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Abstract

Background : The physiological requirement for vitamin D in infants and young children is not known. The

current Nordic recommendation is a daily intake of 10 mg or 400 IU. In Sweden a daily supplement with

vitamins A and D (AD-drops) is recommended from 6 weeks to 6 years of age, but compliance has been

questioned, particularly after the first 2 years of life.

Objective : To estimate the total dietary intake of vitamin D and the contribution from AD-drops to the total

daily intake during the second half of infancy.

Design : A postal survey on food intake with emphasis on vitamin D, including the recommended AD

supplements at 5, 7 and 10 months of age, was answered by parents of 174 infants.

Results : The average total intake of vitamin D was estimated at 11�/15 mg day�1. AD-drops accounted for 76,

64 and 53% of the total daily intake of vitamin D at 5, 7 and 10 months of age, respectively. Infant formula,

milk cereal drink and commercial infant porridge were the most important food sources of vitamin D in these

age groups.

Conclusions : During the second half of infancy, when food is becoming successively more diversified, the

average daily vitamin D intake was above the recommended daily intake of 10 mg for that age group. Vitamin

D supplement accounted for more than half of the daily intake in all age groups studied. Without the

recommended supplement the average vitamin D intake would have been below the level considered to lead to

a risk of developing rickets in the youngest age group of the healthy, term infants.
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Introduction

Vitamin D3 (cholecalciferol), a steroid-like mole-

cule, is synthesized from 7-dehydrocholesterol in the

skin after ultraviolet (UV) light exposure (wave-

length 290�/315 nm). Another source of this vitamin

is the diet. Vitamin D2 (ergocalciferol), formed

when ergosterol in yeast is irradiated by UV light,

is used as a pharmacological preparation of vitamin

D. The total requirement of vitamin D can be met

by sun exposure of the skin. Exposure of the face,

arms and hands and legs to sunshine for only 6�/8

minutes two to three times per week is sufficient to

meet the requirement (1). Furthermore, the human

body has the capacity to store vitamin D, mainly in

the adipose tissue. Children who spend much time

outdoors during the summer may acquire adequate

vitamin D status during the rest of the year (2).

However, in the Nordic countries with limited sun

exposure during the winter season vitamin D

deficiency may occur in some risk groups, notably

infants, if the diet does not provide a sufficient

amount of vitamin D.

Infants and children need vitamin D for resorp-

tion and deposition of calcium and phosphate in

bones and teeth. However, vitamin D is also a

prohormone, converted to the active hormone 1,25-

dihydroxyvitamin D3 by metabolic steps in the liver

and kidney. The hormone has several metabolic

effects, e.g. development and function of various

cells and tissues, including the immune system (3).

Our knowledge of the exact requirements of vitamin

D in various age groups is incomplete.

The synthesis of vitamin D in the skin after

sun exposure and dietary intake was considered
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insufficient in Swedish infants. Therefore, a preven-

tive strategy was launched in 1978. Since then,

the National Board of Health and Welfare has

recommended daily supplements of vitamins A

(1000 retinol equivalents) and D (10 mg vitamin

D3) for all infants from 6 weeks to 6 years of age (4).

A study in 1996 revealed that compliance was

incomplete, particularly after the first 2 years,

without obvious clinical manifestations of rickets

(5). Furthermore, in 1999 the Swedish Pediatric

Committee on Nutrition of the Swedish Pediatric

Association and the National Food Administration

suggested that the supplement of vitamin A should

be discontinued and the supplement of vitamin D

limited to the first 2 years of life (6). However, the

National Board of Health and Welfare decided to

stick to the previous recommendation for the time

being. Vitamin AD supplementation has also been

discussed in other Nordic countries (7�/10) and new

Nordic recommendations are under way (11).

There is an ongoing discussion on the intake of

vitamin D required not only to prevent deficiency

but also to ascertain optimal bone development (12,

13). Recent findings also suggest that vitamin D

may have immune-modulating effects in suppressing

autoimmune responses in various experimental

animal models (3). Therefore, a possible role of

vitamin D in the regulation of Th1- and Th2-

mediated immune responses may have implications

for the development of allergy and autoimmune

diseases during early childhood. Infant formulae,

milk cereal drinks, porridges and some other

complementary feeding products on the Swedish

market are supplemented with vitamin D3 in

accordance with European Union (EU) regulations.

Therefore, it was hypothesized that too high vitamin

D intake during infancy may partly explain why the

prevalence of atopic diseases among Swedish chil-

dren has increased considerably during the past few

decades (14). The aim of the present investigation

was to estimate the total intake of dietary vitamin D

in infants up to 10 months of age, with special

reference to the contributions from food and

vitamin D supplements in relation to the recom-

mended daily intake for that age group.

Material and methods

Subjects

Parents of all 206 infants born consecutively at

Umeå University Hospital during a 3 month period

from January to April 1997 were asked retrospec-

tively to fill in a postal questionnaire 1 year later.

The questionnaire gave structured answers concern-

ing the food intake of the infants at 5, 7 and 10

months of age, including vitamin supplements. The

surveys were numbered and one reminder was sent

if necessary. After return of the questionnaires they

were coded and analysed, unidentified. The average

intake of vitamin D from regular diet and supple-

mentary sources was calculated for the three

age groups. The study was approved by the ethics

committee of the Faculty of Medicine and

Odontology, Umeå University.

Vitamin D and food intake

Breast milk was assumed to contain a mean of

0.02 mg vitamin D3 100 ml�1 (15). The volume of

breast milk per nursing episode was estimated at

134 g for children below 8 months of age and 102 g

thereafter (16). The amount of milk given as

comfort or consolation was estimated at 25 g. The

feeding frequency was supposed to be seven times

per day when breast-feeding was the only source of

nutrition (17). Infant formulae on the Swedish

market contain 1.3 mg vitamin D3 100 ml�1 and

different milk cereal drinks contain 1.1�/1.4 mg

100 ml�1 (18, 19). Standard milk and yoghurt

(3% fat) contain 0.02 mg vitamin D 100 ml�1, while

the corresponding lower fat products are fortified

and contain 0.38 mg vitamin D 100 ml�1. Industry-

manufactured porridge contains 2.6 mg vitamin D3

130 g�1 (18, 19). Home-cooked porridge was

considered the same as oatmeal porridge without

vitamin D supplementation.

Manufactured complementary food contains be-

tween 0.20 and 0.24 mg vitamin D 100 g�1, and in

the present calculations 0.24 mg was used as a proxy.

Fruit desserts contain 0.08 mg vitamin D 100 g�1.

The figures are based on the raw products, not on

analysis of manufactured products (personal infor-

mation from Nestlé, Sweden, and Semper, Sweden).

The intake of meat and fish from home-cooked

meals was estimated at 15.9 and 24 g per serving at

7 months and 24.3 and 27.5 g per serving at 10

months of age, respectively (Lind T, unpublished

observations). The content of vitamin D in food was

calculated from figures given by the National Food

Administration (15). The content of vitamin D in

fish varies considerably depending on species,

percentage of fat and season. Therefore, the content

of vitamin D was approximated to 2 mg 100 g�1 as
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an average for the common local supply of fish.

Supplementary AD-drops contain 400 IU vitamin

D3 per dose, corresponding to 10 mg day�1, with no

difference between water- and oil-soluble formula-

tions. A very small number of children also received

other vitamin formulations occasionally, but the

contribution was considered marginal and excluded

from the calculations.

Results

The questionnaires were returned by 174 families,

i.e. 85% of those invited. The total intake of vitamin

D is shown in Table 1. The contribution of vitamin

D from various food items is further specified in

Table 2. Cow’s milk and dairy products were given

to 33, 77 and 91% of the children aged 5, 7 and 10

months, respectively. Most children were given

standard milk with 3% fat, while 20�/25% received

low-fat milk with 1.5% fat and fortified with

vitamin D3.

At 7 months 25% and at 10 months 75% of the

infants were given home-cooked meat or fish. In

addition, 70 and 75%, respectively, were served a

daily meal of complementary baby food and a

dessert with preserved fruit or jam. The broadest

range of vitamin D intake was seen in the older age

groups, with the highest intakes in children given

industry-produced vitamin D-fortified food, and the

lowest in children consuming home-cooked meals.

At 5, 7 and 10 months of age, 80, 76 and 74% of

the children, respectively, were given the recom-

mended vitamin D3 supplement of 10 mg day�1,

while 4% (seven infants) never received any AD-

drops and the rest received the supplement inter-

mittently. In 90% of the infants the AD-drops were

an oil-soluble formulation. The daily intake of

vitamin D in children not given AD-drops is shown

in Table 3.

Discussion

A daily intake of 5 mg vitamin D is considered to

prevent the development of rickets (12, 13). To

ascertain maximal absorption of calcium and nor-

mal bone development, the new Nordic recommen-

dation is a daily supplement of 10 mg vitamin D3

from 2�/4 weeks to 2 years of age (11). The present

study found that the average intake of vitamin D3

was approximately 12 mg day�1. This intake is

above the risk level for developing rickets and above

the new Nordic recommendation, but below the

25 mg day�1 considered to be the tolerable upper

intake level (13).

Breast milk, commercial infant formula, milk

cereal drink and manufactured porridge contribu-

ted approximately half the vitamin D intake in the

older age groups and AD-drops the remaining half.

In the 5-month-olds, AD-drops contributed 76% of
Table 1. Daily intake of vitamin D (mg) from food and AD-drops in 5-, 7- and

10-month-old infants (n�/174)

Age (months)

5 7 10

Total fooda 2.69/4.4 4.79/4.5 6.99/3.7

AD-dropsa 8.49/3.2 8.29/3.3 7.99/3.6

% of total intake 76 64 53

Total intakea 11.09/5.5 12.99/5.6 14.89/4.8

Range 0.2�/29.0 0.4�/32.2 1.1�/31.0

Q1 10.2 10.2 12

Q3 12.2 16.2 18

aMean9/SD.

Q: quartile.

Table 2. Dietary intake of vitamin D (mg) from specified food items in 5-, 7- and

10-month-old infants (n�/174)

Age (months)

5 7 10

Breast milk 0.29/0.1 (8) 0.159/0.1 (3) 0.0259/0.04

Infant formula 2.09/4.1 (77) 0.59/2.1 (11) 0.19/1.1 (2)

Porridge, manufactured 0.49/0.8 (15) 0.79/0.8 (15) 0.79/0.9 (10)

Cow’s milk 0.039/0.1 (1) 0.19/0.3 (2) 0.19/0.2 (2)

Milk cereal drink 2.69/3.4 (55) 4.59/3.4 (66)

Canned baby food 0.19/0.2 (1) 0.29/0.4 (3)

Dessert 0.19/0.1 (2) 0.19/0.1 (1)

Meat, home-cooked 0 0.29/0.2 (2)

Fish, home-cooked 0.29/0.5 (5) 0.89/0.6 (11)

Egg 0.29/0.5 (5) 0.29/0.5 (3)

Total food 2.69/4.4 (100) 4.79/4.5 (100) 6.99/3.7 (100)

Data are shown as mean9/SD (% of total food).

Table 3. Daily intake of vitamin D (mg) in seven infants without AD-drops

Infant no. Age (months)

5 7 10

1 11 10 7

2 0.2 5.4 12

3 0.2 0.4 1.1

4 0.2 1.2 9.1

5 1.4 8.2 9.0

6 0.2 2.0 9.0

7 1.3 6.2 7.0
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the total intake. It should be noted that any

contribution by endogenous synthesis of vitamin

D3 in the skin has not been considered in the

present study. For most infants this contribution is

not trivial, although Umeå is situated at a latitude

of 63.58 N. The physical health of the infants was

checked during regular visits to the well-baby

clinics. To the authors’ knowledge none of them

has developed symptoms of hypovitaminosis D or

rickets. The children were born at the beginning of

the year and were 5�/7 months old in the summer,

when their mothers were exposed to sunshine and

then produced breast milk with higher levels of

vitamin D (13). Sun exposure of mother and child

may be one explanation for the absence of signs of

clinical rickets in infants without intake of AD-

drops.

The number of infants in this study was relatively

low. Families from both rural and urban areas and

families with different educational backgrounds

were included. The response rate to the question-

naire was considered satisfactory, with regard to

both the entire questionnaire and the particular

detailed queries. Focusing on vitamin D, the drop-

outs appeared to be random. The results are likely

to be representative of the county of Västerbotten

and probably of the whole of Sweden at the time of

the study. The ages of 5, 7 and 10 months were

chosen to estimate the intake of vitamin D during

weaning, when the diet is becoming diversified and

the vitamin D intake may begin to vary between

infants. The study may suffer from recall bias, since

questions regarding the diet and the vitamin

supplements were answered retrospectively 3�/9

months after the actual intake. The only vitamin

D sources of importance in the diet of the investi-

gated age groups were infant formulae, milk cereal

drinks, porridges, vitamin-fortified (low-fat) cow’s

milk and yoghurt, fortified margarine and fat

fish. Any table spread used during cooking or as

dressing on porridge was not included in the

analyses.

Recent data on the actions of vitamin D meta-

bolites also demonstrate profound effects on the

immune system in experimental animals, and a

vitamin D-driven Th1/Th2 shift has been postulated

(20). During gestation the immune system of the

human foetus displays a Th2 profile to prevent

rejection of maternal tissues. After delivery, with

hormonal readjustment and encountering a new

microbial environment, the immune system of the

newborn restores a proper Th1/Th2 balance (21). If

it does not, there may be a risk of a sustained

Th2-type response, characterized by interleukin-4-

mediated immunoglobulin E production and

manifestations of allergic diseases such as atopic

dermatitis, allergic rhinitis and asthma. Recent

animal data suggest that 1,25-dihydroxyvitamin

D3 may amplify Th2-mediated immune responses

(22). This would imply the possibility that the

present high level of vitamin D intake in some of

the newborns may counteract a restoration of a

normal immune response and thus favour the

development of an allergic phenotype. Dietary

vitamin D, metabolized to the active hormone,

could be one of several environmental factors (23)

contributing to the increase of allergic diseases

during the past few decades. A pending question

is: how narrow is the physiological window for

different metabolic effects of various doses of

vitamin D?
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