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Abstract

Fat-soluble vitamins A, E and K have been shown to play roles in immunity and inflammation, but studies on child allergic disease have

been few and inconsistent. The aim of the present study was to examine the relationship between maternal intake of vitamins A, E and K in

mid-pregnancy and child asthma and allergic rhinitis. We used data on 44 594 mother–child pairs from the Danish National Birth Cohort.

Maternal intake of fat-soluble vitamins was calculated based on the information from a validated FFQ completed in mid-pregnancy. At 18

months, interviews with the mothers were conducted to evaluate doctor-diagnosed child asthma. At age 7 years, we assessed child asthma

and allergic rhinitis using questions from the International Study of Asthma and Allergies in Childhood questionnaire and by national regis-

tries on hospital contacts and medication use. Current asthma was defined as asthma diagnosis and wheeze in the past 12 months by

maternal report. We calculated multivariable risk ratios and 95 % CI by comparing the highest v. lowest quintile (Q) of maternal vitamin

A, E and K intake in relation to child allergic disease outcomes. Maternal total vitamin K intake was directly associated with ever admitted

asthma (Q5 v. Q1: 1·23, 95 % CI 1·01, 1·50) and current asthma at 7 years (Q5 v. Q1: 1·30, 95 % CI 0·99, 1·70). Weak inverse associations

were present for maternal vitamin A and E intake during pregnancy with child allergic rhinitis. Maternal vitamin K intake during pregnancy

may increase the risk of child asthma, and should be explored further on a mechanistic level. Conversely, maternal vitamin A and E intake

may protect against child allergic rhinitis.
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Fat-soluble vitamins (D, E, K and A) have in recent years been

put on the forefront of asthma and allergy research, primarily

by studies on immunomodulatory properties of vitamin D and

its association with child wheeze and eczema(1). Maternal

vitamin E intake has likewise been examined in observational

studies and found to protect against child wheeze and asthma

up to age 5 years(2–4), though results from a recent random-

ised clinical trial were less convincing(5). The latter null results

could be explained by the fact that women were sup-

plemented during the second trimester. It has been suggested

that vitamin E influences airway development, and therefore

the effect of supplementing vitamin E might be more pro-

nounced in the first trimester(6,7).

Vitamin A and associated retinoids are important for growth,

homeostasis and development(8). Vitamin A has also been

shown to play a prominent role in immune functions.

Animal and in vitro studies have demonstrated how retinoids

enhance T-cell proliferation(9) and function in B-lymphocyte

growth and development(10). However, few human studies

have examined the risk of child asthma in relation to prenatal

levels of vitamin A. Vitamin A supplementation in pregnancy

has been shown to increase a type 1 immune response(11),

suggesting that a skewed in utero milieu may reduce the

risk of asthma in the child(12). A randomised clinical trial in

Nepal conducted in a vitamin A-deficient population found

no relationship with child asthma at 9–13 years of life(13),

but found that supplementation improved lung function(14),

while in a trial in Indonesia with b-carotene, children of sup-

plemented mothers had lower levels of interferon-g(15).

Little evidence exists on the role of vitamin K in asthma

development, though new evidence suggests that vitamin K

may have important functions beyond its role in the
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coagulation cascade(16). These include anti-inflammatory

properties and free radical-scavenging activity, which may

be important in immune system function and development.

Here we aim to replicate current findings on vitamin E and

extend the present analyses to maternal intake of vitamins A

and K from foods and supplements in relation to the risk of

child asthma and allergy-related outcomes.

Methods

Study population

The Danish National Birth Cohort enrolled .100 000 pregnan-

cies between 1996 and 2003 during their first antenatal visit as

part of a study to examine pregnancy exposure on maternal

and child health during pregnancy and postpartum. Women

participated in two interviews during pregnancy

(at gestational weeks 12 and 30) and two interviews after

birth (at 6 and 18 months). They also filled out a FFQ in gesta-

tional week 25. The participants and their children were

followed up through registry linkage using the unique identity

number possessed by every Danish citizen and through a self-

administered questionnaire when the children turned 7 years.

Of the 103 119 cohort pregnancies, we excluded 4190

multiple births and 303 stillborn singletons, and limited the

present data to the first Danish National Birth Cohort preg-

nancies (n 84 020) in order to avoid dependencies among

correlated measures. We had dietary information on 61 211

pregnant women and information on supplements from

44 772 women. The final dataset was limited to pregnant

women with total (diet plus supplement) vitamin A, E and K

intake (n 44 594). Sample size varied depending on missing

data for the individual outcomes (226 to 36 %).

The pregnant women provided written informed consent

on behalf of their children. The Regional Scientific Ethics Com-

mittee for the municipalities of Copenhagen and Frederiksberg

approved all study protocols, and all procedures were in

accordance with the Declaration of Helsinki.

Dietary and supplement assessment

Dietary intake was assessed by using a validated(17,18) 360-

item FFQ. The questionnaire was mailed to each participant

at about week 25 of gestation, and assessed dietary habits

and supplement use during the previous 4 weeks(19). In a

validation study, estimated intake of retinol was found to cor-

relate well with 7 d food records(18); vitamin E and K intakes

were not validated. Daily dietary intakes of vitamins A, E

and K were estimated by multiplying the reported

frequencies of consumption with standard portion sizes and

recipes and applying information on the content of micro-

nutrients from the National Food Institute’s Food Composition

Databank (http://www.foodcomp.dk/v7/fcdb_search.asp).

Dietary intakes were energy-adjusted using the residual

method(20), and women who reported intake that resulted in

unrealistic energy intake estimates (arbitrarily set to ,2500

or .25 000 kJ/d) were excluded (0·5 %). Micronutrient intakes

from supplements were calculated from the information

that participants provided on the name of the product, the

producer, the nutrient content per daily dose and the

number of daily doses. We compiled a database of sup-

plement use by combining the information from the Danish

Veterinary and Food Administration with the frequency of

intake reported by the participants and the daily recom-

mended intake stated on the supplement.

Outcome assessment

We assessed child asthma status at two different time points

using parental reports at 18 months and 7 years and popu-

lation-based registry data. ‘Asthma at 18 months’ was defined

from the phone interviews as a parental-reported doctor

diagnosis. ‘Current asthma at 7 years’ was defined using

standardised core questions from the International Study of

Asthma and Allergies in Childhood (ISAAC)(21). To increase

the specificity of the ‘current asthma at 7 years’ outcome,

we combined the parental-reported doctor diagnosis and

wheezing symptoms in the past 12 months(22).

In addition to the questionnaire information, we used the

data from two registries on hospital contacts and medication

use to define asthma diagnoses in the first 7 years of life.

These outcomes have been described in detail elsewhere(23).

Briefly, we defined ‘ever admitted asthma’ as children with

a first asthma diagnosis in the Danish National Patient Register

using the International Classification of Disease 10 codes.

Furthermore, we obtained information on the use of anti-

asthmatic medications from the Register of Medicinal Product

Statistics. On the basis of the medication data, we used a

validated algorithm to define ‘ever prescribed asthma’ as

children with at least two prescriptions for inhaled b2-agonists

or steroids or at least one prescription for any other anti-

asthmatic drug(24).

Finally, allergic rhinitis cases were defined as a parental

report of a doctor diagnosis of hay fever using an ISAAC

question from the 7-year questionnaire.

Covariates

We collected and evaluated information on maternal socio-

demographic and lifestyle covariates from the pregnancy

interviews apart from breast-feeding which was based on

the interview data from 6 and 18 months postpartum. These

covariates included proficiency (by parental education level

and occupation), maternal age at birth of child, parity,

maternal pre-pregnancy BMI, maternal smoking during preg-

nancy, maternal exercise during pregnancy, breast-feeding

duration, child sex, maternal and paternal history of asthma

and allergies, and month of the last menstrual period. Dietary

covariates that have previously shown associations with aller-

gic disease were included: fruit and vegetable intake, and

intake of long-chain n-3 fatty acids, vitamins D and C, Se

and Zn from diet and supplements (all in quintiles; reviewed

in Litonjua(25)). All covariates were self-reported except for

maternal age and month of the last menstrual period which

were extracted from the national registries. The missing

indicator method was used to account for missing covariate
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data when the proportion of missing data was .1 % (socio-

economic status, parity, pre-pregnancy BMI, parental history

of asthma and allergies, maternal physical activity and

breast-feeding); if #1 %, then the missing observations were

deleted(26).

Statistical analysis

First, we compared the distributions of maternal vitamin A, E

and K intake across the categories of age-standardised

covariates. We age-standardised the distribution because of

significant differences in maternal vitamin intake across the

age categories, with intake among women $30 years being

higher compared with younger women.

The main exposure was maternal total vitamin intake. In

secondary analyses, we further separated out intake from

diet and supplements in order to account for potentially differ-

ent action of food v. tablet formulations. Secondary exposures

included breaking up vitamin A intake into b-carotene and

retinol. Maternal vitamin intake was modelled as both linear

and by quintiles. To avoid undue influence of outliers in the

linear analyses, we restricted the intake to 10 000mg/d for

vitamin A (n 44 removed), 1000 mg/d for vitamin E (n 3)

and 700mg/d for vitamin K (n 11) based on either the tole-

rable upper level or the empirical distribution when the

former was missing. Quintiles of exposure were composed

when possible and indicator values modelled, comparing

each quintile to the lowest (reference) quintile. Furthermore,

we examined non-linear relationships for exposures and

covariates and OR of child asthma non-parametrically with

restricted cubic splines(27). Tests for non-linearity used the

likelihood ratio test, comparing the model with only the

linear term to that with both the linear and the cubic spline

terms. As we have previously found a non-linear relationship

between season of the last menstrual period and birth weight

with child asthma (E Maslova, unpublished results), we

entered these variables as cubic terms into the final model.

Log-binomial models were used to estimate relative risks

and 95 % CI(28,29). In a few instances, the models did not

converge and log-Poisson models, which provide consistent,

but not fully efficient, estimates of the relative risks and its

CI, were used(30). Median values for the exposure categories

were entered separately into the models as a continuous

variable to evaluate the P value for trend. Interactions by

parental asthma and allergy history, breast-feeding and

maternal vitamin D intake (vitamin A only) were examined

using tertiles of maternal vitamin intake and evaluated using

a robust score test(31).

Covariates for the multivariable model were based on bio-

logical priors and risk factors for the outcomes identified in

the literature. Variables suspected to be on causal pathways,

such as gestational weight gain, birth weight, gestational age

and child covariates (day-care attendance, antibiotics use in

early life and exposure to pets), were initially excluded from

the model to avoid overadjustment. Further adjustment for

these covariates did not alter the results.

In sensitivity analyses, we dichotomised the exposures

according to the US(32) dietary recommendations. Due to the

disagreement of an upper limit for pregnant women(33), we

also examined the risk of asthma and allergic rhinitis for

vitamin A intake categories of 1000, 2000 and 10 000mg/d.

To determine whether a high or low consumption of all

the three vitamins influences the risk of the child outcomes,

we composed a fat-soluble vitamin index, grouping women

based on whether they were in (1) the lowest quintile of all

the three vitamins, (2) the highest quintile of all the three

vitamins and (3) any one of the other quintiles (reference).

To isolate more clinically relevant asthma diagnoses from

the registries rather than more benign wheeze in the first

few years of life, we excluded asthma diagnoses that were

made during the first 3 years of life(34).

All tests were two-sided, and we used a threshold of P,0·05

to denote statistical significance. The analyses were performed

using the Statistical Analyses System software (release 9.3;

SAS Institute).

Results

Study population

Among the pregnant women with information on fat-soluble

vitamin intake, about one-half were between the ages 25

and 30 years (45 %), of high or medium proficiency (53 %)

and nulliparous (not having given birth earlier) (56 %). Of the

pregnant women, 9 and 32 % reported a history of asthma and

allergies, respectively. The median intake of total vitamins A,

E and K was 1359 (interquartile range 1083–1662)mg/d,

16 (interquartile range 14–18) mg/d and 122 (interquartile

range 80–159)mg/d, respectively.

Table 1 shows the age-standardised covariate frequencies

across the lowest and highest quintiles of maternal total

vitamin A, E and K intake. High-frequency consumers of

vitamin A tended to be older, to smoke daily, be multi-

parous and had marginally lower gestational weight gain.

They had a slightly higher vegetable intake, and intake of

total folate, n-3 fatty acids, Se, Zn and vitamins D, K and C,

though the standard deviation tended to overlap across the

quintiles of maternal vitamin A intake. Similar trends were

found for high vitamin E and K consumers; however, preg-

nant women consuming vitamin E in the highest quintile

were less likely to have a BMI $25 kg/m2, less likely to

report daily smoking and more likely to be physically

active. Consumers of vitamin K in the highest quintile

were furthermore less likely to be unskilled and students,

less likely to be daily smokers and were more physically

active.

Comparing pregnant women with (n 33 415) and without

(n 11 179) outcome data on asthma at 18 months, we found

that those with outcome data were more likely to be nulli-

parous (55 v. 60 %) and more likely to have children born in

the spring and summer (50 v. 44 %). Pregnant women with

outcome data at the 7-year time point (n 28 678) v. no out-

come data (n 15 916) were more likely to be #25 years

(19 v. 23 %), of high to medium proficiency (55 v. 49 %),

have a BMI in the 18·6–24·9 kg/m2 range (65 v. 60 %) and

not smoking (77 v. 73 %).
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Table 1. Age-standardised predictors of total vitamin A, E and K intake among 44 594 women in the Danish National Birth Cohort*

(Mean values and standard deviations or percentages)

Total vitamin A quintiles Total vitamin E quintiles Total vitamin K quintiles

Q1 (n 8918) Q5 (n 8919) Q1 (n 8918) Q5 (n 8919) Q1 (n 8981) Q5 (n 8981)
Mean (mg/d) 838 4515 10† 42† 54 219
SD (mg/d) 153 81 877 2† 65† 13 83

Maternal age (years) (%)‡
# 20 2 2 2 1 2 1
20–25 20 17 21 16 22 15
25–30 47 43 44 43 45 44
30–35 25 30 26 30 25 30
. 35 6 9 6 10 5 9

Socio-economic position (%)
High 23 22 21 23 20 26
Medium 31 29 29 31 29 30
Skilled 25 27 27 25 28 23
Unskilled 11 13 13 12 13 10
Student 3 3 3 3 3 4
Unemployed 1 2 2 1 1 2

Pre-pregnancy BMI (%) (kg/m2)
# 18·5 3 4 3 4 4 4
18·6–24·9 63 63 61 64 61 66
25–29·9 19 18 20 17 19 16
$ 30 8 7 8 7 8 7

Smoking during pregnancy (%)
Daily smoker 11 13 13 11 14 9

Parity (%)
Nulliparous 57 49 49 56 50 59

Physical activity (min) (%)
0 58 58 61 56 62 52
1–44 4 5 4 5 5 5
45–74 9 9 8 9 8 9
75–149 11 11 10 12 10 13
150–269 8 8 7 9 7 10
270–419 3 3 2 3 2 3
$ 420 1 2 1 2 1 2

Maternal asthma (%)
Yes 9 9 9 9 9 9

Maternal allergy (%)
Yes 31 30 30 31 30 32

Paternal asthma (%)
Yes 8 8 8 8 8 7

Paternal allergy (%)
Yes 23 23 22 24 23 24

Breast-feeding duration (months) (%)
No breast-feeding 2 2 2 2 2 1
0–1 months 7 7 7 7 8 5
2–3 months 8 8 8 7 8 7
4–6 months 14 13 14 13 15 12
7–9 months 20 19 19 19 20 20
$ 10 months 22 24 23 25 21 25

Child sex (%)
Male 51 51 51 51 51 51

Gestational weight gain (g/week)
Mean 479 460 465 470 469 464
SD 215 217 218 210 215 210

Gestational age (d)
Mean 280 280 281 280 280 280
SD 12 12 12 12 13 12

Birth weight (kg)
Mean 3·6 3·6 3·6 3·6 3·6 3·6
SD 0·6 0·6 0·6 0·6 0·6 0·6

Food and nutrient intake
Energy (MJ/d)

Mean 9·95 9·97 9·99 9·92 10·13 9·92
SD 2·63 2·76 2·68 2·74 2·66 2·72

Fruit§ (g/d)
Mean 155 148 129 165 133 174
SD 108 104 101 112 102 109
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Parental report of child asthma at 18 months and 7 years

The prevalence of child asthma at 18 months was 17 % (5632

out of 33 415) and 4 % (1122 out of 28 678) at 7 years. We did

not find any association for maternal vitamin A, E and K

intake and child asthma at 18 months, and for maternal

vitamin A and E intake and current asthma at age 7 years

(Tables 2–4 and Tables S1–S6). Maternal dietary vitamin A

was related to current asthma at age 7 years (1·20, 95 % CI

1·03, 1·39 for a 1000mg/d increase) (Table S1, available

online). A higher intake of maternal total vitamin K was

related to an increased risk of current asthma at age 7 years

(Q5 v. Q1: 1·30, 95 % CI 0·99, 1·70), which was present already

in Q2 (89 (SD 10)mg/d) (Table 4).

Registry-based ever asthma diagnosis at 7 years

Of the children, 7 % (1983 out of 28 678) and 30 % (8738 out

of 28 678) were classified with asthma by the patient and

medication registries, respectively. There was no association

for maternal vitamin A and E intake with the registry-based

asthma outcomes (Tables 2 and 3 and Tables S1, S2, S4 and

S5), though maternal vitamin A intake from diet modestly

increased the risk of an ever prescribed asthma diagnosis in

children (Q5 v. Q1: 1·05, 95 % CI 0·99, 1·11; Table S1, available

online). Maternal total vitamin K intake was directly associated

with ever admitted asthma (Q5 v. Q1: 1·23, 95 % CI 1·01, 1·50)

only; a similar association was present for maternal vitamin K

intake from diet, but not supplements (Table 4; Tables S3 and

S6, available online).

To exclude potential transient wheeze in early childhood

that may have been captured and classified as asthma by the

registries, we excluded the first 3 years of life from these

analyses. The number of cases decreased from 1983 to 1014

for ever admitted asthma and from 8738 to 2118 for an ever

prescribed asthma diagnosis. The associations were largely

unaltered by restricting the analysis to diagnoses above

age 3 years.

Table 1. Continued

Total vitamin A quintiles Total vitamin E quintiles Total vitamin K quintiles

Q1 (n 8918) Q5 (n 8919) Q1 (n 8918) Q5 (n 8919) Q1 (n 8981) Q5 (n 8981)
Mean (mg/d) 838 4515 10† 42† 54 219
SD (mg/d) 153 81 877 2† 65† 13 83

Vegetablesk (g/d)
Mean 89 139 95 122 65 180
SD 59 117 72 99 41 114

Alcohol (g/d)
Mean 1·6 1·5 1·6 1·5 1·5 1·5
SD 2·2 2·1 2·4 2·1 2·4 2·1

Total n-3 fatty acids (mg/d)
Mean 52 75 18 190 59 70
SD 329 393 196 610 347 382

Total folate (mg/d)
Mean 568 691 498 745 507 791
SD 206 283 202 272 202 212

Total vitamin A (mg/d)
Mean – – 1070 4126 1477 1574
SD – – 486 81 931 570 5613

Total vitamin E (mg/d)
Mean 14 27 – – 20 24
SD 24 40 – – 39 38

Total vitamin K (mg/d)
Mean 119 127 107 126 – –
SD 50 75 48 74 – –

Total vitamin D (mg/d)
Mean 9 12 8 12 8 14
SD 6 6 5 6 5 5

Total vitamin C (mg/d)
Mean 201 269 183 288 203 276
SD 129 165 121 190 131 165

Total Se (mg/d)
Mean 64 95 55 101 80 86
SD 23 34 18 32 30 25

Total Zn (mg/d)
Mean 17 27 16 29 24 23
SD 5 10 4 9 8 8

* Values are standardised to the age distribution of the study population.
† Values are expressed in mg/d.
‡ Value is not age adjusted.
§ Fruit: citrus fruit þ berries þ banana þ Danish fruit þ other fruit.
kVegetables: cabbage þ onion þ green leafy vegetables þ root vegetables þ tomato þ other vegetables.
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Table 2. Associations between maternal total vitamin A intake in mid-pregnancy and child asthma at 18 months and 7 years in the Danish National Birth Cohort

(Relative risks (RR) and 95 % confidence intervals)

Asthma
(18 months)

Current asthma
(7 years)

Ever admitted
asthma

Ever prescribed
asthma

n* 33 415/33 105 n 28 678/28 399 n 28 678/28 399 n 28 678/28 399

Quintile of intake Cases n RR 95 % CI P Cases n RR 95 % CI P Cases n RR 95 % CI P Cases n RR 95 % CI P

Continuous†
Crude 5626 33 384 1·00 0·95, 1·04 0·92 1121 28 655 1·11 1·01, 1·22 0·04 1980 28 655 1·04 0·97, 1·13 0·26 8733 28 655 1·01 0·98, 1·04 0·67
Adjusted‡ 5566 33 077 1·01 0·96, 1·06 0·61 1109 28 377 1·08 0·97, 1·22 0·15 1964 28 377 1·07 0·98, 1·17 0·11 8643 28 377 1·01 0·97, 1·04 0·77

P for
trend§

P for
trend§

P for
trend§

P for
trend§

1
Crude 1105 6573 1·00 0·52 209 5553 1·00 0·16 359 5553 1·00 0·89 1665 5553 1·00 0·95
Adjusted‡ 1093 6514 0·80 208 5506 0·32 359 5506 0·62 1647 5506 0·55

2
Crude 1163 6661 1·04 0·96, 1·12 240 5646 1·13 0·94, 1·35 438 5646 1·20 1·05, 1·37 1781 5646 1·05 1·00, 1·11
Adjusted‡ 1147 6604 1·03 0·96, 1·12 237 5594 1·11 0·92, 1·34 435 5594 1·21 1·05, 1·39 1765 5594 1·04 0·98, 1·10

3
Crude 1149 6773 1·01 0·94, 1·09 193 5821 0·88 0·73, 1·07 391 5821 1·04 0·90, 1·19 1736 5821 0·99 0·94, 1·05
Adjusted‡ 1135 6713 1·02 0·94, 1·11 189 5772 0·87 0·71, 1·07 386 5772 1·08 0·93, 1·26 1718 5772 1·00 0·94, 1·06

4
Crude 1077 6655 0·96 0·89, 1·04 226 5878 1·02 0·85, 1·23 398 5878 1·05 0·91, 1·20 1792 5878 1·02 0·96, 1·08
Adjusted‡ 1068 6589 0·98 0·89, 1·07 224 5820 1·02 0·83, 1·17 395 5820 1·12 0·95, 1·31 1782 5820 1·04 0·97, 1·11

5
Crude 1138 6753 1·00 0·93, 1·08 254 5780 1·17 0·98, 1·40 397 5780 1·06 0·93, 1·22 1764 5780 1·02 0·96, 1·08
Adjusted‡ 1129 6685 1·02 0·93, 1·11 252 5707 1·12 0·90, 1·38 392 5707 1·10 0·94, 1·30 1736 5707 1·03 0·96, 1·10

* Number of participants in the crude/adjusted analysis.
† Analysis excluded potential outliers as described in the main text. Unit of change was set to 1000mg/d.
‡ Adjusted for maternal age, socio-economic status, parity, pre-pregnancy BMI, maternal physical activity, maternal smoking during pregnancy, breast-feeding duration, child sex, maternal history of asthma, maternal history of

allergies, paternal history of asthma, paternal history of allergies, season of last menstrual period, and energy, fruit intake, vegetable intake, and intake of fish fatty acids (EPAþDPA þ DHA), folic acid, vitamins D and C, Se and
Zn (all in quintiles).

§ Median values for each quintile are entered as a continuous variable into the model.
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Table 3. Associations between maternal total vitamin E intake in mid-pregnancy and child asthma at 18 months and 7 years in the Danish National Birth Cohort

(Relative risks (RR) and 95 % confidence intervals)

Asthma
(18 months)

Current asthma
(7 years)

Ever admitted
asthma

Ever prescribed
asthma

n* 33 415/33 105 n 28 678/28 399 n 28 678/28 399 n 28 678/28 399

Quintile of intake Cases n RR 95 % CI P Cases n RR 95 % CI P Cases n RR 95 % CI P Cases n RR 95 % CI P

Continuous†
Crude 5631 33 414 0·99 0·98, 1·00 0·10 1122 28 677 1·01 0·99, 1·03 0·36 1983 28 677 1·01 1·00, 1·02 0·06 8737 28 677 0·99 0·99, 1·00 0·17
Adjusted‡ 5572 33 105 1·00 0·99, 1·01 0·61 1110 28 399 1·00 0·98, 1·02 0·99 1967 28 399 1·01 1·00, 1·02 0·08 8648 28 399 0·99 0·99, 1·00 0·15

P for
trend§

P for
trend§

P for
trend§

P for
trend§

1
Crude 1154 6602 1·00 0·21 208 5629 1·00 0·17 394 5629 1·00 0·99 1685 5629 1·00 0·69
Adjusted‡ 1144 6545 0·75 205 5577 0·80 390 5577 0·56 1668 5577 0·28

2
Crude 1159 6888 0·99 0·92, 1·07 256 5659 1·22 1·02, 1·46 427 5659 1·08 0·94, 1·23 1824 5659 1·08 1·02, 1·14
Adjusted‡ 1149 6637 0·98 0·90, 1·07 255 5618 1·25 1·00, 1·55 426 5618 1·11 0·94, 1·30 1812 5618 1·03 0·97, 1·10

3
Crude 1104 6697 0·94 0·87, 1·02 193 5748 0·91 0·75, 1·10 369 5748 0·92 0·80, 1·05 1764 5748 1·03 0·97, 1·08
Adjusted‡ 1089 6643 0·97 0·89, 1·06 192 5698 0·95 0·76, 1·20 366 5698 0·98 0·83, 1·15 1748 5698 1·00 0·94, 1·07

4
Crude 1099 6741 0·93 0·87, 1·01 220 5987 0·99 0·83, 1·20 390 5987 0·93 0·81, 1·07 1744 5987 0·97 0·92, 1·03
Adjusted‡ 1084 6671 1·01 0·91, 1·11 217 5924 1·00 0·78, 1·29 386 5924 1·04 0·87, 1·25 1725 5924 0·98 0·91, 1·05

5
Crude 1116 6687 0·95 0·89, 1·03 245 5655 1·17 0·98, 1·41 403 5655 1·02 0·89, 1·16 1721 5655 1·02 0·96, 1·08
Adjusted‡ 1106 6609 1·01 0·91, 1·12 241 5582 1·06 0·82, 1·38 399 5582 1·07 0·88, 1·29 1695 5582 0·97 0·90, 1·05

* Number of participants in the crude/adjusted analysis.
† Analysis excluded potential outliers as described in the main text. Unit of change was set to 10 mg/d.
‡ Adjusted for maternal age, socio-economic status, parity, pre-pregnancy BMI, maternal physical activity, maternal smoking during pregnancy, breast-feeding duration, child sex, maternal history of asthma, maternal history of

allergies, paternal history of asthma, paternal history of allergies, season of last menstrual period, and energy, fruit intake, vegetable intake, and intake of fish fatty acids (EPAþDPA þ DHA), folic acid, vitamins D and C, Se and
Zn (all in quintiles).

§ Median values for each quintile are entered as a continuous variable into the model.
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Table 4. Associations between maternal total vitamin K intake in mid-pregnancy and child asthma at 18 months and 7 years in the Danish National Birth Cohort

(Relative risks (RR) and 95 % confidence intervals)

Asthma
(18 months)

Current asthma
(7 years)

Ever admitted
asthma

Ever prescribed
asthma

n* 33 415/33 105 n 28 678/28 399 n 28 678/28 399 n 28 678/28 399

Quintile of intake Cases n RR 95 % CI P Cases n RR 95 % CI P Cases n RR 95 % CI P Cases n RR 95 % CI P

Continuous†
Crude 5632 33 408 0·94 0·90, 0·98 0·0024 1122 28 671 1·03 0·94, 1·13 0·49 1982 28 671 1·05 0·98, 1·12 0·20 8736 28 671 0·97 0·94, 0·99 0·02
Adjusted‡ 5572 33 099 0·99 0·93, 1·05 0·69 1110 28 392 1·07 0·94, 1·22 0·33 1966 28 392 1·08 0·97, 1·19 0·15 8646 28 392 0·98 0·94, 1·02 0·39

P for
trend§

P for
trend§

P for
trend§

P for
trend§

1
Crude 1166 6691 1·00 0·01 189 5692 1·00 0·34 372 5692 1·00 0·10 1819 5692 1·00 0·09
Adjusted‡ 1152 6622 0·82 187 5613 0·12 369 5631 0·04 1798 5631 0·73

2
Crude 1137 6770 0·96 0·89, 1·04 234 5848 1·21 1·00, 1·45 380 5848 0·99 0·87, 1·14 1691 5848 0·90 0·86, 0·96
Adjusted‡ 1126 6713 1·01 0·93, 1·09 230 5798 1·25 1·03, 1·52 373 5798 1·04 0·90, 1·21 1676 5798 0·95 0·90, 1·01

3
Crude 1144 6705 0·98 0·91, 1·05 249 5688 1·32 1·10, 1·59 419 5688 1·13 0·99, 1·29 1788 5688 0·98 0·93, 1·04
Adjusted‡ 1133 6641 1·01 0·93, 1·11 245 5627 1·39 1·12, 1·72 415 5627 1·18 1·01, 1·39 1765 5627 0·98 0·92, 1·05

4
Crude 1177 6732 1·00 0·93, 1·08 237 5740 1·24 1·03, 1·50 402 5740 1·07 0·94, 1·23 1754 5740 0·96 0·91, 1·01
Adjusted‡ 1166 6677 1·06 0·97, 1·17 237 5695 1·40 1·10, 1·78 402 5695 1·16 0·97, 1·39 1742 5695 0·97 0·91, 1·04

5
Crude 1008 6517 0·89 0·82, 0·96 213 5710 1·12 0·93, 1·36 410 5710 1·10 0·96, 1·26 1686 5710 0·92 0·87, 0·98
Adjusted‡ 995 6452 1·00 0·90, 1·12 211 5648 1·30 0·99, 1·70 408 5648 1·23 1·01, 1·50 1667 5648 0·97 0·90, 1·05

* Number of participants in the crude/adjusted analysis.
† Analysis excluded potential outliers as described in the main text. Unit of change was set to 100mg/d.
‡ Adjusted for maternal age, socio-economic status, parity, pre-pregnancy BMI, smoking during pregnancy, partner’s smoking during pregnancy, physical activity, child sex, maternal history of asthma, maternal history of allergies,

paternal history of asthma and paternal history of allergies, and energy, fruit intake and vegetable intake, and intake of total EPAþDPA þ DHA, vitamins C and D, folate, Zn and Se (all in quintiles).
§ Median values for each quintile are entered as a continuous variable into the model.
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Parental report of ever child allergic rhinitis

A total of 5 % (1420 out of 28 536) of children were reported

by their mother to have a hay fever diagnosis at the 7-year

follow-up. Maternal intake of vitamins A, E and K were not

related to ever child allergic rhinitis (Tables S7–S9) however,

there was a suggestion towards an inverse association for

maternal total vitamin A intake (Q5 v. Q1: 0·86, 95 % CI

0·70, 1·04, P¼0·12) and maternal total vitamin E intake (Q5

v. Q1: 0·84, 95 % CI 0·66, 1·06, P¼0·14) (Tables S7 and S8,

available online).

Sensitivity analyses

When examining the relationship between maternal fat-

soluble vitamin intake and child asthma and allergic rhinitis

using the fat-soluble vitamin index, we found an inverse

association for allergic rhinitis only. Consuming in the highest

category of the fat-soluble vitamin index (n 948/13 516)

decreased the risk of ever child allergic rhinitis at 7 years

(all high v. middle group: 0·60, 95 % CI 0·37, 0·95).

For maternal vitamin K intake, meeting the recommended

daily intake of 90mg/d (n 30 191/44 594) was associated

with an increased risk of current asthma at 7 years (1·31,

95 % CI 1·11, 1·51) and ever admitted asthma (1·15, 95 %

CI 1·01, 1·30), but there were no associations with the other

outcomes; we found no associations for maternal intake of

vitamins A and E.

Since retinol and b-carotene may affect asthma by different

aetiologies, we also examined these exposures separately.

Maternal total retinol intake from supplements and diet

was inversely associated with child allergic rhinitis only

(Q5 (4188 (SD 81 879)mg/d) v. Q1 (632 (SD 146)mg/d): 0·79,

95 % CI 0·65, 0·96). Maternal dietary b-carotene intake was

directly associated with current asthma at age 7 years

(Q5 (6817 (SD 5319)mg/d) v. Q1 (889 (SD 226)mg/d): 1·38,

95 % CI 1·06, 1·80).

Examining intake at the high end of the distribution of

maternal vitamin A intake (1000, 2000 and 10 000mg/d)

showed similar inverse associations for retinol, whereas

extremely high intakes of b-carotene seemed to be inversely

associated with child asthma.

We analysed the relationship of maternal vitamin A, E and K

intake with any reported wheeze and .3 episodes v. #3

episodes/no wheeze in the first 18 months of the child’s life.

Maternal vitamin A intake from supplements, but not diet,

showed a direct relationship with any wheeze symptoms

(Q5 v. Q1: 1·17, 95 % CI 1·05, 1·30). A direct association was

also observed between maternal dietary vitamin E intake

and wheeze at 18 months (Q5 v. Q1: 1·06, 95 % CI 0·99,

1·13). For maternal vitamin K intake, no association was

observed for wheeze at 18 months, but maternal total vitamin K

intake was directly associated with recurrent wheeze found

by comparing Q3 with Q1 (1·19, 95 % CI 1·04, 1·36), but not

for other quintiles.

When testing interactions for maternal vitamin A intake

and maternal and paternal asthma and allergies, breast-

feeding and a vitamin A £ vitamin D interaction, we found

an increased risk of child asthma at 18 months related to

maternal intake of total vitamin A among the children of

mothers who reported a history of asthma (Q5 v. Q1: 1·21,

95 % CI 0·96, 1·54) and allergies (Q5 v. Q1: 1·18, 95 % CI

1·02, 1·37), and a decreased risk of ever prescribed asthma

related to maternal vitamin E intake from supplements when

mothers breast-fed $7 months (Q5 v. Q1: 0·87, 95 % CI 0·77,

0·99). We did not find any association in children of mothers

who did not report a history of asthma and allergies and

those who breast-fed ,7 months. No interactions were

found for maternal vitamin K intake.

Discussion

We examined the relationship between maternal intake

of vitamins A, E and K during pregnancy and child asthma

and allergic rhinitis during the first 7 years of life in 44 594

mother–child pairs. We did not find any consistent patterns

for maternal vitamin A and E intake in relation to child

asthma and allergic rhinitis. Maternal vitamin K intake

appeared to increase the risk of ever admitted asthma and

current asthma at age 7 years, while maternal vitamin A

and E intake modestly decreased the risk of child allergic

rhinitis during the first 7 years of life. Differential associations

with child allergic outcomes may be present for maternal

retinol v. b-carotene intake. Consuming in the highest quin-

tiles of all the three vitamins decreased the risk of child

allergic rhinitis.

The present findings are in conflict with some of the

previous studies of fat-soluble vitamins, but support a recent

vitamin E supplementation trial(5), which failed to show an

effect of high-dose prenatal supplementation with vitamin C

and E on respiratory outcomes at age 2 years. Other studies

have found that maternal vitamin E intake during pregnancy

reduced the risk of wheeze in children at the age of

2 years(3,4,35), and noted that these results persisted for

wheeze and asthma up to the age of 5 years(2). Other studies

have reported both an increase in wheeze and no associ-

ation(36,37). Comparison between studies should be done

with care due to differences in study design and populations,

and speculations regarding the potential threshold level of

vitamin E intake for optimal immunity are difficult since

some studies have not reported the levels of vitamin E

intake in exposure groups(2,35). We are aware of only one

study that related maternal vitamin E intake during pregnancy

to child allergic rhinitis and found no association(2). Studies on

food sources of vitamin E in pregnancy and allergic rhinocon-

junctivitis/rhinitis in children have found both inverse(38) and

direct(39) associations. Maternal vitamin E supplementation has

not demonstrated any benefit in improving the symptoms

of seasonal or perennial allergic rhinitis in the offspring(40,41).

Studies in infants have indicated that vitamin E may activate

a type 1 immune response rather than an asthma-inducing

type 2 response(42,43). Since early-life respiratory symptoms

may include both transient wheeze due to respiratory infec-

tion and true asthma, it could explain previous findings of

protective associations with wheeze at ,2 years of age

and our own null finding for child asthma at 7 years of age.
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However, the present study suggests that high maternal

vitamin E intake during pregnancy may modestly protect

against child allergic rhinitis.

Few studies have examined maternal vitamin A supple-

mentation in relation to allergic diseases. Consistent with our

null finding, a trial in Nepal that supplemented women

with 7000mg retinol equivalents (RE) of provitamin A, 42 mg

b-carotene or placebo during pregnancy has found no associ-

ation with child asthma incidence, but showed improved

lung function with supplementation(13,14). A randomised trial

among Indonesian women on b-carotene supplementation

has noted lower interferon-g production among their

infants(15). In the present study, we found that a high intake

of b-carotene decreased the risk of asthma, and these findings

were strongest for maternal doses $10 000mg/d. This suggests

that both the quantity and quality of vitamin A may be import-

ant to consider or that the risk may vary by study population.

Studies in infants have found that vitamin A-deficient infants

have significantly lower interferon-g production compared

with infants with adequate vitamin A status(44). Animal studies

have found opposite results, in which vitamin A deficiency has

been reported to decrease the development of experimental

asthma(45,46), suggesting that deficiency may skew towards a

type 1 response and away from a more asthma-inducing

type 2 response. An up-regulation of a type 1 response with

vitamin A deficiency was also observed among children

aged ,13 years examined cross-sectionally(47). On the con-

trary, a study in pregnant women supplemented with retinol

(v. placebo) has found increased IL-10 and interferon-g pro-

duction, skewing away from a type 2 response(11). However,

it is unclear whether these changes are sufficient to influence

the development of the fetal immune system. The present

results showed no increase in child asthma risk with a

higher maternal intake of vitamin A, and only a weak increase

for an ever prescribed asthma diagnosis. The differences in

findings may include a difference in underlying vitamin A

intake and biological levels where a change from a deficient

or near-deficient state may have a positive impact on fetal

respiratory and immune system development, while excess

vitamin A from a sufficient state may have minor negative

consequences. However, adverse effects cannot be excluded

for other endpoints(33). Additionally, a family history of

asthma and allergies may modify the risk of early asthma in

the offspring.

We found that the risk of child allergic rhinitis was reduced

with a higher maternal intake of vitamin A, specifically retinol.

Studies in children have found a reduced risk of allergic

rhinitis and associated symptoms with vitamin A sources

such as vegetables(38) and milk(39), but not vitamin A

itself(38,48). The inverse results found for maternal vitamin A

and (indicative for) E intake in the present study may point

to the importance of these nutrients in the prevention of

sensitisation (e.g. T-helper cell switching, IgE production)

rather than direct respiratory effects.

We initially hypothesised that proposed anti-inflammatory

properties and free radical-scavenging activities of vitamin K16

may lead to a reduced risk of asthma and allergic rhinitis

in children whose mothers ate at the higher end of the

distribution. The results of the present study indicated the

opposite, that maternal total vitamin K intake increases the

risk of ever admitted asthma and current asthma in children at

age 7 years. To our knowledge, this is the first study to exam-

ine maternal vitamin K intake during pregnancy in relation to

these outcomes and hence give us no prior evidence on which

to draw from. Despite the many beneficial effects of vitamin K

on human health, since the 1980s, there have been several

case reports of hypersensitivity and anaphylactic reactions to

intravenous(49–54) and cutaneous(55–57) vitamin K injections.

While rare and short-enduring, these and the present data

may point to a greater and more complex involvement of

vitamin K in sensitisation and related diseases.

There are some limitations to the present study. Dietary

assessment using FFQ results in measurement error due to

assumptions on portion sizes, quality of food tables and accu-

racy in self-reporting. Dietary measurement error is usually

random and would therefore only underestimate the strength

of any true underlying association to the null. In the present

analysis, we were not able to adjust for exposure of child

vitamin A, E and K intake during breast-feeding and in child-

hood due to the lack of this information; we can therefore not

exclude the possibility that maternal diet served as a marker

for diet during breast-feeding. However, both observational

and supplementation studies have not been able to link

either child intake of vegetables or supplements with

asthma(13,58–61), indicating that any confounding by child diet

is most probably minor or negligible. Observational studies

with a long follow-up are prone to both confounding and selec-

tion bias. We cannot exclude the possibility of residual con-

founding by unmeasured or mismeasured covariates;

nonetheless, by adjusting for numerous covariates, we limited

the possibility of residual confounding. We also examined the

distributions of sociodemographic and lifestyle covariates

among participants and non-participants of the present study

and found few differences, suggesting that any present selection

bias would be limited.

The present study has several strengths. We were able

to follow nearly 45 000 mother–child pairs prospectively and

longitudinally. The FFQ used in the present study assessed

diet in great detail, allowing us to capture maternal vitamin

intake from both diet and supplements, as well as focus

on both pre- and provitamin A in order to discern potential

aetiological differences. The extensive dietary questionnaire

would also more accurately assess energy intake and reduce

measurement error when dietary intake is energy-adjusted.

Asthma and allergic disease have a time-dependent mani-

festation of symptoms(62–64). While wheeze and ‘asthma’ in

the first few years of life may represent transient conditions

due to viral infections, respiratory and sensitisation symptoms

by age 7 years are more likely to represent clinical disease(63).

Following the children from conception to 7 years of age, we

examined numerous outcomes stretching from early to later

childhood, and thereby investigating possible associations

with several phenotypes of asthma that may be governed

by different aetiologies. In addition to self-reported measures

of asthma that would be an overall measure of asthma and

would not specifically distinguish between phenotypes of
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asthma, we were able to include two additional measures

based on population-based register data. Admitted asthma

represents a more severe phenotype or uncontrolled asthma

that required treatment in a hospital setting, while prescribed

asthma is more likely to be indicative of mild to moderate

asthma requiring some form of medication. For both these

registry-based outcomes, the majority of diagnoses were

made ,3 years and may therefore not represent a permanent

asthmatic phenotype, warranting, as in the present analysis,

the examination of cases appearing only after the age of

3 years. For allergic rhinitis, we only had access to one

ISAAC question at 7 years relating to an ever doctor diagnosis

of hay fever. This question does not capture current or seaso-

nal symptoms, but has been validated against skin prick tests,

and self-reported hay fever has been shown to agree well with

the symptoms of allergic rhinitis and atopy(65,66).

In conclusion, in the present large prospective cohort of

Danish mothers and children, we found no overall pattern

of association between maternal intake of fat-soluble vitamins

and child allergic disease; yet, maternal intake of vitamin K

during pregnancy increased the risk of ever admitted

asthma. Weak inverse associations were suggested for

maternal total vitamin A and E intake with ever child allergic

rhinitis. The results suggest differential associations for sources

of intake as well as type of allergic outcome. These findings,

especially for the less studied vitamin K, need to be replicated

in different cohorts and mechanisms explored in animal

studies.
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