 µg/L with a mean
of 2.5 µg/L (9). Using the highest concentration as a basis would trans-
form to a recommended intake of about 2 µg/kg/day. All newborns
should routinely be given vitamin K (as a 1 mg intramuscular dose, or as
daily oral doses) to avoid haemorrhage during the neonatal period and
oral prophylaxis should be continued for the 3 first months (15).

Upper intake levels and toxicity

No evidence of toxicity associated with high intakes of either form of
natural vitamin K has been reported. The Scientific Committee on Food
of the European Commission concludes in their report that there is no
evidence of adverse effects associated with supplementary intakes of
vitamin K in the form of phylloquinone of up to 10 mg/d for limited
periods of time (16). Synthetic analogues such as menadione have been
associated with liver damage and haemolytic anaemia and should not
be used therapeutically.
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Dietary sources and intake

Leafy green vegetables, vegetable oils and vegetable margarines are the
main sources of phylloquinone (8, 17). Menaquinones are found in liver
and certain cheeses. Natto, a fermented soybean preparation, is partic-
ularly rich in menaquinone-7. The best estimates of intake levels in the
Nordic countries are probably those by Koivu-Tikkanen from Finland
(17, 18). Based on hplc analyses of vitamin K in a large number of food
products and food intake data from various sources, an average intake
of 120 µg/d was calculated.
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chapter 20

Thiamin

Thiamin is essential for the utilisation of carbohydrates in the body. In
the metabolism thiamin participates in the form of thiamin pyrophos-
phate (diphosphate) as a coenzyme for pyruvate dehydrogenase, trans-
ketolase and a ketoglutarate dehydrogenase in the oxidative decarboxy-
lation of keto acids to aldehydes and in the utilisation of pentoses (1, 2).
Thiamin pyrophosphate is also a coenzyme for keto acid dehydrogenase
in the metabolism of branched chain amino acids (2). Thiamin triphos-
phate (ttp) is involved in nerve and possibly muscle function (2).

Physiology and metabolism

In vegetable foods, thiamin occurs mainly in the free form and in ani-
mal foods mainly in phosphorylated forms (3). Absorption takes place in
the small intestine, generally via an active, carrier mediated system
involving phosphorylation. At high intakes passive diffusion also takes
place. Studies with 14C labelled thiamin in young men (4) showed that
more than 95% of the vitamin was absorbed at intakes of 1–2 mg/day. 
At intakes above 5 mg/d the relative absorption rapidly decreases.

In the liver, thiamin is converted to its biologically active form, thi-
amin pyrophosphate (tpp). The main proportion of the total body pool
of about 30 mg in an adult is found in the muscles and liver (1). The
metabolism of thiamin in the body is relatively fast, and the half life of
14C labelled thiamin is estimated to be 9–18 days.

Thiamin deficiency causes beri-beri. In adults, symptoms include
disturbances in the peripheral nervous system and heart function. 
Early deficiency symptoms may include anorexia, weight loss, mental 267

Thiamin, mg/d Women Men Children

2–5 y 6–9 y 10–13 y
girls/boys

Recommended intake ri 1.1 1.4 0.6 0.9 1.0/1.2
Average requirement ar 0.9 1.2
Lower level of intake li 0.5 0.5
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changes and muscle weakness. In alcoholics, conditions such as Wer-
nicke’s encephalopathy and Korsakoff’s psychosis occur, which are
strongly related to insufficient thiamin intake and/or malabsorption.
Among children symptoms appear more instantly and are generally
more severe, e.g. heart failure.

Commonly used indicators of thiamin status include the activity of
the enzyme transketolase in the erythrocytes and urinary thiamin
excretion. The activity coefficient represents the degree of enzyme
activity stimulation in vitro. An activity coefficient below 1.15 is regarded
as an indicator of sufficient status, while a coefficient of 1.15–1.25 indi-
cates marginal status (5). The concentration of free thiamin and its phos-
phate esters in blood or erythrocytes has been shown to be a good indi-
cator of thiamin status (6), especially among subjects at risk for thiamin
deficiency (6–8). The usefulness of the activity coefficient as an indicator
of thiamin status in population surveys has been questioned, mainly
due to its low correlation with e.g. erythrocyte thiamin (9).

Requirement and recommended intake

The requirement of thiamin has generally been related to the energy
and carbohydrate intake (10–14). A clear relationship was shown by
Sauberlich et al. (11). The recent us dietary reference values are, how-
ever, based on absolute intakes (15). Generally, thiamin intakes are
related to energy and protein intakes at normal intake ranges of popu-
lations such as those of the Nordic countries.

Clinical signs of deficiency have been observed at intakes below 0.5
mg/d, corresponding to 0.05 mg/mj (0.2 mg/1,000 kcal) (10–15). In other
studies thiamin excretion in urine and erythrocyte transketolase activ-
ity coefficients were normalised at intakes of 0.07–0.08 mg/mj (0.30–
0.33 mg/1,000 kcal).

In the absence of new data, the reference intakes set in nnr 1996
are kept unchanged. The average requirement for adults and children is
thus set at 0.10 mg/mj and the recommended intake at 0.12 mg/mj.
However, when planning diets with energy levels below 8 mj/d, the thi-
amin content should be at least 0.8 mg/day. The recommended intake
for infants 0–12 months is set to 0.10 mg/mj. The lower level of intake is
estimated at 0.05 mg/mj.

Studies on pregnant and lactating women indicate a higher require-
ment as assessed with biochemical parameters. An additional intake of
0.4 mg/d during pregnancy and 0.5 mg/d during lactation is recom-
mended.
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A few studies indicate that thiamin utilisation is impaired among eld-
erly subjects. Therefore, when planning diets with energy levels below
8 mj/d, the thiamin content should be at least 1.0 mg/day.

Upper intake levels and toxicity

There are no data on toxicity at oral intakes up to 500 mg/d for periods
up to one month (16).

Dietary sources and intakes

Major food sources of thiamin in the Nordic diet are cereals and cereal
products, meat and meat products and milk products. The dietary
supply of thiamin in the Nordic countries is 1.3–1.6 mg/10 mj (see
Chapter 43).
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chapter 21

Riboflavin

Riboflavin has its function as precursors for coenzymes, fmn (flavin
mononucleotide), fad (flavin adenin dinucleotide) and covalently bound
flavin. These are necessary components of a number of oxidative
enzyme systems and participate in the electron transport (1).

Physiology and metabolism

Riboflavin occurs in foods free or as fad or fmn as a complex with pro-
tein. Protein bound riboflavin is hydrolysed to free riboflavin in the gas-
trointestinal tract and absorbed via a specific transport mechanism
rather than by passive diffusion (2–4). This mechanism is saturated at
intakes of about 30–50 mg, but at habitual intakes urine excretion is
proportional to the intake, since the body has a small body pool. Absorp-
tion rates of free riboflavin are reported to be 50–60% at doses of
2–25 mg (4).

Riboflavin is mainly stored in the body as flavoproteins and to a lesser
degree as free riboflavin. As a consequence, urinary excretion may be
affected by changes in nitrogen balance. The urinary excretion of ribo-
flavin may increase in conditions of negative nitrogen balance and
infections, while the opposite may be seen in rapid growth (5). No con-
sistent relation has been found between riboflavin requirement, meas-
ured by urine excretion or retention, and protein intake in situations of
positive protein balance. Riboflavin is also involved in the folate metab-
olism in that fad is a co-enzyme for methylenetetrahydrofolate reduc-
tase (mthfr), which influences the metabolism of homocysteine. 

Riboflavin, mg/d Women Men Children

2–5 y 6–9 y 10–13 y
girls/boys

Recommended intake ri 1.3 1.7 0.7 1.1 1.2/1.4
Average requirement ar 1.1 1.4
Lower level of intake li 0.8 0.8
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Low riboflavin status, assessed by erythrocyte gluthathion reductase
(egrac), has been associated with increased plasma homocysteine lev-
els in subjects with a specific genotype of the mthfr (6).

Indicators used to assess riboflavin status include the activity co-
efficient of egrac and urinary excretion of the vitamin (7). Depletion-
repletion studies show that the urinary excretion of riboflavin increases
gradually with increasing intakes, with a sharp increase at intakes
about 1 mg/d, indicating tissue saturation. The egrac represents the
degree of stimulation of the enzyme activity in vitro after addition of
fad. There is generally a relation between the activity coefficient and
the riboflavin intake, which is most clear at intakes up to about 1 mg/
day. Different criteria for normal egr-activity have been suggested,
which may complicate the interpretation of results from studies on
riboflavin status (1, 7, 8).

In setting reference values most previous expert groups have related
the riboflavin intake to either energy or protein intake (9, 11, 12). The
recent us dietary reference intakes are, however, based on absolute
intakes (1). Generally, riboflavin metabolism and intake are related to
energy and protein intake at normal intake ranges of populations such
as the Nordic. However, at energy intakes below 8 mj/d the requirement
expressed per mj may be higher, while the opposite may be the case at
energy intakes well above 12 mj/day.

Although the metabolic effects of riboflavin deficiency are profound,
there are only a few clear-cut clinical symptoms. These include various
skin changes (angular stomatitis, seborrhoeic dermatitis) and glossitis.
Severe riboflavin depletion has been associated with impaired iron sta-
tus, anemia and mental disturbances (13). Isolated dietary riboflavin
deficiency does not usually occur, but deficiency is normally seen in
association with other nutritional deficiencies.

Clinical signs of riboflavin deficiency have been observed in men at
intakes of 0.6 mg/d or less, corresponding to 0.06 mg/mj (0.25 mg/1,000
kcal) (1, 9–12). In a long-term study consumption of a diet containing
0.75–0.85 mg/d equal to 0.3–0.4 mg/1,000 kcal (4.2 mj) during up to two
years certain clinical symptoms were observed in one man.

Requirement and recommended intake

In the absence of new scientific data the reference values for riboflavin
given in nnr 1996 are retained. The average requirement is estimated
to 0.12 mg/mj based on studies in which riboflavin status has been
assessed using urinary excretion of riboflavin or egrac (11). The recom-
mended intake is set to 0.14 mg/mj, and applies to both children and adults.
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This corresponds to an intake of about 1.6 mg/d for adult men and
1.3 mg/d for adult women. However, when planning diets the riboflavin
content should not be lower than 1.2 mg/d, even at energy intake below
8 mj/d (9). For pregnant and lactating women an extra 0.3 and 0.4 mg/d,
respectively, is recommended. The lower intake level is estimated to
0.8 mg/day.

Upper intake levels and toxicity

There are no reports of adverse effects of high riboflavin intakes from
dietary sources. The limited studies in which large doses (100–400 mg/d)
of supplemental riboflavin have been administered do not indicate any
adverse effects (4).

Dietary sources and intake

Major sources of riboflavin in the Nordic diets are milk and milk
products, meat and meat products. The average dietary intake accord-
ing to national dietary surveys is in the range 1.8–2.3 mg/10 mj (see 
Chapter 43).
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chapter 22

Niacin

Niacin is the common term for nicotinic acid and nicotinamide and
derivates that exhibit the biological activity of nicotinamide. Niacin has
its main function in the form of the coenzymes nad (nicotinamide
adenine dinucleotide) and nadp (nicotinamide adenine dinucleotide
phosphate), which are involved in a number of redox reactions in the
metabolism of glucose, amino acids and fatty acids.

Physiology and metabolism

In foods, niacin mainly occurs as nad and nadp, which are effectively
hydrolysed and absorbed in the gut (1). Data from human studies indi-
cate near complete absorption of up to 3 grams of nicotinic acid. In cere-
als, e.g. maize, niacin can be present in a form considered to be less
available, e.g. esterified to polysaccharides (2). Alkaline treatment during
preparation releases much of the niacin.

In the body niacin is formed from tryptophan. On average, 60 mg of
dietary tryptophan is estimated to give rise to 1 mg niacin (= niacin
equivalent, ne). The body has a limited capacity for storing niacin
nucleotides and deficiency symptoms can occur after 50–60 days of con-
sumption of a low-niacin corn-based diet (1).

Niacin status can be measured by urinary excretion of certain meta-
bolites, e.g. N’-methylnicotinamide and methyl pyridone carboxamides.

Niacin deficiency results in pellagra, mainly observed in populations
consuming a diet predominantly based on maize or other cereals with a
low protein content and low bioavailablity of niacin. In a controlled
study, pellagra developed at an intake of 8.8 ne/d (2). In another study 275

Niacin, ne/d Women Men Children

2–5 y 6–9 y 10–13 y
girls/boys

Recommended intake ri 15 19 9 12 14/16
Average requirement ar 12 15
Lower level of intake li 9 12
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no clinical symptoms were seen in subjects with an intake of 9.2–12.3
ne per day, equivalent to 1 ne/mj (3–5).

Requirement and recommended intake

In the absence of new scientific data the reference values for niacin
given in nnr 1996 are retained. The average requirement is set to 1.3
ne/mj based on studies in which niacin status has been assessed using
urinary excretion of niacin metabolites, which is considered to be an
appropriate marker (5, 6). The recommended intake is set to 1.6/mj. This
corresponds to an intake of 17–19 ne/d for adult men and 14–15 ne/d
for adult women. However, when planning diets the niacin content
should not be lower than 13 ne/d, even at energy intake below 8 mj/day.
For pregnant women an extra 1–2 ne/d, and for lactating women an
extra intake of 4–5 ne/d is recommended, which is based on the niacin
content of breast milk and the increased energy requirement.

For infants and children over 6 months of age, the recommended
intake for adults is applied.

The lower level of intake is estimated to be 1 ne/mj. At energy in-
takes below 8 mj/d the lower level is estimated to be 8 ne/day.

Upper intake levels and toxicity

There are no studies indicating adverse effects of consumption of natu-
rally occurring niacin in foods. Intakes of nicotinic acid, but not nicoti-
namide, as a supplement or fortificant in the range 30–1,000 mg/d can
result in mild symptoms such as flushing. Higher intakes have been
reported to induce liver damage. The us Food and Nutrition Board (5)
set an upper limit of 30–35 mg/d for adolescents and adults, based on
the risk of flushing. For children 1–3 years, fnb set the ul to 10 mg/d,
for 4–8 years 15 mg/d and for 9–13 years 20 mg/day. 

The eu Scientific Committee on Food has proposed an upper limit
for nicotinic acid of 10 mg/d and for nicotinamide of 900 mg/d for adults
(7). These levels are also used in nnr.

Dietary sources and intake

Preformed niacin occurs in foods such as meat, fish, and pulses. Pro-
tein-rich foods also contribute to the niacin intake through conversion
from tryptophan. The diet in the Nordic countries provides 30–40 ne/10
mj (see Chapter 43).
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chapter 23

Vitamin B6

Vitamin B6 is a common term for pyridoxine, pyridoxal and pyridoxam-
ine. Pyridoxal phosphate (plp) and pyridoxamine phosphate function
as coenzymes for a number of enzymes that participate in amino acid
metabolism (1). plp is a co-enzyme for glycogen phosphorylase.

Physiology and metabolism

The absorption of the different vitamers takes place via a passive process
in the gut. The bioavailability of vitamin B6 in foods varies and depends
on the chemical form of the vitamin (2). Studies indicate that pyridoxal
and pyridoxamine raise plp-concentration somewhat less (10%) than
pyridoxine. In most fruits, vegetables and grains, a part of the pyridox-
ine occurs as a glucoside, which is considered to be less bioavailable
than other non-glucoside forms (2, 4). The content of pyridoxine-gluco-
side in a mixed American diet has been estimated to be about 15% of the
total vitamin B6 content (5). The bioavailability (as assessed by plasma
plp levels and urinary pyridoxine excretion) of vitamin B6 in a mixed
American diet was estimated to be 71–79% of pyridoxine (as hydrochlo-
ride), but the design of the study was not optimal (3).

The body stores of vitamin B6 have been estimated to be approxi-
mately 1,000 µmol (170 mg), of which 80–90% is found in muscles. The
turnover of the vitamin is relatively fast, with a half-life of 25–33 days
for plp in plasma (1).

Dietary deficiency of vitamin B6 is rare and is usually seen in combi-
nation with a lack of other B-vitamins. Clinical symptoms seen in in-
fants and children include epileptiform convulsions, weight loss, gastro-
intestinal problems and anaemia (6). Experimentally induced deficiency 279

Vitamin B6, mg/d Women Men Children

2–5 y 6–9 y 10–13 y
girls/boys

Recommended intake ri 1.2 1.6 0.7 1.0 1.1/1.3
Average requirement ar 1.0 1.3
Lower level of intake li 0.8 1.0
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among adults has induced various mental disturbances, abnormal eeg
and various types of skin changes in the face. Among adults, clinical
symptoms have generally only been seen with diets containing 0.1–
0.2 mg/d or less (7).

Insufficient intake of vitamin B6 also induces certain biochemical dis-
turbances, e.g. increased excretion of xanthurenic acid in urine and
decreased transaminase activity in the erythrocytes. 

The vitamin B6 status can be assessed using a variety of biochemical
indicators, of which the plasma plp level is considered one of the most
reliable (7, 8). plp is the predominant vitamer in plasma, representing
70–90% of the total vitamin B6 in plasma, and the level reflects the tissue
stores and intake of vitamin B6. plp levels may, however, be affected by
factors independent of the dietary supply, such as age, pregnancy, phys-
ical exercise.

The plp levels among adult subjects with clinical symptoms of vita-
min B6 deficiency have been reported to be less than 10 nmol/L. plp lev-
els reflecting adequate tissue stores and enzyme functionality have been
suggested to be 20 or 30 nmol/L (7,8). Available studies show a direct
relationship between vitamin B6 intake and plp, but the data are less
consistent with respect to the relationship between measured vitamin
B6 intake, plp and other biochemical indicators of adequacy, e.g. uri-
nary pyridoxine excretion or xanthurenic acid excretion after a trypto-
phan load.

The vitamin B6 status is to a certain extent influenced by the protein
intake. In two controlled studies in adult men and women in which a
constant vitamin B6 intake was administered, protein intakes of 1.5 g/kg
bw resulted in approximately 40% lower plp levels than a protein
intake of 0.5 g/kg (9, 10). However, in another study (11) the plp levels
did not vary systematically with the protein intake.

Some studies (11, 12) indicate that the plp level decreases with age,
suggesting an increased vitamin B6 requirement among elderly sub-
jects, while some recent longitudinal studies (2–5 years) found a weak
increase in the plp status of elderly Europeans (13, 14) despite an
observed apparent decreased intake of vitamin B6 (15). In a study by Pan-
nemans et al. (11), the plp levels were 30–40% lower among a group of
elderly subjects (27–32 nmol/L) than among young subjects (45–47
nmol/L) after consuming a controlled diet with a similar vitamin B6 con-
tent (1.5–1.8 mg/d). At these intakes of vitamin B6 both young and eld-
erly participants had plp levels above 20 nmol/L. However, other studies
have failed to detect any major difference in vitamin B6 metabolism due
to age (16, 17), although these were of short duration. Thus, concerning
the elderly, the relationship between protein and vitamin B6 intake has
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so far been difficult to estimate and, likewise, the data to establish a
vitamin B6 requirement are conflicting.

The intake of riboflavin may also influence the vitamin B6 status, as
flavin enzymes are involved in the formation of e.g. plp. Severe ribo-
flavin deficiency may therefore affect plp-levels.

Via the trans-sulphuration pathway, vitamin B6 intake influences the
plasma homocysteine level, which has been proposed to be a risk factor
for coronary heart disease (18). However, homocysteine levels are more
influenced by folate status (18). Recent case-control (19) and prospective
studies (20) among middle-aged and elderly subjects have found an
inverse relationship between the risk of coronary heart disease and 
plp-levels, independent of the homocysteine levels, indicating that vita-
min B6 offers independent protection. In a randomised, double-blind,
placebo-controlled intervention study (21) 22 healthy subjects over 60
years of age (mean age 70 years), of whom 10 had plp-levels below 20
nmol/L, had their folate and riboflavin status repleted for 12 weeks. 
This resulted in a 20% decrease in the homocysteine levels. Thereafter,
an intervention group of 11 subjects was supplemented with 1.6 mg
vitamin B6 per day for 12 weeks, resulting in a significant reduction in
plasma homocysteine of 7.5% compared to the placebo group. The study
suggests that impaired vitamin B6 status may influence plasma homo-
cysteine status independent of folate and riboflavin status.

Requirement and recommended intake

In infants, symptoms such as convulsions have been seen at intakes of
formula containing 0.06 mg/L (6). Among adults clinical symptoms have
not been observed at intakes above 0.5 mg/day. Available controlled
studies suggest that the plp levels are related to the protein intake, both
in men and women. The effect is estimated to be rather limited within
the usual range of protein intakes (1.0–1.5 g/kg bw) seen in the Nordic
countries.

Results from available depletion-repletion studies with controlled
intakes of vitamin B6 (expressed as free pyridoxine) indicate that 
plp-levels above 20 nmol/L can be reached at intakes of 0.6–1.0 mg/d 
or around 0.01 mg/g dietary protein (22–27). The estimated average
requirement (ar) of vitamin B6 for adult men and women is set at 0.013
mg/g dietary protein, i.e. the same level as in nnr 1996. The recom-
mended daily intake (ri) is also kept at the same level, i.e. 0.015 mg/g
protein. However, when planning diets, the daily intake of vitamin B6

should not be lower than 1 mg/day. The values for ri for each sex and
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age group are calculated based on the reference value for energy intake
and assuming a protein content of the diet of 15 E%.

According to the conflicting data concerning the vitamin B6 require-
ments of elderly subjects and the possibility of a protective role in the
prevention of coronary heart disease, the recommended daily intake
for subjects over 60 years of age is set to the same level as for younger
adults, i.e. 1.6 mg per day for men and 1.2 mg per day for women, with-
out an age-related decrease as suggested in the nnr 1996.

For pregnant women the basic requirement is increased, especially
during the last trimester, to cover the extra need of the foetus. For lac-
tating women an increased intake is necessary to cover the needs for
vitamin B6 in breast milk. Assuming an increased energy requirement
during the last two trimesters of pregnancy and during lactation, an
additional intake of 0.2 mg/d and 0.3 mg/d, respectively, is warranted.

For infants and older children the reference intakes are based on the
same value as for adults, i.e. 0.015 mg/g protein, due to lack of scientific
data.

The lower level of intake (li) for adults is set to 0.01 mg/g protein.
However, the scientific basis for li is weak.

In earlier studies, consumption of high-dose oral contraceptives was
found to influence biochemical vitamin B6 status of some women, e.g.
increased excretion of xanthurenic acid after a tryptophan load (7). The
clinical relevance of this effect is uncertain and the observation has not
been included when setting the reference values. There is no need for
general supplementation.

Some epidemiological studies have suggested an association between
low vitamin B6 status and/or intake and increased risk of cardiovascular
disease (28, 29), while another shows no such relationship (30). The pres-
ent data are considered insufficient as a basis for any detailed recom-
mendation.

There is limited information on the vitamin B6 status in Nordic pop-
ulations (31). Studies on the elderly show on average good status but up
to 30% of 80-year old Danes had plasma plp levels below 20 nmol/L, indi-
cating insufficient intake, despite an acceptable calculated dietary
intake. 

Upper intake levels and toxicity

Adverse effects of high vitamin B6 intakes have been observed at intakes
above 50 mg/d consumed for prolonged periods (months to years).
Symptoms include minor neurological symptoms and, at higher levels,
500 mg/d or more, neurotoxicity (32). The eu Scientific Committee on
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Food concluded that adverse effects are unlikely to occur at doses below
100 mg/d and proposed an upper safe intake level (ul) for adults of
25 mg/d (32). This level is also adopted in nnr.

Dietary sources and intake

Important sources of vitamin B6 are fish, offal, meat and potatoes, and
in some countries fortified flour and bread. The dietary content in the
Nordic diet is on average 1.5–2.3 mg/10 mj (33–35, see Chapter 43).

references

v
it

a
m

in
b

6

283

1. Leklem JE. Vitamin B6. In: Shils ME,
Olson JA, Shike M, editors. Modern
nutrition in health and disease, 9th
ed. Philadelphia: Lippincott Williams
& Wilkins, 1999.

2. Gregory JF. Bioavailability of vitamin
B6. Eur J Clin Nutr 1997; 51 (Suppl 1):
S43–S48.

3. Tarr JB, Tamura T, Stokstad EL.
Availability of vitamin B6 and pan-
tothenate in an average American
diet in man. Am J Clin Nutr 1981; 
34: 1328–37.

4. Nakano H, McMahon LG, Gregory JF
3rd. Pyridoxine-5’-beta-glucoside
exhibits incomplete bioavailability as
a source of vitamin B-6 and partially
inhibits the utilization of co-ingested
pyridoxine in humans. J Nutr 1997;
127: 1508–13.

5. Andon MB, Reynolds RD, Moser-Veil-
lon PB, Howard MP. Dietary intake of
total and glycosylated vitamin B-6
and the vitamin B-6 nutritional sta-
tus of unsupplemented lactating
women and their infants. Am J Clin
Nutr 1989; 50: 1050–8.

6. Coursin DB. Vitamin B6 metabolism
in infants and children. Vit Hor-
mones 1964; 22: 755–86.

7. Food and Nutrition Board. Dietary
reference intakes for thiamin, ribo-
flavin, niacin, vitamin B6, folate, vita-
min B12, pantothenic acid, biotin,
and choline. Institute of Medicine,
National Academic Press, Washing-
ton: 1998.

8. Bitsch R. Vitamin B6. Int J Vit Nutr
Res 1993; 247: 278–82.

9. Miller LT, Leklem JE, Shultz TD.
The effect of dietary protein on the
metabolism of vitamin B-6 in
humans. J Nutr 1985; 115: 1663–72.

10. Hansen CM, Leklem JE, Miller LT.
Vitamin B-6 status of women with a
constant intake of vitamin B-6
changes with three levels of dietary
protein. J Nutr 1996; 126: 1891–901.

11. Pannemans DLE, van den Berg H,
Westerterp KR. The influence of pro-
tein intake on vitamin B6 metabo-
lism differs in young and elderly
humans. J Nutr 1994; 124: 1207–14.

12. Lee CM, Leklem JE. Differences in
vitamin B6 status indicator responses
between young and middle-aged
women fed constant diets with two
levels of vitamin B6. Am J Clin Nutr
1985; 42: 226–34.

13. Bailey AL, Maisley S, Southon S,
Wright AJA, Finglas PM, Fulcher RA.
Relationship between micronutrient
intake and biochemical indicators of
nutrient adequacy in a ‘free-living’
elderly uk population. Brit J Nutr
1997; 77: 225–242.

14. Haller J, Weggemans RM, Lammi-
Keefe CJ, Ferry M. Changes in the
vitamin status of elderly Europeans:
plasma vitamins A, E, B-6, B-12, folic
acid and carotenoids. Eur J Clin Nutr
1996; 50 (Suppl 2): S32–S46.

15. Amorim Cruz JA, Moreiras O, Brzo-
zowska A. Longitudinal changes in
the intake of vitamins and minerals

2004-13 NNR 1-424  22/02/05  10:21  Sida 283Page: 2004-13 NNR 1-424.p283.pdfPDF Proof by



n
o

rd
ic

n
u

tr
it

io
n

re
co

m
m

en
d

at
io

n
s

20
0

4

284

of elderly Europeans. Eur J Clin Nutr
1996; 50 (Suppl 2): S77–S85.

16. Ferroli CE, Trumbo PR. Bioavailability
of vitamin B-6 in young and older
men. Am J Clin Nutr 1994; 60: 68–71.

17. Kant AK, Moser-Veillon PB, Reynolds
RD. Effect of age on changes in
plasma, erythrocyte, and urinary B-6
vitamers after an oral vitamin B-6
load. Am J Clin Nutr 1988; 48 (5):
1284–90.

18. Powers HJ. Current knowledge con-
cerning optimum nutritional status
of riboflavin, niacin and pyridoxine.
Proc Nutr Soc 1999; 58: 435–40.

19. Verhoef P, Stampfer MJ, Buring JE,
Gaziano JM, Allen RH, Stabler SP,
Reynolds RD, Kok FJ, Hennekens CH,
Willet WC. Homocysteine metabo-
lism and risk of myocardial infarc-
tion: relation with vitamins B6, B12,
and folate. Am J Epidemiol 1996; 
143: 845–859.

20. Folsom AR, Nieto FJ, McGovern PG,
Tsai MY, Malinow MR, Eckfeldt JH,
Hess DL, Davis CE. Prospective study
of coronary heart disease incidence
in relation to fasting total homocys-
teine related genetic polymorphisms,
and B vitamins: the Atherosclerosis
Risk in Communities (aric) study.
Circulation 1998; 98: 204–210.

21. McKinley MC, McNully H, McPartlin
J, Starin JJ, Pentieva K, Ward M, Weir
DG, Scott JM. Low-dose vitamin B-6
effectively lowers fasting plasma
homocysteine i healthy elderly per-
sons who are folate and riboflavin
replete. Am J Clin Nutr 2001; 73:
759–764.

22. Brown RR, Rose DP, Leklem JE,
Linkswiler HM. Urinary 4-pyridoxic
acid, plasma pyridoxal phosphate,
and erythrocyte aminotransferase
levels in oral contraceptive users
receiving controlled intakes of vita-
min B6. Am J Clin Nutr 1975; 28:
10–19.

23. Ribaya-Mercado JD, Russell RM,
Sahyoun N, Morrow FD, Gershoff SN.
Vitamin B6 requirements of elderly
men and women. J Nutr 1991; 121:
1062–74.

24. Coburn SP, Ziegler PJ, Costill DL,
Mahuren JD, Fink WJ, Schaltenbrand
WE, Pauly TA, Pearson DR, Conn PS,
Guilarte TR. Response of vitamin 
B-6 content of muscle to changes in
vitamin B-6 intake in men. Am J Clin
Nutr 1991; 53: 1436–42.

25. Huang YC, Chen W, Evans MA,
Mitchell ME, Shultz TD. Vitamin B-6
requirement and status assessment
of young women fed a high-protein
diet with various levels of vitamin 
B-6. Am J Clin Nutr 1998; 67: 208–20.

26. van der Beek EJ, van Dokkum W,
Wedel M, Schrijver J, van den Berg H.
Thiamin, riboflavin and vitamin B6:
impact of restricted intake on physi-
cal performance in man. J Am Coll
Nutr 1994; 13: 629–40.

27. Kretsch MJ, Sauberlich HE, Skala JH,
Johnson HL. Vitamin B-6 requirement
and status assessment: young women
fed a depletion diet followed by a
plant- or animal-protein diet with
graded amounts of vitamin B-6. Am J
Clin Nutr 1995; 61: 1091–101.

28. Robinson K, Arheart K, Refsum H,
Brattstrom L, Boers G, Ueland P,
Rubba P, Palma-Reis R, Meleady R,
Daly L, Witteman J, Graham I. Low
circulating folate and vitamin B6 con-
centrations: risk factors for stroke,
peripheral vascular disease, and 
coronary artery disease. European
comac Group. Circulation. 1998; 97:
437–43. Erratum in: Circulation
1999; 99: 983.

29. Folsom AR, Nieto FJ, McGovern PG,
Tsai MY, Malinow MR, Eckfeldt JH,
Hess DL, Davis CE. Prospective study
of coronary heart disease incidence
in relation to fasting total homo-
cysteine, related genetic polymor-
phisms, and B vitamins: the Athero-
sclerosis Risk in Communities (aric)
study. Circulation. 1998; 98: 204–10.

30. de Bree A, Verschuren WM, Blom HJ,
Nadeau M, Trijbels FJ, Kromhout D.
Coronary heart disease mortality,
plasma homocysteine, and B-vita-
mins: a prospective study. Athero-
sclerosis. 2003; 166: 369–77.

31. Pedersen AN. Nutritional status of 
80-year old people – relations to func-

2004-13 NNR 1-424  22/02/05  10:21  Sida 284Page: 2004-13 NNR 1-424.p284.pdfPDF Proof by



v
it

a
m

in
b

6

285

tional capacity (80-åriges ernærings-
status – og relationen till fysisk funk-
tionsevne. 80-årsundersøgelsen
1994/95). PhD-avhandling. Køben-
havns Universitet 2001. Fødevare-
direktoratet og Københavns Amts
Center for Sygdomsforebyggelse.

32. Scientific Committee on Food. Opin-
ion of the Scientific Committee on

Food on the tolerable upper intake
level of vitamin B6 (expressed on 19
October 2000). scf/cs/nut/upplev/
16 Final. 28 November 2000. Euro-
pean Commission. Health and 
Consumer Protection Directorate
General.

2004-13 NNR 1-424  22/02/05  10:21  Sida 285Page: 2004-13 NNR 1-424.p285.pdfPDF Proof by



2004-13 NNR 1-424  22/02/05  10:21  Sida 286Page: 2004-13 NNR 1-424.p286.pdfPDF Proof by



287

chapter 24

Folate

Folate is a generic term for a group of compounds that includes folic
acid and derivatives having nutritional properties similar to folic acid.
Folacin may be used synonymously with folate. Folic acid (pteroyl mono-
glutamic acid, pga) consists of three parts, a pteridine ring, p-amino-
benzoic acid and glutamic acid. Folic acid is the synthetic form of the
vitamin and is not found naturally in foods. Folates in foods are pteroyl-
polyglutamates, which contain one to six additional glutamate units.

Physiology and metabolism

The metabolically active forms of the vitamin are reduced folic acid –
tetrahydrofolic acid (thf) – coupled to additional glutamate molecules.
They serve as coenzymes in transport of one-carbon units in amino acid
metabolism and nucleic acid synthesis. The carbon can be carried as e.g.
a methyl (ch3-thf) or formyl group (cho-thf). Folate coenzymes are
required for normal cell division, and deficiency appears first in fast
growing tissues such as the formation of blood cells in bone marrow.
A central folate dependent reaction in amino acid metabolism is the
remethylation of homocysteine to methionine. The methyl donor is 
5-ch3-thf, the synthesis of which is catalysed by the enzyme methyl-
enetetrahydrofolate reductase (mthfr). The reaction requires vitamin
B12. Homocysteine is also removed by a reaction that requires vitamin
B6. Elevated levels of homocysteine in serum may indicate low folate
status and normal serum homocysteine is thus a measure of adequate
folate supply. Other markers of folate status are erythrocyte (or rbc)
folate and serum folate. Erythrocyte folate reflects tissue stores and is an
indicator of long-term dietary intake. Unlike serum folate, erythrocyte
folate is not affected by recent or transient changes in intake, which

Folate, µg/d Women Men Children

2–5 y 6–9 y 10–13 y

Recommended intake ri 300 (400*) 300 80 130 200
Average requirement ar 200 200
Lower level of intake li 100 100

* Women of fertile age are recommended 400 µg/day.
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may reflect actual intake. However serum folate is strongly correlated to
intake in population studies (1).

Bioavailability

Food folates must be hydrolysed by pancreatic and brush border folate
conjugase to monoglutamates prior to absorption in the upper part of
the small intestine (2). The degree of absorption varies from one food to
another and depends on the chemical form of the vitamin and the pres-
ence of absorption inhibitors or enhancers in the meal. Another impor-
tant factor is the food matrix in which the folate is entrapped (3, 4). It is
not possible to predict the overall bioavailability of folates from the
composition of a diet (2), and there are few studies on absorption of
food folate from composite meals. Bioavailability of folates from an
average American diet is approximately 50% of pga taken on an empty
stomach (5). Brouwer et al. (6) found bioavailability of folate from diets
rich in citrus fruits and vegetables to be 60–98% relative to folic acid
depending on whether the endpoint used was folate or homocysteine
status. This is in line with a high bioavailability of folate from spinach
(7) and orange juice (8, 9).

Availability of folic acid – supplement or fortificant – eaten as part of
a meal may be reduced relative to folic acid taken on an empty stomach.
Pfeiffer et al. (10) found a 15% lower bioavailability when folic acid was
consumed with a light breakfast meal. Fortification of cereal products
has given equivocal results. Studies on maize, rice and bread in South
Africa showed absorption rates ranging from 40 to 60% (11), while Pfeif-
fer et al. (10) found no difference between availability of folic acid added
to cereal grain products and taken in aqueous solution. rbc folate was
lowered in a group of women when they changed from fortified break-
fast cereals to non-fortified (12). The same group (13) studied means of
optimising folate status and showed a lower efficacy of increased
intakes of foods rich in folate compared to folic acid supplements or
foods fortified with folic acid.

In conclusion, figures describing absorption of native dietary folates
have to be interpreted with care, but are generally in the magnitude of
40–70% (14). A pragmatic estimate of bioavailability of folates from the
diet is set to 50%. 

Requirement and recommended intake

The minimum requirement to prevent folate deficiency anaemia for
adults is estimated to be a dietary intake of 50–100 µg/d (15) or 50 µg/d of
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absorbed folate judged from a daily parenteral dose of this amount (16).
On a virtually folate-free diet, the daily losses from stores in liver and
extrahepatic tissues are on average ~60 µg/d (17). Well-nourished indi-
viduals excrete 5–40 µg/d in the urine, and the losses from the entero-
hepatic circulation are of the same order (17). Based on these criteria,
the lower level of intake of dietary folate for adults is set to 100 µg/day.

Assessment of ar and ri is, however, based on a combination of indi-
cators reflecting folate status – serum or plasma folate, rbc folate and
serum or plasma homocysteine. Serum and rbc folate concentrations
below 6.8 and 317 nmol/L respectively are considered low (18). As defi-
ciency of folate is one of several causes of hyperhomocysteimia, total
plasma homocysteine is regarded as a functional index of folate status.
There is no consensus considering the definition of normal or elevated
plasma homocysteine levels. The range of proposed cut-off values is
9.3–16.3 µmol/L (19, 20). According to a Danish study, the upper limit of
reference interval is 12 µmol/L and values between 12 and 30 µmol/L are
considered moderate hyperhomocysteimia (21).

Studies that carefully control dietary intake and have adequate dura-
tion are important. Unfortunately there are only few studies, which do
not use folic acid to control intake instead of controlling folates from
foods. Observational studies linking dietary intake and levels of plasma
and rbc folate are less precise because of possible underestimation of
intake. Some degree of underestimation may result from a combination
of underreporting of food intake in dietary surveys and use of food
tables, which underestimate folate content of foods (20). However, this
is counteracted if calculations do not correct for losses during cooking.
Despite these reservations, observations of intake and folate status in an
apparently healthy population can give useful additional information
on folate requirements.

An average dietary intake of 200 µg folate per day for 6–8 months
maintained normal levels of serum and rbc folate in adult men staying
in a metabolic unit (22). A (calculated) intake of 200 µg/d was also suffi-
cient to keep all individuals in a group of women aged 17–40 years
(n = 45) within the normal reference range of serum and rbc folate con-
centration (12). In another study the same group found increasing levels
of rbc folate as intake of folate from diet, or supplementation was
increased. However even the baseline (and in the control group), where
intake was 200 µg/d rbc folate, was above cut-off (24). A depletion-reple-
tion study concluded that a daily intake of 200–250 µg from food folates
appears to meet the folate requirement for non-pregnant adult females,
and an intake of 300 µg/d provides an allowance for storage for this
group (5). Rasmussen et al. (23) found median intakes of food folate in
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two groups of Danish women (25–30 & 60–65 y) to be 283 and 268 µg/d
respectively and 316 µg/d in both groups when folic acid from supple-
ments was included. Of the subjects, 37% of the young and 46% of older
women were users of supplements containing folic acid. The correspon-
ding median concentrations of rbc folate were 676 and 959 nmol/L
respectively. Mean plasma folate was 13.7 and 13.0 nmol/L in Finnish
men and women (non-users of supplements). Dietary intake of folates
was 240 µg/d in men and 205 µg/d in women. Intakes were corrected 
for losses in food preparation (24). A Dutch study among 444 adults
found mean folate intakes to be 270, 308 and 325 µg/d in women, older 
and younger men respectively. Mean serum folate levels were 1.3–14.2
nmol/L. Intakes between 100 and 200 µg/d were observed in 10–20%
among different age-gender groups and the prevalence of serum folate
levels below 7 nmol/L was 6–13% (25). The above-cited studies indicate
that intakes around 300 µg/d are sufficient to keep serum and rbc
folate well above cut-off values.

Elevated concentrations of homocysteine in the blood are associated
with increased risk of cardiovascular diseases (26, 27), but it is not
known whether normalising elevated plasma homocysteine reduces the
number of diseases. Furthermore, it is not yet clear whether there is a
threshold below which the association for risk of cardiovascular disease
is eliminated. Ongoing controlled randomised intervention trials that are
testing the efficacy of folate supplementation in reducing risk of car-
diovascular disease may produce the answers. An adequate supply of
folate is one of several conditions for keeping homocysteine levels low.

Mild hyperhomocysteimia can be caused by a combination of low
folate intake and disruption of homocysteine metabolism. A common
mutation in mthfr makes the enzyme less stable and thus lowers its
activity. Several studies show that homocysteine is elevated in homozy-
gote mutant genotypes (tt) compared to heterozygotes (ct genotypes)
and normal genotypes (cc) if folate status is low. If plasma folate is in
the upper part of the range, there are little or no differences between
the three genotypes (24, 28–31). The frequency of tt-homozygotes in
studies of Nordic populations is 5–8.4% (24, 32). These frequencies are
below earlier reported figures – average ≈12% (range 5.4–16%) – of the
white population (33). In general men have higher concentrations of
homocysteine than women and plasma homocysteine tends to increase
with age in both sexes (21, 24). The cause and significance of homocys-
teine increasing with age is not well understood, but the physiological
decline in renal function may partly explain the age effect (34).

Ten healthy adult men housed in a metabolic ward for a total of 108
days participated in a depletion-repletion study. During the depletion
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period the subjects were fed a diet providing 25 µg/d of dietary folate.
Plasma homocysteine increased and did not normalize during the 
repletion period, when the participants were provided with 25 µg/d 
of folate and 74 µg/d of folic acid – assumed to be equivalent to 170 µg/d
from diet. However, the individual response to changes in folate intake
varied from very strong to absent. It is concluded that an intake of
200 µg/d may not provide a large enough margin of safety (35).

A 4-week dietary controlled intervention trial with 66 healthy men
and women aged 18–45 years showed a significant change in plasma
homocysteine from 11.0 to 9.5 µmol/L on a diet providing approxi-
mately 500 µg/d of folate compared to no change in the placebo group
on 200 µg/day. Folate intake at baseline was not estimated, but as
plasma homocysteine levels were similar in placebo and treatment
group intake should have been around 200 µg/d (6).

In the Danish study cited above, median concentrations of plasma
homocysteine were 7.5 and 9.3 µmol/L respectively in younger and older
women on a folate intake of ~300 µg/d (23). Another Danish study of
234 healthy elderly subjects (80 years) found mean intakes of folate to
be 340 and 320 µg/d in males and females respectively (36). The corre-
sponding concentrations of plasma homocysteine were 15.9 and 13.6
µmol/L. About 40% of the participants used a combined vitamin-mineral
supplement. In this group homocysteine was 13 µmol/L and among non-
users 16 µmol/L. Based on total plasma homocysteine as a functional
marker of folate status, 90% of Finnish adults had an optimal folate
intake (24). The majority – 87% of males and 83% of females – did not
take supplements containing folic acid. In this group the mean intakes
corrected for losses in cooking were 240 µg/d and 205 µg/d in men and
women respectively. A depletion-repletion study of elderly women
found that plasma homocysteine increased from 9.2 to 11.3 µmol/L on a
depletion diet providing 118 µg/d for 7 weeks and that level was main-
tained on 200 µg/d for another 7 weeks. A repletion diet providing
415 µg/d lowered plasma homocysteine to 9.9 µmol/L (8).

In the 1996 edition of nnr, the recommended intake of folate was
increased from 200 to 300 µg/d in order to provide a greater margin of
safety and allow possibilities to increase stores, especially in fertile
women. At the same time it was recognised that a low level of homocys-
teine is desirable. It could be argued that further increasing rdi would
lead to lower homocysteine, but as the health significance of such a step
is uncertain no convincing evidence for changing recommendations
was found.

Keeping the possible underestimation of folate intake in mind and
since a few of the cited studies found individuals below cut-off, the aver-
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age requirement with respect to maintaining normal blood levels is
assessed to 150–200 µg/day. An intake of 300 µg/d seems to keep folate
levels in blood above and homocysteine below accepted cut-off values.
In nnr estimated average requirement for adults is set to 200 µg/d and
recommended intake to 300 µg/day. 

Women in the reproductive age represent a specific problem, since
numerous studies have indicated that an adequate supply of folate
before and up to 12 weeks after conception reduces the risk of neural
tube defects (ntd). Authorities in all the Nordic countries recommend
consumption of 400 µg folate per day to women planning a pregnancy
in order reduce the number of ntd-affected pregnancies. Since far from
all pregnancies are planned, it is recommended that young women
capable of becoming pregnant should eat a diet in line with the recom-
mendations for the pregnancy planning group.

Folate requirements increase during pregnancy, especially in the last
trimester, as does the risk of deficiencies in women with low stores.
When folate intake is inadequate, maternal serum and rbc folate con-
centrations decrease and megaloblastic anaemia may develop. Caudill
and colleagues (37) compared pregnant (second trimester) and non-preg-
nant women on controlled intake of dietary folate plus folic acid and
concluded that 450 µg/d (judged to be equivalent to ~600 µg/d from diet
alone) was sufficient to maintain folate status in pregnant women. Both
serum and rbc folate concentrations were high at the end of the 12-
week study, indicating that a lower intake could be sufficient. In nnr
1996, an intake of 400 µg/d was recommended from the beginning of
the pregnancy. As 400 µg/d are now recommended for all women capa-
ble of becoming pregnant, women will enter pregnancy with moderate
folate stores, and taken together with results from the study of Caudill
et al. (37) 400–500 µg/d are considered sufficient to meet the increased
requirement from fast growing tissues in pregnancy. nnr is set to
500 µg/d for pregnant women.

The concentration of folate in human milk varies through the lac-
tation period, the highest mean being 60 µg/L (38). Smith et al. (39)
reported average concentration of folate in human milk to be 85 µg/L.
Based on a milk production of 0.75 L and a bioavailability of 50%, the
diet should contain approximately 100 µg of extra folate. Lactating
women are thus recommended 500 µg/day. This amount will allow
repletion of stores before a possible new pregnancy.

In nnr 1996 infants were recommended 5 µg per kg body weight. 
A diet that supplied 3.5–5.0 µg/kg maintained growth, haemopoiesis and
clinical well-being in 20 infants aged 2–11 months during a period of
6–9 months (40). Slightly higher concentrations of folate in serum and
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rbc were found in the upper end of the interval. Since no data on
requirements of children were found, the recommendations for chil-
dren in the age group 1–14 years are unchanged and based on 5 µg per
kg body weight.

Upper intake levels and toxicity

There is no evidence for risk associated with high intakes of folates
from natural sources. A high intake of folic acid may mask haematolog-
ical symptoms caused by deficiency of vitamin B12 and a higher intake
of supplements is not recommended without medical advice. scf (43)
has set the upper level of intake of folic acid to 1,000 µg/d for adults. ul
for children and adolescents is adjusted on the basis of bodyweight:
200, 300, 400, 600 and 800 µg/d of pga for the 1–3, 4–6, 7–10, 11–14 and
15–17 years age group respectively (41).

Dietary sources and intake

Most important food groups contributing to folate intake are cereal
products (including bread) and vegetables, but dairy products and fruits
are also significant sources. Folate is present in most foods. High con-
centrations are found in liver, green vegetables and legumes. Food
tables in general may underestimate folate content mainly because
common methods of analysis fail to open up the food matrix and liber-
ate all folate (42).

Folates are labile and significant losses in the cooking process are
common. On average, the estimated loss is 30%, 30% and 40% in cooking
of meat, fish and vegetables respectively, but in each group the loss may
be substantially higher (43).

A balanced diet following general dietary advice and recommended
energy distribution will contain ~400 µg/10 mj. The average in the diet
in the Nordic countries is 240–340 µg/10 mj (see Chapter 43).
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chapter 25

Vitamin B12

Vitamin B12 is a common term for a group of cobalt-containing com-
pounds (corrinoids), which are biologically active in humans. Cobalamin
may be used synonymously with vitamin B12. Inactive compounds anal-
ogous to vitamin B12 are found in the diet, especially in plant foods (1).

Physiology and metabolism

Absorption of vitamin B12 is a multistep process. Protein-bound vitamin
B12 from foods must be cleaved from protein, a process that demands
the action of hydrochloric acid and pepsin secreted by the gastric
mucosa. The absorption requires a glycoprotein – intrinsic factor –
secreted by the parietal cells of the stomach. Vitamin B12 liberated from
the food matrix binds to the intrinsic factor and the resulting complex
is absorbed via special receptors in the ileum (2, 3). The ileal receptors
are saturated at intakes of 1.5 to 2.0 mg per meal (4). As the intake
increases, the percentage of absorbed vitamin decreases. It can be
assumed that approximately 50% of dietary vitamin B12 is absorbed by
healthy adults with normal gastric function (5, 6).

The function of vitamin B12 is related to the metabolism of methyl
groups. Methylcobalamin is a cofactor for methionine synthase – the
enzyme catalysing the conversion of homocysteine to methionine. This
reaction is closely related to folate function. Adenosylcobalamin is a
cofactor for methylmalonyl-CoA mutase in the isomerization of methyl-
malonyl-CoA to succinyl-CoA. An adequate supply of vitamin B12 is
essential for normal blood formation and neurological function.

Most people have ample stores of vitamin B12, which means that
deficiency symptoms develop only after several years of low dietary
intake (1). This is supported by an effective reabsorption of the vitamin

Vitamin B12, µ/d Women Men Children

2–5 y 6–9 y 10–13 y

Recommended intake ri 2 2 0.8 1.3 2.0
Average requirement ar 1.4 1.4
Lower level of intake li 1 1
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excreted in the bile. The daily loss of vitamin B12 is 0.1% of total body
pool regardless of pool size (4, 7). Deficiency caused by inadequate
dietary intake is only observed in adults who have been eating vegan
diets for many years or in children from families on such a dietary pat-
tern (8–13).

Elderly people frequently have low cobalamin levels (3, 14), which
cannot be attributed to poor intake of cobalamin (15).

A major cause of vitamin B12 deficiency is food-cobalamin malabsorp-
tion, which usually arises from atrophic gastritis and hypochlorhydria.
This disorder is defined as the inability to absorb protein-bound cobal-
amin by a person who is fully capable of absorbing free cobalamin. Per-
nicious anaemia, which is a disease caused by a low or missing secretion
of intrinsic factor, accounts for only a small fraction of people with low
cobalamin concentrations (3).

The prevalence of cobalamin deficiency increases with age and may
exceed 10% in the elderly Nordic population (14, 16). The prevalence of
pernicious anaemia in Sweden is estimated at 2.6‰ (17).

Vitamin B12 deficiency results in macrocytic, megaloblastic anaemia,
and/or neurological symptoms due to degeneration of spinal cord, brain
and optic and peripheral nerves.

Requirement and recommended intake

The requirement for vitamin B12 can be estimated from studies of
patients with pernicious anaemia. A minimum intramuscular dose of
0.5 µg to slightly over 1.0 µg per day is necessary for normalizing and
maintaining haematological status (18). As these patients are unable to
reabsorb vitamin B12 excreted in the bile, the dietary requirement of
healthy individuals must be smaller. Amounts ranging from 0.3 to
0.65 µg were adequate in a study of four patients with vitamin B12

deficiency anaemia due to poor vegetarian diets (19).
From these studies an average requirement of 0.7 µg/d of absorbed

vitamin B12 would be a conservative estimate. With correction for ab-
sorption losses (50%) the ar comes to 1.4 mg/day.

This is in line with Herbert (1), who calculates the average require-
ment to be 1.4 µg/d under the assumptions of adequate body stores
being 1,000 µg, a mean half-life of 1,000 day and a mean absorption 
of 50%.

In nnr the estimated average requirement (ar) is set to 1.4 µg/d for
adults. By assuming a coefficient of variation of 15% and adding two
standard deviations to allow for individual variation, the recommended
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dietary intake is 2 µg/d for adults. The lower level of intake to prevent
anaemia is 1 µg/day. The values are similar to estimates in nnr 1996.

The recommended intake for the elderly is the same as for younger
adults. Increasing the ri is not likely to overcome malabsorption of
food-bound vitamin B12 and certainly not lack of intrinsic factor. The
recommended intake for children is unchanged from nnr 1996 and is
based on 0.05 µg/kg body weight.

Pregnant women usually have adequate stores to cover estimated
extra requirements of 0.1–0.2 µg/d (5). As the recommendation for non-
pregnant women is already on the large side, no extra vitamin B12 is
needed during pregnancy.

Lactating women are recommended an extra amount of 0.6 µg/d to
compensate for the content of vitamin B12 in breast milk.

Upper intake levels and toxicity

There are no clearly defined adverse effects produced by vitamin B12

and data are insufficient to establish an ul. There is no evidence that
intakes up to 100 µg/d from foods and supplements represent a health
risk (20). 

Dietary sources and intake

Vitamin B12 is only found in foods of animal origin. Plant foods may
contain trace amounts from bacterial contamination or as a result of
fermentation but the adequacy of these sources is questionable (13). Sea-
weed provides some biologically active vitamin B12, but consumption of
seaweeds in large amounts is not recommended because it would lead
to excessive intake of dietary iodine (13). Vegans are advised to rely on
supplements. Liver, meat, fish, shellfish, milk and cheese are particu-
larly good sources. Meat and milk products contribute more than two
thirds of vitamin B12 in the average diet (21, 22). The diet in the Nordic
countries has a mean content of 6–8 µg/10 mj (see Chapter 43).
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chapter 26

Biotin

Biotin is a water-soluble heterocyclic compound formerly known as vita-
min H. Biotin is essential to all known organisms and is synthesized by
plants and microorganisms, but animals including man lack the ability
to synthesize the vitamin (1). It belongs to the group of B-vitamins.
Biotin in foods exists in free or protein-bound form.

Physiology and metabolism

Protein-bound biotin has to be digested before absorption. It is thought
that the enzyme biotinidase plays a critical role in the cleavage of the
covalent bond to protein (2), but the factors controlling bioavailability
are poorly understood (1). Bioavailability of biotin in different foods
varies from very low to almost complete utilisation. In general, less than
half the biotin in foods is available (3). Raw egg white contains the glyco-
protein avidin, which binds biotin and prevents its absorption. The
biotin binding capacity of egg white is lost on cooking. A potential
source of biotin is microbial synthesis by gut flora. However, evidence
indicates that most of this substantial amount of biotin is unavailable
and does not contribute to overall biotin status. The amount that is
absorbed may not be sufficient to meet the requirement (1).

Biotin functions as a cofactor in carboxylation reactions – transfer of
one-carbon units in the form of activated carboxyl groups – in interme-
diary metabolism. These reactions are important in fatty acid synthe-
sis, in conversion of pyruvate to oxaloacetate (an intermediate in the
citric acid cycle), and in degradation of branched amino acids and odd-
chain fatty acids.

When activity of 3-methylcrotonyl-CoA carboxylase is decreased, its
substrate is shunted to an alternate metabolic pathway, producing 3-
hydroxyisovaleric acid (3-hia), which is then excreted in urine. Elevated
urinary concentration of 3-hia is regarded as an early and sensitive indi-
cator of biotin deficiency (4).

Dietary deficiency of biotin is rare and only demonstrated conclu-
sively in individuals on parenteral nutrition without biotin or on chronic 301
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ingestion of raw egg white. Biotin deficiency has also been demon-
strated in inherited biotinidase deficiency (5). Increased excretion of 
3-hia as seen frequently in normal pregnancy reflects reduced biotin
status (6). However no untoward effects of marginal biotin status in
pregnancy have been documented (7).

Requirement and recommendation

Data providing an estimate of biotin requirements are scarce, and no
recommendation could be set. In the American recommendations ade-
quate intake (ai) for adults is set to 30 µg/d (8). This reference intake is
based upon intake of biotin in breast fed infants extrapolated by body
weights to adults. 

Upper intake levels and toxicity

Data on adverse effects from high biotin intake are not sufficient to set
a tolerable upper intake level. Although no numerical ul can be estab-
lished, existing evidence from observational studies indicates that cur-
rent levels of intake of biotin from all sources do not represent a health
risk for the general population (9).

Dietary sources and intake

Biotin is found in most foods at low concentrations. Offal meats such as
liver and kidney, egg yolk, rolled oats and wheat bran are rich sources
(10). Average intake in Danish adults is estimated at 40 µg per day and
approximately 70% of this intake is provided by bread and other cereal
products, dairy products and eggs (10).
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chapter 27

Pantothenic acid

Pantothenic acid belongs to the group of B-vitamins. The vitamin is
water-soluble and is built from 2,4-dihydroxy-3,3-dimethyl-butanoic acid
and 3-amino-propanoic acid joined together by a peptide bond. Pan-
tothenic acid is widely distributed in nature, as its name implies (from
the Greek pantos meaning everywhere).

Physiology and metabolism

As part of coenzyme A and acyl-carrier protein, pantothenic acid plays 
a central role as a carrier of acyl groups in both catabolism and anab-
olism. The availability of pantothenic acid from foods to humans is 40–
60% on the basis of a single study (1). Deficiency of pantothenic acid is
rare because of the widespread nature of the vitamin. Deficiency has
only been observed in individuals on a diet free of pantothenic acid or
given an antagonist to pantothenic acid (2).

Deficiency-induced greying of hair in mice can be reversed by admin-
istration of pantothenic acid, but the once popular idea that panto-
thenic acid might restore hair colour in humans proved fruitless (3).

Requirement and recommended intake

Since there is insufficient information for estimating the requirement
of pantothenic acid no recommendation is set. In the American recom-
mendations adequate intake (ai) for adults is set to 5 mg/d (2). This ref-
erence intake is mainly based upon estimated usual intakes of pan-
tothenic acid in the American population and there is no evidence to
suggest that this level of intake is inadequate.

Upper intake levels and toxicity

The toxicity of pantothenic acid is very low, but due to lack of system-
atic oral dose-response intake studies no ul can be derived. Evidence
available from clinical studies using high doses of pantothenic acid indi- 305
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cates that intakes considerably in excess of current levels of intake from
all sources do not represent a health risk for the general population (4).

Dietary sources and intake

Pantothenic acid is found in many foods. The content of pantothenic
acid in the average Danish diet is estimated to be approximately 5 mg
per 10 mj. The majority (~75%) of this amount comes from milk and
cheese, cereal products including bread, meats and vegetables (5). Rich
sources are offal, dried legumes and whole grain products.
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chapter 28

Vitamin C

The term vitamin C refers to both ascorbic acid and dehydroascorbic
acid, since both forms have an anti-scorbutic effect. Ascorbic acid is,
however, the primary and functional in vivo form of the vitamin.
Although the classical vitamin C deficiency, scurvy, is prevented by
small daily intakes (about 10 mg/d) (1), current knowledge of the antiox-
idant functions of vitamin C has recently had a great influence on the
paradigm of daily vitamin C allowances.

Physiology and metabolism

Vitamin C is a cofactor for several enzymes involved in the biosynthesis
of collagen, carnitine and neurotransmitters (2). In all these functions,
the effects of ascorbic acid are based on its ability to be an electron
donor. Consequently, ascorbic acid is oxidised to dehydroascorbic acid.
The vitamin is also involved in the biosynthesis of corticosteroids and
aldosterone and in the microsomal hydroxylation of cholesterol in the
conversion of cholesterol to bile acids. Due to its reducing power, ascor-
bic acid also improves absorption of non-haem iron.

Ascorbic acid is an extremely potent antioxidant. The vitamin readily
scavenges reactive oxygen species and reactive nitrogen species, in addi-
tion to singlet oxygen and hypochlorite. It is evident that ascorbic acid
provides meaningful antioxidant protection in the eye, in neutrophils,
in semen and in plasma (e.g. against ldl oxidation) (2, 3). Ascorbic acid
may also regenerate other antioxidants, such as vitamin E and glu-
tathione. As a reducing agent, ascorbic acid may also inactivate carcino-
genic substances, such as nitrosamines.

Ascorbic acid is absorbed from the intestine by a sodium-dependent,
active process that is saturable and dose-dependent. The bioavailability 307

Vitamin C, mg/d Women Men Children

2–5 y 6–9 y 10–13 y

Recommended intake ri 75 75 30 40 50
Average requirement ar 50 60
Lower level of intake li 10 10
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(efficiency of gastrointestinal tract absorption) is at least 80% for doses
of 100 mg or less, 60–70% for 200–500 mg doses and less than 50% for
doses exceeding 1,000 mg (3). Unabsorbed ascorbate is degraded in the
intestine; this process may lead to diarrhoea and intestinal discomfort,
sometimes reported by persons ingesting very large doses from supple-
ments (4).

Vitamin C undergoes glomerular filtration and renal reabsorption.
When the transport protein reaches saturation, remaining vitamin C is
excreted in the urine. Up to 60 mg doses, no ascorbic acid is excreted (5)
but at 100 mg dose, about 25% is excreted. About 50% of a 200 mg dose is
excreted and about 80–90% of a dose exceeding 500 mg. The precise
threshold dose for excretion is not known, but it is estimated to be
around 75–80 mg/d (6).

The body pool of ascorbic acid is increased up to a daily intake of
approximately 100 mg (7). This point is reflected by saturation of neu-
trophils, monocytes and lymphocytes (5, 8). At tissue saturation level,
plasma ascorbic acid concentration is approximately 50–60 µmol/l, but
very large doses (2,500 mg/d) are capable of increasing plasma levels up
to 80 mmol/l (5, 8). At saturation, the total body pool in humans is about
20 mg/kg or approximately 1,500 mg (7). Plasma ascorbic acid concentra-
tion below 23 µmol/l reflects marginal vitamin C status (9). This level is
reached by an estimated daily intake of 41 mg, depending obviously on
body size (9). Marginal status may be reflected by e.g. decreased anti-
oxidant capacity, fatigue and irritability (5). Symptoms of scurvy are
observed when plasma levels are below 11 µmol/l (9) or the total body
pool is below 300 mg (10). 

Requirement and recommended intake

The previous Nordic recommendations (11), as well as the us rdis (10),
were based on maintenance of an adequate body-pool (1,500 mg) that
would give an ample safety margin against scurvy (12). It was estimated
that a daily intake of approximately 30–40 mg would provide a body
pool of 900 mg and prevent scurvy for 30–40 days after cessation of this
daily intake (10). This intake would also lead to plasma ascorbic acid con-
centration above 23 mmol/L (9). By assuming a large inter-individual
variation (50%) e.g. to ensure adequate iron absorption, the nnr was set
at 60 mg/d for both males and females.

Due to the increased recognition of the antioxidant function of vita-
min C, it has been proposed that the daily recommendations should be
based on its antioxidant activity rather than on antiscorbutic activity
or body pool (2). Moreover, it seems clear that the maximal antioxidant
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activity is reached after higher intakes than the levels needed to pre-
vent scurvy (5).

There are two, partly complementary, starting points for calculation
of vitamin C recommendations from its antioxidative activity. One
approach is based on pharmacokinetics. Since leukocytes reach their
saturation at daily intakes of about 100 mg, this could be used as the
basis for calculations (3). However, at these intakes urine excretion is
already 25% of daily dose, whereas at an intake of 60 mg/d practically no
urinary vitamin C can be detected (5). Since the approximate urinary
threshold is 75–80 mg/d, and because leukocyte ascorbic acid concen-
tration is still very close to saturation, this is another pharmacokinetic
way of estimating vitamin C requirements. An intake of 75 mg/d would
lead to plasma vitamin C concentration around 40 µmol/l (5), a level that
has already been associated with inhibition of in vitro ldl oxidation (13).

Although the paradigm of saturation (assessed by maximal plasma
or leukocyte ascorbic acid concentration or by the detection of urinary
ascorbic acid) has awakened recent interest, more data are needed to
show that saturation really is associated with optimal health. Eight large
prospective studies were found with dose-response data on plasma
ascorbic acid (aa) concentration and cardiovascular and/or all-cause
mortality (14–21). All of these studies showed that the risk was highest
in subjects with the lowest plasma concentration.

The vitamin C concentration associated with increased risk (usually
first quintile) varied between 11.4 and 51.7 mmol/l (unweighted mean
25 mmol/l). The large variation was mostly a reflection of arbitrary cut-
off points when the study population was divided into tertiles, quartiles
or quintiles. Studies with cancer mortality as the outcome have also
identified the lowest plasma aa category as being clearly associated
with increased risk (21, 22). However, in some studies (14, 15, 18, 19, 21),
decreased risk for cardiovascular mortality (significantly different from
the category with highest risk) was only seen in categories with higher
plasma ascorbic acid concentration (e.g. third quintile). By using the cut-
off points for clearly lowered risk (in relation to the first quintile), the
mean cut-off point was aa concentration 32 µmol/l (unweighed mean of
the 8 studies). This plasma level was chosen as the basis for the average
requirement in the new Nordic recommendation.

Using the pharmacokinetic data of Levine et al. (5, 8), a 32 µmol/l con-
centration in plasma corresponds to a daily vitamin C intake of approx-
imately 60 mg/d in men and 50 mg/d in women. This is very close to the
kidney threshold (5) and corresponds to a body pool of approximately
1,000–1,200 mg (12). By giving a conservative 25% allowance for the
inter-individual variation, the daily recommendation is set as 75 mg.
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The pharmacokinetics of vitamin C in women seem to be very similar to
those in men (8). However, at daily intakes below 100 mg, women have
slightly higher concentrations of vitamin C in plasma with a given level
of intake. These data suggest that the average requirements are slightly
lower in women, which may be due to their smaller body size (10). How-
ever, to ensure adequate iron absorption, the coefficient of variation for
women was assumed to be double that for men, and hence the same
recommendation is applied for both sexes.

The recommendation is increased by 10 mg/d during pregnancy, in
order to cover the increased needs due to growth of foetus and
catabolised vitamin C (10). Breast milk contains approximately 30 mg
vitamin C per litre (10). If the average milk production is 750 ml/d, up to
25 mg/d of additional vitamin C would be needed during lactation. This
then increases the daily vitamin C recommendations in pregnancy to
85 mg/d and during lactation to 100 mg/day.

The average requirements for children (< 14 years) were extrapolated
from the adult values by assuming growth factors 1.3 (< 2 years) and
1.15 (2–13 years). The recommended intake was calculated as 1.25 times
estimated average requirement.

Upper intake levels and toxicity

There is no evidence that high intakes (> 1,000 mg/d) of vitamin C are
carcinogenic or teratogenic (23). However, high intakes may cause
diarrhoea and other gastrointestinal disturbances, increased oxalate 
formation and kidney stone formation in susceptible individuals. In 
theory, too high an intake of vitamin C may have pro-oxidative effects.

Dietary sources and intake

The concentration of vitamin C is high in many vegetables, berries and
fruits (e.g. citrus fruits). Moreover, intake from vitamin C-enriched prod-
ucts (e.g. juices) may be considerable. The average intake of vitamin C in
the Nordic countries is adequate (100–140 mg/10 mj) (see Chapter 43).
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chapter 29

Calcium

The content of calcium in the body amounts to approximately 1,000 g
and 1,200 g in an adult woman and man, respectively. Over 99% is found
in teeth and bones. The remainder is present as an easily exchangeable
pool in blood, extracellular fluid, and in all cells in the body. This free
calcium plays vital roles in signal transduction both within and between
cells, neuromuscular transmission, glandular secretion and in a large
number of enzymatic reactions. Maintenance of a constant concentra-
tion of ionised calcium is therefore of vital importance and calcium
homeostasis is probably the most tightly regulated homeostatic mecha-
nism in the body.

In bone calcium is almost exclusively in the form of hydroxyapatite
(Ca10(PO4)6(OH)2. Adult bone tissue undergoes continuous remodelling
caused by resorption by osteoclasts and formation of new bone by osteo-
blasts. The rate of exchange of calcium between bone and the exchange-
able pool has been estimated to be about 700 mg/day. Bone formation
exceeds bone resorption in children. The rate of remodelling is higher
in children than in adults and it is higher in trabecular bone than in
cortical bone. 

Physiology and metabolism

Absorption
In the intestine dietary calcium is mixed with calcium in the digestive
juices. From this mixture, absorption takes place mostly in the upper
part of the ileum by passive diffusion or by an active energy requiring
process. The latter is dependent on the action of 1,25-dihydroxyvitamin
D3 (1,25(OH)2D), the hormonal form of vitamin D. Calcium absorption is
thus decreased in vitamin D deficiency. The difference between calcium 313

Calcium, mg/d Women Men Children

2–5 y 6–9 y 10–13 y

Recommended intake ri 800 800 600 700 900
Average requirement ar – –
Lower level of intake li 400 400
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in the food and that lost in faeces is termed net absorption. True absorp-
tion is much higher because of reabsorption from and secretion to the
intestinal juices. The percentage net absorption (or fractional absorp-
tion) increases with decreasing amount of calcium in the diet and also
with increased physiological needs such as in infancy, during puberty
and during pregnancy. This adaptation of calcium absorption accord-
ing to varying intake and varying physiological needs is of primary
importance when discussing calcium requirement. Because adaptation
depends on the presence of 1,25(OH)2D, the requirement for calcium
can only be discussed on the condition that vitamin D status is suffi-
cient. Balance studies have shown that when calcium intake is reduced,
a period of up to several weeks of negative balance is observed in most
individuals before a new steady state is reached (1). The ability to adapt
may be reduced by advancing age (2). However, in the large balance
study by Malm it was shown that in men adaptation may be efficient at
least up to the age of 70 (1). The calcium absorption per se seems to be
unaffected by ageing (3).

The absorption of calcium may be inhibited by food containing factors
such as phytic acid, oxalic acid, or phosphates. Since calcium is derived
from a variety of sources and is generally ample and because of adapta-
tion, these factors probably play a minor role on an ordinary diet. This
situation may be different in populations with low calcium intake and
consuming large amounts of fibre-rich food like unfermented bread. 

The net absorption on a mixed diet is highest in infancy, about 60% (4),
is also high during puberty (found to be about 34% on an intake of
925 mg/d (5)) and then declines to 25–20% in adulthood and even lower at
advanced age. The varying degree of absorption, both because of adapta-
tion and varying dietary composition, makes it impossible to presuppose
a certain fractional absorption as a basis for determining requirement.

Loss of calcium
Calcium is lost from the body via faeces, urine and skin. Non-absorbed
calcium is lost with faeces. In adults on intakes of about 1,000 mg the
loss amounts to about 70 to 80% of the intake. An appreciable amount is
recovered as calcium soaps. Loss via skin and sweat is generally small,
about 20–50 mg/d (6, 7). Under warm conditions or high physical activity
the loss may be appreciably greater.

Loss via urine may vary appreciably from person to person, generally
between 100 and 400 mg/d in adults, but is relatively constant within
individuals even if the intake varies. In the balance study by Malm (1)
the urinary loss decreased from 231 to 201 mg/d (not significant) upon
reduction of the intake from 940 mg/d to 450 mg/day. This finding indi-
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cates that the urinary loss of calcium is only to a minor degree affected
by the intake and can almost be considered an individual constant.
Adaptation to low intakes thus does not to any degree involve the kid-
neys. Similar findings have been observed in children (8, 9).

An acid pH, high sodium and high protein intakes increase loss via
urine. This has been discussed as part of the osteoporosis problem in
developed countries in spite of a high calcium intake. Inactivity also
increases bone resorption and loss of calcium. Conversely, weight-bear-
ing exercise contributes to higher bone mineral density (10–12). Post-
menopausal women have a higher bone resorption (12a) with urinary
loss of calcium during the night than during the day.

Calcium homeostasis
The concentration of calcium in plasma is kept constant within narrow
limits (2.1–2.6 mmol/L). About half of this is in ionised form and the
other half is bound to albumin. Parathyroid hormone and 1,25(OH)2D
are the most important hormones in the regulation of calcium home-
ostasis. They contribute to maintenance of constant calcium concentra-
tion in plasma by regulating the influx and efflux of calcium in intes-
tine, bone and kidney.

Requirement and recommended intake

It has been difficult to reach agreement on what should be considered
the physiological requirement of calcium. This is because we have no clear
deficiency criteria at low intakes. The reason is the slow turnover of bone.

Traditionally two methods have been used to estimate requirement
and recommended intake. One involves observations on intake in pop-
ulations related to bone health. The other is to perform balance studies
to determine the lowest intake compatible with zero balance. The main
problem with interpretation of balance data is the pronounced ability to
adapt to different intake levels as described above. Most balance studies
have been of too short duration to allow for adaptation to the intake
levels used (13). The considerable methodological problems inherent in
balance studies should also be taken into account. Finally, calcium bal-
ance is highly influenced by physical activity and so far there are no
studies on the interaction between intake of calcium and physical activ-
ity. In more recent years bone mineral content or bone mineral density
related to intake including supplemental calcium has been used in
intervention studies, in particular in the recent American dri 1997 (14)
to evaluate recommended intake. The British recommendations from
1991 (15) refuted the use of bone density as a criterion because bone
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mineral density is also dependent on many factors other than calcium
intake, in particular on physical activity. The dri also makes use of
factorial estimates of requirements as indicators of adequacy. Such
estimates are based on a number of assumptions and do not take 
into account the ability to adaptation. The appropriateness of such an
approach may therefore be questioned. As discussed by Kanis (16), the
reality is that for the time being we have no reliable method on which
to determine the requirement of calcium.

Children and adolescents
During growth, bone formation exceeds bone resorption and calcium
retention in the skeleton amounts to a mean of 160–170 mg/day. It has
been calculated to be 160 mg/d during the first year of life and between
70 and 150 mg/d during the period 1–10 years. It increases to 250 and
300 mg/d during pubertal growth for girls and boys, respectively. In addi-
tion, there is the requirement for losses in faeces, urine, skin and sweat.

Adaptation to low calcium intake is very efficient in children. Bal-
ance studies in young children showed high retention (119–140 mg/d)
with intakes down to 300 mg/d (17–19). Increased intake increases reten-
tion somewhat. Calcium supplementation increases bone density in
children (18). It is questionable, however, if the effect endures after ces-
sation of supplementation in that no such effect was observed in one
study (21) while a small effect was observed up to 24 months after cessa-
tion in another (22).

Estimation of bone mineral content based on dxa has shown a cal-
cium accretion of about 60 to 200 mg/d in girls aged 1–8 years. The
accretion rate is probably of the same order of magnitude in boys. The
calcium intake needed to satisfy this rate is not known but it is reason-
able to assume that the recommendation of 600 mg/d in nnr 1996 for
the age group 1–6 years is sufficient. Retention is considerably higher at
the age of 10 than at 2, which was reflected in the recommendation of
700 mg/d for the age group 7–10 years. There is no reason to alter this
recommendation.

Calcium retention is very high during puberty and the maximum
coincides with the maximum growth velocity. Peak bone mass appears
to be attained much earlier than previously thought (23). Thus, at age 17
years 94% of peak bone mass is attained in girls and 86% in boys (24).
Supplementation of calcium has been associated with increased bone
density in children up to puberty while supplementation of 900 mg/d
had no effect in postpubertal children (18). This effect on bone density
has not been shown to be lasting, however. Adaptation to the increased
demand for calcium is very efficient during puberty (25, 26). The effi-
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cient absorption makes it probable that the recommendation of 900
mg/d from nnr 1996 covers the needs. Any higher recommendation
has to take into account the possible inhibitory effect of calcium on iron
absorption (27, 28) even if the effect in the long term may be small (28a).
The us dri is 1,300 mg/d for both boys and girls for the age groups 9–18
years. These values are based primarily on balance studies performed on
35 girls aged 12–15 years (9). Using a non-linear regression model it was
found that calcium retention increased with calcium intake up to above
2 g/day. Mean maximum retention was 473 mg/d. Intake of 1,300 mg/d
was the smallest intake that allowed some of the adolescent girls to
achieve 100% of maximal retention. These balance experiments were
only of 2 weeks duration, allowed only one week for adaptation and dis-
closed a large variability. Since absorption appears to be more efficient
up to age 24 than in adults, the recommendation of 900 mg/d in nnr 96
should cover the entire age group of 10 to 20 years.

Adults
The major proportion of world population has a calcium intake below
500 mg/day. It has not been proven that a calcium intake of this magni-
tude has any deleterious consequences on bone structure. In fact the
highest incidence of osteoporotic fractures is in developed countries
with the highest calcium intake. It has been reported that in the Gam-
bia despite the low calcium intake (360 mg/d) osteoporotic fractures are
rare (29). Calcium deficiency is thus only one factor in the multifactorial
context of osteoporosis. This is not to say that calcium is unimportant.
In fact, supplementation of calcium and vitamin D to the elderly on low
habitual calcium intake has been shown in three studies (in France, usa
and Denmark) to reduce the incidence of osteoporotic fractures (30–32,
32a). Two years after withdrawal there were no remaining supplement-
related benefits to bmd and bone turnover in the us elderly subjects (33).

The results from two classical balance studies, that of Hegsted (34)
and that of Malm (1) have been used as an argument that man can adapt
to very low intake levels. Thus, in the study performed by Hegsted in
Peru, men adapted to a low habitual intake were in balance at intakes of
300–400 mg/day. In the study by Malm, 39 men aged 20 to 76 years were
monitored for several months on an intake of 940 mg/day. All except
one were in positive balance. Subsequently the intake was reduced to
460 mg/d in 26 men monitored for several months. All except 3 adapted
to this lower level of intake. It should be noted that 20 of the men went
through a transient period of more or less marked negative balance
before they again reached balance. This indicates that adaptation in
most individuals is a slow process. The results of these studies were part

c
a

lc
iu

m

317

2004-13 NNR 1-424  22/02/05  10:21  Sida 317Page: 2004-13 NNR 1-424.p317.pdfPDF Proof by



of the arguments for former low recommendations of calcium intake,
e.g. the first who/fao 1962 recommendation of 400–500 mg/d (35) or
the nnr 1989 of 600 mg/d for men. The recent us dri 1997 of 1,000
mg/d for the age group 31–50 years and 1,200 mg/d for the age group
51–70 years do not take the ability to adapt into account and do not
mention the two balance studies above. The highest level was prima-
rily based on clinical trial data demonstrating reduced bone loss upon
calcium supplementation.

Some population studies indicate that a life-long high intake of cal-
cium may affect bone density and reduce osteoporotic fractures in both
men and women in the high age groups. Thus Matkovic et al. in their
cross-sectional study (36), Cooper et al. (37) and Holbrook et al. (38) in
their longitudinal studies found that men on an intake of about
800 mg/d had a lower incidence of hip fracture than those with about
half that intake. In one study, bone density of the lumbar vertebrae and
upper femur was found to be correlated to calcium intake in men (39). 
A supplementation trial has also provided some evidence that a high
intake may reduce fracture incidence in men (40). These were argu-
ments used when calcium recommendations for men in the nnr 1996
were increased to 800 mg/day. There seem to be no strong arguments to
alter this recommendation.

Long-term balance studies in women similar to those in men have
not been performed. It is not clear if women after the menopause may
be at or near balance on the same low levels of calcium intake as in
men. Some balance studies indicate that this is not the case (41). How-
ever, most of these balance studies have been of short duration and it is
not clear if the experimental individuals were adapted to the actual
intakes. Physicians working with the osteoporosis problem recommend
a liberal intake of calcium for women, the reason being the results 
of the mentioned population studies (36–38). Another argument has
been that supplementation with calcium to osteoporotic patients has
resulted in some reduction in bone loss (42, 43). This is true in late post-
menopausal women. The oestrogen deficiency-related bone loss in early
menopause is not appreciably altered by calcium supplementation. 
In addition, supplementation experiments are difficult to interpret
because in the short term they alter the rate of remodelling. If they are
not of long enough duration (≈4 years) any lasting effect on bone density
cannot be evaluated. Most of these supplementation studies have been
of shorter duration. In an extensive discussion of the results of a large
number of such studies, it was concluded that the available data did 
not support the hypothesis that an increase in calcium intake up to
1,500 mg/d, as has been proposed, will prevent osteoporosis (44). There
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are thus no strong arguments to alter the recommendations from nnr
1996, i.e. 800 mg/d for women.

Pregnancy and lactation
Adaptation is very efficient during pregnancy. This may be connected to
the increased serum levels of 1,25-dihydroxyvitamin D during preg-
nancy. Studies with Indian women on a low calcium intake (about
400 mg/d/) and American women on a high intake (700–900 mg/d) have
shown that both groups increase calcium absorption during pregnancy
(45, 46). In both cases the retention corresponded to the amount of cal-
cium laid down in the foetus. Supplementation trials have shown that
extra calcium in addition to that in the diet does not influence the
retention (47). Considering that the dietary calcium in the Nordic coun-
tries is about 800–1,000 mg/d, there is no need to recommend extra
intake during pregnancy. Since many young women become pregnant
before termination of skeletal growth, it is reasonable to recommend
the same amount of calcium as for young women, i.e. 900 mg/day.

After birth there is a rapid fall in circulating 1,25-dihydroxyvitamin D
in the mother. The efficiency of calcium absorption during lactation
does not appear to be increased above normal (48). Upon return of men-
struation a compensatory increase in calcium absorption has been
observed (48). Calcium supplementation does not alter fractional absorp-
tion (49, 50). The extra calcium needed for milk production appears to be
provided by increased bone resorption (51) combined with renal con-
servation of calcium (52). These adaptive changes are not influenced by
calcium intake. The bone loss resulting from calcium mobilisation is
regained when ovarian function is resumed and menstruation reap-
pears. The available data support the view that no extra calcium above
that of pregnant women is needed (53). The recommendation during
lactation is thus the same as for pregnant women, i.e. 900 mg/day.

Upper intake levels and toxicity

A daily intake of 2.5 g is well tolerated (54). Higher intakes are rare in
ordinary diets. Supplementation to above these levels may be deleteri-
ous, in particular in combination with high intakes of vitamin D, with
risk of hypercalcaemia, kidney stones and kidney damage.

Dietary sources and intake

Milk and milk products are good sources of calcium. Due to the high
consumption of milk and milk products in the Nordic countries the
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mean intake is above recommendations for practically all age groups, of
the order of 900–1,200 for women and 900–1,400 for men. Mean intake
in the Nordic countries is 1,000–1,400 mg/10 mj (see Chapter 43). How-
ever, there may be groups of people in which the intake does not meet
the recommendation. Other sources of calcium are fish and fish prod-
ucts, especially when eaten with the bones intact. Green vegetables
have a variable content of calcium which is mostly not very well ab-
sorbed – with a few exceptions such as kale.
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chapter 30

Phosphorus

Phosphorus is abundant in the body with the largest amounts found as
hydroxyapatite in bone. In soft tissue phosphorus occurs mostly as phos-
phate groups bound to organic compounds.

Physiology and metabolism

Absorption of phosphorus probably takes place by several mechanisms
and is partly connected to calcium. Dietary organic phosphorus com-
pounds are hydrolysed, thus most phosphorus absorption occurs as
inorganic phosphate. Net absorption is reported to be in the range 55 to
70% in adults and 65 to 90% in infants and children. The absorption of
sparingly soluble phosphorus compounds, e.g. phytates, is estimated to
be low. There does not seem to be an adaptive mechanism that im-
proves phosphorus absorption at low intakes. Plasma concentrations of
phosphorus are rather constant (0.8–1.4 mmol/L) and are regulated
through kidney excretion. Vitamin D status influences absorption (cal-
citriol increases absorption, and a decrease in calcitriol decreases phos-
phorous absorption).

Hydroxyapatite, which contains phosphorus and calcium in the ratio
1:2, constitutes the most important inorganic part of the skeleton. In
addition, phosphorus has an important regulatory function intracellu-
larly, being a constituent of all major classes of biochemical compounds.
Phosphorylation – dephosphorylation reactions are central in many meta-
bolic processes and the energy required for these comes from energy-
rich phosphorus bindings, e.g. atp and creatinine phosphate. Phospho-
rus compounds also contribute to intra- and intercellular acid-base reg-
ulation. Structurally, phosphorus occurs as phospholipids, which are
major constituents of most biological membranes, and as nucleotides 323

Phosphorus , mg/d Women Men Children

2–5 y 6–9 y 10–13 y

Recommended intake ri 600 600 470 540 700
Average requirement ar 450 450
Lower level of intake li 300 300
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and nucleic acids. A tiny, but important, fraction of body phosphorus
(< 0.1%) is inorganic phosphate, mainly in blood and extracellular fluid,
which serves as a pool for all phosphorus functions in the body.

The total body content of phosphorus is approximately 800–1,200 g,
approximately 85% of which is in bone and the rest evenly distributed in
all tissues.

Phosphorus deficiency has only been observed in premature infants
in situations of poorly managed parenteral nutrition, in anorexia
patients (1), and when intake of aluminium hydroxide (taken as an
antacid), which binds phosphorus and antagonises absorption, has been
high. In such cases muscle weakness, lack of appetite (anorexia), nausea
and decalcification of the skeleton have been observed.

Requirement and recommended intake

The exact requirement for phosphorus is not known. To maintain a plasma
level of 0.8 mmol/L, 400 mg daily is considered adequate for adults.

The eu Scientific Committee on Food suggested that phosphorous
intakes should correspond on a molar basis with those of calcium and
accordingly proposed the average requirement to be 400 mg/d and the
population reference intake to be 550 mg/d (2).

The us Food and Nutrition Board has set an Estimated Average Re-
quirement (ear) for phosphorous at 580 mg/d for both men and women
aged 19–70 years, using serum inorganic phosphorus level as the crite-
rion (3). The rda (Recommended Dietary Allowance) is 700 mg/d for
both genders, applying a coefficient of variation of 10%. For adolescents
(9–18 years) rda is 1,250 mg phosphorous per day using both dietary
data and estimated additional needs during growth as criteria.

In nnr 1996, the ri for phosphorous was set to 600 mg per day for
both men and women. There are no substantial new data since then to
indicate that these values should be changed. This intake level adheres
to the view that an equimolar relationship between calcium and phos-
phorus is used as a basic principle for recommendations (1 mmol cal-
cium = 40 mg, 1 mmol phosphorus = 30.9 mg). The ri values for children
are also maintained and are based on the same considerations.

Upper intake level and toxicity

The efficient regulation of the body’s phosphorus content through kid-
ney excretion prevents accumulation in healthy adults. Calcification of
soft tissue has been observed in disease states where there are chroni-
cally elevated plasma levels. Acute hyperphosphataemia may lead to
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hypocalcaemia and cramps. The ratio between calcium and phospho-
rus is more critical for infants and should not exceed 0.9:1 to 1.7:1
(mmol/mmol). Maximum tolerable daily intake for adults is approxi-
mately 70 mg/kg body weight.

The us Food and Nutrition Board has set a Tolerable Upper Intake
level of 4,000 mg/day. The eu Scientific Committee on Food has so far
not derived an upper tolerable level of phosphorous intake.

The nnr committee is aware of the international debate connected
to the question of whether the dietary ratio of calcium to phosphorus is
clinically significant. The recent recommendations from the us (3) refute
any relevance of such a ratio, while others question that conclusion (4).
The specific question is whether a high-phosphorus, low-calcium diet can
cause hypocalcaemia and or/secondary hyperparathyroidism in humans,
and thus contribute to the increasing prevalence of osteoporosis in
many Western countries. The use of phosphorus-containing food addi-
tives in the processing of foods may contribute significantly to the daily
phosphorus intake in some individuals, but there are limited data on
the physiological and clinical relevance (3, 5).

Dietary sources and intake

Phosphorus is widely found in almost all food groups, largely as phos-
phate(s), and often in association with the protein content. In cereals
and legumes a considerable amount of phosphorus is found as inositol-
hexaphosphate (phytic acid) and is probably less available. Phosphorus
compounds are used as food additives, e.g. for their water-binding prop-
erties. Diets in the Nordic countries contain 1,500–2,000 mg/10 mj (see
Chapter 43).

references

1. Ornstein RM, Golden NH, Jacobson
MS, Shenker IR. Hypophosphatemia
during nutritional rehabilitation in
anorexia nervosa: implications for
refeeding and monitoring. J Adolesc
Health 2003; 32: 83–8.

2. Reports of the Scientific Committee
on Food. Nutrient and energy intakes
for the European Community.
Luxembourg: Commission of the
European Communities, 1993.

3. Food and Nutrition Board, Institute
of Medicine. Dietary reference
Intakes for Calcium, Phosphorus,

Magnesium, Vitamin D, and Fluoride.
Washington dc: National Academy
Press, 1997.

4. Sax L. The institute of medicine’s
‘dietary reference intake’ for phos-
phorus: a critical perspective. J Am
Coll Nutr 2001; 20: 271–8.

5. Expert group on Vitamins and
Minerals. Report on Safe Upper
Levels for Vitamins and Minerals.
Food Standards Agency, 2003. 
www.foodstandards.gov.uk/
multimedia/pdfs/vitmin2003.pdf

2004-13 NNR 1-424  22/02/05  10:21  Sida 325Page: 2004-13 NNR 1-424.p325.pdfPDF Proof by



2004-13 NNR 1-424  22/02/05  10:21  Sida 326Page: 2004-13 NNR 1-424.p326.pdfPDF Proof by



chapter 31

Magnesium

Magnesium is a divalent ion and is involved in more than 300 essential
metabolic reactions. The metabolism and requirement of magnesium
are still rather poorly understood.

Physiology and metabolism

The body content of magnesium is regulated via absorption and excre-
tion. At normal dietary intakes 20–60% is absorbed, being inversely pro-
portional to the amount of magnesium ingested (1, 2). It is uncertain to
what degree the composition of the diet influences absorption. Vitamin D
and its metabolites enhance magnesium absorption, but much less than
their effect on calcium absorption. High levels of dietary fibre from fruits,
vegetables and grains decrease fractional magnesium absorption, but
the high magnesium content of these sources offsets the decreased frac-
tional absorption. Phosphates bind divalent magnesium and thus high
phosphate diets decrease magnesium absorption. Calcium probably has
no effect. Less than 30 g/d of protein decreases magnesium absorption.

Plasma concentrations are probably regulated via the kidneys and
are kept within a narrow range (0.75–0.95 mmol/L). At low magnesium
intakes, kidney excretion is reduced. 

A large number of biochemical and physiological processes are regu-
lated by magnesium. Magnesium is necessary for energy dependent
membrane transport, gene regulation, sustained electrical potential in
nerves and cell membranes and for transmission of neuro-muscular
impulses.

The total body content of magnesium in an adult is estimated to be
20–28 g, 40–45% being intracellular in muscles and soft tissue, 1% extra-
cellular and the rest in the skeleton. Although we do not have a true 327

Magnesium, mg/d Women Men Children

2–5 y 6–9 y 10–13 y

Recommended intake ri 280 350 120 200 280
Average requirement ar – –
Lower level of intake li – –
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storage of magnesium, approximately one-third of skeletal magnesium
is in equilibrium with plasma levels and functions as a buffer to main-
tain extracellular magnesium concentrations.

Magnesium depletion is very unusual in the absence of dietary
restriction or some disorder causing magnesium loss from the body.
Magnesium depletion is usually secondary to another disease process
or to a therapeutic agent. The physiological manifestations of severe
magnesium depletion are the followings: hypokalaemia and hypercal-
caemia, neuromuscular hyperexcitability, electrocardiographic abnor-
malities and cardiac arrhythmias.

Therapeutic use of magnesium in heart arrhythmia conditions (3–5)
and to reduce the risk of eclampsia in women with pre-eclampsia (6–9)
has received wide scientific attention in recent years, and may indicate
that dietary intakes are too low in parts of the population. However, no
studies have so far been conducted to show a preventive potential of
high versus low-magnesium diets in relation to reducing the risk of these
conditions.

Epidemiological studies have suggested that individuals or groups
with diets high in magnesium (including supplements and magnesium
from water) have reduced morbidity from cardiovascular disease or less
hypertension. Low magnesium intake has also been linked to osteoporo-
sis, tension headaches and diabetes (10–12). However, considering all
the confounders, it is as yet difficult to conclusively establish that too
low dietary magnesium is the primary causative factor in these chronic
diseases and to use these studies to help estimating dietary require-
ments.

Lack of reliable indicators of magnesium status has hampered mag-
nesium research in humans for years. As plasma/serum magnesium lev-
els are kept within such a narrow range, even extensive supplementa-
tion is not reflected in increased plasma levels. Thus, hypomagnesaemia
(serum < 0.70 mmol/L) will always reflect low body stores, while serum
levels within the normal range may well mask suboptimal status or
deficiency (13), as serum magnesium concentrations may not reflect
intracellular magnesium availability. Although serum magnesium con-
centration is the most available and commonly employed test to assess
magnesium status, this parameter has not been validated as a reliable
indicator of body magnesium status.

Studies using plasma-ionised magnesium or intracellular magnesium
content (e.g. red blood cells or skeletal muscle) to evaluate magnesium
status are few and need further evaluation before they could be used as
indicators of magnesium status.
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The magnesium tolerance test is based on the renal excretion of par-
enterally administered magnesium and has been used for many years.
The method is by many currently considered the most accurate means
of assessing magnesium status in adults, but its invasive nature raises
concern and limits its use in clinical practice.

Requirement and recommended intake

Adults
In the absence of biochemical or functional indicators of magnesium
status, the only basis we have for evaluating requirements are a few bal-
ance studies. As absorption of magnesium varies with the dietary intake
and it seems possible to adapt to a low intake through more effective
absorption, the value of balance data is limited. A study by Jones (14)
concluded than an intake of 3.4 mg/kg body weight results in balance in
almost all adult individuals. This is also considered to cover the needs
during pregnancy and lactation.

The eu Scientific Committee on Food considered 150–500mg/d to be an
acceptable range of magnesium intake, based on observed intakes (15).

The us Food and Nutrition Board has set an Estimated Average
Requirement (ear) for magnesium of 255 mg/d for women and 330
mg/d for men aged 19–30 years (16). rda (Recommended Dietary Allow-
ance) is accordingly 310 and 400 mg/d for women and men respectively.
The values are slightly higher for the age group 31–70 years: rda for
women is set at 320 mg/d and for men 420 mg/day.

The Nordic Recommendations of 1996 recommended 350 and 280 mg
magnesium/d for men and women respectively. There are no substantial
new data since then indicating that these values should be changed.

Children
The magnesium content in human milk is 28–40 mg/L, which reflects an
intake of approximately 30 mg/d in the first months of life. The concen-
tration of magnesium in human milk is relatively constant in the first
12 months of lactation (17). For children the ri values from 1996 are
maintained (15).

Upper intake levels and toxicity

An excessive magnesium intake (0.5–5 g) gives diarrhoea but otherwise
no negative symptoms when kidney function is normal.

The us Food and Nutrition Board has set a Tolerable Upper Intake
level of 350 mg/d from supplements. This level is based on lowest ob-
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served adverse effect levels. The eu Scientific Committee on Food has
derived a level of 250 mg magnesium per day based on similar data.

Dietary sources and intake 

Magnesium is found in abundance in green, leafy vegetables, legumes
and wholegrain cereals. Concentrations are especially high in dark
chocolate, nuts and coffee. ‘Hard’ water contains more magnesium than
‘soft’ water and may contribute to total magnesium intake. Intake of
magnesium in the Nordic countries is estimated to be 340–470 mg/10
mj (see Chapter 43). Cereal products contribute approximately 33% of
the total magnesium intake, potatoes and vegetables 20%, milk and
milk products 15%, meat and fish 10% and coffee 10%.
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chapter 32

Sodium as salt

Salt is nutritionally equivalent to sodium chloride (NaCl) and is used as a
food ingredient or condiment. Sodium is also found in unprocessed foods
but usually in very low concentrations. 1 g salt corresponds to about 0.4 g
sodium and 1 g sodium is equivalent to 2.5 g salt. 1 mmol sodium corre-
sponds to 23 mg and is equivalent to about 58 mg sodium chloride.

Physiology and metabolism

The sodium ion is essential for a number of metabolic processes in the
cell and is involved in the regulation of the acid-base balance, the osmo-
tic pressure in ecv, blood volume, nerve function and the transport
mechanisms for glucose and certain amino acids (1).

The body pool of sodium is approximately 100 g. About half is found
in the extracellular fluid (ecv) and 10% in the cells. The rest is mainly
bound in the skeleton, of which half is exchangeable and thereby func-
tions as a store for the body fluids.

The absorption of sodium is effective and generally amounts to more
than 90% of the dietary intake. The excretion of sodium mainly occurs
through the kidneys, where it is effectively regulated depending on
sodium and fluid intake. Losses through the skin in our climate are
generally not more than 1 mmol/d (2). Small amounts of sodium (0.1–
8 mmol) are also lost daily in the faeces (3). During profound sweating,
in massive diarrhoea or vomiting, the extrarenal loss may be clinically
significant. Healthy kidneys can retain almost all sodium in the body,
since the tubuli cells reabsorb sodium up to 99.5%. Healthy kidneys can
also excrete large amounts of sodium. This requires a satisfactory water
supply, since the urine cannot be concentrated more than to a limited
degree. The daily excretion through kidneys and skin is normally
100–200 mmol.

Requirement

Dietary sodium deficiency does normally not occur in the Nordic coun-
tries. Acute deficiency can develop in connection with heavy sweating 333
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in combination with large fluid intakes devoid of sodium, or in connec-
tion with prolonged vomiting and diarrhoea without salt supply. Clini-
cal symptoms include muscle seizures, loss of appetite and circulation
disturbances. Severe deficiency can result in coma and death. 

Among adults, sodium balance can be maintained at intakes as low as
10 mmol (230 mg) per day corresponding to about 0.6 g of salt. An intake
of 25 mmol (575 mg) per day, corresponding to about 1.5 g salt, is set as
the estimated lower level of intake, accounting for variation in physical
activity and climate (1).

Salt and blood pressure

From a public health perspective the role of sodium as dietary salt in the
regulation of blood pressure has received most interest. The relation-
ship between salt and blood pressure has been studied for a long time.
Kempner made classical observations during the 1930s and 40s (4). He
treated e.g. diabetics and hypertensive subjects with a salt-restricted rice
and fruit diet containing less than 2 grams of salt per day and found
that blood pressure was drastically reduced among most of the patients.

Cross-sectional population studies
Population studies have shown that hypertension is rare in populations
with a very low salt intake (< 2 g/d) and that blood pressure does not
rise with age (5). In areas with very high salt intakes (30–35 g/d) such as
Northern Japan, severe hypertension is reported among 30–35% of the
population (5). In the large, multi-centre Intersalt study (6) the relation-
ship between 24-hour sodium and potassium excretion and blood pres-
sure was investigated. The study included 10,000 men and women aged
20–59 years from 52 centres around the world. The median sodium
excretion varied from 0.2 mmol/d to 242 mmol/d between centres. In
four centres with very low sodium excretion, blood pressure was low
and no age-related increase was observed. In the other 48 centres,
sodium excretion was related to the increase in blood pressure with age
but not to median blood pressure or prevalence of high blood pressure.
Potassium excretion was negatively related to blood pressure on an indi-
vidual basis, while the sodium: potassium ratio showed a pattern simi-
lar to that of sodium. Body mass index and heavy alcohol intake were
strongly related to blood pressure.

Law et al. (7) analysed published data on blood pressure and sodium
intake for 24 different communities (47,000 subjects) throughout the
world, including the Intersalt study. Allowance was made for differences
in blood pressure between economically developed and underdeveloped
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communities to minimise overestimation of the association through
confounding with other determinants of blood pressure. The authors
found that blood pressure was higher on average in the developed com-
munities, but the association with sodium intake was similar in both
types of community. A difference in sodium intake of 100 mmol/24 h
was associated with an average difference in systolic blood pressure that
ranged from 5 mm Hg at age 15–19 years to 10 mm Hg at age 60–69.
The differences in diastolic blood pressure were about half as great. The
authors concluded that the association of blood pressure with sodium
intake is substantially larger than is generally appreciated and increases
with age and initial blood pressure. Data from within population studies
also generally support an association (8, 9).

Clinical trials
Several meta-analyses of clinical trials of dietary salt reduction have
been published (10–14). These differ in scope and inclusion criteria. Law
et al. (10) analysed 68 crossover and 10 randomised controlled trials of
salt reduction among normotensives and hypertensives, which included
studies published up to 1989. They found that the blood pressure lower-
ing effect of salt restriction was related to the duration of the study,
with less effect in trials lasting less than 4 weeks. They concluded that in
people aged 50–59 years, a reduction in daily sodium intake of 50 mmol
(approximately 3 g of salt) would, after a few weeks, lower systolic blood
pressure by an average of 5 mm Hg, and by 7 mm Hg in those with high
blood pressure (170 mm Hg). The diastolic blood pressure would be low-
ered by about half as much.

Midgley et al. (11) analysed 56 trials, published between 1966 and
1994, that had randomised allocation of subjects to control and dietary
sodium intervention groups, monitored by sodium excretion, with out-
come measures of both systolic and diastolic blood pressure, selected
by blinded review of the methods section. Several of these studies,
including some published before 1990, were not included in the analy-
sis by Law et al. (10). The mean reduction in daily urinary sodium excre-
tion was 95 mmol/d (71–119 mmol/d) in 28 trials with 1,131 hyperten-
sive subjects and 125 mmol/d (95–156 mmol/d) in 28 trials with 2,374
normotensive subjects. In hypertensive subjects, a reduced urinary
sodium excretion of 95 mmol/d significantly reduced systolic blood pres-
sure by 5.9 mm Hg and diastolic blood pressure by 3.8 mm Hg . In nor-
motensive subjects, the corresponding changes for a reduced urinary
sodium excretion of 125 mmol/d were a significant reduction of 1.6 mm
Hg for systolic and of 0.5 mm Hg (non-significant) for diastolic blood
pressure. A weakness of the analysis of trials on normotensives was the
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short duration of the trials (on average 14 days), although the authors
state that there was a tendency for a greater blood pressure reduction in
trials with a shorter duration (< 2 weeks). This is in contrast with the
findings of Law et al. (10) and could be due to problems of compliance in
some of the more long term-studies. Trials on normotensive subjects
involved mainly young subjects, while the trials on hypertensives
mainly involved middle-aged or older subjects. The decreases in blood
pressure were larger in trials on older hypertensive individuals than on
younger, whereas no data are given for the normotensives.

Graudal et al. (12) published another meta-analysis including 58 ran-
domised trials on dietary sodium restriction among hypertensives and
56 trials among normotensives published between 1966 and 1997. In
58 trials of hypertensive persons (exact criteria not stated), a reduced
urinary mean sodium excretion of 118 mmol/24 h gave a significant
reduction in systolic blood pressure of 3.9 mm Hg and diastolic blood
pressure of 1.2 mm Hg. In 56 trials of normotensive persons, a reduced
mean sodium excretion of 160 mmol/24 h was associated with a signi-
ficant average reduction in the systolic blood pressure of 1.2 mm Hg,
while a non-significant reduction in the diastolic blood pressure of 0.26
mm Hg was observed. In this study too, trials on normotensives had a
short duration, mean of only 8 days, and included younger subjects
(mean age 27 years) with a mean systolic blood pressure of 120 mm Hg.
This limits the relevance of the results for public health action. The
mean duration of trials of hypertensives was 28 days and the mean age
of the subjects was 49 years, which is comparable to the analysis by
Midgley et al. (11).

The meta-analysis by Cutler et al. (13) included 23 trials published up
to mid-1994. The lower number of trials included was due to stricter
inclusion criteria. The combined weighted data showed that a decrease
in sodium excretion of 100 mmol Na/24 h (5.9 g salt) was associated with
a reduction in systolic blood pressure of 4.8 mm Hg in hypertensives
and 2.3 mm Hg in normotensives. The corresponding figures for dias-
tolic blood pressure were 2.5 and 1.4 mm Hg, respectively.

In the meta-analysis by Geleijnse et al. (14), only randomised con-
trolled trials with duration greater than 2 weeks were included. Forty
trials published between 1966 and 1991 were included. A median reduc-
tion in sodium excretion of 77 mmol/24 h (4.5 g salt) was associated with
a 2.5 mm Hg reduction in systolic blood pressure and 2.0 mm Hg in dias-
tolic blood pressure. Reductions were more pronounced in hyperten-
sives and the same tendency was seen in older subjects. A subsequent
meta-analysis including trials with a duration of 4 weeks or more with
a similar reduction in sodium excretion (74–78 mmol/24h) found a 5.0
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mm Hg reduction in systolic blood pressure and 2.7 mm Hg in diastolic
blood pressure among hypertensives. Corresponding figures for subjects
with normal blood pressure were 2.0 mm Hg and 1.0 mm Hg, respec-
tively (14a). 

Only a few studies have examined the long-term effects on blood
pressure of sodium restriction. Jula et al. (15) studied the effects on blood
pressure and serum lipids of a non-pharmacological treatment based
mainly on sodium restriction in a 12-month controlled randomized
study with 91 middle-aged untreated mildly hypertensive men and
women. The estimated daily sodium intakes, calculated from 24-hour
urines, decreased in men from 227 mmol to a mean level of 105 mmol,
and in women from 129 mmol to 63 mmol. After 12 months of non-
pharmacological treatment, the mean weight in men was 1.9 kg lower
and in women 0.3 kg higher compared to the baseline. In the treatment
group, energy derived from saturated and monounsaturated fats de-
creased. The net blood pressure decrease (difference in changes between
treatment and control group) during the 12 months in men was 8.2 mm
Hg for systolic and 5.8 mm Hg for diastolic blood pressure, and in
women 9.5 mm Hg for systolic and 5.6 mm Hg for diastolic blood pres-
sure. All changes were significant. In the treatment group ldl-choles-
terol also decreased, by 6.8% in men and by 12.1% in women.

In the dash trials (Dietary Intervention to Stop Hypertension) the
effects of various controlled diets on the blood pressure of adult Amer-
icans with normal or moderately elevated blood pressure were studied
(16, 17). In the study by Sacks et al. (17) the influence of sodium intake on
blood pressure was assessed in 412 subjects who were randomly
assigned to eat either a control diet typical of intake in the United States
or the dash diet, each providing three levels of sodium. The subjects
were selected among adults 22 years or older, who were not taking anti-
hypertensive medication, and with a systolic blood pressure exceeding
120 but below 160 mm Hg and a diastolic ranging from 80 to 95 mm Hg.
The control diet had a fat composition corresponding to the usual Amer-
ican diet (36 E% total fat, 14 E% saturated fat), but a low content of fruits,
vegetables and milk products. The dash diet was rich in fruit, vegeta-
bles and low-fat dairy products, but low in edible fats, snacks and
sweets, with a low content of total fat (25 E%) and saturated fat (7 E%)
and cholesterol. The content of calcium, potassium and magnesium in
the control diet was lower than in the average American diet, whereas
the level in the dash-diet was higher. The intake of dietary fibre was
similar in both groups. Within the assigned diets, sodium levels were
adjusted to provide a daily intake of 150 mmol (high, about 9 g salt),
100 mmol (intermediate, about 6 g salt), and 50 mmol (low, about 3 g
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salt) for 30 consecutive days each, in random order. The estimated
sodium intakes, calculated from 24-hour urines, indicated a higher
intake in the low (71–74 mmol, about 4 g salt) and intermediate
(120 mmol, about 7 g salt) sodium groups.

Reducing the sodium intake from the high to the intermediate level
significantly reduced the systolic blood pressure by 2.1 mm Hg during
the control diet and by 1.3 mm Hg during the dash diet. A further
reduction from the intermediate to the low level caused additional
reductions of 4.6 mm Hg on the control diet and 1.7 mm Hg on the
dash diet. A regression analysis of these data shows that a reduction in
the sodium intake of 100 mmol per day would lead to a reduction in the
systolic blood pressure of about 3 mm Hg in the dash group and of
about 7 mm Hg in the control group. Corresponding values for diastolic
blood pressure are 1.5–2 and about 3 mm Hg, respectively. The effects of
sodium were observed in normotensive and hypertensive subjects,
whites, blacks and other races, women and men, and were not depend-
ent on weight (17, 18).

An aspect only partly addressed in the meta-analyses is the relation-
ship between the sodium intake and the age-related change in blood
pressure. Data from the Intersalt study strongly indicate a relationship
between the median daily urinary sodium excretion and the difference
in blood pressure with age (19). In within population analyses, individ-
ual 24-hour urinary sodium excretion higher by 100 mmol was associ-
ated with a 3–6 mm Hg higher systolic and 0–3 mm Hg diastolic blood
pressure. Associations were larger at ages 40–59 than at younger ages. In
cross-population analyses, median 24-hour sodium excretion higher by
100 mmol was associated with 5–7 mm Hg higher median systolic and
2–4 mm Hg higher median diastolic pressure. At age 55 the estimated
mean difference in systolic and diastolic blood pressure was 10–11 and
6 mm Hg greater, respectively, compared to at age 25, indicating a
strong age-related effect of high sodium intakes on blood pressure. In
the dash-trial, the blood pressure reduction was higher in older (> 45
years) than in younger subjects, e.g. a 100 mmol reduction in sodium
excretion was associated with a 6 mm Hg lower systolic blood pressure
among non-black older subjects (18).

The dash-trials clearly showed an effect of sodium restriction, rang-
ing from 2–5 g/d, on blood pressure, which is independent of other
dietary and lifestyle factors. An important finding is that the blood pres-
sure reduction was larger in the control group than in the dash group.
This implies that the benefits of sodium restriction are more pro-
nounced among persons consuming a diet which is less optimal, e.g.
with respect to fat, fruit and vegetables etc. (and similar to the current
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dietary patterns in the Nordic countries), than among those already con-
suming a diet in line with the general nutrition recommendations. 
A limitation of the study is the relatively short duration (30 days) and
the fact that the study excluded subjects with low (sbp < 120 mm Hg)
and high (sbp > 160 mm Hg) blood pressure. However, the blood pres-
sure lowering effect of dietary salt reduction on hypertensives is well
documented, while the proportion of the adult population with systolic
blood pressure below 120 mm Hg is small, especially among the middle-
aged and older.

Other studies
In a Portuguese population-based intervention study, sodium intake was
reduced by dietary advice (20). The mean dietary intake of salt decreased
by approximately 40% (from approximately 20 to 11.5 g/d), estimated by
food consumption data, while estimations based on urinary sodium to
creatinine ratios indicated a lower reduction, approximately 25% (5 g
salt) after one year and 9% (2 g salt) after 2 years. After 2 years of inter-
vention, the systolic and diastolic blood pressure had both decreased
by approximately 5 mm Hg.

Salt intake and blood pressure among children
There are few studies regarding the relationship between sodium intake
and blood pressure among children and adolescents. In a review,
Falkner and Michel (21) conclude that there are insufficient data with
respect to the importance of sodium intake for blood pressure in chil-
dren and adolescents. A few studies have found a positive relationship
between the sodium concentration of drinking water and blood pres-
sure (see e.g. 22), but there are no reliable data on the total sodium
intake from the total diet in the different groups, which makes it
difficult to interpret the results.

The importance of early diet on blood pressure was investigated by
Geleijnse et al. (23). In a randomised trial among 476 Dutch newborn
infants, the effect of a low (on average 120 mg/d) or normal (on average
330 mg/d) sodium diet on blood pressure during the first 6 months of
life was studied. The sodium intake in the low sodium group is approx-
imately similar to the intake of breast fed infants, whereas the intake in
the normal group is similar to the sodium intake of infants fed com-
mercial infant formula. At the end of the trial, systolic blood pressure in
the low sodium group was 2.1 mm Hg lower than in the control group.
The authors also measured blood pressure in 167 children from the orig-
inal cohort (35%) after 15 years of follow-up. The adjusted systolic blood
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pressure at follow-up was 3.6 mm Hg lower and the diastolic pressure
was 2.2 mm Hg lower in adolescents who as infants had been assigned
to the low sodium group compared with those assigned to the control
group. Both groups had relatively low urinary sodium excretions as esti-
mated from overnight urinary samples (around 2 g/d). These findings
suggest that sodium intake in infancy may be important in relation to
blood pressure in adolescence and later life.

Other dietary factors and blood pressure
A number of dietary factors have been associated with blood pressure.
These include e.g. alcohol, potassium, calcium, magnesium, and fatty
acid composition. 

The influence of potassium was shown in the Intersalt study and clin-
ical studies have indicated that potassium supplementation or an
increased potassium intake can lead to blood pressure reduction in both
normotensives and hypertensives (14, 16).

High alcohol consumption (> 210 g/wk) has been associated with an
elevated blood pressure (24). Supplements of large doses of long-chain n-
3 fatty acids (several grams per day) can lead to a blood pressure reduc-
tion in the order of 1–2 mm Hg, especially among hypertensives and
older subjects (25). The effect of n-6 and monounsaturated fatty acids is
more controversial. Results from intervention studies indicate that a
shift from a diet with a high total fat and low linoleic acid content to a
diet with a low fat and moderate linoleic acid content is associated with
a reduction in blood pressure. In controlled studies an independent
effect of linoleic acid has not been confirmed (26–28).

In intervention studies in which subjects have received fat-modified
diets rich in fruit and vegetables, complex carbohydrates conforming to
e.g. nnr recommendations, but without sodium restriction, a decrease
in blood pressure has been observed compared to subjects receiving an
average diet (16, 29). As also shown by Sacks et al. (17) this implies that
the effect of moderate sodium restriction on blood pressure in nor-
motensive persons is less pronounced if the overall composition of the
diet is favourable. However, the effects are additive.

In a meta-analysis of controlled intervention studies, frequent coffee
consumption (about 5 cups/d) was associated with 2.4 and 1.4 mm Hg
higher systolic blood pressure and diastolic blood pressure, respectively,
compared to no consumption (30).

Physical activity and blood pressure
Regular, moderate physical activity has been shown to reduce blood
pressure, both in normotensive and hypertensive groups, with average
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decreases of about 3 and 2 mm Hg for systolic and diastolic blood pres-
sure, respectively, in normotensive groups and 8 and 6 mm Hg, respec-
tively, in hypertensive groups (see Chapter 10).

Salt and morbidity and mortality
There are only few studies that have investigated the relationship
between sodium intake and morbidity and mortality. The multi-centre
cardiac study (who Cardiovascular Diseases and Alimentary Compar-
ison Study) (31) investigated the relationship between biological mark-
ers of dietary factors with blood pressure and age-adjusted mortality
rates of stroke and ischaemic heart disease from 55 centres in 24 coun-
tries. From each population, 100 men and 100 women aged 48 to 56
years were randomly selected for bp measurement, 24-hour urine col-
lection and other biological parameters. Cross-centre analyses showed
that stroke mortality was significantly positively related to the 24-hour
sodium excretion rate in men and to the sodium/potassium ratio in
both sexes.

Alderman et al. (32) reported an increased risk of myocardial infarc-
tion among male hypertonics who had been treated with blood pres-
sure reducing drugs. The trend for women was the opposite, although
not significant. The sodium intake was measured using single 24-hour
urine, which was collected 5 days after the subjects had been asked to
avoid consumption of foods with a high salt content. One can therefore
question whether the assessment provided a representative measure of
the subjects’ usual sodium intake. The results could also have been
biased due to that confounders, e.g. alcohol, not being accounted for. In
another study Alderman et al. (33) reported a significant negative corre-
lation between sodium intake estimated by 24-hour recalls and all-cause
and cvd mortality in a follow-up of the first us nhanes i study. Based
on these results, the authors concluded that sodium restriction might
lead to negative health effects and that advice to reduce sodium intake
in the general population is not justified. A critical examination of the
data (34), however, favoured the opposite interpretation since the
authors also found a positive correlation between the sodium content of
the diet expressed as mg/kcal and mortality. A major weakness of the
nhanes i data was the low energy intake, which was on average below
levels associated with bed-bound or wheelchair activity. When the study
population is classified into sodium density (mg Na/kcal), the energy
intakes are more comparable among the quartiles, indicating that
underreporting is more evenly distributed. The energy adjusted sodium
intakes are thus more reliable, and only these data can, in the absence
of 24-hour urine data, be used with some confidence in the analysis of a
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possible relationship between sodium intake and mortality. The result
of this analysis, which the authors briefly mention, is that there is a
weak, but significant, positive association between the sodium content
of the diet and both total and cvd mortality.

He et al. (35) examined the risk of cardiovascular disease associated
with dietary sodium intake in 2688 overweight (bmi) and 6797 non-
overweight persons in the first National Health and Nutrition Exami-
nation Survey Epidemiological Follow-up Study (nhanes i). Subjects
were aged 25 to 74 years when the survey was conducted in 1971–1975.
Dietary sodium and energy intakes were estimated at baseline using a
single 24-hour dietary recall method. The average follow-up was 19
years. Among overweight persons, a 100 mmol higher sodium intake
was associated with a 32% increase in stroke incidence, 89% increase in
stroke mortality, 44% increase in coronary heart disease mortality, 61%
increase in cardiovascular disease mortality, and 39% increase in mortal-
ity from all causes. Dietary sodium intake was not significantly associ-
ated with cardiovascular disease risk in non-overweight persons. The
limitations of the study are the same as for the earlier mentioned study
by Alderman et al. (34) on the same population.

In a prospective study by Tuomilehto et al. (36) on Finnish men and
women aged 25–64 years, 24-hour urinary sodium excretion, divided
into quartiles, was directly related to the incidence of coronary and
stroke events, and death from coronary heart disease, cardiovascular
disease, and any cause. There was a significant elevated risk for coro-
nary heart disease, cardiovascular disease, and all-cause mortality, asso-
ciated with a 100 mmol increase in 24-hour urinary sodium excretion in
both men and women. The frequency of acute coronary events, but not
acute stroke events, rose significantly with increasing sodium excre-
tion. In separate analyses for each sex, the risk elevations were signi-
ficant in men only. There was also a significant interaction between
sodium excretion and body mass index for cardiovascular and total mor-
tality ; sodium excretion predicted mortality in men who were over-
weight, but not in normal weight subjects. The increase in risk was in-
dependent of blood pressure and potassium excretion (37). The sodium
intake in the lowest sodium excretion groups was below 159 mmol/L in
men and 119 mmol/L in women, corresponding to approximately 4 g
sodium (10 g salt) and 3 g sodium (7.5 g salt) per day, respectively.

In a review Perry (38) concludes that available studies suggest that
sodium intake is independently related to left ventricular hypertrophy,
a condition that is associated with increased risk of coronary mortality.
Long-term sodium restriction decreases left ventricular hypertrophy of
hypertensive subjects (39, 40).
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Several studies indicate a positive relationship between sodium and
calcium excretion and that the sodium intake may play a role in the eti-
ology of osteoporosis and kidney stones (41).

Risks associated with a reduced sodium intake
A review of controlled studies in which the sodium intake was restricted
did not reveal any evidence of adverse effects of moderate sodium
restriction (42). The analysis included 20 randomised intervention stud-
ies with at least 6 months follow-up and urinary excretion data. How-
ever, the authors of nnr 2004 recognise that the issue of adverse effects
has not been systematically studied. Concerns that have been raised
refer to subjects with impaired sodium homeostasis, high sodium losses
or low food intake, and the capability of the cardiovascular system to
handle extreme situations, e.g. during intense heat and large fluid
losses. The two studies by Alderman et al. (32, 33) indicate an increased
risk of myocardial infarction and mortality, but their interpretations
can be questioned on a methodological basis (34).

Recommended intake

Data from recent individual trials and meta-analyses of previous trials
show that reduction of sodium intake can independently decrease blood
pressure. The effect is greater among hypertensives and overweight sub-
jects and available data also suggest that moderate sodium restriction
will attenuate the usual blood pressure increase with age (14, 19, 18).
The magnitude of blood pressure decrease of sodium restriction also
depends on the dietary composition, and seems to be more pronounced
when the diet is less optimal, e.g. with respect to the balance between
the energy providing nutrients, fibre, potassium and calcium and possi-
bly other constituents, provided by e.g. fruit and vegetables.

The data from the dash studies and other studies indicate that blood
pressure decreases with decreasing sodium intake within the range
1.2–8 gram (3–20 g salt) per day. Blood pressure is a strong independent
risk factor for cvd and moderate sodium intakes have in some studies
been associated with decreased risk of cvd morbidity and mortality,
primarily among overweight subjects. On the other hand, available data
do not suggest any benefits of high sodium intakes.

Adults
Any recommendations on the sodium intake thus have to be based on
practical and public health considerations, rather than on a precise esti-
mate of an optimal physiological intake. Based on a pragmatic evalua-
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tion of the available data, a sodium intake in the range 100–150 mmol
(2.3–3.5 g) per day would be feasible at the population level. Although
most of the analyses have not differentiated between men and women,
it seems reasonable to set separate targets for men and women. Epi-
demiological data suggest that sodium intakes above 3–4 g/d are associ-
ated with increased cvd morbidity and mortality. In a British popula-
tion study, urinary sodium excretion below 140 mmol/d (3.2 g sodium)
was associated with a lower prevalence of hypertension than higher
excretion levels. The proposed population target is to reduce the sodium
intake to 2.3 g (100 mmol, about 6 g salt) per day for adult women and
2.7 g (120 mmol, about 7 g salt) per day for adult men. The differenti-
ated recommendation for men and women is based on body size. It
should be pointed out that a further reduction of the sodium intake is
estimated to result in additional benefits in terms of e.g. blood pressure
lowering and may be warranted, especially among hypertensives. A
long-term goal is to reduce the average sodium intake to about 2–2.3 g/d,
corresponding to 5–6 g salt.

The current average sodium intake in the Nordic countries can be
estimated at 4–5 gram per day (10–12 g salt). The proposed population
targets would therefore require a reduction in the average population
intake of approximately 1–2 g sodium (3–5 g salt) per day. The public
health implications of these targets are more important with increasing
blood pressure, body weight and age.

Children
Available data, although limited, suggest that sodium intake in young
age is associated with elevated blood pressure in later life. In relation to
the recommendation of a moderate sodium intake in adults, it also
seems prudent to limit sodium intake in childhood in order to avoid
preference for a diet with a high salt level. The recommended sodium
density, expressed as salt, is set to 0.5 g per 1,000 kJ, which is based on
the reference values for adults.

International expert reports
As early as 1982, a who report on prevention of cardiovascular disease
(43) recommended that the salt intake should not exceed 5 g/day. This
recommendation was based on various clinical and epidemiological
data. Since then, several international and national expert bodies
including who (44, 45), us Food and Nutrition Board (46), American
Heart Association (47), and a British Expert Panel (48) have published
recommendations to limit salt intake to 5–6 g/day. The British Expert
Panel (48) notes that the evidence linking salt intake to blood pressure
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has strengthened during the last decade and also gives reference values
for children and adolescents.

Public health effects of sodium restriction
Based on the Intersalt study, Thelle (49) estimated that a change in salt
intake from 10 to 5 g/d would result in a reduction in the expected blood
pressure increase over a 30 year period from 10 to about 5 mm Hg.
According to Thelle, data from Norwegian studies show that an increase
in the average blood pressure level of 5 mm Hg is associated with an
increase in coronary disease and stroke of about 20% and 40%, respec-
tively (49). 

In a more recent report (50, 51) a reduction in the systolic blood pres-
sure of 2–4 mm Hg, accomplished by a reduction of salt intake by
approximately 6 grams per day, was estimated to result in a reduction of
stroke and myocardial infarction mortality among Norwegian men and
women below 70 years by 8–16% and 6–14%, respectively.

Advice to reduce salt intake in various population groups can result
in decreases in salt intake and blood pressure, although the effects are
moderate (52). Salt reduction may also allow hypertensive subjects to
stop their medication (52, 53). The moderate effects of dietary advice on
salt intake reflect the relatively high salt content in many processed
foods and the lack of salt-reduced alternatives. To achieve a more pro-
nounced reduction in the salt intake in the population, a general
decease in the salt content of most processed foods is needed.

Dietary sources and intake

The main sources of sodium in the diet are processed foods, e.g. bread,
cheese, spreads, meat and fish products. The contribution of sodium
from added salt and salt-containing spice mixtures and condiments
varies. Data on the total dietary intake of sodium in Nordic populations
are scarce. According to national food balance sheets the availability of
salt in the Nordic countries is estimated to be 10–12 g per capita and day.
Estimations of the sodium intake from national dietary surveys among
adults generally show somewhat lower values. Average dietary sodium
contents (g/10 mj) calculated from recent national dietary surveys
among adults were in: Denmark 4.1 g Na (10 g salt), Finland 4.4 g (11 g
salt), Iceland 3.7 g (9 g salt), Norway 4.1 g (10 g salt) and in Sweden 3.4 g
(8.5 g salt) (54–57). The contribution from discretionary salt intake, e.g.
from extra salt added to meals etc., is generally not included. Data from
recent studies on urinary sodium excretion in small Swedish sub-popu-
lations show values corresponding to 8–11 g/d salt (58, 59).
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chapter 33

Potassium

The major proportion of the potassium in the body (98%) is found in the
cells and potassium is the quantitatively most important intracellular
cation. Extracellular potassium, which constitutes the remaining 2%, is
important for regulating the membrane potential of the cells, and
thereby for nerve and muscle function, blood pressure regulation etc.
Potassium also participates in the acid-base balance. 1 mmol potassium
is equivalent to 39 mg.

Physiology and metabolism

The absorption of potassium is effective and about 90% of the dietary
potassium is normally absorbed from the gut. The potassium balance is
primarily regulated by renal excretion in urine. A small proportion can
be lost in sweat. 

Requirement and recommended intake

Potassium deficiency can develop as a consequence of increasing losses
from the gastrointestinal tract and kidneys, e.g. during prolonged diar-
rhoea or vomiting, and in connection with the use of laxatives or diuret-
ics. Potassium deficiency due to low dietary intake alone is very uncom-
mon, due to the widespread occurrence of potassium in foods. Treat-
ment with diuretics without potassium compensation can, however,
lead to deficiency. Symptoms of potassium deficiency are associated
with disturbed cell membrane function and include muscle weakness
and disturbances in heart function, which can lead to arrhythmia and
heart seizure. Mental disturbances, e.g. depression and confusion, can
also develop.

Potassium, g/d Women Men Children

2–5 y 6–9 y 10–13 y
girls/boys

Recommended intake ri 3.1 3.5 1.8 2.0 2.9/3.3
Lower level of intake li 1.6 1.6
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The losses of potassium via the gastrointestinal tract, urinary ex-
cretion and sweat comprise about 800 mg/d (20 mmol), but 1.6 g/d
(40 mmol) is needed to avoid low plasma levels and loss of total body
potassium in adults (1). The potassium intake may affect sodium bal-
ance and potassium intakes of 10–30 mmol/d may induce sodium reten-
tion and an increase in blood pressure, both in normotensive and hyper-
tensive subjects (2–4). In the Intersalt study a 30–45 mmol increase in
urinary potassium excretion was associated with a 2–3 mm Hg lower
systolic blood pressure (5). An inverse relationship between blood pres-
sure and potassium excretion and K/Na ratio in urine was also observed
(6). A number of studies of both normotensive and hypertensive sub-
jects indicate that an increased potassium intake as supplements can
lower blood pressure and increase urinary sodium excretion (7–11).
However, a clear dose-response effect was not observed, and not all
showed a beneficial effect. The lack of clear dose-response observed in
the studies could be due to factors such as differences in duration of stud-
ies, initial blood pressure, sodium intake, habitual diet, race and age.

Two meta-analyses of randomised trials with potassium supplemen-
tation showed a significant reduction of blood pressure (7, 8). In the
study by Whelton et al. (7) a mean increased potassium excretion of
about 60 mmol/d was associated with a mean 4.4 mm Hg decrease in
systolic blood pressure and a 2.5 mm Hg decrease in diastolic blood pres-
sure among hypertensives. Corresponding figures for normotensives
were 1.8 and 1.0 mm Hg, respectively, although the effects were not
significantly different between hypertensives and normotensives. The
median duration of the trials was 5 weeks. The blood pressure lowering
effect of potassium supplementation was greater in trials with a higher
urinary sodium excretion, indicating the close interrelationship be-
tween sodium and potassium in this aspect. Using urinary excretion
data for potassium, the average intake of potassium in the supple-
mented groups is estimated at 4.5–5 g/day. In a subsequent meta-analy-
sis including randomised controlled trials with potassium supplementa-
tion with a duration of more than two weeks (8), an increased median
potassium excretion of 44 mmol/d was associated with a 2.4 mm Hg
decrease in systolic and 1.6 mm Hg in diastolic blood pressure. In a ran-
domised controlled 6-week trial, a moderate potassium supplement of
24 mmol/d (900 mg/d) resulted in a decease in systolic blood pressure of
7.6 mm Hg and in diastolic blood pressure of 6.5 mm Hg in healthy vol-
unteers (11). This study indicates that a moderate increase in potassium
intake may be sufficient to influence blood pressure. Most of the studies
have used kcl supplements. A few studies with a limited number of sub-
jects have investigated the effect of other potassium salts, e.g. citrate,
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but the results are conflicting with respect to any differential effects on
blood pressure (12, 13).

In controlled intervention studies using diets designed to meet recom-
mended levels of e.g. fat, fat quality and dietary fibre similar to those in
nnr, the dietary potassium intakes (estimated from urinary potassium
excretion) have been of the same magnitude, i.e. 3–4 g/d (14–16). In these
studies blood pressure reductions were observed both with and with-
out changes in sodium intake. However, sodium restriction still
decreases blood pressure at the level of 3–4 g/d of potassium intake.

The recommended daily intake in nnr 1996 was based on data on
the effect of potassium on blood pressure. Several clinical trials and pop-
ulation surveys published thereafter support the finding that a diet rich
in potassium alone, or in combination with calcium and magnesium,
may have a favourable effect on blood pressure (5–11; 14–17). An inverse
association between potassium intake and the risk of stroke has been
shown in some cohort studies (18–20). The reference values are kept
unchanged compared to nnr 1996, since there are no new scientific
data to justify any major changes. The recommended intakes are set at
3.5 g/d (90 mmol) for men and 3.1 g/d (80 mmol) for women. The figure
for women also includes pregnant and lactating women. It should be
pointed out that potassium intakes somewhat over and above these val-
ues might have further beneficial effects. The reference values for chil-
dren and adolescents are extrapolated from adult values based on needs
for growth and adjusted for body weight.

The lower level is estimated to 1.6 g/d (40 mmol) for adults.

Upper intake levels and toxicity

Potassium chloride has been associated with acute poisoning in humans.
Case reports have described heart failure, cyanosis and cardiac arrest
after ingestion of high doses of potassium chloride tablets. Gastroin-
testinal effects have also been described after chronic ingestion of potas-
sium chloride in case studies and supplementation studies. This is char-
acterised by abdominal pain, nausea and vomiting, diarrhoea, and ulcer-
ation of the oesophagus, stomach and duodenum and ileum. The occur-
rence and severity of the effects depend on a number of factors of which
formulation of the preparation, dose and gut transit time seem to be
the most important. Slow release, wax-coated kcl tablets appear to in-
duce more lesions than microencapsulated tablets (21).

Dietary potassium has not been associated with any negative effects
in healthy subjects. Prolonged high potassium intakes from diet and po-
tassium-containing salt substitutes may, however, cause hyperkalaemia
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and affect heart function in subjects with renal insufficiency or im-
paired kidney function (21, 22).

The available data are insufficient to set an upper level for dietary
potassium. A British expert group proposed an intake of 3.7 g/d from
supplements as an upper guidance level for adults. Supplemental in-
takes up to this level are generally not associated with overt adverse
effects, but certain preparations may induce mild lesions of the gas-
trointestinal mucosa (17). It seems prudent to include potassium from
potassium-containing mineral salt in this figure.

Dietary sources and intake

Important potassium sources in the Nordic diets are potatoes, fruit and
berries, vegetables, and milk products. The average dietary intake ranges
from 3.6 to 4.8 g/10 mj (see Chapter 43).
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chapter 34

Iron

Worldwide, iron deficiency (id) is the most common micronutrient
deficiency. That is because certain population groups have high iron
requirements, but insufficient iron intake or absorption to meet their
needs. The relative iron requirement is greatest in infants and young
children (aged 6–24 months) and adolescents (aged 12–16 years), which
is explained by the rapid growth rate in these age groups. During child-
bearing years women also have increased needs of iron because of iron
losses due to menstrual bleeding and transfer of iron to the foetus dur-
ing pregnancy. Iron overload can also occur, with people with heredi-
tary haemochromatosis the most likely to be affected. The prevalence of
this condition is much higher than previously assumed, with up to 5
per 1,000 individuals of Caucasian origin affected (1).

Physiology and metabolism

Iron is essential to virtually all living organisms. The most important
biological characteristic of iron is its ability to alternate between two
oxidation states – ferrous iron (Fe2+) and ferric iron (Fe3+) – thereby
accepting or donating one electron. Due to the poor solubility of ferric
iron at physiological pH and the ability of ferrous iron to reduce oxygen
intermediates to harmful free radicals, all organisms have developed
binding molecules (chelators) in order to transport and store iron, and
to control its reactivity (2, 3).

Iron has many vital functions in the body. The quantitatively domi-
nating function of iron is to form the oxygen-binding part of haemoglo-
bin, which transports oxygen from lungs to the tissues. Iron is also found
in myoglobin, a muscle fibre protein binding oxygen. Iron is an impor-

Iron, mg/d Women Men Children

2–5 y 6–9 y 10–13 y

Recommended intake ri 15/9* 9 8 9 11
Average requirement ar 10/6* 7
Lower level of intake li 51 7

* Post menopause.
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tant part of many enzymes that transfer oxygen and electrons and many
metabolic pathways in for example liver, brain and endocrine organs. 
It is for example a necessary part of cytochromes, one of a series of en-
zymes that couples energy to atp formation during oxidative phospho-
rylation.

The body can store iron in ferritin and haemosiderin, which are stor-
age proteins in liver, spleen and bone marrow. Minute amounts of fer-
ritin are also found in plasma in iron-free form, and the serum ferritin
level (s-ferritin) is considered to reflect the size of the body iron stores.

Absorption and bioavailability

Iron homeostasis is maintained through absorption. Compared to many
nutrients, iron is poorly absorbed, and another feature of human iron
metabolism is the absence of an excretory pathway. The absorption in
the intestine depends on the iron status of the body, the amount and
type of iron in the diet and the composition of the meal (4).

In foods, there are two types of iron, haeme iron and nonhaeme iron.
Haeme iron constitutes about 10% of total iron in the Nordic diet. It is
mainly found in meat, where it accounts for about half the total iron.
Iron in grains and other plant-derived foods is nonhaeme iron. Haeme
iron is generally more efficiently absorbed than nonhaeme iron and is
not subjected to the same regulation mechanisms. Absorption is in-
creased in subjects with iron deficiency compared with normal subjects,
i.e. it depends on body iron stores (5). Usually about 25% of the total
amount of haeme iron is absorbed from food and in general not affected
by food components, although reduced bioavailability of haeme iron
due to interaction with calcium has been reported (6). The absorption of
nonhaeme iron depends on the composition of meals. The absorption is
enhanced by ascorbic acid, with the most pronounced effects at moder-
ate intake, or up to 100 mg/d (7), and an unknown factor (mfp factor)
found in meat, fish and poultry, which is thought to be cysteine-con-
taining peptides, possibly with more factors involved (8). It is still un-
clear to what extent organic acids other than ascorbic acid promote
absorption. The absorption of nonhaeme iron is inhibited by phytates
and its metabolites, iron-binding polyphenols like the tannins, and cal-
cium (6, 9, 10, 11). Manganese in larger amounts than can be obtained
from food can compete with iron for absorption in the intestines (12). It
appears that zinc does not compete with iron for absorption, at least
not in the amounts usually obtained from food (10), but interactions
between iron and copper have been documented (13, 14). Divalent
cationic metals probably share a common absorption mechanism using
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dmt1 (divalent metalionic transporter 1) for transportation across the
luminal side of the enterocyte (15). 

The effects of enhancing and inhibiting factors on absorption can be
seen from studies on different diets. Fruits and vegetables rich in vita-
min C and meat can counteract the effect of inhibiting factors (16). Tea
and coffee drunk with a meal diminish the absorption of nonhaeme
iron because of the iron-binding polyphenols which they contain. Even
cocoa diminishes absorption for the same reason, but in addition it con-
tains considerable amount of phytates. Phytic acid is mainly found in
unprocessed fibre-rich products. Part of the phytic acid is degraded dur-
ing the leavening of bread. Low pH, which can be obtained for example
with a lasting sourdough leavening or if acetic acid is added to the
dough, increases the probability of phytic acid breakdown and iron
absorption increases (4, 9, 17). Calcium, however, reduces the break-
down of phytates in dough fermentation and baking (6). Calcium also
has a direct inhibiting effect on both haeme and nonhaeme iron absorp-
tion, indicating a mucosal rather than luminal effect (6). Measurements
from single meals showed that 40 mg calcium did not reduce iron ab-
sorption, while one glass of milk (165 mg calcium) caused a 50% reduc-
tion in iron absorption. There was a dose-dependent effect up to a con-
sumption of 300 mg calcium in the meal, while higher quantities of cal-
cium did not cause any further reduction in the absorption of iron.
Other experiments which evaluated iron absorption from the diet
showed that iron absorption was reduced by about 40% when milk was
drunk with the main meal, which contained most iron, compared to
when water was drunk with this meal (18, 19). Supplemental calcium
has also been shown to reduce iron absorption substantially when taken
with meals (20).

The influence of enhancing and inhibiting factors on iron absorption
appears to be most marked in single meal studies, while studies of
whole diets show varying results. Two-week studies comparing iron
absorption from a whole diet containing either enhancing or inhibit-
ing factors on absorption found about two times higher iron absorption
from the diet with the enhancing factors (21, 22). Algorithms for calcu-
lating the absorption of iron have also been developed for adults (23, 24).
The algorithm of Hallberg and Hulthén (24) predicts the effects of
dietary factors known to influence iron status based on their content
in consumed foods with consideration taken of interactions between
individual factors, i.e. phytate, polyphenols, ascorbic acid, meat, fish
and seafood, calcium, egg, soy protein and alcohol (24).

Hunt and Roughead found no effect of enhancing and inhibiting
components in iron-replete men over time and concluded that their
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subjects biologically adapted to a diet of high or low iron bioavailability
to homeostatically maintain body iron stores (25). Another study on sub-
jects with normal iron stores showed long-term calcium supplementa-
tion with meals having no effect on iron status, while short-term supple-
mentation decreased iron absorption (26), and a study on complete diets
for 5 day periods reported no effect from calcium intake or the intake of
animal foods and vitamin C on the absorption on non-haeme iron in 14
subjects of normal iron status (27). Cook and Reddy found that the facil-
itating effect of vitamin C on iron absorption from a complete diet was
far less pronounced than that from single meals (28).

Despite varying results from studies on whole diets, subjects with
poor iron status seem to benefit from a diet rich in factors enhancing
iron absorption.

Iron deficiency and iron deficiency anaemia

Development
The development of iron deficiency (id) proceeds continuously from
normal iron status up to serious iron deficiency anaemia (ida). Initially
body iron stores diminish, which is reflected in decreasing concentra-
tion of s-ferritin. When iron can no longer be obtained from stores, iron
deficiency in tissues develops. This leads to increasing levels of trans-
ferrin and transferrin receptors (TfR), which in turn leads to reduced
transferrin saturation and higher concentration of erythrocyte proto-
porphyrin, often assayed as an increasing serum level of zinc proto-
phyrin (zpp) because zinc is incorporated into the protoporphyrin mol-
ecule in the absence of iron (29). Finally the haemoglobin (Hb) level
starts to decrease. If the negative iron balance is not corrected, anaemia
develops, defined as a haemoglobin value two standard deviations be-
low the mean of the population. Iron status variables in iron-replete
individuals and those with ida overlap (30,31). Indications of the effect
of iron deficiency on the formation of red blood cells, i.e. reduced mean
cell volume (mcv) can be seen before stores are completely emptied
(31–33).

Symptoms
id can lead to various symptoms. Serious consequences of id are anae-
mia (ida), reduced work capacity and impaired cell-mediated immuno-
logical defence. Altered temperature regulation has also been noted in
connection with id (34, 35). Of particular concern is the suggestion that
severe id seems to affect children’s mental development and cognitive
functions, probably only when severe enough to result in anaemia
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(ida). These effects may even be irreversible, depending on the age of
the child, the severity and duration of the deficiency and the socioeco-
nomic environment (29, 36–40).

Assessment and indicators of iron status 
Several indicators are used for detection of iron deficiency. S-ferritin is
considered to be the best single indicator of iron status and is also the
most widely used (41). It gives a good reflection of the size of the iron
stores in the absence of infection and inflammation. who recommends
12 µg/L as the cut-off for children below the age of 5 years and 15 µg/L for
males and females above 5 years (42). These cut-offs are built on global
criteria that also include other races and countries, including develop-
ing countries (see Table 34.1). Lower s-ferritin values have been used for
infants and young children, e.g. 10 µg/L in the Euro-Growth study (43).
This reference value was also used for us children up to 5 years in a
nation-wide study (44). Scientists from different countries have given
< 12 µg/L as the cut-off for s-ferritin in adolescence (44–50). Other indica-
tors of iron status are s-transferrin (total iron binding capacity, tibc),
transferrin saturation (s-iron/tibc) and s-TfR (serum transferrin recep-
tor). While the transferrin saturation is less useful for detecting id due
to diurnal variations in s-iron, s-TfR is considered the single most sensi-
tive indicator of functional iron depletion (51). The transferrin satura-
tion is, however, very useful as a screening variable for hereditary
haemochromatosis (42). In recent years s-Tfr/s-ferritin has also been
used as an indicator of iron status in scientific studies (45, 46). Free ery-
throcyte protoporphyrin (or zpp) and mcv (mean cell volume) become
abnormal relatively late in the development of id (51), so alone they
would be relatively insensitive indicators of iron deficiency and are not
often used in studies on iron status.

Anaemia is defined as a reduced concentration of Hb. According to
who, Hb < 110g/L should be used to diagnose anaemia in infants and
children from 6 months up to 5 years of age, and 115 g/L for children up
to 11 years (42). Higher values are recommended for children aged 12–
14 years and women (120 g/L) and men (130 g/L), while during pregnancy
the cut-off is lowered to 110 g/L. However, reference values for Hb (and
also for other iron status variables) are poorly validated in infants and
young children. In clinical practice as well as in research, the commonly
used cut-off levels to identify id and ida in infants (Hb < 110 g/L and s-
ferritin < 10–12 µg/L) are in fact extrapolated from older age groups and
there are indications that they may not be appropriate (52). Emond et al.
suggested for 8-month-old infants a cut-off of 97 g/L for Hb (53). Others
have used 105 g/L (54, 55) and 100 g/L (52, 56).
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ida is defined as anaemia by Hb below given cut-off, along with
abnormal iron status indicators. The number of iron status indicators
used for diagnosis varies, as well as their cut-offs used for iron defi-
ciency. Sometimes only s-ferritin is used, but some studies have used
the approach that when two out of three iron status indicators are
below (or above) a given cut-off together with a Hb below cut-off, the
individual is diagnosed with ida.

Table 34.1 Cut-off values for different iron status indicators

Indicator Lower or Adults Children and Infants aged
upper limit Males Females adolescents 4/6/9 monthsc

Haemoglobin (Hb) g/L < 130a < 120a < 105b < 110a < 105/105/100
< 105d

Serum ferritin µg/L < 15a < 15a < 12a, i, j < 20/9/5

mcv fL < 80c, e, f < 80e, f < 74g < 73/71/71

Serum transferrin mg/L > 8.5f, h > 8.5f, h > 8.5f, h > 11/11/11
receptors (TfR)

Free erythrocyte µg/dL > 70e > 70e > 80e

protoporphyrin erythrocyte

Transferrin % < 16e < 16e < 12e

saturation

tibc µg/dL > 400e, f > 400e, f

zpp µmol/mol >75/75/90

a who (42)
b Thorsdottir et al. (57)
c Domellof et al. (52)
d Michaelsen et al. for 9-month-olds (54)
e Expert Scientific Working Group (58)

Prevalence of iron deficiency and iron deficiency anaemia
In a Norwegian study on one-year-old children (60), 7% had anaemia,
defined as haemoglobin < 110 g/L, but iron status was not evaluated. In
a Danish study, 5% of nine-month-old infants had anaemia (defined as
Hb < 105 g/L), while 20% had Hb < 110 g/L, but no cases of ida were
found (54). Of Swedish 1-year-old infants, 8% had haemoglobin < 105 g/L
and 13% haemoglobin < 110 g/L, and 26% were iron depleted (s-ferritin
< 12 mg/L) (61). In a more recent study from the same area of Sweden,
the figures for that age group using the same cut-offs (Hb < 110 g/L and
s-ferritin < 12 mg/L) were anaemia 15% and id 18%, respectively (62). In
Icelandic 1-year-olds the proportion below the same cut-off for s-ferritin
was higher, 45%. In that study 9% were diagnosed as anaemic (Hb
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g Gill et al. (59)
h Baynes (51)
i Samuelson et al. (46)
j Samuelson et al. (45)
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< 105 g/L) and 3% as having ida (57). The iron status is improved at the
age of two years, but at one and two years of age poorer iron status was
related to faster growth from birth (57, 63). In Finland the prevalence of
children aged 3–4 years with Hb < 110 g/L was 4% (64). The prevalence of
id among adolescents and adults varies between the Nordic countries.
Studies on 15–16 year-old Swedish teenagers revealed that 40% of girls
and 15% of boys were iron deficient (33). However, in two other studies
in Sweden, the prevalence of id proved to be lower among 15-year-olds,
5% and 4% among boys, and 15% and 14% among girls (65, 66). In a
Swedish longitudinal study from 15 to 21 years of age, serum ferritin
concentrations < 12 mg/L were found in 3%, 2% and 2% of males aged
15, 17 and 21 years respectively and in 18%, 26% and 21% of females
aged 15, 17 and 21 years respectively (45). Bergström et al. have pointed
out the important association between prevalence figures and diagnosis
criteria used (65). In Denmark the prevalence of exhausted iron stores
was 13% in adolescent boys and 18% in girls (67), but in Norwegian stud-
ies, id was found in 5–18% and 6–30% of 13–15-year-old Norwegian boys
and girls, respectively (68). Danish, Norwegian, Icelandic and Finnish
studies have shown id in 10–22% of women of childbearing age (69–74).
A better founded diagnostic criterion for id is needed for older children
and adults, as well as infants. The sTfR/s-ferritin ratio might be useful
for the purpose of increasing the diagnostic accuracy (45).

Not many studies have been conducted on iron status in elderly pop-
ulations in the Nordic countries. In Finland the prevalence of low Hb
(< 122 g/L) was 0–5% among elderly (> 65 years) men and 1–2% among
women depending on differences in living conditions (75). A Danish
study revealed that id was relatively uncommon in 70-year-olds (2.4%
among men and 3.3% among women). Men had higher s-ferritin values
than women and high iron stores (s-ferritin > 300 mg/L) were more com-
mon in men than women, 8.7% vs. 3.7% (76). id was even more uncom-
mon in ‘healthy’ 80 and 85-year-old Danes (77, 78). These results are sim-
ilar to those of the Framingham Heart Study, which found that an eld-
erly white us cohort had a low prevalence of id and ida, but high
prevalence of elevated iron stores (12.9%) using the criterion s-ferritin
> 300 mg/L for men and > 200 mg/L for women (79).

Requirement and recommended intakes

Recommended daily intakes of iron for adult men, post-menopausal
women and children are based on the amounts needed to cover basic
losses and growth for approximately 95% of individuals in each age
group. Women’s need for iron during childbearing years is not normally
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distributed, which makes decision-making on recommended intakes
more difficult.

Vegetarians and athletes, especially female athletes, are two groups
that may deserve special attention with respect to their iron needs. In
the us recommendations, special considerations include recommenda-
tions for these and some other groups (7).

Children and adolescents

Children and adolescents need iron to cover basic losses and for growth.
Full-term newborn infants have iron stores sufficient to cover their

needs during the first 4–6 months of life. The concentration of iron in
human milk is low and similar to that in cow’s milk, or 0.3–0.4 mg/L.
This is to some extent counteracted by a high bioavailability from
human milk, although the previous estimate of 50% absorption from
human milk may be an overestimation (80). In the recent us text on
dietary reference intakes, iron absorption from human milk is still con-
sidered to be quite high, i.e. 45–100% (7). The absorption from cow’s
milk is much lower. Healthy term, exclusively breast fed infants in a
developed country like Sweden do not develop id during the first 6
months of life (80) and are therefore in no need of extra iron during
that period, even though their body weight doubles. It has been shown
that the same is true for healthy term infants fed exclusively an infant
formula with only 1.6 mg iron/L (81). Hence, no recommendation is
given for the first 6 months1. There is evidence to suggest that during
the first six months, infants may not down-regulate their absorption of
iron as efficiently as children and adults (80). Therefore, excessive iron
intake should be avoided particularly in that age group. After the first 6
months of life the requirement for exogenous iron is high and the
infant now becomes dependent on iron-rich complementary feeds.
Cow’s milk consumption of infants and toddlers can influence iron sta-
tus, especially when consumed in high quantities. In Iceland, where
cow’s milk has been a common substitute for breast milk after six
months of age, consumption of cow’s milk above half a litre per day
was associated with worse iron status (57). In the recently published us
recommendations the rda for infants aged 7–12 months is 11 mg/d,
but 7 mg/d in children aged 1–3 years (7). The basic iron requirements
are similar for these age groups but the absorption is considered to be
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1. Infants who are not breast fed during
the first 6 months should be fed an iron-
fortified infant formula. Infant formulas

that are not fortified with iron should not
be used.
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different because the infants consume more cereals with low iron bio-
availability, while the older children consume more haeme iron. The
recommendations are higher (10 mg/d) for children aged 4–8 years. The
nnr 1996 for the ages 6 months to 5 years was 8 mg/d, which is not
changed in nnr 2004. This is supported by the recent observation that
infants consuming on average 9 mg iron per day during the end of in-
fancy, with most of the iron provided by iron-fortified phytate-rich cere-
als, do not develop id (62). Moreover, a higher recommendation would
require a diet unrealistically dense in iron for that age group, much
denser than for older children and adults. For older children, 6–9 years,
the recommendation 2004 is set to 9 mg/day.

The need for iron is relatively high in adolescence (see Table 34.2) since
it is a period of rapid growth. For 10–13 year-old boys, an iron intake of
9 mg meets the requirements of 95%, given 15% absorption, and for
14–17-year-old boys about 12 mg are needed to meet those require-
ments. For boys aged 14–17 years, the recommended intake is set to
11 mg/day. Changes in recommended values for adolescent boys from
earlier recommendations are based on more correct body weight val-
ues for the Nordic population and therefore new values for basal losses.

In addition to their requirement for growth and basal losses, adoles-
cent girls need iron to cover losses during menstruation. The total iron
need for menstruating girls and women is estimated by the sum of basal
losses, need for growth (when appropriate) and menstrual losses (see
Table 34.2). The variation in menstrual losses is used to estimate the 
90th and 95th percentiles of total need, with basal losses and need for
growth constant assuming high menstruation loss to be accompanied
by homeostatic regulation of iron, basal losses and absorption.

Using Nordic body weight values and menstrual blood losses for 15-
year-old girls (84), 10 mg iron per day is required to satisfy the iron need
of half of all adolescent girls (see Table 34.2). To satisfy the need of 95% of
adolescent girls, 19 mg/d is required when assuming that the absorp-
tion is 15%. The iron need of 95% of 10–13 year-old pre-menarchal girls
is met at a lower level or 9 mg/day. The iron need of about 90% of post-
menarchal girls aged 10–17 years is satisfied by 15 mg/day. Recom-
mended intake is set to 15 mg/d for 14–17 year-old girls and 11 mg/d for
10–13 year-old girls. The 90th percentile of need represents the recom-
mended intake, and is justified by the fact that those in the top 5th cen-
tile of iron need probably have a higher absorption rate than 15%, and
also by the fact that it is difficult to obtain much more iron in a typical
Nordic diet. However, there will always be some small proportion of
girls and women with higher iron needs, which must be satisfied with
iron supplements.
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Women of childbearing age
Daily iron requirement is high among women during childbearing
years, because of blood loss during menstruation. This loss is very vari-
able between women, but the variation is less among adolescent girls
than among adult women (83). The amount of menstrual blood is rela-
tively constant for every woman, but is diminished by contraceptive
pills while contraceptive sponges enhance menstrual blood loss (83).
The daily iron amount required to meet the need of 50% and 95% of
adult women is 9 mg/d and 19 mg/d, respectively, given 15% absorption
(see Table 34.2). The iron need for about 90% of women is satisfied by
15 mg/day. Recommended daily iron intake is set to 15 mg/d for women
of childbearing age.

It should be emphasised that the calculations assume that blood
losses in menstruation are the same as in the 1960s, although it is
known that today oral contraceptive use is higher with less blood loss.
By the same criteria discussed for menstruating girls, the 90th per-
centile is chosen to represent the recommended intake. As discussed
earlier in this chapter under ‘Absorption and bioavailability’, the compo-
sition of meals can affect the absorption of iron, especially in iron-
deficient individuals. Including foods with factors enhancing iron
absorption is therefore important for many women of childbearing age.
The composition of a typical Swedish diet, according to Hallberg et al.
1991 (83), gives about 14% iron absorption, while a regular French diet
in the 1980s, which includes more meat and less phytates, gives 18%
iron absorption (86). It is difficult to put together a diet that contains
enough iron to meet the needs of almost all women if the recommenda-
tions about the proportions of the energy-providing nutrients and fibre
are to be maintained and iron-fortified products are not used. It is there-
fore important to improve the bioavailability of the iron consumed by
evaluating the meal composition. 

Pregnancy and lactation
Maternal iron need during pregnancy increases slowly as the pregnancy
progresses, because of growth and maintenance of the foetus, uterus,
increase in red blood cell count and expected iron losses when giving
birth. According to Hallberg the total iron requirement is 1,040 mg dur-
ing pregnancy, of which 840 mg goes to the foetus or is lost while giving
birth (87). During the first trimester of pregnancy iron intake must
cover basal losses. Iron demand increases during the second trimester
and is greatest during the third trimester and can be 10 mg/d in the last
six weeks. Iron absorption increases during this period (88). However,
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even though iron absorption increases during the last two thirds of
pregnancy, for some women the amount of iron in foods is not enough
to satisfy the greatly increased iron demand that takes place during
pregnancy. Appropriate iron balance during pregnancy presumes that
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Table 34.2 Iron requirements of adolescents and adults

Age Weight Need Basal Menstrual Total iron need Necessary intake of iron
years kg for losses losses mg/d from foods to cover 50%,

growth mg/d1 mg/d2 90% and 95% of iron need
mg/d of groups on a diet for 

which iron absorption is 
assumed to be 15%

mean me- me- 90% 95% me- 90% 95% 50% 90% 95%
dian dian dian

Girls
10–13h 38.5e 0.55 0.54 1.09 1.36 7.3 9.1
10–13 38.5e 0.55 0.54 0.46c 1.05 1.69d 1.55 2.14g 2.78g 10.3 14.3 18.5
14–17 53.5e 0.30 0.75 0.46c 1.05 1.69d 1.51 2.1g1 2.74g 10.1 14.3 18.3

Women
18+ 62f.5 0.87 0.48c 1.35 1.90d 1.35b 2.22g 2.77g 9.1 14.8 18.5

Women 62f.5 0.87 0.87 1.13g 5.8 7.5
after meno-
pause

Boys
10–13 37.5e 0.55 0.53 1.08 1.35 7.2 9.0
14–17 57e.5 0.60 0.80 1.40 1.75 9.3 11.7

Men
18+ 76f.5 1.05 1.05 1.37 7.1 9.1

a Basal losses are estimated to be 0.014
mg/kg/d (82).

b Evaluated from the amount of men-
strual blood, ml/28 days (83,84). For
girls median and 90% are based on ref-
erence 68 and 95% on reference 6. Men-
strual losses for girls are assumed to be
the same in both age groups. Haemo-
globin concentration is calculated as
135g/L and it is assumed that 1g of
haemoglobin contains 3.34 mg iron.
Menstrual iron loss (mg) = [blood loss
(ml)/28 days* 135 g Hb/L* 3.34 mg iron/g
Hb / (1,000 ml/L)]

c Calculated with the median blood loss
of 28.4 ml for adolescent girls and 30
ml for adult women, per 28 days (83).

d Calculated from equation in us recom-
mendations derived from a fitted log
normal distribution with a Monte Carlo
simulation [ln (blood loss) = 3.3183+
0.6662(SD)] (7).

e Children weights 1973–77 (85).
f Reference weight based on kost95.

Mean weight of men and women aged
15–80 years. 

g Sum of basal losses, need for growth
and 90th and 95th percentiles of men-
strual losses, respectively. It is assumed
that there is no distribution in values
for basal losses and need for growth. 

h Not menstruating

2004-13 NNR 1-424  22/02/05  10:21  Sida 365Page: 2004-13 NNR 1-424.p365.pdfPDF Proof by



iron stores possesses about 500 mg of iron in the beginning of preg-
nancy. Recommendations about the intake of iron as a supplement dur-
ing pregnancy are based on measurements made in Norway on ferritin
level in serum (89). When planning diets for pregnant women, the same
recommendation is used as for women who are not pregnant. However,
the physiological need of some women for iron cannot be satisfied dur-
ing the last two thirds of pregnancy with foods only and supplemental
iron is needed. nnr 2004, in accordance with the recommendations of
scf (90), do not give recommendations for dietary iron during preg-
nancy. The us recommendation for pregnancy is 27 mg/d (7).

During the first months of lactation, menstruation has often not yet
resumed and therefore the need for iron during lactation is less than
usual (91), which is the basis for the lower us recommendations for lac-
tating women compared to others of the same age (7). Their median
iron needs are assumed to be the sum of basal losses and iron secretion
in the human milk, with no menstrual losses. Many women in the
northern countries breastfeed their infants for quite a long time, and
menstrual losses start within the breastfeeding period. Recommenda-
tions for lactating women are the same as for women of childbearing
age who are not pregnant, or 15 mg/day.

Post-menopausal women and adult men
Older women and adult men have to cover basal losses of iron. Mini-
mum iron intake has not changed since the nnr 1989 and varies from
5 or 7 mg/d, depending on body size. Median need is set to 6 mg/d for
post-menopausal women and 7 mg/d for adult men. Recommended in-
take of iron is 9 set to mg/d for both post-menopausal women and adult
men. The us recommendation is 8 mg/d for both groups (7).

Upper intake levels and toxicity

Under physiological conditions iron status is almost exclusively regu-
lated by adaptation of intestinal iron absorption to demand, which is
well described for deficiency and supply via food. Several studies seem
to indicate that this regulation also operates up to the level of an addi-
tional 10–15 mg Fe/d (7, 22, 92–96). However, Fleming and co-workers
found that an additional iron intake of > 30 mg Fe/d was associated with
an increased risk of high iron stores, defined as plasma-ferritin > 300
and 200 µg/L in men and women, respectively (97). Thus, the homeosta-
tic regulation of iron absorption seems able to prevent iron overload at
a total iron intake of 17.5–25 mg Fe/d (10 mg/d habitual dietary intake
+7.5–15 mg/d), but not at a total intake of 40 mg Fe/d (10 mg/habitual
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dietary intake +30 mg/d), particularly not in the elderly. Theoretical cal-
culations of prolonged intake of pharmaceutical iron and serum ferritin
levels showed that ingestion of an extra 60 mg Fe/d during 5 years or
more would risk building up excessive iron stores in a fertile woman of
63 kg (98).

Acute effects of iron overload in humans
Ingestion of an acute overdose of pharmaceutical iron preparations
causes mucosal erosion in the stomach and intestine. Young children
are especially at risk (99). Due to damage to the intestinal mucosa non-
controlled iron absorption can be high and cause acute systemic symp-
toms such as shock due to vascular dilatation, capillary leakage and
heart failure. A high iron concentration in the liver causes hepatocellu-
lar necrosis including hepatic failure and bleeding disorders (100). Other
organs such as the pancreas, kidney, cns and red blood cells may also
be damaged (99). A dose of 180–300 mg Fe/kg bw may be lethal, whereas
oral doses below 10–20 mg Fe/kg bw do not seem to induce systemic
toxicity (101).

Nausea, vomiting, heartburn and epigastric discomfort, along with
constipation and occasionally diarrhoea, are common side effects of oral
therapeutic doses of iron (102–106). The mechanisms are mucosal irrita-
tion, alteration of gastrointestinal motility and rapid transfer of iron to
the circulation. The occurrence of side effects of therapeutic iron is
dependent on the dose and luminal iron concentration. The lower dose
level associated with such acute effects seems to be 50–60 mg Fe/d
(102, 104).

Chronic effects of iron in humans
In chronic systemic iron overload – haemochromatosis – iron is mainly
accumulated and stored in the liver. Haemochromatosis is either pri-
mary or secondary. Primary haemochromatosis is a hereditary disease
causing an increased iron absorption (2–3 times in homozygotes) due
to a genetic defect in the hfe gene. Three mutations have been de-
scribed and the two most common, C282Y and H63D, have prevalences
in homozygotes of about 0.4 and 2% in Norway and Sweden respectively
(107, 108). Heterozygotes for the mutations are about 15 and 24% and
compound heterozygotes about 7%. They have slightly increased iron
absorption (109). Homozygosity for the C282Y mutation is most often
associated with clinical signs of haemochromatosis and risk of develop-
ing serious symptoms even at the iron levels normally present in the
diet. These are hepatomegaly, hepatic fibrosis and hepatoma in addi-
tion to joint inflammation, diabetes mellitus, cardiomyopathy and car-
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diac failure. The treatment is phlebotomy. If untreated the risk of symp-
toms in males and females is 5:1, which is due to a constantly higher
loss of iron among females via menstrual bleeding. The penetrance of
C282Y mutation, which is the most frequent one leading to haemochro-
matosis, has been estimated to be between 1 and 25%; it depends on
the study design and endpoints used (110, 111).

A threshold of 22.3 mg Fe/g dry weight (corresponding to 2,100 µmol/g
protein) for hepatic fibrosis has been proposed (112, 113). However, in
two recent studies moderate and slight liver fibrosis was seen in several
cases with hepatic iron concentrations from 51 to 240 µmol/g dry weight
(113, 114). Hepatic fibrosis and iron concentration have also been corre-
lated to s-ferritin. In the study by Bell and co-workers a dose response
curve for severity of fibrosis and s-ferritin was found (114). S-ferritin was
mostly above 1,000 µg/l for those with liver fibrosis. The median s-fer-
ritin for the mildest form of fibrosis was 858 µg/L with values down to
520 µg/L. Åsberg and co-workers found a clear correlation between
hepatic iron and s-ferritin with quite a wide distribution (113). To keep
hepatic iron below 400 µmol/g dry weight, the limit for s-ferritin would
be about 250 µg/L. In this study, 4 of 12 patients with moderate liver
fibrosis had s-ferritin below 1,000 µg/L, ranging from 311 to 629 µg/L.

In Bantu subjects, siderosis due to excess oral iron intake of 50–
100 mg Fe/d from home-brewed beer fermented in iron drums in sub-
Saharan Africa was found. Regular consumption leads to hepatic cirrho-
sis (with a threshold in liver of 5 mg Fe/g wet weight, close to that for
primary haemochromatosis) and diabetes (112, 115–117). Due to the
possibility of confounding, these studies are not suitable for deriving
an ul for iron (118–120).

Secondary haemochromatosis has been reported in patients who
have ingested pharmaceutical iron over more than a decade at doses of
160–1,200 mg/d (114, 121–124). Homo- and heterozygotes for haemo-
chromatosis were not excluded in the early studies, but there was no
mutation in the hfe gene or close relatives affected in the more recent
reports. 

Iron and risk of cardiovascular disease
In a considerable number of studies the relationship between iron over-
load and cardiovascular disease has been examined. However, meta-
analysis of studies performed between 1994 and 1997 argued against a
relationship between iron stores and cardiovascular disease (125). In
these studies the control of confounders such as liver disease, inflamma-
tion and cancer was considered to be insufficient (126, 127). However,
some more recent prospective studies did support a relationship (128,
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129), whereas others gave more unclear results (130, 131). Increased risk
was found in heterozygotes for haemochromatosis (132). Although
some of the later studies seem more reliable and indicate a relationship
(128), an absolute causal relationship between iron and risk of cardiovas-
cular disease cannot be established nor can any quantitative relationship
between iron intake and risk of cardiovascular disease be established.

Iron and risk of cancer and other diseases
Homozygotes of haemochromatosis have an increased risk of hepatocel-
lular carcinoma (133). This is in agreement with results from dietary
iron overload in black Africans (134). Regarding extra-hepatic malignan-
cies in the general population there have been some studies indicating
an increased risk of colon cancer and also other cancers related to high
iron stores (135–138). An increased risk of colorectal cancer was also
reported for heterozygotes of haemochromatosis (139). However, a
causal relationship between iron and extra-hepatic cancer cannot be
established.

Jiang and co-workers showed that high iron stores as expressed by
elevated s-ferritin and a lower ratio of transferrin receptors to ferritin
were associated with an increased risk of diabetes type 2 in healthy
women independent of known diabetes risk factors (140). Adjustment
for inflammation and other potential confounders did not change the
association. In another study by Jiang and co-workers iron intake and
blood donations in relation to risk of type 2 diabetes in men was studied
(141). Haeme iron from meat was positively associated with diabetes
type 2 whereas total iron intake, haeme iron intake from other sources
and blood donations were not related to diabetes type 2.

Upper level of iron intake
Epidemiological data on the risk of cancer or cardiovascular disease and
iron do not permit any dose-response relationships with dietary iron.
Consequently, a quantitative ul for iron intake cannot be set on this
basis, nor is it possible to directly derive a limit based on liver fibrosis
and increased hepatic iron and s-ferritin. However, it seems clear that an
s-ferritin level above 300 µg/L, which is often referred to as ‘biochemical
iron overload’, when caused by increased iron stores, is associated with
an increased risk of slight liver fibrosis.

Based on homeostatic control of iron absorption and risk of ‘bio-
chemical iron overload’, this seems to occur at intake levels between
10 and 30 mg per day of additional Fe over and above typical dietary
intakes. A regular intake of 60 mg Fe/d in a fertile woman has been cal-
culated to lead to ‘biochemical iron overload’. A quantitative ul for iron
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intake additional to habitual dietary iron is set to 10 mg (non-haeme)
Fe/d in order to protect against ‘biochemical iron overload’.

Although it is not possible to establish a cause-effect relationship be-
tween iron and cardiovascular disease, it seems prudent at least in sub-
populations such as adult males, post-menopausal women and hetero-
zygotes of haemochromatosis to avoid intake of iron above the current
recommendation, which provides for the higher need.

The ul would also protect against local intestinal toxicity manifested
by side effects of therapeutic iron, the lower dose level associated with
such acute effects seems to be 50–60 mg Fe/day.

The ul and advice do not apply to individuals receiving iron prophy-
laxis and pharmaceutical iron preparations under medical supervision.

Dietary sources and intake

Recent dietary surveys in the Nordic countries show that iron intake
among adult men and women is 10–15 mg/d on average, using informa-
tion from Norway and Denmark and with iron fortified products where
found included in those calculations. The intake is considerably lower
among women than men. Average intake in Iceland is 10.3 mg/d among
women and 13 mg/d among men. The intake is slightly higher among
adolescents aged 15–19 years, 11.7 mg/d among girls and 13.7 mg/d
among boys (142). In Finland the figures for adults are 13.2 mg/d for
men and 10.0 mg/d for women, after the fortification of wheat flour was
ceased (143). The figures for Swedish adolescents are 14 mg/d for boys
and 9 mg/d for girls compared to 12.3 and 10.4 mg/d for adult men and
women respectively (144).

The majority of iron in the Nordic diet comes from cereal products,
some of which, such as breakfast cereals, are iron-fortified. However,
the bioavailability of that iron seems to be low and today fortification of
flour in Finland, Sweden and Denmark has ceased. Lower proportions of
iron have come from iron-rich foods such as variety meats and lean meat.

To ensure a higher absorption of iron in the diet, people with high
iron needs, such as adolescent girls and women of childbearing age, can
increase the bioavailability of iron by several means. For these vulnera-
ble groups, consumption of foods inhibiting absorption should be lim-
ited or avoided with main meals containing iron, and if possible foods
with enhancing factors, such as vitamin C, included. This could for
example be fresh vegetables or vegetable salad, fresh fruits and berries
or juice. Meat, fish and poultry contain the mfp-factor, which also
enhances iron absorption in the meal. In main meals, foods containing
substances that inhibit iron absorption, such as cow’s milk and other
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dairy products containing calcium, should be consumed in moderation.
However, cow’s milk is an important staple food and should not be elim-
inated from the general diet. Finally, tea, coffee and chocolate products
contain iron-binding polyphenols that inhibit absorption and should be
consumed in moderation and avoided with main meals.
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chapter 35

Zinc

Zinc has been known to be an essential nutrient for humans for more
than 40 years, but only in the last 20–25 years have clinical zinc defi-
ciency in humans and negative effects of a low zinc intake been recog-
nized. Due to the lack of specific and sensitive indicators of zinc status,
the prevalence of sub-optimal zinc intakes is not known and thus the
functional consequences and public health importance of sub-optimal
zinc intake are not well understood. Well-defined, clinical zinc defi-
ciency has only been reported in a limited number of cases, related to
incomplete tpn, malabsorption etc. Information about negative effects
of low zinc intake under more ‘normal’ conditions is very rare but
includes reduced growth velocity. Recent estimates based on evaluation
of zinc intakes and diet composition in different parts of the world sug-
gest that the populations of many countries in Asia and Africa have a
high risk for developing zinc deficiency, while the risk is low in Euro-
pean countries and North America.

Physiology and metabolism

Absorption of zinc is dependent on dose and mainly takes place in the
upper part of the small intestine. Absorbed zinc is transported in the
blood, mostly bound to albumin. The main proportion of body zinc is
located within the cells. The total body content of zinc in an adult is
estimated at 2 g, of which approximately 2⁄3 is located in muscle tissue
and 30% in bone tissue. Plasma zinc only represents 0.1% of total body
zinc. High concentrations of zinc are found in parts of the eye and in
prostate liquid. Zinc is excreted through the kidneys, skin and gastroin-
testinal tract. Strong homeostatic mechanisms keep the zinc content of

Zinc, mg/d Women Men Children

2–5 y 6–9 y 10–13 y
girls/boys

Recommended intake ri 7 9 6 7 8/11
Average requirement ar 5 6
Lower level of intake li 4 5
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tissues and fluids constant over a wide range of intakes through changes
in excretion and absorption. The molecular mechanisms involved in
this regulation are not fully understood.

The biochemical role of zinc is as an essential part of more than 300
enzymes involved in synthesis, metabolism and turnover of proteins,
carbohydrates, lipids, nucleic acids and some of the vitamins, for exam-
ple vitamin A. Zinc is a part of the cell nucleus and participates in the
regulation of gene expression. The third important role of zinc is struc-
tural, in stabilizing organic cell components and cell membranes.

The clinical manifestations of severe zinc deficiency are growth retar-
dation, delayed sexual maturation, skin lesions adjacent to the body
orifices, hair loss and behavioural disturbances (1). These clinical signs
have almost exclusively been observed in subjects with an inborn error
in zinc transport (Acrodermatitis enteropathica) and in adolescents 
subsisting on diets with a presumably very low availability of zinc. The
consequences of moderate and mild zinc deficiency are still unclear.
Impaired growth and a reduced immune defence are regarded as early
signs of zinc deficiency, but are not specific for zinc.

Requirement and recommended intake

Adults
Sensitive and specific biochemical or functional indicators of zinc status
are lacking. At severe zinc depletion, reduction of plasma zinc is ob-
served. However, plasma zinc concentration is influenced by factors
unrelated to zinc status such as food intake, infection, tissue anabolism
or catabolism and cannot be used for estimating zinc requirements. 
In addition, the activities of the zinc dependent enzymes explored so
far have not proven sensitive enough to identify optimal or desired lev-
els of zinc intake. In populations where signs of zinc deficiency have
been observed, reliable food intake data are usually not available. Con-
sequently, zinc requirements have to be estimated by the factorial
method, i.e. estimates of the daily losses of zinc and the corresponding
amount of zinc to be ingested to replace these losses. Additional zinc is
needed during periods of tissue growth. The use of the factorial method
to estimate zinc requirements is complicated by a strong homeostatic
regulation of body zinc, primarily through changes in endogenous zinc
excretion and by the pronounced impact of diet composition on zinc
absorption and potentially also on excretion of zinc. At zinc intakes
close to zero, total endogenous zinc losses through urine, faeces and
skin are of the order of 0.5–0.6 mg/d (2, 3), while on an intake of 10–
15 mg of zinc, losses will amount to > 4 mg/day. During the first days on
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low zinc intakes, before adaptive mechanisms have had full effect, zinc
losses are approximately 1.0 and 1.4 mg/d for women and men, respec-
tively (2, 3). These values were chosen as the basis for the nnr 1996 re-
commendations as estimates of the average physiological requirement
for zinc. The same figures have been used by who/fao 1996 (4) for
determinations of population dietary zinc requirements.

To reach a dietary recommendation from a figure for physiological require-
ment, an estimate of the efficiency of absorption has to be applied. Frac-
tional zinc absorption is dependent on dietary zinc content ; when
intakes are increased, fractional absorption decreases. However, the
relationship is not linear and the amount of zinc absorbed increases
when zinc intake increases. Superimposed on the relationship between
intake and fractional absorption is the effect of enhancing and inhibit-
ing components in the diet (4). At low intakes of zinc in diets with no
inhibitors the fractional absorption can be > 50% (5), while at more com-
mon intakes 15–40% is absorbed, depending on the composition of the
diet. Phytic acid, which is present in cereals and leguminous plants,
inhibits zinc absorption, while animal protein counteracts this inhibi-
tion (6, 7). From a cereal-based meal with a high content of phytic acid
10–15% of the zinc is absorbed, while from meals based on animal pro-
tein sources 20–40% can be absorbed depending on zinc content. The
negative effect of phytic acid is in some foods partly counteracted by a
higher zinc content.

A number of single meal studies using radioisotope techniques have
been undertaken to identify the dietary factors affecting absorption and
their relative impact. Relatively few studies have measured zinc uptake
from total diets with realistic compositions and the techniques used in
these studies are based on the use of stable zinc isotopes, which are typ-
ically added in amounts which account for 20% or more of the total zinc
content. In the nnr 1996, zinc absorption was estimated at 25% based
on two total diet studies using stable isotopes and with a composition
that would be plausible within Nordic countries (8, 9), i.e. a fibre intake
of ≥ 3 g/mj with at least 50% of the fibre intake from fruits and vegeta-
bles, less than 50% from whole grain phytic acid-rich cereal products
and with an intake of animal protein accounting for at least 50% of total
protein intake. For strictly vegetarian diets, 25–30% higher intake of
zinc was recommended. Due to the limited number of data a relatively
large safety factor was applied. (The inter-individual variation in physi-
ological zinc requirement was set to 1 sd = 30%). The resulting recom-
mended daily intake for adults consuming a mixed animal vegetable
protein diet was 9 mg for men and 7 mg for women and increased to
12 mg and 10 mg, respectively, with a vegetarian cereal-based diet.
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The 1991 British recommendations give an rni of 9.5 mg/d for men
and 7.0 mg/d for women (10). This committee estimated the daily phys-
iological losses to be 2.2 mg/d and 1.6 mg/d respectively, and assumed
30% absorption. 

The Food and Nutrition Board, usa, recommends a daily intake of
11 mg/d for men and 8 mg/d for women (11). Although the absolute
numbers are similar to those of the other reports and the approach used
is the same factorial method, they have introduced a partly different
concept in the calculations. The data used are almost exclusively de-
rived from total diet studies using semi-synthetic basic diets or blended
low zinc foods with added zinc and stable zinc isotopes for the absorp-
tion estimates. This committee uses a three-step approach to reach the
average requirement of zinc. First, the losses of zinc via routes other
than the intestine are estimated. These losses are regarded as constant
over the range of intake that encompasses zinc requirements. For men
the estimates for losses via kidneys and sweat, integumental losses and
losses in semen are estimated to be 0.63, 0.54 and 0.1 mg/d, respectively.
For women menstrual zinc losses are estimated to be 0.1 mg/d and
losses via kidney and skin 0.44 mg/d and 0.46 mg/d, respectively. Thus,
total losses via these routes are 1.27 mg/d and 1.0 mg/d for men and
women, respectively. The second step and partly new concept is the use
of the relationship between quantity of zinc absorbed and the excre-
tion of endogenous zinc via the intestine. In the stable isotope/balance
studies used for this calculation the data suggest a linear relationship
between absorbed zinc and intestinal (endogenous) excreted zinc. The
constant losses via other routes are added and the point where the
absorbed zinc is equal to the sum of the endogenous intestinal excre-
tion and the other losses is taken as the minimum requirements for
absorbed zinc (i.e. the physiological requirement) (3.84 mg/d for men and
3.3 mg/d for women). The same studies are then used to calculate the
amount of zinc that has to be ingested to give this amount of absorbed
zinc. These calculations give an average dietary requirement of zinc of
9.4 mg/d and 6.8 mg/d, respectively. (It should be noted that these values
correspond to fractional absorption of 0.41 and 0.48). A cv of 10% is
used as an estimate of the inter-individual variations and the rda is set
to 11 mg/d and 8 mg/day. Thus, the major differences in the American
estimates compared to other reports are a much higher estimate of the
physiological requirement, especially the estimates of the endogenous
intestinal losses, a higher estimate of the fractional absorption and a
smaller figure for the inter-individual variations.

The major limitation of the data and approach used to derive the
American recommendations is the composition of the test diets applied
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in the underlying studies resulting in a high availability and conse-
quently a high endogenous intestinal secretion. In studies performed
with a zinc intake in the order of 15 mg/d, the basic diets have been
either egg protein-based formula (12) or based on low zinc foods (13)
providing approximately 5 mg of zinc. To these basic diets approxi-
mately 10 mg of zinc or the same amount in the form of oysters (15) has
been added. The observed absorption of zinc varied from 17 to 44%
(mean 28.9%), 4–5.5 mg of zinc was absorbed and the endogenous intes-
tinal excretion varied from 1.4 to 4.2 mg. In studies with a dietary zinc
content of 4–5.5 mg/d (14), fractional absorption has been 53% to 65%
and the intestinal excretions 1.4–1.8 mg/day. Only one study has used a
zinc content which falls close to the average requirement figure (13). In
two 4-day periods a diet based on low zinc food and chicken as the main
protein source and providing 7 mg zinc/d was given to one subject.
Absorption was 46.6% and 57.8% and endogenous intestinal excretion
3.8 mg and 3.0 mg. 

In the nnr 2004, the following estimates have been made. For the
estimate of the endogenous losses, routes other than the intestine (the
Food and Nutrition Board figures, 11) have been used. It should be noted
however, that the majority of the studies quoted in that report are > 10
years old and performed at a time when e.g. reference urine samples
were not available for quality control. Thus, the losses via kidneys, skin,
semen or menses are set to 1.27 mg/d for men and 1.0 mg/d for women.
Endogenous intestinal losses are estimated to 1.4 mg/d for both genders
based on the observed losses at low intakes (1–5 mg/d). Thus, 2.67 mg/d
and 2.4 mg/d for men and women, respectively, has to be absorbed in
order to replace these losses. At these levels of intake, absorption from
a mixed animal and vegetable protein diet more realistic for Nordic con-
ditions is assumed to be 40%. The average dietary requirement of zinc is
consequently 6.4 mg and 5.7 mg, respectively. The inter-individual vari-
ation in requirement is set to 15%, resulting in unchanged recom-
mended intakes of 9 (8.3) mg/d for men and 7 (7.4) mg/d for women.
This recommended intake probably has a high safety margin as the abil-
ity to adapt to lower intakes appears to be substantial.

Lower level of intake
Balance studies with a combination of a semi-synthetic formula based
on egg white and low zinc foods have shown that an intake of 4.4 mg/
day for 35 days does not give any indications of an impaired zinc status
or the need for adaptation, based on plasma levels and zinc excretion in
urine (15), nor did a recent study of seven men given a zinc intake of
4.6 mg/d for 10 weeks (16). The latter study also showed no changes in
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exchangeable zinc pool mass during the low intake. These data are used
as the basis for the lower level of zinc intake.

Children
Data on endogenous losses of zinc at different intakes are almost com-
pletely lacking for children. In relation to body weight, children appear
to have larger losses of zinc than adults. The need of zinc for growth is
approximately 175 µg/kg/d during the first month and then decreases to
approximately 30 µg/kg/d at 9–12 months (17). For growing children the
need for zinc is based on basal losses of 0.1 mg/kg and a zinc content in
new tissue of 30 mg/kg. For adolescents, growth is assumed to result in
an average zinc content in new tissue of 23 mg/kg, due to an increase in
fat tissue with a lower zinc content than in children. The physiological
needs for rapidly growing adolescents can consequently be increased
by 0.3–0.4 mg/day. Applying the same principles as for adults, the re-
commended zinc intake varies from 2 mg in the youngest age group to
12 mg for adolescent boys.

Pregnancy and lactation
The total need for zinc during pregnancy for the foetus, placenta and
other tissues is approximately 100 mg (18). This additional need for zinc
in pregnancy can be met by an increase in zinc intake or by adjustment
in zinc homeostasis. There is no evidence that pregnant women in-
crease their intake of zinc, therefore homeostatic adjustments in zinc
utilization must be the primary mechanism for meeting the additional
zinc demands for reproduction (18). It is assumed that an increased
efficiency of zinc absorption or other metabolic changes occur during
pregnancy and these changes ensure that the requirement for zinc can
be met at unchanged intake. However, studies in this area are inconclu-
sive and there are some that show increased absorption during preg-
nancy (19), while other studies found no significant increase in frac-
tional absorption (20). The results from the latter study might reflect
inadequate power of the study design. The us recommendations 2001
for zinc intake in pregnancy are based on this reference. The Nordic
Recommendations are based on an increase of the physiological require-
ment by 0.7 mg/day.

Ortega et al. (21) showed lower zinc concentration in human milk of
women consuming less than 7.5 mg/d during the third trimester.

Zinc content in human milk is approximately 2.5 mg/L in the first
month of lactation and thereafter falls to approximately 0.7 mg/L after 
4 months (17). Theoretically this means that the zinc requirement of
lactating women is double that of non-lactating women. A fractional
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increase in zinc absorption of 75–80% has been shown for lactating
women compared with non-lactating-postpartum or never-pregnant
women (20, 22). Release of zinc from bone tissue could also possibly be
an explanation why zinc concentrations in human milk are relatively
independent of the mother’s zinc intake and do not seem to result in
zinc deficiency of the mother even after a long time of lactation. An ele-
vated intake corresponding to the zinc content in human milk is recom-
mended to women lactating for a long time, i.e. a physiological need of
1.7 mg/day. 

Upper intake levels and toxicity

The risk of excessive intake of zinc from food alone is very low. Symp-
toms of acute toxicity from excessive intake occur at intakes of gram
quantities of zinc and are related to consumption of dietary supple-
ments. At considerably lower intakes, there is a risk for negative effects
on the metabolism of other trace elements, especially copper. Reduced
activity of copper-containing enzymes has been observed with intakes
of 50 mg Zn/d and with a slightly higher intake ≥ 150 mg, more pro-
nounced signs of impaired copper metabolism have been observed and
also negative changes in immune defence and blood lipids (23–26). More
recent studies in which strictly controlled intakes of copper and zinc
were given showed that at intakes of 50 mg zinc/d, no adverse effects on
a wide range of relevant indicators of copper status could be observed
(27–30). Based on these data, the eu Scientific Committee on Food set an
uncertainty factor of 2 and arrived at an upper level of 25 mg zinc per
day. As there are no data on adverse effects of zinc intakes on children
and adolescents, they extrapolated upper levels for children on a sur-
face area basis.

With this background it is recommended that the intake of zinc does
not exceed 25 mg/d for adults and 12.5 mg/d for children.

Dietary sources and intake

Good sources of zinc are meat, milk and milk products and wholegrain
cereals. Foods with a high content of fat and sugar have a low content 
of zinc. Intake of zinc in the Nordic countries is approximately 12–
13 mg/10 mg/mj (see Chapter 43).
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chapter 36

Iodine

Iodine deficiency is considered to be one of the most common nutri-
tional disorders in the world and the most common cause of goitre (1).
In Sweden and Finland iodine deficiency goitre was common during the
first decades of the 1900s. The introduction of iodine fortification of salt
resulted in a sharp decrease in the prevalence (2). In 2000, mandatory
iodisation of table salt and bread salt was introduced in Denmark as a
response to studies showing low iodine status and goitre in certain pop-
ulation groups (3, 4).

Physiology and metabolism

Iodine is essential for a number of animal and plant species. Only verte-
brates have developed a thyroid gland to cater for synthesis, storage and
secretion of the iodine-containing hormones, thyroxine (T4) and the bio-
logically active form triiodothyronine T3 (5).

The thyroid hormones increase metabolism in body cells. The mech-
anism of action is not completely known, but protein synthesis in-
creases, e.g. with respect to those enzymes necessary for an increased
metabolic activity. The thyroid hormones also increase the size and
number of mitochondria – a sign of increased atp-production.

Dietary iodine is generally efficiently absorbed as iodide, although
some sources of iodine, such as certain seaweed and protein-bound
iodine, may be absorbed less efficiently (6, 7). A recent study showed
that about 90% of the iodine in a mixed diet, providing about 200 µg/d,
was excreted in the urine (6). Iodide is mainly excreted through the kid-
neys (iodine clearance approximately 40 mL/min). Faecal losses vary, but
are in general only 10–20 µg/day. Small amounts are lost through the
skin.

Iodine, µg/d Women Men Children

2–5 y 6–9 y 10–13 y

Recommended intake ri 150 150 90 120 150
Average requirement ar 100 100
Lower level of intake li 70 70
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The iodine concentration in breast milk varies with the iodine intake
(8). Reported levels in breast milk from Danish mothers, before the
introduction of salt iodination, were about 30 µg/L (9). Older data from
Finland reported average levels of 25 µg/L in breast milk from goitrous
areas compared to 53 µg/L in non-goitrous areas (8). In Sweden, breast
milk samples have been reported to contain 50–90 µg/L (8). Smoking is
associated with lower iodine concentrations in breast milk, possibly due
to impaired iodine uptake in the mammary gland (10).

The utilisation of iodine in the thyroid gland occurs via : 1) active
uptake of iodide (iodide concentration is approx. 30 times higher in the
gland than in plasma), 2) incorporation of iodine in thyroglobulin and
iodine tyrosine, and 3) secretion of the iodine thyronines triiodothyro-
nine and thyroxine. The thyroid-stimulating hormone (tsh) from the
pituitary gland regulates the formation of the thyroid hormones.

Iodine absorption and utilisation may be affected by goitrogens,
mainly sulphur-containing glucosides (glucosinolates). These are dietary
constituents that may inhibit the uptake of iodine into the thyroid
gland, e.g. thiocyanates, or interact with hormone production (goitrins)
(7). They occur in e.g. Brassica species such as cabbage, Brussels sprouts,
turnip, and rapeseeds. Generally the levels of glucosinolates in the cur-
rent Nordic diet are too low to have an impact on iodine status.

Iodine status can also be affected by selenium or iron intake and in
areas with marginal iodine status, low selenium intakes (11) or iron
intakes (12) might have a negative impact on thyroid function.

Iodine status has traditionally been assessed by urinary iodide excre-
tion or by assessment of the goitre rate, e.g. thyroid gland size. Recently
serum thyroglobulin concentration has been shown to be a useful
marker of thyroid function and iodine status (13, 14).

Iodine deficiency primarily occurs as non-toxic goitre, i.e. an enlarged
thyroid gland with a normal production of thyroid hormones. A non-
toxic goitre can gradually develop to a toxic goitre with an increased
secretion of hormones and an increased metabolism (thyrotoxicosis). In
hyperthyroidism the thyroid gland can be enlarged (toxic goitre) either
in a diffuse form (Basedow’s or Graves’ disease) or with focal changes
(nodular goitre). In more severe iodine deficiency cretinism can occur,
which is characterised by impaired growth, mental disturbances and
disturbances in speech and acuity (deaf mutism) as well as hypothy-
roidism (myxoedema) among adults (5).

The prevalence of goitre due to iodine deficiency is nowadays gener-
ally low in the Nordic countries. In Denmark prevalence levels up to
20–30% were found among elderly females in Jutland prior to the intro-
duction of iodination of salt in 1998 (14). In Sweden, lower mean thyroid
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volumes have been reported among adults (15). In a study of Swedish
adolescents, 4 of 59 subjects (7%) had mild goitre defined as a thyroid
volume above 16 ml (16).

Hypothyroidism due to iodine deficiency does not normally occur in
the Nordic countries, but is a severe health problem in many countries
of the world, especially in mountainous areas far from the sea (17).

Requirement and recommended intake

The iodine requirement to prevent goitre (increased thyroid gland size)
is estimated to be 50–75 µg/d or approximately 1 µg/kg body weight and
day (18, 19). The recommendations in nnr 1996 are kept unchanged,
since no new data are available. The average requirement is estimated
to be 100 µg/d for both adult women and men. At this level the iodine
concentration in the thyroid gland reaches a plateau. Iodine turnover in
euthyroid subjects is at a similar level (20). The recommended intake is
set to 150 µg/d for adults and adolescents and includes a safety margin
for any goitrogenic substances in foods.

The recommended intakes for infants and children are based on data
on goitre prevalence and urinary iodine excretion in European children
(21) and extrapolations from adults based on energy and growth
requirements.

In pregnancy an extra daily supply is needed to cover the needs of
the foetus. Balance studies indicate that iodine retention of full-term
infants is approximately 7 µg/kg (22). In a group of pregnant Swedish
mothers, free T4 levels tended to decrease and tsh levels to increase
during pregnancy, despite normal urinary iodine levels (23). The
significance of this finding is not known (the fall in free T4 is physiolog-
ical during pregnancy and not due to iodine insufficiency). An extra 25
µg above the ri for non-pregnant women would normally cover the
needs. During lactation an additional supply of 50 µg/d is recommended
to provide sufficient iodine in the breast milk.

The lower level of intake for adults is estimated at 70 µg/d, correspon-
ding to urinary iodine excretion of 35–40 µg/L. It is lower for children.

Upper intake levels and toxicity

An iodine intake in excess of 2 mg/d can in rare cases cause sensitivity
reactions such as rhinitis, nasal congestion, swollen salivary glands,
headache and acne-like skin changes (24).

High iodine intakes can also cause disturbances in the thyroid func-
tion. Symptoms include inflammation in the thyroid gland (auto-
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immune thyroiditis), goitre, and hypo- or hyperthyroidism (24, 25). 
A high iodine intake from e.g. drugs, certain types of seaweed or supple-
ments in amounts corresponding below 1 mg up to 10 mg iodine per
day has resulted in increased incidence of iodine goitre, in certain cases
with hyperthyroidism or myxoedema (24–29).

An increased incidence of hyperthyroidism has been observed after
introduction of iodine fortification, i.e. in populations where iodine
intake is increased from a low baseline level (30–33). Most studies indi-
cate that this is a transient phenomenon.

The risk of auto-immune thyroiditis, in some cases followed by
hypothyroidism, seems to increase following an increased iodine intake
from fortification (34, 35). Studies also indicate that an increased iodine
intake during pregnancy increases the prevalence of auto-immune dis-
ease in the thyroid gland in the mother after birth (post partum thy-
roiditis) (36, 37). There are more recent studies that do not show an
increased risk of post partum thyroiditis with iodine supplementation
(38). Other factors that might affect thyroid function include humic sub-
stances in drinking water (39). 

In summary it can be concluded that there is a substantial inter-indi-
vidual variation with respect to the dose of iodine that can cause
adverse effects. This complicates the assessment of an upper safe limit
of intake. Persons with a normal thyroid function can in general toler-
ate prolonged consumption of iodine up to 1 mg/d (24). The Scientific
Committee on Food has proposed 600 µg/d of iodine as the safe upper
level (ul) for adults (40). The ul is based on elevations in tsh levels
after iodine intake and an enhanced response in tsh levels to trh stim-
ulation. The effects are of a biochemical nature and are not associated
with any clinical adverse effects. The ul includes an uncertainty factor
and is also considered acceptable for pregnant and lactating women.
No data are available for children, but guidance levels can be calculated
from the adult value corrected for body surface area.

The most important risk group for excessive iodine intakes is elderly
persons with one or several independently functioning areas of the thy-
roid gland, i.e. areas where tsh does not regulate the hormone produc-
tion.

Dietary sources and intake

In plants, iodine predominantly occurs in inorganic form and the con-
tent varies with the iodine content in the environment. The iodine con-
tent in sea-plants is higher than in plants grown on land. In certain sea-
weed species, the iodine content can be up to 4.5 g/kg dry weight. The
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iodine content of milk and milk products varies considerably depending
on feed and use of iodine-containing disinfectants in connection with
milking. The iodine content is generally higher in winter than in sum-
mer milk (41). The iodine in drinking water varies considerably between
regions and can locally be a significant iodine source (42, 43). Fish, espe-
cially marine fish and shellfish, generally have a high iodine content.
Eggs can also be an important iodine source.

Iodised table salt is available in Denmark, Sweden, Finland and Nor-
way and contributes to iodine intake. The levels vary from 5–50 µg/g
salt. Denmark also fortifies salt used in bread. In Norway iodisation of
cow fodder has been more important for the iodine intake than iodised
table salt (41, 44).

The dietary supply of iodine is difficult to assess in dietary surveys,
since data for iodised table salt and drinking water are commonly lack-
ing. Data from national dietary surveys show average intakes of about
200 µg/10 mj in Denmark, 320 µg/10 mj in Finland, 200 µg/10 mj in Ice-
land and 160–170 µg/10 mj in Norway (45, see Chapter 43). Urinary iodine
excretion per 24 hours in different population groups has been reported
to be on average 70–120 µg in Denmark before salt iodisation (43), 150–
200 µg in Finland and Sweden (16, 23, 46), and 150–250 µg in Norway
(47). In a recent Norwegian study, mean iodine excretion per 24 hours in
selected population samples from Bergen and Tromsø was close to the
lower end of that range among men but at or below 100 µg among
women (48). Very high iodine excretion (up to 1,700 µg per 24 hours)
has been reported in subjects consuming seaweed preparations (49).
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chapter 37

Selenium

Selenium is found in all tissues, mainly as selenomethionine, an ana-
logue of the sulphur-containing methionine, and as selenocysteine in
various selenoproteins. The main biological functions of selenium are
thought to be mediated by the glutathione peroxidases and other sele-
noproteins. Severe selenium deficiency may cause cardiomyopathy but,
on the other hand, toxic symptoms are caused by excessive selenium
intake. Organic and inorganic selenium compounds have different
kinetics and different bioavailability for man.

Physiology and metabolism

Water-soluble selenium compounds and dietary selenium (mainly or-
ganic selenium in forms such as selenomethionine and selenocysteine)
are effectively absorbed; selenates and organic selenium somewhat bet-
ter than selenites. Selenium compounds are converted to selenides be-
fore they are incorporated into specific selenoproteins. Selenomethion-
ine is incorporated as such in a number of unspecific proteins, and in-
organic selenium salts are retained less effectively since a major pro-
portion is excreted in the urine. At high intakes, detoxified excretory
products such as dimethyl selenide and trimethyl selenonium ions are
formed. The former is exhaled via the lungs and the latter excreted in
the urine. Dietary selenium affects the selenium concentration in serum
and red blood cells, which are good biomarkers for organic selenium
intake.

The bioavailability of selenium from fish has been poor in some stud-
ies in experimental animals, but there have been differences between
various fish species. In humans, selenium has been shown to be readily
available from Baltic herring and rainbow trout (9, 16). In a study with

Selenium, µg/d Women Men Children

2–5 y 6–9 y 10–13 y

Recommended intake ri 40 50 25 30 40
Average requirement ar 30 35
Lower level of intake li 20 20
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stable isotopes, selenium from trout showed apparent absorption equal
to, and retention higher than, that of selenate (9). Even some human
studies have suggested reduced bioavailability from fish compared with
other selenium-containing foods (15, 20). The reasons for the observed
differences in bioavailability are not clear.

Men and women have similar selenium concentrations in the serum
despite different intakes.

Part of selenium in tissues is composed of functional selenoproteins.
The human selenoproteome has recently been reported to consist of 
25 selenoproteins. These include the glutathione peroxidases: cellu-
lar (cgshpx), extracellular (egshpx), phospholipid hydroperoxide
(phgshpx) and gastrointestinal (gigshpx) which, together with certain
other metalloenzymes, protect tissues against oxidative damage. It is
anticipated that the essentiality of selenium is based on the effect of
gshpx and other selenoproteins. The types i, ii and iii iodothyronine
deiodinases that produce tri-iodothyronine and related metabolites
from thyroxine are also selenoproteins. Selenium also affects the activ-
ity of the selenoproteins thioredoxin reductases, which have a number
of physiological functions (3). Other selenoproteins with unknown func-
tions are selenoprotein P, selenoprotein W and prostatic epithelial
selenoprotein (14).

Requirement and recommended intake

A type of cardiomyopathy, affecting particularly children and fertile
women and associated with low intake of selenium (< 20 µg/d), has been
found in certain parts of China (13). Similar findings have been observed
in some isolated cases during parenteral nutrition without selenium
supplementation. In two Finnish studies from the 1970s, low serum
selenium levels (< 45 µg/L) were associated with increased risk of car-
diovascular death (18), and in Denmark men with serum selenium con-
centrations within the lowest third of the population were shown to
have increased risk of myocardial infarction (19).

The daily losses of selenium are determined by previous dietary in-
take and tissue stores and give only limited information about require-
ments. The requirement is assumed to depend on body size. Selenium
intakes of 30–40 µg/d are needed in order to achieve maximal gshpx
activity in the serum. In red blood cells and platelets, intakes of 80 µg/
day and 120 µg/d, respectively, are needed for maximal gshpx activity.
It is not probable, however, that maximal gshpx activity in all tissues is
necessary for optimal health. The effect of varying selenium intakes on
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the activity of newly discovered selenoproteins has not been studied in
humans.

Information on selenium requirements for children and pregnant
and lactating women is incomplete. During continued lactation, the
selenium concentration of mother’s milk is reduced over time when
selenium intake is less than 45–60 µg/d, but remains unchanged at
intakes of 80–100 µg/day.

The recommendations of different countries are usually based on a
Chinese study showing maximal stimulation of plasma gshpx activity
by selenium supplementation (30 µg/d) in people whose basal intake
was 11 µg/d (21). The nnr recommendation is based on the mean + 2 sd
of this study and is adjusted for difference in mean body weight. The
recommended intake is 50 µg/d for men and 40 µg/d for women, which
is the same as in nnr 1996. The recommendation of the eu scf and 
the us Institute of Medicine is 55 µg/d both for men and women (10). 
For pregnant and lactating women, the scf recommendation is 55 
and 70 µg/d, respectively, and the recent us recommendation 60 and
70 µg/day. The nnr 1996 recommendation of 55 µg/d for both pregnant
and lactating women is maintained. The lower level of intake for adults
is also kept unchanged from nnr 1996, i.e. 20 µg/day. The ri values for
children and adolescents are derived from the values for adults.

According to experimental animal studies and some observational
epidemiological studies, higher selenium intakes might reduce the risk
of certain types of cancer (11). In a Chinese supplementation study with
selenium combined with beta-carotene and vitamin E, the incidence of
stomach cancer was reduced. In a us study in skin cancer patients, sup-
plementation with 200 µg/d organic selenium failed to affect the risk of
new skin cancer but reduced the risk of lung, colorectal and prostate
cancer (7). There is no information from clinical trials on the effects of
selenium supplementation in healthy Western populations (17). There-
fore it is at present impossible to take into account the possible benefits
of increased selenium intakes on cancer risk in the recommendations.
Some findings suggest that selenium deficiency might be associated
with the development of new, more virulent virus strains (5) and that
the selenium-dependent cardiomyopathy might be one example of the
interaction between selenium deficiency and viral infection.

Upper intake levels and toxicity

Selenium intoxication is rare in man but well known in animals. Acute
toxicity has been observed after consumption of a large (250 mg) single
dose or after multiple doses of ~30 mg. The symptoms include nausea,

s
e

l
e

n
iu

m

399

2004-13 NNR 1-424  22/02/05  10:21  Sida 399Page: 2004-13 NNR 1-424.p399.pdfPDF Proof by



vomiting and garlic-like breath odour. Other toxic symptoms are nail
and hair deformities and, in severe cases, peripheral nerve damage and
liver damage. Because of the risk of toxicity, high doses of selenium are
not recommended and an upper level of intake is needed. A no observed
adverse effect level (noael) for clinical signs of selenium toxicity and a
threshold of 850 µg/d for inhibited prothrombin synthesis were found
in Chinese studies. An upper level of 300 µg/d was derived by the scf
using a factor of 3 to allow for uncertainties in different studies.

Dietary sources and intake

Foods contain a number of selenium compounds. In animal foods there
are specific selenoproteins containing selenocysteine. Foods of both ani-
mal and plant origin contain selenomethionine and possibly also some
selenocysteine incorporated into proteins. Inorganic forms of selenite
and selenate are used in dietary supplements but they are not normally
found in food.

The selenium concentration of foods varies in different countries
depending on the origin. Fish and other seafood, eggs and offal are rel-
atively rich in selenium everywhere. Cereal products and vegetables
grown in the Nordic countries, with the exception of Finland after 1984,
have a low selenium content whereas wheat imported from North
America has a high selenium content. The selenium concentration of
meat and milk depends on the amount of organic selenium in animal
feeds. Fodder is generally enriched with selenite, which has only a lim-
ited effect on the selenium concentration of meat and milk. In Finland,
agricultural fertilizers have been supplemented with selenium since
1984 (4). This has increased the intake of organic selenium of both peo-
ple and animals. Meat (40%), dairy products and eggs (25%) and cereal
products (20%) are the most important sources of selenium in the diet of
Finns nowadays (8). In Norway and Iceland, the intake of selenium has
been influenced by high-selenium wheat imported from North America.

Different chemical forms of selenium have different bioavailability
and metabolism. Organic selenium and most inorganic selenium salts
are easily absorbed from the gut. Selenium in serum is most effectively
increased by selenium-rich wheat or yeast, which is non-specifically
incorporated into proteins. Inorganic selenite and selenate are less effec-
tive in increasing serum selenium concentration but they effectively
increase the activity of gshpx by incorporation via selenide and seleno-
cysteine. 

Selenium intake (per 10 mj) of the Nordic countries according to
recent dietary surveys is around 40 µg in Sweden, 40–45 µg in Denmark,
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60–80 µg in Norway and around 90 µg in Finland and Iceland (1, 2, 6, 8,
12). The average serum selenium concentration in Sweden and Den-
mark is 70–80 µg/L, and in Finland 100–120 µg/L (1, 8).
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chapter 38

Copper

Copper has two oxidation states and is involved in oxidation and reduc-
tion processes inside cells. Copper functions as a component of a num-
ber of enzymes involved in energy metabolism, formation of connec-
tive tissue and defence against free radicals.

Physiology and metabolism

Copper absorption occurs primarily in the small intestine. At normal
dietary intakes (1–5 mg/d) absorption varies between 35 and 70%. Cop-
per is bound to intestinal metallothionein, a protein that is induced by
zinc. At high zinc intakes (> 50 mg/d), copper absorption is therefore
inhibited. Absorption of copper probably occurs by a saturable, active
transport mechanism at lower levels of dietary copper; at high levels
of dietary copper, passive diffusion plays a role (1) The majority of the
absorbed copper is transported to the liver where it is incorporated into
newly synthesised caeruloplasmin, metallothionein or cuproproteins.
Homeostasis of copper is regulated to some extent by absorption, but
primarily through excretion via bile and approximately 0.5 to 1.5 mg
copper per day is excreted through the intestinal tract in this way. Uri-
nary excretion of copper is low.

The total body content of copper for an adult is approximately 50 to
120 mg: 40% is contained in muscle tissue, 15% in liver, 10% in brain,
and approximately 6% in blood. Newborn infants have a higher content
of copper in the liver than adults, and this might act as a store of copper
during the first couple of months. Copper deficiency in humans is rare,
but has been found in a number of circumstances. Copper deficiency
has been observed in premature infants fed milk formula, in infants
recovering from malnutrition associated with chronic diarrhoea and 403

Copper, mg/d Women Men Children

2–5 y 6–9 y 10–13 y

Recommended intake ri 0.9 0.9 0.4 0.5 0.7
Average requirement ar 0.7 0.7
Lower level of intake li 0.4 0.4
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fed cow’s milk (2), and in patients with prolonged total parenteral nutri-
tion without additional copper. Symptoms of copper deficiency in chil-
dren are low concentrations of white blood cells, anaemia, and hair and
skin depigmentation (3). Heart and skeletal abnormalities have also
been observed. Most of the symptoms can be related to the copper-con-
taining enzymes.

There is substantial evidence from animal studies to suggest that
diets low in copper reduce the activity of many of the copper-dependent
metalloenzymes. The activity of some of these metalloenzymes has also
been shown to decrease during human copper depletion (4, 5).

There is also evidence that immune and cardiac dysfunction can
occur during experimental copper deficiency and the development of
such signs of deficiency has been demonstrated in infants (5, 6).

Serum copper and caeruloplasmin concentration are currently used
as biochemical indices of copper status and may be used to detect severe
copper deficiency.

The decline in serum copper and caeruloplasmin concentrations
observed when healthy young men were fed a diet containing 0.38 mg/d
of copper for 42 days was reversed by copper supplementation (7). In a
number of other studies with higher levels of copper intake, (0.66 mg/d
and above), serum copper and caeruloplasmin concentrations did not
decline significantly (8, 9), suggesting sufficient intake.

The dietary copper intake at which caeruloplasmin concentration no
longer increases in response to increased dietary copper might be con-
sidered the copper requirement for caeruloplasmin synthesis. Other
suggested indices of copper status include platelet copper concentra-
tion and cytochrome C oxidase activity, both of which declined in adults
who had a copper intake of 0.57 mg/d (10).

Requirement and recommended intake

Adults
The precise requirement for copper is not known. Indications of de-
ficient copper status, using superoxide dismutase (sod) activity as a
marker of Cu status, have been reported with intakes of 0.7 to 1 mg/d
(11–13). However, other studies with less extreme intervention diets
have not found indications of changes in copper status; sod, caerulo-
plasmin or plasma Cu at intakes of 0.79 mg/d for 42 days (9). In a subse-
quent study, an intake of 0.66 mg/d for 24 days followed by an intake of
0.38 mg/d for 42 days resulted in decreasing indicators of copper status
with time in young men (7, 14). Although the levels did not fall into the
deficient range, a steady state was not completely reached. There are
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thus limited data to establish an average requirement for copper for
adults, but the available data indicate that an intake of approximately.
0.7–0.8 mg/d will maintain adequate copper status, i.e. plasma copper,
caeruloplasmin and sod. The us Food and Nutrition Board base their
recommended copper intake for adults on a number of indicators in-
cluding plasma and platelet copper concentration, serum ceruloplas-
min concentration and erythrocyte sod in controlled depletion-reple-
tion studies (15). Data on obligatory copper losses were also used. Based
on these indicators an average requirement was estimated to be 0.7 mg
(700 µg)/d for adults. With a coefficient of variation of 15%, the rda was
calculated to be 0.9 mg (900 µg)/day. This approach is also adopted in nnr.

Children
The copper content of human milk is highest during early lactation and
then declines during the course of lactation. The mean copper content
of human milk during the first 6 months of lactation is approximately
0.25 mg/L (16–18). There are no indications of inadequate copper status
in breast fed infants. For infants 6–11 months the requirements are
based on extrapolation from adults with allowance for growth.

The copper requirements for children more than one year old have
been calculated from estimates of adult requirement with allowance
for growth (15). 

Pregnancy and lactation
The extra requirement for copper in pregnancy is relatively low, approx-
imately 0.15 mg/d in the last trimester, and is probably met by adapta-
tion.

The copper content of human milk is approximately 0.22 mg/L. With
a milk production of approximately 750 ml/d and an estimated 50%
absorption, an extra 0.3 mg/d is recommended. 

Upper intake levels and toxicity

Intake of high doses of copper leads to acute toxicity, which produces
symptoms of gastric pain, nausea, vomiting and diarrhoea. Storage of
food in non-galvanised copper containers is associated with the risk 
of childhood sclerosis (19). In areas with soft water, copper can leach
from copper tubes and result in high copper concentrations (more than
100 mg/L) in drinking water. Gastro-intestinal disturbances have been
seen with intakes of copper-contaminated water containing 3.7 mg/L
(20). Infants are probably the most sensitive group and case studies have
indicated an association with intake of copper. Recent controlled and
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population-based studies found weak evidence for a role of copper from
drinking water at concentrations up to 2 mg/L (21). However, it is consid-
ered prudent to recommend letting water run before it is used for con-
sumption by that age group, especially when used for formula. 

Recently, the Scientific Committee on Food has proposed an upper
limit of 5 mg/d to be safe for adults (22). This is based on the absence of
negative effects during copper supplementation and includes a safety
factor.

Dietary sources and intake

Copper is widely distributed in food. The highest levels of copper are
found in liver and other offal, while milk and milk products have a low
copper content. The intake of copper in the Nordic countries varies
between 1.0 and 2.0 mg/d (23).
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chapter 39

Chromium

In ionic form chromium exists in many valence states. Trivalent chro-
mium (iii) is the most stable form and the principal form of chromium
found in foods and supplements. It is ubiquitous in nature, occurring in
air, water, soil and biological materials. Hexavalent chromium (vi)
makes chromates and dichromates, which are strongly oxidizing and
transverse biological membranes. Hexavalent chromium compounds
occur only rarely in the environment, and are almost always man-made.
They are toxic, mutagenic and environmental contaminants. 

Physiology and metabolism

The absorption of trivalent chromium from the diet is low, 0.4–2.5% (1).
The element is mainly excreted via urine, with only small amounts
being eliminated in sweat and bile. Organic chromium compounds are
absorbed more efficiently but are rapidly excreted via bile. Simulta-
neous ascorbate administration increases chromium uptake both in
humans and animals. Chromium absorption is also higher in both zinc-
and iron-deficient animals.

The exact biological function of chromium has not yet been deter-
mined. Experimental chromium deficiency in animals results in reduced
glucose tolerance in spite of normal insulin levels. Other deficiency
signs in animals include impaired growth, elevated serum cholesterol
and triglycerides, increased incidence of aortic plaques, corneal lesions
and decreased fertility and sperm count.

Chromium is considered to be a cofactor for insulin, possibly through
influencing membrane receptors. A low molecular weight chromium-
binding substance is believed to be involved in the process (2). It has
also been suggested that chromium influences carbohydrate, lipid and
protein metabolism via its effect on insulin action.

Three cases have been reported of possible chromium deficiency in
humans after long-term, parenteral nutrition (3–5). The symptoms ob-
served were impaired glucose tolerance and glucose utilization, weight
loss, neuropathy, elevated plasma fatty acids, depressed respiratory quo- 409
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tient and abnormalities in nitrogen metabolism. The symptoms im-
proved after chromium supplementation (200 µg/d). However, the re-
ported concentrations of chromium in blood and urine were above
those considered normal even before the supplementation was initi-
ated. As with foodstuffs, analytical data on chromium concentrations
in biological specimens produced before 1978 should be regarded with
caution, as possible contamination in sampling and processing may
have led to spuriously high values of chromium (1).

A number of chromium supplementation studies have been pub-
lished investigating effects on insulin and blood glucose levels, but con-
trol groups have been missing or the experimental design has in other
ways been inadequate. Only one study in which controlled amounts of
dietary chromium were given has been reported (6). In addition, lack of
reliable biomarkers for chromium status has had a major contributory
role for the current uncertainties about the biological significance of
chromium as an essential micro-mineral.

There are also quite a few studies looking at chromium supplementa-
tion in relation to body composition, exercise and weight loss. Most
studies have used chromium picolinate, but have failed to show an inde-
pendent effect of chromium supplements (1).

Requirements and recommended intake

As described above, the role of chromium as an essential nutrient is still
unclear. If chromium is an essential metal it must have a specific role in
an enzyme or cofactor, and a deficiency should produce a disease or
impairment of function. Methods for evaluating chromium status are
missing. Furthermore, there is still uncertainty about how chromium
deficiency in humans manifests itself, and the requirement for chro-
mium is accordingly not known.

The eu scf stated in 1993 stated that ‘Since data on the essentiality
and metabolism of chromium are so sparse, the Committee is unable to
specify any requirements’ (7).

The uk Committee on Medical Aspects of Food Policy calculated a
theoretical requirement for adults from balance studies of 23 µg/d by
using regression equations and mentioned that a safe and adequate
level of intake is believed to lie above 25 µg/d for adults (8).

Using well-balanced diets as a basis, the us Food and Nutrition Board
calculated Adequate Intakes for chromium for different age groups: for
men (19–50 years) 35 µg/d and for women 25 µg/d (9).

The nnr 1996 did not include recommendations for chromium
intake. As very few relevant new human studies have been conducted
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since then, requirements are also impossible to establish this time and
accordingly, recommendations have not been set for any age group.

Data are also lacking on the requirements during pregnancy. The us
Food and Nutrition Board suggests an increase of 5 µg/d during preg-
nancy (9). Human milk contains 0.06–0.7 µg/L, which indicates that the
requirement in humans may be very low. Exclusively breast fed infants
would receive only 130 ng/d based on a concentration of 0.18 µg/L (10). A
study on lactating Finnish mothers found an average concentration of
0.4 µg/L (range 0.2–0.7) (11). Women do not appear to reduce urine chro-
mium excretion during lactation to compensate for increased need (12).

Upper intake levels and toxicity

Chromium iii has low toxicity, no adverse effects were observed at
intakes of 1,000–2,000 µg/day.

Due to the lack of adequate data, the eu Scientific Committee on
Food has not suggested a tolerable upper intake level (ul) for chromium
(iii) salts (13). The same conclusion was reached by the us Food and
Nutrition Board (9) and the uk Expert Group on Vitamins and Minerals
(17).

Chromium picolinate, a trivalent chromium compound popular in
many food supplements, is being discussed because of possible adverse
health effects. It may influence the central nervous system and thus
behaviour (14). Another study has suggested kidney damage as a result
of high doses of chromium supplementation (15). Potential clastero-
genecity is being discussed (16). It is still unclear whether these effects
are due to the picolinate fraction or to the higher extent of chromium
absorption. The uk Food Standards Agency advises people not to take
chromium picolinate and has consulted on a proposal to ban the use of
this form of chromium in the manufacture of food supplements
because there is a chance that it could cause cancer (17).

Dietary sources and intake

Analysis of chromium in foods requires special sampling procedures to
avoid chromium contamination from the environment (air, stainless
steel, etc.). Old data on chromium contents of foods should therefore
be used with care. Processed meats, fish, wholegrain products, nuts,
pulses and spices are the best sources, while most other foods have low
concentrations (< 100 µg/kg). Foods high in simple sugars, such as soft
drinks and table sugar, are not only low in chromium content, but also
promote chromium losses (18). Analysed or estimated intakes of chro-
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mium in the diet of the Nordic countries are scarce, but are in the range
20–160 µg/d (19). Many food supplements contain chromium in doses
of 50–100 µg per serving unit.
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chapter 40

Manganese

Chemically, manganese is closely related to iron. It is a catalytic cofactor
for arginase, pyruvate carboxylase and mitochondrial superoxide dis-
mutase (sod), but also functions as a specific or unspecific activator for
a large number of other enzymes, some of which participate in the syn-
thesis of proteins, mucopolysaccharides and cholesterol.

Physiology and metabolism

The total body content of manganese is estimated to be 10–20 mg. The
concentration is relatively high in bone and in organs rich in mitochon-
dria, such as liver, pancreas and kidney, while muscle and plasma have
low concentrations. Absorption from the diet is low, approximately 5%,
and excretion is primarily through the bile. Animal studies have shown
that iron, calcium and phytic acid reduce the absorption of manganese
(1). A negative effect of calcium has been confirmed in humans, while
the effect of iron and phytic acid does not seem to be pronounced (2).
High intakes of manganese inhibit iron absorption (3), and a higher
absorption of manganese has been reported in iron deficiency (4).

Manganese deficiency in experimental animals results in reduced
growth, skeletal abnormalities and defects in lipid and carbohydrate
metabolism (1). In humans, only a limited number of possible manga-
nese deficiency symptoms have been described in experimental stud-
ies with a manganese-deficient diet (5). Dermal changes and hypocholes-
terolaemia are possible signs of manganese deficiency, as well as dif-
fuse bone demineralization and poor growth in children.

Requirement and recommended intake

Our knowledge of manganese metabolism and the consequences of low
intakes are insufficient for determining requirements and recom-
mended daily intakes for humans. Balance studies have suggested that
an intake of 0.74 mg/d should be sufficient to replace daily losses of
manganese (6). The eu Scientific Committee on Food considered a ‘safe
and adequate intake’ to be 1–10 mg/person/d (7). 413

2004-13 NNR 1-424  22/02/05  10:21  Sida 413Page: 2004-13 NNR 1-424.p413.pdfPDF Proof by



The us Food and Nutrition Board found data to be insufficient for
setting an Estimated Average Requirement (ear) for manganese (8), but
used median intakes reported from the us Total Diet Study 1982–9 (9) as
a basis for setting adequate intakes. The ai for adult men and women is
set at 2.3 and 1.8 mg/d, respectively.

The nnr 1996 did not include recommendations for manganese
intake. As very few relevant new human studies have been conducted
since then, requirements are also difficult to determine this time, and
accordingly, recommendations are not given for any age group.

Data are also too limited to determine requirements for manganese
during pregnancy and lactation, and manganese deficiency of pregnant
or lactating women has not been observed in humans.

Upper intake levels and toxicity

Manganese is regarded as one of the least toxic trace elements. Man-
ganese toxicity, which manifests as psychological and neurological
changes, has been observed in workers in manganese mines (4). The
neurological symptoms are reminiscent of those seen in Parkinson’s
disease. Inhalation of manganese dust may be the explanation, while
toxicity caused by a high dietary intake is unknown. The eu Scientific
Committee on Food found that data for setting a tolerable upper intake
level of manganese were too uncertain (10). The uk Foods Standards
Agency has also found data to be insufficient to establish a safe upper
level for manganese (11).

Dietary sources and intake

Unrefined cereals, nuts and leafy vegetables have high manganese con-
tent. Tea is a substantial contributor to manganese intake, containing
about 2.7 mg/L. Accordingly, manganese intake varies from very low,
< 2 mg/d, to high, >8 mg/d, in vegetarian diets.

The average content of manganese in the Swedish diet analysed in
market baskets and duplicate portions collected in the late 1980s was
3.6–3.7 mg/d (12, 13). A Danish study where 100 men collected duplicate
portions of their regular diets for 48 hours showed a manganese intake
of 3.9 mg/d (14). The manganese intake of Finnish children 3–18 years of
age was in the range of 3–7 mg/d calculated from food consumption
data and food contents (14). These data indicate that manganese intake
is adequate in these countries. Many multivitamin-mineral and mineral
supplements for adults may provide 2–5 mg manganese/dose. 
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chapter 41

Molybdenum

Molybdenum has a number of valences and functions in oxidation-
reduction reactions in plants and lower organisms. In humans only
three molybdenum-containing enzymes are known: sulphite oxidase,
xanthine oxidase and aldehyde oxidase. The enzymes are involved in
catabolism of sulphur amino acids and heterocyclic compounds, includ-
ing purines and pyridines.

Physiology and metabolism

Molybdenum absorption from the diet is efficient (> 80%). The body con-
tent is primarily regulated via the kidneys.

There is only one recorded case of apparent molybdenum deficiency,
which occurred in a subject receiving total parenteral nutrition (50 µg
Mo/d) for 18 months due to Crohn’s disease (1). Unconsciousness, heart
disturbances and night blindness were observed; the symptoms disap-
peared after supplementation with 160 µg Mo/day. 

Turnlund et al. (2, 3) have used stable isotopes to investigate molybde-
num metabolism in healthy men. Molybdenum absorption was efficient
(about 90%) when subjects ingested diets containing five levels of the
metal (ranging from 22 to 1,490 µg/d) for 24 days each. Excess molybde-
num was rapidly excreted in urine, although whole-body retention was
increased when the dietary level was low.

Requirement and recommended intake

who in 1996 estimated a daily requirement for molybdenum of be-
tween 0.1 and 0.3 mg/d for adults (4).

In 1993, the eu Scientific Committee on Food concluded that a re-
quirement cannot be established reliably and, in the absence of evidence
to the contrary, current intakes appear to be adequate and safe (5). At
that point in time the research by Turnlund et al. had not been published.

Adult men fed a diet with only 22 µg/d molybdenum for 102 days did
not develop any symptoms of molybdenum deficiency, leading Turn-
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lund et al. (3) to suggest that the minimum daily requirement for this
trace element is about 25 µg.

Based on the findings of Turnlund et al. (3), the us Food and Nutri-
tion Board has set a Recommended Dietary Allowance (rda) for adult
men and women to 45 µg/d (6). The average dietary intake of molybde-
num in us men and women is more than twice this level.

The requirement for pregnant and lactating women is not known,
but the typical intake in the Nordic countries is high enough to allow
for possible increased needs of this group.

The Nordic Recommendations of 1996 did not include recommenda-
tions for molybdenum intake. Although two human studies have been
conducted since then, these are not considered sufficient to establish
requirements. Accordingly, recommendations are not given for any age
group.

Upper intake levels and toxicity

The absence of toxicity symptoms in men fed 1,490 µg molybdenum 
per day for 24 days (7) provides a working upper boundary for further
studies.

The us Food and Nutrition Board set a Tolerable Upper Intake Level
(ul) of 2 mg/d based on impaired reproduction and growth in animals
(6). A British expert group concluded that there are insufficient data
from animal and human studies to establish a safe upper level for
molybdenum (8).

Dietary sources and intake

Molybdenum is ubiquitous in food and water as soluble molybdates,
although the content of molybdenum in plants varies widely with soil
concentration and pH. Good food sources are grains, legumes, nuts,
offal, milk and milk products and eggs, while fruits, root vegetables and
muscle meat are poor sources (5). High concentrations have been found
in shellfish. Molybdenum levels in drinking water are mostly low, typi-
cally less than 0.01 mg/L. However, in areas near mining sites, molybde-
num concentrations up to 0.2 mg/L have been reported (4).

There are few published data on the dietary intake of molybdenum in
the Nordic countries. Typical intakes according to market baskets or
dietary surveys are in the range 100–150 µg/d (9–11). Many multivita-
min-mineral supplements contain molybdenum and must be taken into
consideration when estimating total dietary intake.
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Fluorine

Fluorine occurs as fluoride in food and drinking water either in an ionic
form or bound in complexes. Fluoride has a well-documented role in
the prevention and treatment of dental caries but the mechanism is
attributed to local rather than systemic effects. The role of fluoride as an
essential trace element is debated.

Physiology and metabolism

Fluoride in drinking water is effectively absorbed (> 90%), while com-
plex-bound fluoride in foods is less well absorbed. Most of the ingested
fluoride is excreted by the kidneys, but parts are built into the bone
and, in childhood, into the teeth. Thus, the main proportion of fluoride
in the body is complex-bound to calcium in the skeleton and tooth tis-
sues, where upon replacement of hydroxyl ions in hydroxyapatite crys-
tals it leads to less soluble crystals. This was previously considered to
render fluoride its caries preventive property. Today, the presence of
fluoride in the mouth and subsequent deposition of CaF2 in the tooth
biofilm acting as a fluoride reservoir ready to interact with the balance
between enamel demineralisation and remineralisation is recognized
as the basis for the anti-caries power of fluoride (1). Apart from local
effect, biological functions of fluoride in man remain largely unclear.

Requirement and recommended intake

No recommendation for daily fluoride intake is given since it is not con-
sidered an essential trace element. This agrees with the eu Scientific
Committee on Foods, which also did not set any recommended intake
(2). The us Institute of Medicine was unable to establish an rda but has
set a reference value for fluoride, which is based on the observed esti-
mated intake judged to reduce the incidence of dental caries in a group
of healthy adults (3). For adults this level was set to 3 mg/d and 4 mg/d
for women and men, respectively (3).
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Upper intake levels and toxicity

An intake of 2.2 g/kg body weight is lethal in adults (4). In children
15 mg/kg body weight is lethal and 5 mg/kg body weight causes acute
symptoms, such as nausea, stomach pain and vomiting (4, 5). Chronic
high intakes may affect skeletal mineralisation and kidney function.

The most common side effect of high fluoride intake is enamel fluo-
rosis also called ‘mottled teeth’. Fluorosis develops during tooth forma-
tion, i.e. between 0 to 6–7 years of age. Thus, for 0–6 year olds a maxi-
mum daily dose of 0.75 mg fluoride is recommended and for 6–12 year
olds 1.0 mg (1, 5) and the water content is recommended to be below
0.8–1 mg/L.

Dietary sources and intake

Fluoride levels in foods (except water) are generally low, with a few
exceptions. Fish eaten with bones, such as canned sardines, some teas
and mineral waters and drinking water in some areas have the highest
content. The average daily intake from food is estimated to be less than
1 mg in adults and 0.2 mg in small children (6). A major proportion of
fluoride intake is from water sources. Estimated intake from water
sources, given a water content of 1 mg/L, is 1.7 mg/d in adults and
0.3 mg/d in small children (6), but since fluoride concentration in drink-
ing water varies between areas, intake also varies considerably due to
water source. Another source of fluoride in small children is toothpaste.
A child younger than 6 years of age is estimated to swallow approxi-
mately 0.15 mg fluoride per exposure (7).
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chapter 43

Intake of vitamins 
and minerals in 
the Nordic countries

A diet composed according to the recommended distribution of energy
from fat, carbohydrate and protein and the principle of variety in food
choice will usually have a satisfactory content of vitamins and minerals.
If such a diet is eaten in amounts that meet energy requirements, the
intake of vitamins and minerals will generally be sufficient.

The nutrient density of average diets in the Nordic countries is pre-
sented in Table 43.1. Data are calculated from recent dietary surveys.
Some of the observed differences may be explained by different dietary
patterns (i.e. consumption of fish), levels of micronutrients added to
foods (thiamine, riboflavin, vitamin B6, iron and iodine) or differences in
soil and composition of fertilizers (selenium). There may also be signi-
ficant differences caused by the various survey methods and calculation
procedures, e.g. recipes and correction for losses in cooking. Contribu-
tions to intakes of vitamins and minerals from supplements are not
included.

For comparison the nnr 2004 recommended nutrient density for
planning diets (Table 1.3) is included in Table 43.1. These values are in-
tended for groups of individuals with a heterogeneous age and sex dis-
tribution and they form a rather strict reference based on the principle
of the ‘most demanding subject’ (explained in Chapter 4). It is obvious
that the average diets do not meet the reference nutrient density for all
micronutrients. However, this does not mean that food supply is inade-
quate, but rather it should be seen as a reminder to the diet planner of
where to focus.

423
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Table 43.1 Nutrient density (per 10 mj) of selected vitamins and minerals in 
the average diet in the Nordic countries

Denmark Finland Iceland Norway Sweden nnr 2004

Vitamin A re 1,1504 1,310 1,590 1,620 1,370 800
Vitamin D µg 3.5 6.1 7.2 5.5 6.3 10
Vitamin E a-te 7.7 13.4 10.0 8.2 9.91 9
Thiamin mg 1.3 1.6 1.5 1.4 1.6 1.2
Riboflavin mg 1.8 2.3 2.2 1.8 2.0 1.4
Niacin ne 31 34 40 33 40 16
Vitamin B6 mg 1.6 2.3 2.0 1.5 2.3 1.3
Folate µg 340 330 330 240 250 450
Vitamin B12 µg 5.4 7.6 8.1 7.7 7.3 2
Vitamin C mg 115 140 103 120 98 80

Calcium mg 1,120 1,410 1,240 1,030 1,210 1,000
Phosphorus mg 1,490 2,000 1,890 – 1,610 800
Potassium g 3.7 4.8 3.6 – 3.9 3.5
Magnesium mg 375 469 338 380 360 350
Iron mg 10.7 15.1 13.0 12.2 12.8 16
Zinc mg 12 – 13 – 12.7 11
Iodine µg 210 322 198 – – 170
Selenium µg 41 87 90 – 38 40

Corrected Yes Yes Yes Yes2 Yes3

for cooking 
losses

Age group years 4–75 25–64 15–80 16–79 18–74

Survey method 7-d food 48-hour 24-hour qffq5 7-d food
record recall recall record

Reference 1 2 3 4 5

references

n
o

rd
ic

n
u

tr
it

io
n

re
co

m
m

en
d

at
io

n
s

20
0

4

424

1. Danskernes kostvaner 2000–2002.
Hovedresultater (Dietary habits of
Danes 2000–2002. Main results). 
Danmarks Fødevareforskning, 2005.
In press.

2. Männistö S, Ovaskainen M-L, Valsta L.
The National Findiet 2002 Study.
Helsinki: National Public Health
Institute, 2003.

3. Steingrímsdóttir L, Porgeirsdóttir H,
Ólafsdóttir AE. The Diet of Icelan-
ders. Dietary Survey of the Icelandic
Nutrition Council 2002. Main

findings. Public Health Institute,
Reykjavík, Iceland 2003.

4. Johansson L, Solvoll K. Norkost 1997.
Landsomfattende kostholdsunder-
søkelse blant menn og kvinner i
alderen 16–79 år. Rapport 2/1999.
Statens råd for ernæring og fysisk
aktivitet. Oslo 1999.

5. Becker W, Pearson M. Riksmaten
1997–98. Kostvanor och näringsintag
i Sverige. Metod- och resultatrapport
(Dietary habits and nutrient intake in
Sweden 1997–98) Uppsala: Livs-
medelsverket, 2002.

1 Calculated from a-tocopherol
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formed niacin, vitamin B6 and vitamin C

4 Contribution from e-caroten is calcu-
lated as 1/12

5 Quantitative food frequency question-
naire
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A
aa, arachidonic acid, see Fatty

acids
Abortion 106, 126, 215
Absorption: See individual

nutrients
Abstention 215
Acesulfam K 190
Acetic acid, acetate 180, 182,

186, 357
Acid-base balance 323, 333
Acquired immunodeficiency

syndrome, aids 219
Acrodermatitis entero-

patica 380
Active energy expenditure,

aee 128
Activity, see Physical activity
Acyl-carrier protein 305
Adaptation 206, 315–319,

323, 366
Addition of nutrients 36,

54–56, 44, 235, 237, 246,
288, 392, 400

Adenosylcobalamin 297
Adequate intake of micro-

nutrients 23, 48
Adipose tissue 87, 157, 241
Adiposity 63, 207
Adolescents 96
Adrenal glands 252
Adult respiratory distress

syndrome 219
Adverse effects 24, 29, 41–43,

114, 411
aee, see Active energy 

expenditure
Ageing 113
Age-related changes 204, 215,

338
Agility 146

aids, see Acquired immuno-
deficiency syndrome

Alanine 200
Alcohol 22, 105, 115, 173,

180, 213–218, 230, 254, 334,
340, 341, 357

Aldehydes 173, 267
Aldosterone 307
Alertness 92
Alginates 179
Allergic rhinitis 61
Allium vegetables 221
Alpha-tpp 251
Aluminium hydroxide 324
Amino acids 181, 199, 275
– metabolism 287 
– branched 301
Amylase 178, 189
Amylose/amylopectin, 

see Carbohydrates 
Amyotrophic lateral

sclerosis 219
Anabolism 199
Anaemia 232, 272, 279, 298,

299 
– iron deficiency 359, 404 
– megaloblastic 292, 298 
– pernicious anaemia 298
Angular stomatitis 272
Anorexia 91, 267, 324
Anti-arrythmic effects 74
Antibody action 199
Anticarcinogenic effect 158
Anticoagulants 256, 262
Anti-infective properties 61
Antioxidants 71, 73, 215,

219–228, 251, 254, 307, 308,
309

Anxiety 143
Apnoea 89
Apolipoprotein, see Lipo-

proteins

Appetite 86, 89, 105, 203
ar, see Average requirement
Arachidonic acid, aa, see Fatty

acids
Arginine 200
Arthritis 219
asap study 224
Ascorbic acid, see Vitamin C
Asparagine 200
Aspartam 190
Aspartic acid 200
Asthma 62
Ataxia 253
atbc Study 223
Atherosclerosis 158
Athletes 57, 123, 362
Atopy 62
atp 323, 356, 389
Atrophic gastritis 298
Autoimmune diseases 242
Average requirement, ar 23,

24, 30

B
Baby foods 242
Baby Friendly Hospitals 64
Back problems 143
Bacteria 188, 262, 299
Bakery products 77
Balance studies 314–318, 329,

382
Balanced diet 21, 74, 75, 77
Barley 177
Basal energy expenditure, 

bee 110, 128, 148
Basal metabolic rate,

bmr 19, 20, 63, 110
bee, see Basal energy 

expenditure
Beer 105, 213
Behavioural disturbances 380
Beri-beri 267 425
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Berries 14, 175, 193, 221,
310, 370

Beta-oxidation 159
Beverages 191
Bifidobacteria 187
Bile 261, 298, 409, 413 
– acids 163, 186, 307 
– salts 158 
– secretion 252
Binge drinking 214
Bioavailability 29, 32, 48. See

also individual nutrients
Biochemical 
– indicators 37 
– marker 31, 40, 201 
– measurement 23
Biological clock 86
Biopotency 254
Biotin 301–303
Biotinidase 301
Birth weight 126
Bleeding 253, 256, 261
Blood 205, 268 
– cells 287 
– clotting 255 
– coagulation 160, 165, 261 
– formation 297 
– glucose 87, 88, 90, 180,

181, 182, 185, 186, 410 
– lipids, see Lipoproteins
Blood pressure 39, 63, 106,

160, 161, 165, 213, 215, 
In relation to 
– sodium 77, 334–341 
– food 71, 75,  
– physical activity 141
Blood pressure, high, 

see Hypertension
bmi, see Body mass index
bmr, see Basal metabolic rate
Body 
– clock 86 
– composition 19, 110, 142,

215 
– energy stores 109 
– mass 110
– pool 29, 32 
– stores 29 
– turn over 232
Body mass index, bmi 19, 63,

112, 113 201, 207 334, 342
Body weight 19, 86, 95, 120,

124, 126, 164, 183, 188, 205 
– gain 21, 63, 72, 113, 125,

126, 190, 192 

– loss 91, 113, 114, 125, 142,
165, 190, 191, 201, 202, 267,
279 

– regulation 113, 114, 142
Bone, bone mineral den-

sity 39, 71, 75, 180, 207
In relation to 
– minerals 313–18, 323, 421,

422
– physical activity 143, 146 
– vitamins 230, 242, 246,

261, 262,  
Bowel 63, 192
Brain 92, 299
Brassica vegetables 221, 390
Bread 175, 306
Breakfast 88, 93, 95
Breast cancer, see Cancer
Breastfeeding 15, 41, 61–66,

215
In relation to 
– diet 104, 118, 125, 127,

167, 199–206, 319, 339, 362 
– physical activity 150
Breast milk 61–66, 127, 161,

165, 175, 206, 215. See also
individual nutrients

Broccoli 222
Brussel sprouts 222, 390
Butter 77, 237

C
Cabbage 222, 390
Caeruloplasmin 403
Cafestol 106
Caffeine 105, 106
Calcification 43, 324
Calcitonin 242
Calcitriol 323
Calcium 74, 75, 313–322,

323, 324, 327, 340, 356, 413,
421, 424 

– loss 143, 207 
– supplementation 75
Campesterol, campestanol, 

see Phytosterols
Cancer 35, 73, 215,  
– breast cancer 64, 75, 142,

188, 215 
– colon (rectal) cancer 14, 75,

76, 142, 187, 192, 369 
– endometrial cancer 142 
– gastric cancer 188, 252 
– lung cancer 142, 223 
– lymphatic leukaemia 252 
– lymphoma 63 

– oesophagus ca 215 
– prostate cancer 75
In relation to  
– diet 13, 14, 163, 165 
– fat 13
– fibre 14,  
– minerals 368, 369, 399 
– physical activity 21, 139,

142
– vitamins 219–223, 242,

252, 253, 255, 309 
Carbohydrates 73, 173–198,

267, 202, 213 
– complex 183, 191 
– glycaemic 175, 177, 178,

192
– intake 58, 268 
– metabolism 91 
– quality 115 
Sub-groups and components
– amylose/amylopectin 173,

182, 185 
– cellulose 173, 176 
– dietary fibre 14, 58, 71–73,

130, 174, 176, 178, 183, 185,
188, 193, 200, 215 

– disaccharides 130, 173 
– fibre 14, 72, 215, 314, 327,

357, 381 
– fructo-oligosaccharides,

fos 175, 187 
– fructose 173, 177, 178, 180,

182, 183, 185, 188, 190, 191,
193 

– fructose syrup 175, 188 
– galacto-oligosaccharides,

gos 175, 187 
– galactose 173, 178, 180 
– galactosides 174, 179 
– glucan 174, 177, 179, 187,

189 
– glucose 173, 177–180, 188,

193, 275 
– glucose polymers 189 
– glucose syrup 188 
– glycogen 87, 180, 191 
– gums 174, 179, 187 
– hemicelluloses 173, 176,

177 
– inulin 178, 187 
– lactitol 190 
– lactose 173, 177, 189, 190 
– lignans, lignin 73, 130, 173,

175, 178, 220 
– maltitol 190 
– maltodextrin 174 
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– malto-oligosaccharides,
mos 175 

– maltose 174, 178 
– mannitol 177, 190 
– monosaccharides 130, 173,

178 
– non-digestible oligosaccha-

rides, ndo 185 
– non-digestible carbohy-

drates, ndc 130, 177 
– non-starch polysaccharides,

nsp 173, 178, 185, 188 
– oligosaccharides 173, 178,

185 
– pectins 173, 176, 177, 187 
– pentoses 267 
– polyols 177 
– polysaccharides 130, 173 
– refined sugars 14, 77, 183,

188, 192, 193 
– resistant malto-oligosaccha-

rides, mos 187 
– resistant oligosaccha-

rides 177, 178, 184 
– resistant starch, rs 177,

178, 184, 185, 186, 187 
– retrograded amylose 175,

178 
– sorbitol 177, 190 
– starch 130, 173, 183, 188,

191
– hydrolysates 188, 193
– partially hydrolysed 190 

– sucrose 115, 173, 182, 183,
184, 188, 189, 191, 193 

– sugar alcohols 177, 190 
– xylitol 177, 179, 190
Carbonated drinks 175
Carcinogenesis 186, 222
Cardiac arrhythmia 165, 328
Cardiac death 74
Cardiac dysfunction 404
cardiac study 341
Cardiomyopathy 367, 397
Cardio-respiratory

functions 21, 140, 143, 146
Cardiovascular disease,

cvd 90, 106, 126, 183, 187,
207, 214, 215, 281, 290

In relation to 
– antioxidants 219–224, 234,

253–256, 309 
– diet 70–77 
– fat 13, 158, 163 
– minerals 328, 341–345,

368, 270, 398 

– physical activity 21, 35,
139–144

– vitamins 281, 282 
caret study 223
Caries 14, 31, 35, 77, 188,

189, 192, 193, 421
Carnitine 307
Carotene, carotenoids 71,

220, 223, 229 
Carrots 222, 237
Catabolism 203, 305, 380,

417
Catch-up growth 63
Cauliflower 222
Cell 
– culture systems 222 
– division 287 
– membranes 160, 163 
– nucleus 380 
– wall 176 
– structures 182
Cellulose, see Carbohydrates 
Cereals 73, 74, 177, 178, 193,

200, 269, 363, 400, 414 
– grain 186 
– products 14, 175, 269, 288,

293, 306, 330, 370, 381
chaos study 224
chd, see Cardiovascular disease
Cheese 74, 184, 299, 306, 264
Chewing gums 190
Childbearing 355, 361
Childhood obesity 63, 191
Children 41 
– and energy, different age

groups 117–119
– and energy intake 15 
– and fibre 14 
– and overweight 121 
– and physical activity 21 
Chocolate, cocoa 107, 330,

357, 371
Choice of foods 58
Cholecalciferol 241
Cholesterol 13, 71, 76, 157,

158, 163, 186, 187, 307. 
See also Lipoproteins

7-dehydrocholesterol 241,
245

Chromium 409–412
Chronotype 88, 89
Chylomicrons, see Lipoproteins 
Circadian rhythm 85–90, 96
Cirrhosis 236, 368
cis-fatty acids, see Fatty acids 
Citrus fruits 288, 310

cla, conjugated linoleic
acids, see Fatty acids

Clinical trials 335
Cobalamin 297
Cobalt 297
Cocoa, see Chocolate
Cod liver oil, see Fish
Coffee 105, 106, 330, 340,

357, 371
Cognitive function 92, 146,

253, 358
Collagen 236, 307
Colon cancer, see Cancer
Colorectal cancer, see Cancer
Complementary food 65,

167, 362
Condiments 345
Confectionary 175
Conjugated linoleic acids,

cla, see Fatty acids 
Constipation 14, 35, 367
Contaminants 70
Cooking 293, 424
Copper 356, 385, 403–407
Corn oil 256
Corn-based diet 275
Coronary heart disease, chd,

see Cardiovascular disease
Corticosteroids, cortisol 88,

90, 307
Coumarins 220
Cow’s milk, see Milk 
Creatine phosphate 323
Creatinine 199, 339
Critical endpoint 42
Crude protein 199
Cryptoxanthin 220, 230
Cultural habits 57
Cuproproteins 403
cvd, see Cardiovascular

disease
Cyclamate 190
Cycling 43, 140
Cysteine 200, 222, 397
Cystic fibrosis 252
Cytochrome 356
Cytochrome C oxidase 404

D
Dairy products, see Milk
Dark adaptation 231
dash trial 337, 338, 343
Data limitations 40
Daylight circle 86
Deficiency disorders 27. See

also individual nutrients
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– symptoms 23, 29
Degenerative diseases 35
Dehydration 105
Dehydroascorbic acid 307
Demineralisation 413, 421
Dental caries, see Caries
Dental enamel 189, 423, 422
Depigmentation 404
Depletion-repletion 37, 328 
– studies 263, 272, 281, 289,

291
Depression 143
Dermal changes, see Skin
Desaturation 157–160
Detoxifying enzymes 71
dha, Docosahexaenoic acid,

see Fatty acids
Diabetes 
– type I 62, 207, 242

– gestational 126 
– type II 35, 87, 89, 106, 165,

367, 369
In relation to 
– diet 70–73 
– carbohydrates 181–183,

188–190 
– physical activity 139–144
Diarrhoea 61, 103, 184, 310,

329, 333, 367, 403, 405
Diet, dietary 23, 47, 56, 191 
– advice and guidelines 36,

39, 58, 64 
– changes 36, 39, 70 
– composition 54, 343 
– habits 14, 33, 54, 69 
– health relationships 11, 19,

28, 32, 35, 37–38, 54 
– inadequacy 52
Diet survey 23, 423
Dietary fibre, see Carbohydrates 
Dietetic products 59
Diet-induced thermogenesis,

dit see Thermogenesis 
Dieting 93
Digestibility (protein) 129,

131, 206
Dimethyl selenid 397
Disaccharidases 178
Disaccharides, see Carbo-

hydrates 
Discretionary salt intake 345
Disease and drugs 58 
– prevention 140
dit, see Thermogenesis
Dithiolthiones 222
Diuretic effect 105

dlw, see Doubly labelled water
Docosahexaenic acid, dha,

see Fatty acids
Docosapentaenoic acid, dpa,

see Fatty acids
Double bonds 157
Doubly labelled water, dlw

109, 116, 117, 119, 121, 123,
165

dpa, Docosapentaenoic acid,
see Fatty acids

Drinking water, see Water 
Drugs 58, 190, 219
Duodenal ulcers 188

E
Eating disorders 18, 128 
– event 85, 89, 94 
– frequency 85, 91, 94 
– periodicity 86
Eating pattern 85–101, 116
Eclampsia 328
ee, see Energy expenditure
efa, Essential fatty acids, 

see Fatty acids
Egg 200, 207, 237, 246, 357,

393, 400, 418 
– white 301, 383 
– yolk 256, 302
egra 272
Eicosapentaenoic acid, epa,

see Fatty acids
Elderly 18, 41, 57, 104, 124,

203, 245, 317
Electrolyte balance 103
Elongation 157, 159, 160
Emotional development 61
Emphysema 219
Empty calories 77
Endometrial cancer, see Cancer
Energy 18–21, 27, 34, 51, 53,

56, 57, 71, 77, 86, 88, 91, 95,
109–138

In relation to 
– diet 157, 165, 188, 190,

199–205, 213 
– micronutrients 268, 272,

282, 341, 342
– physical activity 139, 140,

144, 148 
Energy expenditure, ee 18–

22, 109–131, 139–149
Enhancing components 288,

357, 381
Enrichment, see Addition of

nutrients 

Enteral nutrition 161
Enzymatic systems 29, 380
Enzyme action 199
epa, Eicosapentaenoic acid,

see Fatty acids
epic study 192
Epidemiological studies 328
Epidermal water 160
Ergocalciferol 241
Ergosterol 241
Erythrocyt protoporphyrin

359, 360
Erythrocytes, see Red blood cells
Essential (indispensable) 
– amino acids 14, 200 
– elements 33, 34
Essential fatty acids, efa,

see Fatty acids
Ethanol 213–218, 219, 234
Evaluation of high intakes 24
Evening meal 87, 88
Evening-orientated 89, 96
Everyday diet 59
Excessive intake 25, 41, 44
Exercise 112, 140, 192 
– intermittent exercise 192
Eye 231, 307, 379

F
Factorial method 204, 232,

316, 380
Factors for energy con-

tent 129
fad, see Flavin adenin dinu-

cleotide
Faecal bulk 185–187, 192 
– loss 389
Faeces 103, 199, 314, 333
fas, see Foetal alcohol

syndrome 215
Fasting 87, 88, 93, 200 
Fat 131, 146, 157–172, 181,

183, 188, 190, 191, 202, 213  
– absorption 252 
– burning fat 142 
– composition 13, 77 
– fat free mass, ffm 110, 128 
– fat mass, fm 10, 158 
– intake 13, 114 
– malabsorption 253 
– quality 115, 116 
– upper intake level 162
Fatigue 105, 308
Fatness 113, 146, 182
Fat-soluble vitamins 157, 166
Fatty acids 164, 252, 275 
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– composition 340 
– synthesis 301
Fatty acids, individual 
– arachidonic acid, aa 159,

160 
– cis-fatty acids 157 
– conjugated linoleic acids,

cla 158 
– docosahexaenic acid,

dha 62, 159, 160 
– docosapentaenoic acid,

dpa 59, 160, 161 
– eicosapentaenoic acid,

epa 159, 160, 161 
– essential fatty acids,

efa 13, 157, 160, 161 
– lauric acid 13, 164 
– linoleic acid 157, 159, 160 
– linolenic acid 157, 159, 160 
– long-chain fatty acids 157 
– monounsaturated fatty

acids, mufa 13, 157, 164 
– myristic acid 13, 164 
– n-3 fatty acids 15, 74, 77,

159, 160, 185, 340 
– n-6 fatty acids 13, 15, 159,

160 
– n-6/n-3 ratio 160, 166, 167 
– oleic acid 13, 159, 164 
– palmitic acid 13, 164 
– polyunsaturated fatty acids,

pufa 13, 157, 159, 162,
164, 253 

– saturated fatty acids,
sfa 13, 76, 77, 157, 164 

– short-chain fatty acids,
scfa 186 

– stearic acid 159, 164 
– trans fatty acids 13, 15, 77,

157, 164–167 
– unsaturated fatty

acids 185, 215 
– vaccenic acid 157
Feeding rhythm 89
Fermentation 184, 185, 186,

188, 299
Fermented milk 74
Ferritin 356, 366
Fever 203
Fermentable fibre 186
ffm, fat free mass, see Fat
fm, fat mass, see Fat
Fibre, see Carbohydrates 
Fibrinolysis 141, 182
Fibrosis 236, 252, 367, 368
Fish 74, 77, 200, 207,

In relation to 
– minerals 320, 330, 370,

393, 397, 400, 411, 422 
– vitamins 242–246, 256,

276, 283, 299
Fish 
– liver oil 237, 242 
– oil 74, 164
Flavin adenin mono-

nucleotide, fmn 271
Flavin adenin dinucleotide,

fad 271
Flavin enzymes 281
Flavonoids 71, 107, 214, 220,

271
Flexibility 21, 140, 146
Fluid and water bal-

ance 103–108
Fluid loss 105, 343
Fluorine, Fluoride 31, 189,

421–422
Fluorosis 422
fmn, see Flavin adenin mono-

nucleotide 
Foetal alcohol syndrome,

fas 215
Foetus 125, 150, 162, 205,

251, 319
Folate, folic acid 28, 71, 73,

287–296, 297, 424 
– conjugase 288 
– metabolism 271 
– status 281 
– supplement 28, 57
Follicular hyperkeratosis 232
Follow-on formula 162, 167
Food additives 325
Food 
– allergies 57 
– composition tables 23 
– consumption 23, 69, 116 
– culture 58 
– intolerance 18, 128 
– marketing 59 
– matrix 288 
– policy 54 
– preferences 58 
– preparation 58 
– processing 230 
– production 59 
– selection 58
Food-based dietary guide-

lines 54, 69–77
Formula fed infants 118, 167
Fortification, see Addition
Fortified flour 283

fos, fructo-oligosaccharides,
see Carbohydrates

Fractures 75, 235, 236, 245,
246, 262, 230, 318

Free radicals 219, 220, 355,
403 

– formation 252
Fructo-oligosaccharides, fos,

see Carbohydrates 
Fructose, see Carbohydrates
Fructose syrup, see Carbo-

hydrates
Fruit and vegetables 71–72,

176, 177, 187, 192, 214, 220, 
Fruit 14, 175, 193, 221, 237,

279, 293, 310, 357, 370
Functional ability 147 
– criteria 232 
– fibre 176

G
Galacto-oligosaccharides,

gos, see Carbohydrates
Galactose, see Carbohydrates
Galactosides, see Carbohydrates 
Gamma hydroxybutyric

acid 180
Gamma-carboxyglutamic

acid, Gla 261, 263
Gamma-glutamyl cysteine

synthetase 221
Gamma-linolenic acid 159,

160
Garlic 222, 400
Gastric 
– cancer, see Cancer  
– emptying 182, 188 
– mucosa 297 
– pain 405, 422 
– ulcers 219
Gastroenteritis 61
Gastrointestinal 
– hormones 180 
– flora 301 
– function 90, 192, 383 
– gas 184 
– lipase 158 
– problems 24, 219, 279, 310,

370
Gelatinisation 185, 182
Gene functions 231, 327, 380
Genetic 
– abnormalities 253 
– variation 110
Gestation, see Pregnancy 
gi, see Glycaemic index
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gl, see Glycemic load
Gla, see Gamma-carboxy-

glutamic acid
Glucan, see Carbohydrates 
Gluconeogenesis 88, 202
Glucose, see Carbohydrates 
Glucose intolerance 87–89,

165, 181, 182, 409
Glucose polymers, see Carbo-

hydrates
Glucose syrup, see Carbo-

hydrates
Glucose transporter,

glut 178, 180
Glucosinolates 221, 390
glut, see Glucose transporter
Glutamate 287
Glutamic acid 200, 261
Glutamine 200
Glutathione 220, 221, 307 
– peroxidase 397, 398 
– reductase 272
Glycaemic index, GI 72, 180,

181, 182, 186, 191, 192
Glycemic load, GL 181
Glycaemic carbohydrate, 

see Carbohydrates 
Glycerol 157
Glycine 200
Glycogen, see Carbohydrates
Glycogenesis 87
Glycogenolysis 87, 88
Glycolysis 180
Goitre 389
Goitrogens 390
Gorging 86, 90, 91
gos, galacto-oligosaccha-

rides, see Carbohydrates
Grains 279, 418
Grapes 221
Grazing 86
Green tea 221
Group intake 49, 53
Growth 28, 63, 146, 120, 165,

199, 204, 230
In relation to 
– minerals 316, 355, 379,

380, 409, 413
Growth hormone 88
Gums, see Carbohydrates 

H
Haem iron 356, 369
Haemochromatosis 219, 355,

359, 367, 369
Haemoglobin 355, 358, 360

Haemolysis 252
Haemolytic anaemia 253, 263
Haemorrhage 262, 263
Haemosiderin 356
Haemostasis 141
Hair 199, 201, 305, 380, 400
Handling losses 47
hdl, high-density lipo-

protein, see Lipoproteins
Headache 105, 328
Health 11, 19, 28, 32, 35, 85 
– benefits 62 
– gain 145, 147 
– outcome 38, 143, 145 
– risks 112
Healthy diet 58 
– food habits 72 
– individuals 47 
– lifestyle 21, 72 
– weight reduction 125
Heart disease 219, 268, 417 
– function 267 
– burn 367
Heat 343 
– dissipation 213 
– exhaustion 105
Hemicelluloses, see Carbo-

hydrates
Hepatic 231, 236, 251, 262,

367–369
Heterocyclic amines 76
High-density lipoprotein,

hdl, see Lipoproteins 
Hip fracture, see Fractures
Histidine 200
Homeostasis 343, 366, 380
Homocysteine 207, 271, 281,

287, 289–291, 297
hope study 224
Human milk, see Breast milk
Hunger 85, 89, 91
Hydration status 104, 105
Hydrocolloids 173, 176
Hydrogenation 157
Hydroxyapatite 313, 323, 421
3-hydroxyisovaleric acid 

3-hia 301
Hypercalcaemia 246, 319,

328
Hypercholesterolaemia, 

see Lipoproteins 
Hyperkeratosis 232
Hyperlipidaemia, see Lipo-

proteins
Hyperparathyroidism 31, 325
Hyperphagia 91

Hypertension 35, 73, 219,
255, 328. See also Blood
pressure

In relation to 
– sodium 334–345 
– physical activity 139–141 
– gestational 126
Hyperthyroidism 390
Hypervitaminosis A 235
Hypocalcaemia 325
Hypocholesterolaemia, 

see Lipoproteins
Hypokalaemia 328
Hypolactasia 180
Hypothyroidism 242, 390

I
Immigrants 28, 57, 242, 245
Immune 
– competence 230 
– defence 358, 380 
– dysfunction 404 
– response 224 
– system 71
Inactivity 85, 112, 139, 315
Infant foods 246
Infant formula 41, 59, 64, 65,

161, 165, 204, 253, 339
Infants 15, 41, 57, 167
Infection 230, 242, 230, 359
Inflammation 219, 359
Inflammatory bowel

disease 63, 219
Inhibitors 288, 357, 381
Insulin 90, 92, 180, 186, 409 
– resistance 39, 73, 87, 158,

165, 191 
– secretion 88 
– sensitivity 106, 141, 182
Insulin:glucose ratio 146
Interaction 32, 33, 42
International units, IU 229,

241
Intersalt study 334, 338, 345
Intervention studies 38, 182,

223, 290, 340, 339
Intracellular water 103
Intrinsic factor 297
Inulin, see Carbohydrates
Iodide 389
Iodine 24, 27, 28, 74, 389–

396, 424 
– fortification 555, 389, 393
Iodine-induced goitre 44
Iodothyronine deiodi-

nases 398
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Iron 24, 28, 43, 76, 355–377,
390, 413, 424 

– absorption 317 
– availability 76 
– binding capacity, tibc 359 
– deficiency 107, 409 
– fortification 370 
– overload 369 
– preparations 367 
– requirement 57 
– status 62, 272
Ischaemic heart disease 73,

168, 207, 341
Isoleucine 200
Isothiocyanates 71
iu, see International units

J
Jet-lag 86
Joint inflammation 367
Juice 175, 310, 370

K
Kale 221, 222, 320
Kelp 44
Keto acids 267
Ketones, ketosis 173, 180
Kidney 160, 207. See also Urine
In relation to 
– vitamin D 242–246, 319 
– minerals 389, 413, 417, 422 
– stone 246, 310, 319 
Kidney, as a foodstuff 302
Korsakoff ’s psychosis 268

L
Lactase 179, 184
Lactation, see Breastfeeding
Lactic acid 177, 182, 189
Lactitol, see Carbohydrates
Lactose, see Carbohydrates 
Lactose intolerance 184
Lauric acid, see Fatty acids
Laxation 185, 187
Laxative effect 190
ldl, low-density lipoprotein,

see Lipoproteins
Lean body mass 203
Lecithin 158
Legumes 200, 293, 306, 330,

418
Leisure time activity 19, 112,

115, 123, 140
Leptin 63, 90
Leucine 200
Leukocytes 309

Leukotriens 160
li, see Lower intake level
Lifestyle factors 187, 189
Lignans, Lignin, see Carbo-

hydrates
Linoleic acid, see Fatty acids 
Linolenic acid, see Fatty acids
Lipaemia 87
Lipid peroxidation 13
Lipids, see Fat 
Lipogenesis 87, 111
Lipoic acid 221
Lipoproteins 73, 86, 92, 141,

158, 164, 252, 261. See also
Cholesterol

– apolipoprotein 92 
– blood/plasma/serum

lipids 185, 141, 183, 191,
253 

– blood/plasma/serum fatty
acids 409 

– blood/plasma/serum lipid
triglycerides 409 

– chylomicrons 158, 231, 252 
– high-density lipoprotein,

hdl 141, 158, 164, 183,
214 

– hypercholestero-
laemia 106, 166, 180 

– hyperlipidaemia 92, 186 
– hypocholesterolaemia 413 
– low-density lipoprotein,

ldl 13, 141, 158, 164, 183,
185, 214 

– ldl/hdl ratio 158 
– triglycerides 141, 185, 214,

215  
– very low-density lipo-pro-

tein vldl 158
Liver 180
In relation to 
– minerals 367, 368, 403, 413 
– other vitamins 242, 252,

261–263, 267, 276 
– vitamin A 231, 232,

235–237 
Liver, as a foodstuff 235, 237,

264, 293, 299, 302, 406
loael, see Lowest adverse effect

level
Long-chain fatty acids, 

see Fatty acids
Low back pain 143
Low-density lipoprotein, ldl,

see Lipoproteins 
ldl/hdl ratio, see Lipoproteins

Lower intake level, li 23, 24,
30, 162

Low-intensity exercise 48
Lowest adverse effect level,

loael 42
Lunch 93
Lung cancer, see Cancer
Lutein 220
Lycopene 220
Lymphatic leukaemia, 

see Cancer
Lymphoma, see Cancer
Lysine 200

M
Macronutrients 35, 48, 54,

56, 58
Magnesium 73, 204, 327–331,

340, 424
Maize 275
Malabsorption 177, 184, 252,

261, 262, 298, 299, 379
Malformation 230, 236
Malnutrition 189, 403
Maltitol, see Carbohydrates
Maltodextrin, see Carbo-

hydrates
Malto-oligosaccharides, mos,

see Carbohydrates
Maltose, see Carbohydrates
Manganese 356, 413–415
Mannitol, see Carbohydrates
Margarine 77, 244, 246, 264
Maximum daily intake 24. 

See also individual nutri-
ents

mcv, see Mean cell volume
Meals 181, 356, 87 
– composition 58, 85 
– distribution 93, 95–96 
– frequency 92, 115, 189 
– size 85
Mean cell volume,

mcv 358–360
Measles 230, 269, 273, 276,

283, 299, 306
Meat 200, 207, 330, 356, 370,

385, 400, 411
Meat and meat prod-

ucts 76–77, 273
Mediterranean diet 73
Melatonin 88, 89
Memory 92, 93
Menaquinones 261
Menopause 318
Menstruation 319, 363 
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– blood losses 365, 382
Mental changes 267 
– development 358 
– disturbances 272, 280 
– health 143, 146 
– performance 94 
– stress 85
met, see Metabolic equivalent
Meta-analysis 39, 335
Metabolic
– activity 389 
– cost 140 
– demand 204 
– disturbance 114 
– equivalent met 121, 140 
– rate, see Basal metabolic rate 
– response 182 
– syndrom 87, 90, 140 
– unit 289, 291
Metabolism 48, 86, 142
Metalloenzymes 403, 404
Methionine 200, 287, 297,

397
– synthase 297
Methodological considera-

tions 36
Methylcobalamin 297
Methylenetetrahydrofolate

reductase, mthfr 271,
287, 290

Methylmalonyl-CoA
mutase 297

mfp factor 356, 370
Microbial synthesis 186, 301
Microflora 186
Micronutrients 18, 36, 48,

129 
– intake 23
Milk (cow’s) and milk prod-

ucts 74–76, 175, 184, 193,
200, 207, 214,

In relation to 
– minerals 319, 330, 370,

385, 393, 400, 418 
– vitamins 237, 246, 269,

273, 293, 299, 306
Mineral 14 
– intake 423–424 
– water 422
Mineralisation 242
Mobility 21, 147
Molybdenum 417–419
Monosaccharides, see Carbo-

hydrates
Monounsaturated fatty acids,

mufa, see Fatty acids

Mood 85, 92
Morbidity 142, 341
Mortality 113, 140, 142, 147,

168, 341
mos, malto-oligosaccharide,

see Carbohydrates
Most demanding subject 47
mrc/bhf Heart Protection

Study 224
mthfr, see Methylene-tetra-

hydrofolate
Mucilages 174, 179
mufa, see Monounsaturated

fatty acids
Multiple sclerosis 219
Muscle 180 
– dystrophy 219 
– mass 202 
– strength 21, 146, 242 
– weakness 142, 201, 268
Musculo-skeletal disor-

ders 142
Muslim 242, 245
Myocardial infarction, see

cvd
Myoglobin 355
Myopathy 253
Myristic acid, see Fatty acids 

N
N-methylnicotinamide 275
n-3 and n-6 fatty acids, see

Fatty acids 
nad, see Nicotinamide adenine

dinucleotide
nadp, see Nicotinamide adenine

dinucleotide phosphate 
Natto 264
Nausea 367, 405, 422
ndc, non-digestible carbo-

hydrates, see Carbohydrates
ndo, non-digestible oligo-

saccharides, see Carbo-
hydrates

ne, see Niacin equivalent
Neohesperidindihydro-

chalcon 190
Neonatal period 262
Nephrocalcinosis 246
Net absorption/intake 47
Neural tube defect, ntd 57,

292
Neurological 
– changes 414 
– development 62 

– diseases/symptoms 219,
254, 282, 298 

– function 297
Neuropathy 253, 409
Neurotoxicity 282
Neurotransmitters 307
Newborn children 56, 162,

339
nhanes study 341, 342
Niacin 275–277, 424 
– equivalents, ne 275
Nibbling 86, 90, 91
Nicotinamide 275
Nicotinamide adenine dinu-

cleotide, nad 275
Nicotinamide adenine dinu-

cleotide phosphate,
nadp 275

Nicotinic acid 275
Night blindness 417
Night 
– meal 88, 95 
– shift 89, 90 
– sleep 86
Nitrogen 199 
– balance 200, 203, 271
Nitrosamines 252, 307
N-nitroso compounds 76
No observed adverse effect

level, noael 42
Nocturnal, see Night 
Non-digestible (resistant)

oligo-saccharides, ndo,
see Carbohydrates 

Non-digestible carbohydrates,
ndc, see Carbohydrates

Non-digestible food compo-
nents 186

Non-essential amino
acids 200

Non-exercise activity 116
Non-haem iron 107, 307, 356
Non-starch polysaccharides,

nsp, see Carbohydrates
Normotensive 335, 350
nsp, non-starch polysaccha-

rides, see Carbohydrates
ntd, see Neural tube defect
Nucleic acid synthesis 287
Nucleotides 323
Nutrient 
– density 18, 29, 36, 48, 71,

77, 188, 423 
– losses 31, 47 
– turn-over 32
Nutrition labelling 59 
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– policy 54, 56
Nutritional 
– imbalance 77 
– inadequacy 77 
– quality 56 
– status 55, 85
Nuts 207, 221, 256, 330, 411,

414, 418

O
Oat 177, 186, 187, 302
Obesity and overweight 13,

14, 35, 42, 63, 77, 87, 213,
343. See also Body weight

In relation to 
– diet 163, 164, 188, 190,

191, 207 
– energy 112–114, 121, 126
Observational study 39
Occupational activity 112,

115
Oedema 201, 253
Oesophagus cancer, see Cancer
Oestrogen 246
Offal 206, 283, 302, 306, 418
Oilseeds 200
Oleic acid, see Fatty acids
Oligosaccharides, see Carbo-

hydrates
Olive oil 256
Onions 222
Optic nerves 299
Oranges 221
Organ metabolic rate 110
Organ transplantation 219
Organic acids 130, 182, 185,

356, 179
Osteoblasts 313
Osteocalcin 261, 262, 263
Osteoclasts 313
Osteomalacia 241, 242, 245,

246
Osteoporosis 105, 207
In relation to 
– minerals 75, 315, 317, 318,

325, 328 
– physical activity 21, 139,

143 
– vitamins 235, 237, 246, 262
Over-eating 85, 91
Overheated 150
Overload 355
Over-nutrition 35
Overweight, see Obesity
Oxalate, oxalic acid 310, 314
Oxaloacetate 301

Oxidation 213
Oxidative 
– enzyme systems 271 
– metabolic reactions 219 
– reduction reactions 417 
– stress 219
Oxygen intermediates 355
Oxygen uptake 144
Oyster 383

P
paee, see Physical activity energy

expenditure
pah, see Polycyclic aromatic

hydro-carbons
pal, see Physical activity level
Palmitic acid, see Fatty acids 
Pancreas (secretion) 90, 252,

261, 413
Pantothenic acid 305–306
Papillary response test 232
Parathyroid hormone,

pth 242, 315
Parenteral nutrition 103,

161, 262, 301, 324, 404, 409,
417

Parkinson’s disease 219, 414
Partially hydrolysed starch,

see Carbohydrates 
Peak bone mass 316
Pectins, see Carbohydrates
Pellagra 275
Pelvic floor 150
pem, see Protein-energy mal-

nutrition
Pentoses, see Carbohydrates
Pepper 221
Pepsin 297
Performance 85
Peripheral nerves 299
Pernicious anaemia 298
Peroxidation 252
pga, see Pteroyl mono-glutamic

acid
Pharmacokinetics 309
Pharmacological effect 31
Phase 2-enzymes 221
Phenolic acid 73, 107
Phenylalanine 200
Phlebotomy 368
Phosphate, see Phosphorous 
Phosphatidyl-choline 158
Phospholipids 157, 158, 323
Phosphorus, phosphate 214,

242, 314, 323–325, 327, 424
Phosphorylase 279

Phosphorylation 323
Photosynthesis 220
Phylloquinone 261
Physical activity (train-

ing) 139–156, 315, 340 
– recommendations 19–21,

39, 119–128
In relation to  
– diet 164, 165, 181, 190,

191, 199–203 
– energy 109–128
Physical activity level, pal

19, 20, 112, 116, 120–122
Physical activity energy

expenditure, paee 109
Physiological variations 18
Phytate, phytic acid 179, 323,

356, 325, 381, 413, 314
Phytochemicals 222, 223
Phytoestrogens 73
Phytosterols 71, 73, 158, 185 
Picolinate 410, 411
Pigmentation 241
Placebo-controlled stud-

ies 223
Placental tissues 205
Planning diets for

groups 13–22
Plant sterols, see Phytosterols
Plasma 
– fatty acids, see Lipoproteins 
– lipids, see Lipoproteins
Platelet 404, 398
plp, see Pyridoxal phosphate
Poisoning, see Toxic effect
Polycyclic aromatic hydro-

carbons, pah 76
Polyols, see Carbohydrates 
Polyphenols 173, 179, 214,

356, 371
Polysaccharides, see Carbo-

hydrates
Polyunsaturated fatty acid,

pufa, see Fatty acids
Pomegranates 221
Population structure 33
Population studies 334
Post-lunch dip 93
Post-menopausal 143
Postprandial 
– glycaemia 182 
– metabolism 85 
– response 86, 87, 90, 92 
– rise 111
Potassium 71, 72, 73, 74, 334,

340, 342, 349–353, 424
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Potatoes 14, 72–73, 175, 183,
193, 194, 283, 330

Poultry 370
Prebiotics 186
Preeclampsia 219
Pregnancy 57, 199, 205, 206,

215, 292, 319 
– hypertension 126 
– outcome 106 
– weight gain 127
Premature delivery 150, 253 
– infants 161, 324, 403
Prematurity 200
Pre-school children 57, 94, 96
Proanthocyanidins 220
Probiotics 186
Processed foods 77, 345
Proline 200
Pro-oxidative effects 310
Propionate, propionic

acid 182, 186
Prostacyclin 160, 252
Prostaglandins 160
Prostate cancer, see Cancer 
Protective factors 61
Protein 180, 181, 191,

199–211, 214, 271 
– animal 17, 381 
– content 282 
– intake 272, 280
Protein-energy malnutrition,

pem 201, 230, 253
Prothrombin 261, 262
Protoporphyrin 358
Psychological changes 414
Psychological well-being 143
Pteroyl monoglutamic acid,

pga 287
Pteroylpolyglutamates 287
pth, see Parathyroid hormone
Puberty 89, 143, 146, 316
Public health policy 54, 56,

336
pufa, polyunsaturated fatty

acids, see Fatty acids
Pulses 193, 207, 225, 276, 412
Pyridoxal phosphate,

plp 279 
– levels 281
Pyridoxamine 279
Pyridoxine 279

Q
Quality of life 143
Quantitative food frequency

questionnaire, qffq 424

Quantitative recommen-
dations 70

Quinone reductase 221

R
Ramadan 88
Randomised studies 336
Rapeseed 390 
– oil 77, 256
re, see Retinol equivalents
Reactive
– nitrogen species, rns 219 
– oxygen species, ros 219
Recommendations. See indi-

vidual nutrients and popu-
lations 

– on nutrient density 19 
– on physical activity 21, 143
Red blood cells 268, 287, 358,

398
Red cabbage 221
Red wine 214, 221
ree, see Resting energy 

expenditure
Reference values. See individ-

ual nutrients
Reference weight 123
Refined sugars, see Carbo-

hydrates 
Remineralisation 421
Renal 160, 207, 290, 308, 319,

329, 349, 352
Requirement 18, 29. See also

individual nutrients and
populations

Research methods 37
Resistance training 140, 148,

150
Resistant malto-oligosaccha-

rides, mos, see Carbo-
hydrates

Resistant oligosaccharides, 
see Carbohydrates

Resistant starch, rs, see Carbo-
hydrates

Respiratory diseases 61, 256
Resting energy expenditure,

ree 140
Resting metabolic rate 140
Resting/basal energy expen-

diture ratio, ree/bee 109,
121

Retinal activity equiva-
lents 230

Retinoic acid 229, 236
Retinol 229

Retinol equivalents, re 229
Retinyl (palmitate) 223, 229
Retrograded amylose, 

see Carbohydrates 
Riboflavin 74, 75, 271–274,

281, 424
Rickets 27, 241–243
rns, see Reactive nitrogen

species
ros, see Reactive oxygen species
rs, resistant starch, see Carbo-

hydrates
Running 143

S
Saccharin 190
Safety margin 29
Salt 77, 333, 335, 389, 393
Sarcopenia 203
Satiation, satiety 72, 85, 87,

183, 188, 202
Saturated fatty acids, sfa,

see Fatty acids 
Saturation 157
Scavenge 220, 307
scfa, short-chain fatty acids,

see Fatty acids 186
Schofield equation 119
School children 57, 93
Scientific evidence 39
Sclerosis 405
Scurvy 307, 309
see, see Sleeping energy expendi-

ture
Seafood 74, 77, 400
Seaweed 299, 389, 392, 392
Seborrhoeic dermatitis 272
Second meal effects 182
Sedentary 
– changes 35 
– work 19
Seeds 207, 221, 256
Selenium 74, 76, 220, 224,

397–402, 390, 424
Selenium poisoning 44
Selenocystein 397, 400
Selenomethionine 397, 400
Selenoproteins 398
Self-esteem 143, 146, 150
Sensitivity reactions 391
Serine 200
Serum cholesterol 39, 73, 75,

90, 106, 141, 168, 409
Serum 
– ferritin 356, 358, 360, 359,

368, 369 
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– lipids, see Lipoproteins 
– osmolality 104 
– transferrin 359 
– transferrin receptor 359,

360 
– triglycerides, see Lipoproteins
sfa, Saturated fatty acids, 

see Fatty acids
Shellfish 299, 393, 418
Shift work 88–90, 94, 96
Short-chain fatty acids, 

see Fatty acids 
Siderosis 368
Signal transduction 160
Simvastatin 224
Single meal studies 357, 381
Sitosterol, sitostanol, see Phy-

tosterols
Skeletal 333, 328 
– abnormalities 413 
– muscle metabolic rate 110 
– muscles 140
Skin 199, 201, 241, 333, 413 
– changes 272 
– lesions 380
Skinfold 201
Sleep deficiency 85, 87 
– deprivation 89 
– dept 90 
– disturbances 215 
– quality 88
Sleeping energy expenditure,

see 110
Slimming 57 
– diets 18, 128
Small size at birth 126
Smoking 141, 255, 256, 219
Snacking 77, 95
Socialise 89
Socio-economic condi-

tions 85, 189, 359
sod, see Superoxide

dismutase 404
Sodium 76, 77, 333–348 
– chloride 22 
– density 22
Soft drinks 77, 190
Solar exposure 241
Sorbitol, see Carbohydrates 
Sourdough 357
Soy protein 357
Soybean oil 256
Soybean preparation 264
Spices 345, 412
Spinach 222
Spinal cord 299

Spirits 213
Stable isotope studies 203,

382, 417
Starch, see Carbohydrates  
– hydrolysates, see Carbo-

hydrates
Starchy 
– foods 182 
– roots 225
Starvation 200
Stearic acid, see Fatty acids
Stellate cells 231
Steroid hormones 71, 163
Stilbenes 220
Stillbirth 107
Stomach 288, 297, 351, 367,

399, 422
Stool, see Faeces
Storage capacity 31
S-transferase 221
Strength 140, 147 
– of evidence 40
Streptococci 189
Stroke 214, 219, 255, 341,

342, 345
Study period 37, 40
Sub-clinical deficiency 29
Sucrose, see Carbohydrates 
Sugar alcohols, see Carbo-

hydrates 
Sugars, see Carbohydrates
Sulphur amino acids 220
Sun exposure 241, 243, 244
Sunflower seed 221, 256
Superoxide dismutase,

sod 404
Supplement, supplementa-

tion 18, 25, 33, 36, 44, 57,
161, 225. See also individual
nutrients and populations

Sweat 199, 333, 382
Sweeteners 189
Sweets 77, 175
Swimming 140, 143

T
Table salt, see Salt
Tannins 107, 179, 214, 356
Target dose 147
Taumatin 190
Tea 105, 357, 371, 422
Teaching nnr 59
Teeth 421
Temperature regulation 358
Teratogenicity 235, 236

Tetrahydrofolic acid,
thf 287

Thermogenesis, diet-induced,
dit 90, 109, 111, 128

thf, see Tetrahydrofolic acid
Thiamin 214, 267–270, 424
Thiamin pyrophosphate 267
Thiamin triphosphate,

ttp 267
Thiocyanates 390
Thiols 221
Thioredoxin reductase 398
Thirst, thirst centre 103
Threonine 200
Threshold dose 42
Thyroglobulin 390
Thyroid gland 389
Thyroid stimulating hor-

mone, tsh 90, 390–392
Thyroiditis 392
Thyrotoxicosis 390
Thyroxine 90, 389
tibc, see Total iron binding

capacity 
Tissue growth 380
Tocopherol 221, 223, 251 
– equivalent 251
Tocotrienol 221
Tolerance test 329
Tomatoes 222
Total body water 103
Total diet studies 382
Total iron binding capacity,

tibc 359, 360
Toxic effect 24, 29, 41, 44, 58,

105, 351
Trace elements 33
Tracer balance 201
Tracking 35
Trans fatty acids, see Fatty acids
Transaminase activity 280
Transamination 200
Transferrin 358 
– receptors 358 
– saturation 359, 360
Transketolase 268
Transporters 180
Trehalose 173
Triacylglycerol 87, 185,

214–215
Triglycerides 141, 157–158,

166, 182–183. See also Lipo-
proteins

Triiodothyronine 389
Trombocytosis 253
Tromsø study 106
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Trout 397
Tryptophan 200, 275 
– load 282
tsh, see Thyroid stimulating

hormone
ttp, see Thiamin triphosphate
Tubers 175, 193, 225
Turnip 390
Type 1 diabetes, see Diabetes
Type 2 diabetes, see Diabetes
Tyrosine 200

U
UL, see Upper intake levels
Ultraviolet light 241
Underestimation 289
Underreporting 53, 54, 86,

289, 341
Underweight 112
Unhealthy lifestyle 85
Unsaturated fatty acids, 

see Fatty acids
Upper intake level, ul 24, 36,

37, 41. See also individual
nutrients and populations

Urea 199
Uric acid 199
Urine 308, 314 
– excretion 105, 309. See also

individual nutrients
– output 103 
– sample 340
Urolithiasis 180
Uronic acids 174

V
Valine 200
Vascular dementia 215
Vasculitis 219
Vasopressin 105
Vegan diet 57
Vegans 208, 299
Vegetable and fruits 225
Vegetable oil 77, 164, 256,

264
Vegetables 14, 175, 193, 214,

220, 221, 225, 230, 237, 262,
264, 279, 288, 293, 306, 310,
320, 330, 357, 370, 414

Vegetarian diet 57, 208, 381
Vegetarians 362, 414
Ventricular hypertrophy 342
Vertigo 105
Very low energy intake 18,

57, 128

Very low-density lipoprotein,
vldl, see Lipoproteins

Vigilance 93
Viral infection 399
Vitamin A 24, 43, 57,

229–240, 424
Vitamin B12 57, 297–300, 287,

293, 424
Vitamin B6 72, 279–285, 287,

424
Vitamin C, ascorbic acid 57,

61, 71, 72, 214, 219, 221–
224, 252, 307–11, 356, 370,
409, 424

Vitamin D 24, 28, 43, 57, 61,
64, 74, 214, 234, 241–250,
262, 313, 323, 327, 424 

– binding protein 242 
– receptor 242
1,25-dihydroxyvitamin

D 241, 243, 314, 319
25-hydroxyvitamin D 242
Vitamin E 73, 219, 223, 224,

251–259, 301, 307, 424
Vitamin intake 423–424
Vitamin K 56, 261–265
Vitamin preparations 18, 252
vldl, Very low-density

lipoprotein, see Lipoproteins
Vomiting 333, 367, 405, 422

W
Waist circumference 113,

114
Wakefulness 93
Walking 140, 143
Walnuts 221
Water 103–108
In relation to 
– minerals 333, 339, 393,

405, 418, 421, 422 
– isotopes 109
Weighing evidence 39
Weight, see Body weight 
Weight training 143, 150
Wernicke’s encephalo-

pathy 268
Western diseases 184
Wheat bran 302
White flour 177
Wholegrain 
– cereals 176, 177, 187, 192,

193, 256, 330, 385 
– flour 178 
– products 73, 306, 411
Wine 105, 213

Work at night 93 
– capacity 358 
– hours 85 
– schedule 88, 89
World Health Assembly,

wha 64

X
Xanthophylls 220
Xanthurenic acid 280
Xenobiotics 221, 234
Xerophtalmia 230
Xylitol, see Carbohydrates

Y
Yeast 400

Z
Zeaxanthin 220
Zinc 76, 230, 356, 379–387,

403, 424 
– deficiency 409
Zinc protophyrin, zpp 359,

360
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