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Abstract

Longitudinal epidemiological data are scarce on the relation between dietary intake of vitamin A and
respiratory outcomes in childhood. We investigated whether a higher intake of preformed vitamin A or
provitamin B-carotene in mid-childhood is associated with higher lung function and with asthma risk in
adolescence.

In the Avon Longitudinal Study of Parents and Children, dietary intakes of preformed vitamin A and j3-
carotene equivalents were estimated by food frequency questionnaire at 7 years of age. Post-
bronchodilator forced expiratory volume in 1 s (FEV,), forced vital capacity (FVC), and forced expiratory
flow at 25—-75% of FVC (FEF,5_s5) were measured at 15.5 years and transformed to z scores. Incident
asthma was defined by new cases of doctor-diagnosed asthma at age 11 or 14 years.

In multivariable adjusted models, a higher intake of preformed vitamin A was associated with higher
lung function and a lower risk of incident asthma: comparing top versus bottom quartiles of intake,
regression coefficients (95% confidence intervals) for FEV; and FEF,5_;s were, respectively, 0.21 (0.05-
0.38; P-trend 0.008) and 0.18 (0.03-0.32; P-trend 0.02); odds ratios (95% confidence intervals) for
FEV41/FVC ratio below the lower limit of normal and incident asthma were, respectively, 0.49 (0.27-0.90,
P-trend 0.04) and 0.68 (0.47, 0.99; P-trend 0.07). In contrast, there was no evidence for association with
B-carotene. We also found some evidence for modification of the associations between preformed
vitamin A intake and lung function by BCMO1, NCOR2 and CC16 gene polymorphisms.

A higher intake of preformed vitamin A, but not B-carotene, in mid-childhood is associated with higher
subsequent lung function and lower risk of fixed airflow limitation and incident asthma.
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Introduction

Vitamin A is a versatile vitamin involved in multiple biological processes including lung
development through regulating the expression of several hundred genes [1]. As an essential
micronutrient, vitamin A must be obtained from the diet either as preformed vitamin A, comprising
mainly retinyl esters in animal foods, or as provitamin A, comprising mainly -carotene in plant foods
[1]. In contrast to preformed vitamin A, B-carotene is converted to retinoids, with different bioconversion

abilities partly explained by genetic variability [2].

Animal data suggest that retinoic acid, the ultimate metabolite of vitamin A, plays a crucial role early
in life in alveolar development [3], maintenance, and regeneration [4], and thus influences elastic recoil
[3]; they also suggest a key role in airway development [5], although evidence for an influence of vitamin
A deficiency on airway hyper-responsiveness is conflicting [6, 7]. However, in humans the relationship
between dietary vitamin A and respiratory outcomes is not clear, especially in ranges of intake that do not
cause severe hypovitaminosis. Follow-up of a trial in a vitamin A deficient area showed that vitamin A
supplementation in early life (peri-pregnancy) improved offspring lung function [8], with no impact on
the subsequent risk of asthma [9]. In a birth cohort study in Norway, excess vitamin A intake in
pregnancy was associated with a higher risk of childhood asthma [10], whilst some case-control studies in
children have suggested an inverse association between dietary or serum vitamin A and asthma [11]. In
adults, an inverse association between serum retinol and subsequent airway obstruction was reported [12],

whereas more recently a positive association was found between vitamin A intake and asthma [13].

Maximal attainment of lung function as a young adult through optimal growth is important, as lung
function in early adulthood is a powerful predictor of subsequent comorbidities and mortality [14, 15].
Prenatal and early postnatal life are critical time-windows for lung development [16], and tracking of lung
function from infancy, through childhood, to adulthood has been clearly demonstrated [17-19]. However,
reports that alveolarization continues throughout childhood [20, 21] suggests that catch-up of alveolar

growth, at least, is possible beyond infancy. Moreover, recent epidemiological studies have also shown



that accelerated growth in forced expiratory volume in 1s (FEV;) occurs in a proportion of children [18,
19]. We know little about environmental influences on catch-up growth [22], and longitudinal
epidemiological data on the link between diet in childhood and later respiratory outcomes are scarce [23-

26]; in particular, such evidence for dietary intake of vitamin A in childhood is, to our knowledge, absent.

In this study, we have explored the relations of preformed and pro-vitamin A intake at 7 years of age
with lung function and incident asthma up to adolescence. To strengthen causal inference we have also
explored whether these associations were modified by polymorphisms linked to bioconversion of -
carotene or metabolism of vitamin A, and by a polymorphism in the gene encoding Club cell secretory
protein; serum levels of the latter are increased by vitamin A supplementation [27] and positively

associated with lung function growth in childhood [28].

Methods

Study Population

ALSPAC is a population-based birth cohort that recruited predominantly white pregnant women
resident in Avon, UK (14,541 pregnancies) with expected dates of delivery from April 1, 1991 to
December 31, 1992. The cohort has been followed since birth with annual questionnaires and, since age 7
years, with objective measures in annual research clinics. The study protocol has been described

previously [29, 30] and further information can be found at www.alspac.bris.ac.uk, which contains details

of all the data that are available (http://www.bristol.ac.uk/alspac/researchers/our-data/). Ethics approval

was obtained from the ALSPAC Ethics and Law Committee (IRB 00003312) and the Local National
Health Service Research Ethics Committees. Informed consent for the use of data collected via
questionnaires and clinics was obtained from participants following the recommendations of the
ALSPAC Ethics and Law Committee at the time. Consent for biological samples has been collected in

accordance with the Human Tissue Act (2004).

Exposure assessment


http://www.alspac.bris.ac.uk/
http://www.bristol.ac.uk/alspac/researchers/our-data/

We used dietary information collected by food frequency questionnaire (FFQ) at 81 months (~7
years) of age, which was completed by the child’s mother or the main carer. The FFQ included questions
about usual consumption of up to 56 food groups and 12 drinks, with five frequency options ranging from
‘never or rarely’ to ‘more than once a day’ and daily consumption of specific types of bread, fat
spreads/oils and milk [31]. Standard portion sizes based on typical consumption patterns in Britain [32]
were adapted for the age of children and used to estimate the daily intake of each food group. Total
energy and nutrient intakes were calculated by multiplying estimated food intake (g/day) by their
estimated nutrient content from UK food composition tables [33, 34] and summing this across all the
foods consumed. Accordingly, daily intakes of vitamin A were estimated separately as the intakes of
preformed vitamin A and provitamin A carotenes in the form of B-carotene equivalents (sum of -
carotene and half the amounts of a-carotene and a- and p-cryptoxanthins). The major sources of
preformed vitamin A were, on average, fat spreads (24.2%), milk (21.6%), cold meats (8.8%), cheese
(7.6%), yoghurt (6.1%), liver and liver pate (4.7%), eggs (4.1%), and school meals (4.3%). The major
sources of carotene were, on average, carrots (52.1%), other vegetables (10.4%), school meals (8.8%),
squash and cordial soft drinks (7.0%), and fat spreads (3.2%), fruit (2.3%), and milk (2.2%). We
estimated total vitamin A intake by adding intakes of B-carotene equivalents (divided by 12) and

preformed vitamin A to give retinol activity equivalents (RAE) [2].

Outcome assessment

Lung function was assessed by spirometry (Vitalograph 2120; Vitalograph, Maids Moreton, UK) at
15.5 years, after withholding short-acting bronchodilators for at least 6h, and long-acting bronchodilators
and theophyllines for at least 24h. The best of three reproducible flow—volume curves was used to
measure FEV, forced vital capacity (FVC), and forced expiratory flow at 25—75% of FVC (FEF5_75)
indicating maximal mid-expiratory flow, before and 15 minutes after administration of 400 mg of
salbutamol. These lung function measurements were transformed to z-scores based on the Global Lung

Function Initiative (GLI) curves. Accordingly, a standardized measure of an observed lung function



measurement was mapped onto the distribution of the population from which the GLI reference values are
derived, adjusting for age, height, and ethnicity, and separately by sex [35, 36]. The GLI reference values

were generated using the GLI R macro [available from https://github.com/thlytras/rspiro] [37]. The tests

adhered to American Thoracic Society (ATS) criteria for standardisation and reproducibility of flow—
volume measurement [38]. We used post-bronchodilator lung function measures as our primary outcomes
because, for FEV, and FEF,s_;5, these are likely to more closely reflect growth and calibre of the airways,

rather than airway tone.

Our second primary outcome of interest was incident asthma. At 91 months (~7.5 years), 128 months
(~11 years), and 166 months (~14 years) of age, we defined current doctor-diagnosed asthma if mothers
responded positively to the question “Has a doctor ever actually said that your study child has asthma?”,
and to at least one of the concurrent following questions which asked if the child had had wheezing,
wheezing and whistling in the chest, asthma, or asthma medication in the last 12 months. Among those
children who were not identified as having current doctor-diagnosed asthma at 7.5 years, we defined
those with current doctor-diagnosed asthma at 11 or 14 years as cases of incident asthma. The parental
reports of a doctor’s diagnosis of asthma in ALSPAC agreed well with a GP-recorded diagnosis

sensitivity 88.5%, specificity 95.7%) [39].
y p y

Genotyping and SNPs selection

We considered single-nucleotide polymorphisms (SNPs) that were associated with bioavailability or
metabolism of vitamin A in the literature and selected those that could plausibly interact with dietary
vitamin A intake and/or have been associated with lung function. We excluded SNPs that were in linkage
disequilibrium (r*>0.80 using the LDmatrix Tool for the British population LDlink:

https://ldlink.nci.nih.gov/), and those with minor allele frequency lower than 0.2 so as not to limit power

for stratified analyses. The first SNP of interest (rs3741240) was in the SCGB1A1 gene, which encodes
for the Club cell secretory protein (CC16). This SNP was shown in a genome-wide association study to

have the strongest correlation with serum levels of CC16 [40]. CC16 is an airway epithelial biomarker;


https://github.com/thlytras/rspiro
https://ldlink.nci.nih.gov/

serum levels are increased by vitamin A supplementation [27] and are positively associated with lung
function growth in childhood [28]. We also included rs12708369 in the nuclear receptor corepressor 2
(NCOR2) gene, which is found in the retinoic acid signaling pathway and has been associated with FVC
in ALSPAC [41]. Among SNPs that were more likely to interact directly with dietary intake and
bioavailability [42, 43], we selected five SNPs in the f-carotene 15,15 -monooxygenase 1 (BCMO1)
locus, namely, rs6564851, rs11645428, and rs6420424 (upstream) [44], and rs7501331 and rs12934922 in
the coding region [45]. These SNPs have been associated with efficiency of conversion of B-carotene to
the intermediate forms of vitamin A and correlated with fasting plasma concentrations of B-carotene,
among which rs6564851 had the strongest association [44]. We hypothesised that effects of a higher
intake of preformed vitamin A would be greater in poor carotene converters, and that effects of a higher
intake of carotene would be greater in efficient carotene converters (further details of selected SNPs in
supplementary Table E1). Genotypes were imputed (IMPUTE?2) using the HRC genomes reference
panel (1.1) and imputation quality was capped (in addition to minor allele frequency) at an imputation

information metric score (info) greater than 0.95 (See online supplementary materials for further details).

Statistical analysis

Among 8,135 children with plausible data on vitamin A intake at 7 years (excluding children with
implausible total energy intake: <15000 kJ/w or >140000 kJ/w), 2,985 — 3,121 participants had data on
post-bronchodilator lung function measures at 15.5 years (depending on the specific measure), and data
on incident asthma were complete for 4,540 participants (see supplementary Figure E1). We employed
linear regression to examine associations between intakes of preformed vitamin A or carotene (in
quartiles) and lung function measures. Logistic regression models were used to test associations with
incident asthma and with airflow limitation, defined as an FEV,/FVC ratio below the lower limit of
normal (LLN), representing the lower 5% of study population z-scores. Linear trend was tested by
including median intake of quartiles as a pseudo-continuous variable in the models. We selected known

potential confounding factors from the existing literature [46] and by using a directed acyclic graph



approach [47] (see supplementary Figure E2). Details of multivariable models and covariates are

explained in the online supplemental materials.

We carried out stratified analyses, a priori, to explore potential modification of dietary associations
by maternal and paternal history of atopy (yes/no), maternal smoking when the child was 7 years of age
(yes/no), and CC16, NCOR2, and five BCMO1 genotypes (supplementary Table E1). Potential
interactions were assessed by testing cross-product terms of these factors with quartiles (median values)
as a continuous factor in regression models. We also carried out several sensitivity analyses, a priori, that
are explained in the online supplementary materials in detail, including further adjustment for other
potential confounders, restricted cubic spline analysis to examine the dose—response relationship, and
inverse probability weighting to correct for potential loss to follow-up bias [48]. All statistical analyses

were carried out using Stata version 14.2 (StataCorp, College Station, TX, USA).

Results

We estimated median (interquartile range) intakes of vitamin A as follows: 429 (332-538) pg/d for
preformed vitamin A, 1744 (1464-2309) pg/d for carotene (B-carotene equivalent), and 590 (470-723)
ug/d RAE for total vitamin A (comprising a 26.9% contribution by carotene). For comparison with
recommended dietary allowance [49] see supplementary Figure E3. Table 1 shows that children with
higher intakes of preformed vitamin A were more likely to be male, have a smoking mother, and have a
younger sibling while less likely to have an older sibling. Mothers of children who had higher intakes of
carotene were more educated (supplementary Table E2). Children with higher intakes of either
preformed vitamin A or carotene had a generally more health-conscious dietary pattern reflected in higher
intakes of vitamins C, D, and E, and zinc as well as omega-3 from fish, and had higher maternal intakes

of vitamin A during pregnancy (Table 1 and supplementary Table E2).

Lung function



Higher intake of preformed vitamin A was associated with a higher FEV; and FEF,s ;5. There was
also weak evidence of association with FVC, but not with the FEV/FVC ratio, analysed as a continuous
variable (Table 2). However, when we analysed the dichotomous outcome of airflow limitation (defined
as the ratio<LLN), higher intake was inversely associated (OR, comparing top versus bottom quartile in
model 2, 0.49, 95% CI1 0.27-0.90, P-trend 0.04). We did not find any evidence of association between

carotene intake and lung function measures overall (Table 2).

There was no evidence of interaction with maternal atopy, paternal atopy, or maternal smoking (data
not shown). We also tested relationships with pre-bronchodilator lung function measures and found the
same pattern of associations between preformed vitamin A intake and FEV, and FEF,s_;s5, though slightly

weaker (supplementary Table E3).

In stratified analysis by CC16 genotype (rs3741240), there were positive associations between
preformed vitamin A intake and FEF,s.75sand FEV/FVC ratio only in homozygous carriers of the G allele
(P for interaction <0.02), and the suggestion of a similar pattern with FEV, (P for interaction 0.07), while
no evidence of effect modification was observed for B-carotene intake (Table 3). When we stratified by
NCOR2 genotype (rs12708369), preformed vitamin A intake was positively associated with FEV, and
FVC in carriers of the C allele, but negatively associated in those homozygous for the T allele (P values
for interaction <0.02 and <0.01, respectively) (Table 4). A similar pattern of associations was observed
between carotene intake and FEF,s ;5 in those homozygous for the C and T allele, respectively (P for

interaction 0.009).

We also found evidence of effect modification by two of the SNPs in the coding region of BCMOL:
in carriers of the T allele of rs7501331 (low converters of B-carotene), but not in those homozygous for
the C allele, higher intake of preformed vitamin A was associated with higher FEV, and FVC (P for
interaction 0.03 and 0.01, respectively), whereas in carriers of the A allele of 1512934922 (high converters

of B-carotene) higher intake of B-carotene was associated with higher FEV, (P for interaction 0.01)



(supplementary Table E4). We did not find any other convincing evidence of interaction with the other

four BCMO1 SNPs (data not shown).

Asthma

We identified 390 (8.6%) cases of incident asthma at 11 or 14 years. There was weak evidence of an
inverse association between preformed vitamin A intake and incident asthma (Table 5). When stratified
by paternal history of atopy, we found evidence of lower risk of asthma with higher intakes of preformed
vitamin A in children without a paternal history of atopy (OR comparing top versus bottom quartile 0.52,
95% C1 0.28-0.97, P-trend 0.03), but not in those with it (OR 1.36, 95% CI 0.73-2.55, P-trend 0.19) (P-
interaction 0.02). We did not find any evidence of association between carotene intake and incident

asthma overall (Table 5), nor any other evidence of interaction with non-genetic factors (data not shown).

There was an inverse association between preformed vitamin A intake and incident asthma in
individuals with an upstream BCMO1 SNP genotype associated with poor conversion of carotene
(rs6564851 GG), but also in individuals with a coding region BCMO1 SNP genotype associated with
high conversion (rs7501331_CC). However, there was no evidence of statistically significant interaction
by genotype (Table 6). In contrast, there was a positive association between carotene intake and incident
asthma in individuals with an upstream BCMO1 SNP genotype associated with high conversion
(rs6564851 TT), but also in individuals with another coding region BCMO1 SNP genotype associated
with low conversion (rs12934922 TT) (Table 6). We found a similar pattern of associations when

stratified by other BCMO1 SNPs (supplementary Table E5).

Sensitivity analyses

We did not find evidence of any non-linear associations, except between preformed vitamin A and
FEV, (P for non-linearity=0.04) using the restricted cubic spline analysis. The associations between
intake of preformed vitamin A and FEV, FEF,s_75, and incident asthma did not materially change after
further adjustment for dietary patterns (‘health-conscious’, ‘junk’, and ‘traditional’, separately), any

history of food allergy, breast feeding, urban/rural locality, physical activity, BMI (imputed for 8.7-12.1%



missing data), atopy measured by skin prick test, and maternal intake of vitamin A in pregnancy, as well
as other dietary factors including intakes of vitamins C, D, and E, zinc, protein, and n-3 fatty acids from
fish (supplementary Tables E6 and EB8). The null associations for carotene intake also remained the
same after these further adjustments (supplementary Tables E7 and E8). When we tested energy-
adjusted intakes using the residual method, preformed vitamin A was almost similarly associated with
FEV, and FEF,s ;5 (multivariable adjusted regression coefficients per SD 0.07, 95% CI 0.02-0.12 and
0.07, 95% CI 0.02-0.11) and incident asthma (multivariable adjusted OR per SD 0.85, 95% CI 0.75-0.97),
the associations with FVC and FEV/FVC ratio did not change either, and no association was observed

for carotene intake (supplementary Table E9).

When we excluded those with asthma at 7 years or at 14 years, the associations between dietary
vitamin A and lung function outcomes did not materially change. For lung function outcomes and
incident asthma, findings did not materially change after exclusion of children of non-white mothers (2.5-
3%), those with a history of food allergy (15.3-18.4%), those with extreme energy intakes, or those with a
history of consuming vitamin A containing supplements (11.6-12.8%). Among eligible children with data
on vitamin A intake at 7 years of age, 25.5% and 55.9% did not have data on incident asthma or lung
function at 15.5 years, respectively. However, findings were similar when we applied inverse probability

weighting to correct for selection bias due to loss-to-follow-ups (data not shown).

Discussion

In ALSPAC children overall we found that higher intake of preformed vitamin A, but not -carotene,
in mid-childhood was associated with a higher subsequent FEV; and FEF,s_;5. There was also weak
evidence for an inverse association between intake of preformed vitamin A and incident asthma. To our

knowledge, these are novel findings, which were robust to various sensitivity analyses.

The difference in FEV, between the top and bottom quartiles of preformed vitamin A intake was

clinically important and comparable to the mean difference in z-scores of pre-bronchodilator FEV



according to asthma status (0.24, 95% CI 0.11, 0.37). Associations between preformed vitamin A intake
and lung function were stronger for FEV| and FEF,s.;5s than for FVC, suggesting a stronger influence on
airway than alveolar development. Furthermore, the stronger associations with post- than pre-
bronchodilator measures suggest that higher intake may promote growth and calibre, rather than tone, of
large and small airways. The weak inverse association with asthma may therefore also reflect a beneficial
effect on airway growth. Moreover, the strong inverse association with fixed airflow limitation
(FEV/FVC <LLN) may have implications for the development of later chronic obstructive pulmonary

disease.

Vitamin A is the most multifunctional vitamin in the human body, and the only one with a storage
system buffering against dietary insufficiency which underlines its evolutionary importance [1]. Overt
vitamin A deficiency is mostly a problem in poorly nourished populations, due to the lower consumption
of animal foods. Whilst in the developed world it is estimated that over 20% of the population may not
meet the recommended intake due to modern societal habits [1], the estimated level of total vitamin A
intake in this study was higher than the recommended dietary allowance (RDA) for children 4-8 years of
age (400 ug/day RAE) [49]. An intestinal negative feedback loop restricts B-carotene absorption and
cleavage in response to vitamin A status [42]. Therefore, the lack of association between B-carotene and
lung function outcomes might be explained by its limited contribution to vitamin A status in this

population, which is in line with other Western societies (<30%) [2].

Previous findings on the link between serum concentration of retinol or B-carotene and lung function
were in adults, and conflicting [12, 50]. However, the serum concentration of vitamin A biomarkers
reflects a combined effect of dietary intake, bioavailability, and metabolism. Vitamin A is mainly stored
in the liver which tightly regulates the circulatory level of retinol; the latter does not decline until the liver
is almost depleted [1]. Nevertheless, our findings suggest that, even in a Western population of children
without overt vitamin A deficiency, higher intakes of vitamin A may beneficially influence lung growth

and hence optimal lung function attainment.



Mechanism

We found evidence for effect modification of the association between preformed vitamin A intake
and lung function by a SCGB1A1 polymorphism that has been shown to regulate circulating levels of
CC16 [40]. Lower concentrations of CC16, an anti-inflammatory pneumoprotein produced by club cells
in the airways, have been associated with lung function deficits [28, 51], increased airway resistance and
hyperresponsiveness attributed to airways remodeling [51]. Furthermore, vitamin A treatment increased
circulating CC16 in humans [27]. Thus, we speculate that an increase in CC16 might mediate the positive
association between vitamin A intake and lung function. The interactions we found with CC16 support
this hypothesis: higher vitamin A intake was associated with better lung function only in children with a
genetic tendency to produce more CC16 (GG genotype) [40], suggesting that this genotype might carry a

greater potential for up-regulation by vitamin A.

The associations between preformed vitamin A intake and lung function measures were also
modified by an NCOR2 polymorphism. NCOR2 is in the retinoic acid signaling pathway, and the variant
is in a strong transcriptional enhancer element in lung fibroblasts [41]. The positive associations we found
in carriers of the C allele, the variant associated with higher FVC in children [41], suggest that vitamin A
might also have a role in lung growth through the regulation of fibroblasts. The negative associations seen

in those homozygous for the T allele suggest a ‘flip-flop’ gene-nutrient interaction [52].

Regarding BCMO1 polymorphisms which influence vitamin A bioavailability, we hypothesized that
children with genetically lower efficiency of B-carotene conversion may benefit more from a higher
intake of preformed vitamin A. This was supported by the interactions with polymorphisms in the
upstream BCMO1 for both incident asthma and lung function. In contrast, when we stratified by a
polymorphism in the coding region, an inverse association with incident asthma was paradoxically in high

converters. Another unexpected finding was the positive association between carotene intake and incident



asthma, when stratified by BCMO1 genotypes. Given the contradictory and paradoxical nature of some of

these gene-nutrient interactions, they should be interpreted with caution.

Strengths and limitations

Strengths of the ALSPAC birth cohort include its population-based prospective design, large size,
rich information on diet and potential confounders, and availability of the various genotype data. The
post-bronchodilator assessment of lung function enabled us to better assess airway growth by eliminating
reversible airflow limitation. We controlled for numerous potential confounders in the analyses and
performed various sensitivity analyses; however, the possibility of unmeasured or residual confounding
cannot be ruled out. A sizable proportion of eligible children at 7 years were not included in our analyses,
but our inverse probability weighting analysis showed that this is unlikely to have biased our findings, as
generally expected in longitudinal studies [53]. Whilst misclassification of the dietary exposures was
inevitable, the prospective nature of the study makes them more likely to have been nondifferential with
respect to the outcomes, which would tend to bias effect estimates towards the null. Some other
limitations of the FFQ include fewer items relevant to carotene intake compared to preformed vitamin A
(5 vs. 10), and some important sources such as broccoli and sweet potato were not included. Given the
semi-quantitative nature of the FFQs, our estimated ‘absolute’ intakes should be regarded as approximate.
In view of the multiple analyses carried out, our main findings require replication. Given the a priori
nature of the hypotheses, however, and the correlation between lung function measures, it did not seem
appropriate to correct for multiple testing. However, findings with borderline statistical significance, such
as the association with airflow limitation, should be interpreted cautiously. Finally, the generalizability of
our findings to other populations, particularly those with an overt vitamin A deficiency, warrants further

research.

Conclusions



A higher intake of preformed vitamin A, but not -carotene, in mid-childhood was associated with

higher subsequent lung function and lower risk of fixed airflow limitation and incident asthma.
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Table 1: Participant” characteristics according to quartiles of preformed vitamin A intake at 7 years of

age
Quiartiles of preformed vitamin A intake
Q1 Q2 Q3 Q4 P-value

n (%) 1359 (25.2) 1343(24.9) 1350 (25.1) 1332 (24.7)
Preformed vitamin A intake, pg/d 261 + 584 382+27.6 480+31.3 680+173.6
Male, n (%) 638 (46.9) 627 (46.7) 663 (49.1) 731(54.9) <0.001
Older siblings, n (%) 742 (54.6) 720 (53.6) 686 (50.8) 639 (48.0) 0.002
Younger siblings, n (%) 624 (45.9) 674 (50.2) 717 (53.1)  782(58.7) <0.001
Total energy intake, kJ/day 6214 £1291 71361189 7890+ 1235 9139+1728 <0.001
BMI, kg/m’ 16.2+2.1 16.0+1.9 16.2+2.0 16.2+1.9 0.04
Health conscious dietary pattern score  -0.27+0.89 -0.08+0.88 0.07+0.94 0.33+1.05 <0.001
Season of dietary information collection, n (%) 0.31

Winter 339 (24.9) 354 (26.4)  347(25.77) 339(25.5)

Spring 424 (31.2) 393 (29.3)  398(29.5) 370(27.8)

Summer 366 (26.9) 373 (27.8)  381(28.2) 395(29.7)

Autumn 207 (15.2) 214 (15.9) 214 (15.9) 213 (16.0)

Missing 23 (1.7) 9(0.7) 10 (0.7) 15 (1.1)
History of food allergy, n (%) 263 (19.4) 219 (16.3) 221 (16.4) 234(17.6)  0.12
Any supplement use, n (%) 450 (33.1) 440 (32.8) 453 (33.6) 461 (34.6) 0.76
Protein intake, g/d 52.8+122 61.1x115 667+11.6 77.2+158 <0.001
Vitamin C intake, mg/d 68.2+314 729+325 782+33.0 853+£358 <0.001
Vitamin D intake, mg/d 2.14+£0.7 269+08 3.01+09 345+£1.1 <0.001
Vitamin E intake, mg/d 7.49+2.6 923+29 1032+£33 11.83+4.0 <0.001
Zinc intake, mg/d 519+1.3 599+£13 6.57+1.3 7.66+1.8 <0.001
Total n-3 intake from fish, (mg/d) 659+733 77.9+84.6 83.8+91.0 98.7+£99.2 <0.001
Parental factors
Maternal age at pregnancy, year 205+44 204 +44 29.5+44 29.1+£45 0.02
Maternal education, n (%) 0.21

Secondary or vocational 281 (20.7) 267 (19.9) 237 (17.6) 236 (17.7)

O level 464 (34.1) 450 (33.5) 476(353) 451(33.9)

A level or degree 593 (43.6) 608 (45.3) 624 (46.2) 619 (46.5)

Missing 21 (1.5) 18 (1.3) 13 (1.0) 26 (2.0)
Housing tenure during pregnancy, n (%) 0.02




Mortgaged/owned 1156 (85.1) 1136 (84.6) 1151 (85.3) 1071 (80.4)

Council rented 74 (5.4) 71 (5.3) 74 (5.5) 107 (8.0)
Non-council rented 74 (5.4) 71 (5.3) 68 (5.0) 91 (6.8)
Missing 55 (4.0) 65 (4.8) 57 (4.2) 63 (4.7)
Financial difficulty, n (%) 0.24
No 1156 (85.3) 1136(85.4) 1153 (85.9) 1105 (83.3)
Yes 200 (14.8) 195 (14.7) 189 (14.1) 222 (16.7)
Maternal ethnicity, n (%) 0.02
White 1307 (96.2) 1297 (96.6) 1324 (98.1) 1292 (97.0)
Non-white 25 (1.8) 27 (2.0) 11 (0.8) 14 (1.1)
Missing 27 (2.0) 19 (1.4) 15(1.1) 26 (2.0)
Maternal history of atopy, n (%) 0.12
No 713 (52.5) 712 (53.0) 700 (51.9) 652 (48.9)
Yes 594 (43.7) 579 (43.1) 613 (454) 622 (46.7)
Missing 52 (3.8) 52 (3.9) 37 (2.7) 58 (4.4)
Paternal history of atopy, n (%) 0.02
No 584 (43.0) 601 (44.8) 553 (41.0) 582 (43.7)
Yes 414 (30.5) 385(28.7) 470 (34.8) 388(29.1)
Missing 361 (26.6) 357(26.6) 327(24.2) 362 (27.2)
Maternal smoking, n (%) 0.01
No 1085 (79.8) 1102 (82.1) 1100 (81.5) 1020 (76.6)
Yes 219 (16.1) 194 (14.4) 201 (14.9) 257(19.3)
Missing 55 (4.0) 47 (3.5) 49 (3.6) 55(4.1)

Preformed vitamin A intake at 32w of 302 + 249 335+276  357+£319  414+379 <0.001
gestation, pg/d

" Children included in incident asthma or lung function analysis (n= 5,384).
Numbers are mean = SD unless otherwise specified.



Table 2: Linear regression coefficients (95% confidence interval) for post-bronchodilator lung function
measures (z scores) according to quartiles of intakes of preformed vitamin A and B-carotene equivalent,
adjusted for potential confounders

Quartiles of vitamin A intake P for Per SD
Q1 Q2 Q3 Q4 trend”
Preformed vitamin A
Median (IQR), mg/d 276 (224-305) 382 (359-407) 477 (452-506) 637 (581-721)
FEV,
Model 1 0.00 -0.01 (-0.15, 0.13) -0.01(-0.16,0.13) 0.20(0.03,0.36) 0.02 0.08(0.01, 0.14)
Model 2 0.00 -0.02 (-0.16, 0.12) -0.01(-0.15,0.14) 0.21(0.05,0.38) 0.008 0.09 (0.02, 0.15)
FvC
Model 1 0.00 -0.01 (-0.14, 0.13) -0.03 (-0.17,0.11) 0.14 (-0.02,0.30) 0.09 0.05(-0.02,0.11)
Model 2 0.00 -0.01 (-0.14, 0.13) -0.02 (-0.16, 0.12) 0.15(-0.01,0.31) 0.06 0.05(-0.01,0.11)
FEV,/FVC ratio
Model 1 0.00 0.02 (-0.10, 0.14) 0.06 (-0.06,0.19) 0.07 (-0.07,0.21) 0.30 0.04 (-0.02, 0.09)
Model 2 0.00 0.01(-0.11,0.13) 0.05 (-0.07,0.18) 0.08(-0.06,0.22) 0.21 0.05 (-0.01, 0.10)
FEF2s 75
Model 1 0.00 0.04 (-0.07,0.16) 0.05 (-0.08,0.17) 0.16(0.02,0.30) 0.03 0.07(0.02,0.13)
Model 2 0.00 0.04 (-0.08,0.16) 0.05(-0.08,0.17) 0.18(0.03,0.32) 0.02 0.08(0.03,0.14)

B-carotene equivalent

Median (IQR), mg/d 956 (646-1328)

FEV,
Model 1
Model 2

FvC
Model 1
Model 2

FEV,/FVC ratio
Model 1
Model 2

FEF25.75
Model 1
Model 2

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

1607 (1538-1671) 1945 (1827-2105)

0.07 (-0.06, 0.21)
0.07 (-0.07, 0.20)

0.03 (-0.10, 0.16)
0.03 (-0.10, 0.16)

0.07 (-0.04, 0.19)
0.05 (-0.06, 0.17)

0.09 (-0.03, 0.21)
0.08 (-0.04, 0.19)

0.09 (-0.06, 0.23)
0.10 (-0.05, 0.24)

0.05 (-0.09, 0.18)
0.06 (-0.08, 0.19)

0.03 (-0.09, 0.15)
0.02 (-0.10, 0.14)

0.09 (-0.04, 0.21)
0.08 (-0.04, 0.20)

3268 (2670-3616)

0.00 (-0.14, 0.15)
0.01 (-0.14, 0.15)

-0.02 (-0.16, 0.12)
-0.01 (-0.16, 0.13)

-0.02 (-0.15, 0.10)
-0.04 (-0.17, 0.09)

0.03 (-0.09, 0.16)
0.02 (-0.11, 0.15)

0.71
0.77

0.61
0.68

0.42
0.33

0.95
0.92

-0.00 (-0.06, 0.05)
-0.00 (-0.05, 0.05)

-0.01 (-0.06, 0.04)
-0.01 (-0.06, 0.04)

-0.01 (-0.05, 0.03)
-0.01 (-0.06, 0.03)

0.00 (-0.04, 0.05)
0.00 (-0.04, 0.05)

" Linear trend was tested by treating the median values of quartiles as a continuous variable
FEV,: forced expiratory volume in 1s; FVC: forced vital capacity; FEF,s ;5: forced expiratory flow at 25—

75% of FVC

Multivariable model 1: sex and total energy intake;
Multivariable model 2: further adjusted for maternal education, housing tenure at birth, financial
difficulty during pregnancy, maternal ethnicity, maternal history of atopic disease, paternal history of
atopic disease, maternal smoking, older sibling, younger sibling, supplement use, and season when the

FFQ was completed.



Table 3: Linear regression coefficients (95% confidence interval) for post-bronchodilator lung function
measures (z scores) according to quartiles of intakes of preformed vitamin A and B-carotene equivalent,
stratified by CC16' genotype (rs3741240)

Quartiles of vitamin A intake P for P for
Q1 Q2 Q3 Q4 trend” interaction

Preformed vitamin A
FEV;

Genotype GG 0.00 -0.12 (-0.37,0.12) 0.01 (-0.24,0.27) 0.27(-0.01, 0.56)  0.02

Genotype GA 0.00 -0.02 (-0.25, 0.20) -0.05(-0.28,0.19) 0.13(-0.14,0.39) 0.33 0.35

Genotype AA 0.00 0.10 (-0.30, 0.50)  0.02 (-0.39, 0.43) -0.09 (-0.57,0.38) 0.65 0.07
FvC

Genotype GG 0.00 -0.12 (-0.35,0.12) -0.04 (-0.28,0.20) 0.11 (-0.16,0.39) 0.24

Genotype GA 0.00 0.02 (-0.19, 0.23) -0.02 (-0.24,0.20) 0.11(-0.15,0.36) 0.43 0.88

Genotype AA 0.00 0.12 (-0.27,0.52) 0.11(-0.29,0.51) 0.05(-0.42,0.52) 0.85 0.42
FEV,/FVC ratio

Genotype GG 0.00  0.07(-0.13,0.27) 0.19(-0.02,0.40) 0.32(0.08,0.55) 0.004

Genotype GA 0.00  -0.05(-0.25,0.15) 0.02(-0.18,0.23) 0.00(-0.24,0.24) 0.86 0.15

Genotype AA 0.00 -0.03 (-0.36,0.30) -0.24(-0.58,0.09) -0.29 (-0.68,0.10) 0.09 0.02
FEF2s 75

Genotype GG 0.00  -0.02(-0.23,0.19) 0.08(-0.13,0.30) 0.31(0.07,0.55) 0.004

Genotype GA 0.00  -0.01(-0.20,0.18) -0.03(-0.23,0.17) 0.10(-0.13,0.33)  0.40 0.35

Genotype AA 0.00 0.13(-0.21,0.48) 0.08(-0.27,0.43) -0.27(-0.68,0.13) 0.18 0.01
B-carotene equivalent
FEV,

Genotype GG 0.00  0.05(-0.18,0.29) 0.12(-0.13,0.36) 0.10(-0.15,0.35) 0.48

Genotype GA 0.00 0.04 (-0.17,0.26) 0.21 (-0.02, 0.43) -0.04 (-0.27,0.19) 0.52 0.36

Genotype AA 0.00 -0.04 (-0.45,0.37) -0.06 (-0.50,0.39) 0.15(-0.31,0.61) 0.36 0.88
FVvC

Genotype GG 0.00  -0.10(-0.32,0.13) 0.06 (-0.18, 0.29) -0.02 (-0.26,0.22)  0.99

Genotype GA 0.00 0.07 (-0.13, 0.28) 0.14 (-0.07,0.36) 0.05(-0.18,0.27) 0.87 0.93

Genotype AA 0.00 -0.03 (-0.43, 0.37) -0.07 (-0.50, 0.36) 0.05 (-0.40, 0.50) 0.71 0.94
FEV,/FVC ratio

Genotype GG 0.00  0.18(-0.02,0.37) 0.04(-0.16,0.24) 0.07 (-0.14,0.27)  0.80

Genotype GA 0.00  0.02(-0.18,0.21) 0.08 (-0.12,0.28) -0.16 (-0.37,0.05)  0.06 0.21

Genotype AA 0.00  -0.06(-0.39,0.28) -0.00 (-0.37,0.36) 0.09 (-0.29,0.47)  0.46 0.55
FEF2 75

Genotype GG 0.00  0.16 (-0.04,0.36) 0.10(-0.11,0.30) 0.15(-0.06, 0.37)  0.25

Genotype GA 0.00  0.03(-0.15,0.22) 0.17(-0.03,0.36) -0.01 (-0.21,0.19) 0.69 0.43

Genotype AA 0.00  -0.09 (-0.44,0.27) -0.03 (-0.40,0.35) 0.03 (-0.37,0.43)  0.69 0.66

"In GG, GA, and AA groups, sample sizes were 1074, 1133, and 348 for FEV, and 1126, 1183, and 360
for both FVC and FEF»s_;5, respectively.



" Linear trend was tested by treating the median values of quartiles as a continuous variable

FEV,: forced expiratory volume in 1s; FVC: forced vital capacity; FEF,s ;5: forced expiratory flow at 25—
75% of FVC; CC16: Club cell secretory protein (approved symbol SCGB1A1)

Multivariable model: sex, total energy intake, maternal education, housing tenure at birth, financial
difficulty during pregnancy, maternal ethnicity, maternal history of atopic disease, paternal history of
atopic disease, maternal smoking, older sibling, younger sibling, supplement use, and season when the
FFQ was completed.



Table 4: Linear regression coefficients (95% confidence interval) for post-bronchodilator lung function

measures (z scores) according to quartiles of intakes of preformed vitamin A and B-carotene equivalent,
stratified by NCOR2" genotype (rs12708369)

Quartiles of vitamin A intake P for P for
Q1 Q2 Q3 Q4 trend” interaction

Preformed vitamin A
FEV;

Genotype TT 0.00 -0.41(-0.81,-0.02) -0.27 (-0.65, 0.10) -0.55 (-1.03, -0.07) 0.046

Genotype CT 0.00 -0.03 (-0.26, 0.19) 0.08 (-0.15,0.31) 0.30(0.04, 0.56)  0.01 0.01

Genotype CC 0.00 0.01 (-0.23,0.26) 0.01 (-0.25,0.26) 0.29 (-0.01, 0.58) 0.047 0.02
FvC

Genotype TT 0.00  -0.23(-0.61,0.15) -0.29 (-0.66, 0.07) -0.63 (-1.09, -0.17) 0.008

Genotype CT 0.00 -0.05 (-0.26, 0.16) 0.07 (-0.15,0.29) 0.25(0.01, 0.50)  0.02 0.003

Genotype CC 0.00 0.06 (-0.18, 0.29) 0.04 (-0.20, 0.28) 0.23 (-0.05,0.51) 0.11 0.01
FEV,/FVC ratio

Genotype TT 0.00  -0.24 (-0.60, 0.13) 0.08 (-0.26,0.43) 0.05(-0.39,0.49)  0.54

Genotype CT 0.00 0.10 (-0.08, 0.29) 0.09 (-0.11,0.28) 0.15(-0.07,0.37) 0.23 0.73

Genotype CC 0.00 -0.04 (-0.26, 0.17) -0.00 (-0.23, 0.22) 0.01 (-0.24,0.27) 0.84 0.66
FEF2s 75

Genotype TT 0.00  -0.34(-0.68, 0.00) -0.02 (-0.35,0.30) -0.14 (-0.55,0.27) 0.84

Genotype CT 0.00 0.09 (-0.09, 0.28) 0.11 (-0.09, 0.30) 0.25(0.03,0.47) 0.03 0.37

Genotype CC 0.00 -0.05 (-0.27,0.17) -0.05(-0.28, 0.18) 0.10 (-0.16,0.36)  0.39 0.32
B-carotene equivalent
FEV,

Genotype TT 0.00  -0.44 (-0.82, -0.05) -0.11 (-0.52,0.29) -0.26 (-0.66,0.15)  0.40

Genotype CT 0.00 0.09 (-0.12,0.31) 0.08 (-0.14, 0.30) -0.07 (-0.31,0.16) 0.33 0.88

Genotype CC 0.00 0.15(-0.09, 0.38) 0.27 (0.01, 0.52) 0.27(0.02,0.53)  0.06 0.23
FVvC

Genotype TT 0.00  -0.54(-0.91,-0.17) -0.16 (-0.55,0.23) -0.15 (-0.54,0.24) 0.89

Genotype CT 0.00 0.09 (-0.11,0.30) 0.10(-0.11,0.31) -0.04 (-0.27,0.18) 0.46 0.61

Genotype CC 0.00 0.03 (-0.19,0.26) 0.12(-0.12,0.37) 0.13(-0.12,0.37) 0.33 0.81
FEV,/FVC ratio

Genotype TT 0.00 0.18 (-0.17,0.53) 0.03 (-0.35,0.40) -0.31 (-0.68, 0.06) 0.03

Genotype CT 0.00  0.05(-0.13,0.23) -0.07 (-0.25,0.12) -0.08 (-0.28,0.11) 0.30 0.35

Genotype CC 0.00  0.14 (-0.06, 0.35) 0.20 (-0.02, 0.42) 0.15(-0.08,0.37)  0.35 0.07
FEF2 75

Genotype TT 0.00  -0.04(-0.37,0.29) -0.09 (-0.44, 0.26) -0.36 (-0.71,-0.01) 0.03

Genotype CT 0.00  0.00(-0.18,0.19) 0.02(-0.16,0.21) -0.03 (-0.23,0.17) 0.73 0.25

Genotype CC 0.00 0.22 (0.01,0.44) 0.28 (0.05,0.51) 0.30(0.07,0.53) 0.03 0.009

"InTT, CT, and TT groups, sample sizes were 380, 1227, and 948 for FEV, and 397, 1287, and 985 for
both FVC and FEF,s.;5, respectively.



" Linear trend was tested by treating the median values of quartiles as a continuous variable

FEV,: forced expiratory volume in 1s; FVC: forced vital capacity; FEF,s ;5: forced expiratory flow at 25—
75% of FVC; NCOR2: nuclear receptor corepressor 2

Multivariable model: sex, total energy intake, maternal education, housing tenure at birth, financial
difficulty during pregnancy, maternal ethnicity, maternal history of atopic disease, paternal history of
atopic disease, maternal smoking, older sibling, younger sibling, supplement use, and season when the
FFQ was completed.



Table 5: Odds ratio (95% confidence interval) for incident asthma at 11 or 14 years according to quartiles
of intakes of preformed vitamin A and B-carotene equivalent, adjusted for potential confounders

Quartiles of vitamin A intake P for Per SD
Q1 Q2 Q3 Q4 trend”
Preformed vitamin A
Cases/non-cases 108/1026 90/1063 99/1037 93/1024
Model 1 1.00 0.76 (0.56-1.02) 0.81(0.59-1.11) 0.70(0.49-1.01) 0.10 0.83(0.71,0.97)
Model 2 1.00 0.77 (0.57-1.04) 0.81(0.59-1.10) 0.68(0.47-0.99) 0.07 0.82(0.70, 0.96)
B-carotene equivalent
Cases/non-cases 95/1023 76/1044 111/1061 108/1022
Model 1 1.00 0.78 (0.57-1.07) 1.12(0.83-1.51) 1.12(0.82-1.54) 0.26 1.06(0.95, 1.18)
Model 2 1.00 0.80(0.58-1.10) 1.15(0.84-1.56) 1.16(0.85-1.60) 0.20 1.07 (0.96, 1.20)

" Linear trend was tested by treating the median values of quartiles as a continuous variable

Multivariable model 1: sex and total energy intake;

Multivariable model 2: further adjusted for maternal education, housing tenure at birth, financial

difficulty during pregnancy, maternal ethnicity, maternal history of atopic disease, paternal history of

atopic disease, maternal smoking, older sibling, younger sibling, supplement use, and season when the

FFQ was completed.



Table 6: Odds ratio (95% confidence interval) for incident asthma at 11 or 14 years according to quartiles
of intakes of preformed vitamin A and B-carotene equivalent, stratified by BCMO1 genotypes

Quiartiles of vitamin A intake P for P for
Q1 Q2 Q3 Q4 trend” interaction
Preformed vitamin A
Upstream BCMO1: rs6564851
TT': Cases/non-cases  16/189 14/205 17/191 17/188
aOR (95% CI) 1.00 0.73 (0.32-1.66)  1.01 (0.44-2.30)  0.89 (0.35-2.28)  0.99
TG: Cases/non-cases 41/389 36/421 40/397 45/378
aOR (95% CI) 1.00 0.87 (0.54-1.43)  0.96 (0.58-1.58)  1.12 (0.63-1.98)  0.61 0.92
GG: Cases/non-cases  26/221 16/240 25/249 20/250
aOR (95% CI) 1.00 0.43 (0.21-0.85)  0.59(0.31-1.13)  0.34(0.15-0.77)  0.03 0.48
BCMO1 coding region: rs7501331
CCT: Cases/non-cases 53/463 34/512 53/466 45/515
aOR (95% Cl) 1.00 0.49 (0.31-0.78)  0.80(0.51-1.25)  0.47 (0.28-0.81)  0.04
CT: Cases/non-cases 25/285 26/303 25/324 29/255
aOR (95% Cl) 1.00 1.08 (0.59-2.00)  0.94 (0.49-1.81)  1.31(0.63-2.73)  0.51 0.23
TT: Cases/non-cases 5/51 6/51 <5/47 8/46
aOR (95% Cl) 1.00 0.86 (0.16-4.73) 0.93 (0.16-5.27) 6.85 (0.91-51.7) 0.06 0.41
B-carotene equivalent
Upstream BCMO1: rs6564851
TT': Cases/non-cases 7/192 13/215 15/190 29/176
aOR (95% CI) 1.00 2.00(0.75-5.31)  2.70 (1.01-7.19)  5.20 (2.04-13.27) <0.001
TG: Cases/non-cases  45/375 34/404 37/403 46/403
aOR (95% CI) 1.00 0.72 (0.45-1.17)  0.77 (0.47-1.27)  0.93 (0.57-1.51)  0.93 0.001
GG: Cases/non-cases  22/228 16/232 33/252 16/248
aOR (95% CI) 1.00 0.61(0.31-1.23)  1.08 (0.58-1.99)  0.51 (0.24-1.08)  0.10 <0.001
BCMOL1 coding region: rs12934922
AAT: Cases/non-cases  25/244 28/257 24/279 24/272
aOR (95% CI) 1.00 1.14 (0.63-2.05)  0.83 (0.44-1.59)  0.91 (0.47-1.76)  0.71
AT: Cases/non-cases 36/394 27/422 40/388 38/404
aOR (95% CI) 1.00 0.68 (0.40-1.15)  1.03 (0.62-1.72)  0.90 (0.53-1.53)  0.89 0.43
TT: Cases/non-cases 13/157 8/172 21/178 29/151
aOR (95% CI) 1.00 0.62 (0.24-1.58)  1.67(0.76-3.67)  2.52(1.15-5.52)  0.003 0.005

" Linear trend was tested by treating the median values of quartiles as a continuous variable

t Homozygous alleles linked to a more efficient conversion of carotene provitamin A

BCMOL: B-carotene 15,15'-monooxygenase
aOR: Adjusted odds ratio (multivariable model) for sex, total energy intake, maternal education, housing

tenure at birth, financial difficulty during pregnancy, maternal ethnicity, maternal history of atopic

disease, paternal history of atopic disease, maternal smoking, older sibling, younger sibling, supplement

use, and season when the FFQ was completed.
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Further details

Information on covariates

Living location was defined based on the 2001 Census urban/rural indicator at 7 years of age. A
maternal history of hay fever, asthma, and eczema was ascertained at 12 weeks of gestation, and any
positive response was considered as a maternal history of atopic disease. Paternal history of atopic disease
was defined similarly through questions asked about partners during pregnancy or early after delivery.
Mothers were asked how many cigarettes they smoked per day when the child was 7 years of age. We
defined childhood food allergy if there was any such report by mothers at 6 (to milk), 30, 54, or 81 months
of age. Data on maternal ethnicity and indicators of socioeconomic status (maternal education, housing
tenure and financial difficulty in pregnancy) were collected at various time points during pregnancy (8, 18,
and 32 weeks of gestation) and at 8 weeks postpartum. Number of older and younger siblings was asked at
7 years; if data were missing, we used data on parity to calculate the number of older siblings. Child atopy
was defined by a positive reaction (maximum diameter of any detectable weal) to Dermatophagoides
pteronyssinus, cat or grass (after subtracting positive saline reactions from histamine and allergen weals,
and excluding children unreactive to 1% histamine) at 7 years. We used information on supplement use
collected at 78 months of age and defined overall use, as well as supplements containing vitamin A. Three
separate dietary patterns, ‘health-conscious’, ‘traditional’, and ‘junk’, were previously defined using
principal component analysis. The health-conscious and traditional patterns were associated with better
nutrient profiles than the processed pattern (junk) which tended to be energy-dense and nutrient-poor [1].
Frequency of child’s participation in vigorous physical activity (such as running, dance, gymnastics,

netball, swimming, or aerobics) during the past month was asked at 8 years of age.

Child’s body mass index was calculated as weight (kg) divided by height squared (m?), measured at
age 7 years. BMI was missing for around 12% of participants included in these analyses. We used a forward
stepwise logistic regression analysis to define a model that predicts BMI. Among potential variables
initially included, 11 factors significantly contributed to the model (sex, total energy intake, vigorous
physical activity, older siblings, younger siblings, any supplement use, season of data collection, maternal

education, maternal history of atopy, financial difficulty during pregnancy, maternal smoking at 7 years).



We applied this model to impute missing BMI using the corresponding coefficients of these factors. The

mean = SD of BMI was 16.2 + 2.1 kg/m? originally and 16.2 + 1.9 kg/m? after imputation.

Genotyping

The majority of the children’s DNA samples were extracted from cord blood or venous blood collected
at age 7 years, with a small number extracted from venous blood collected at 43—61 months. ALSPAC
children were genotyped using the Illumina HumanHap550 quad chip genotyping platforms by 23andme
subcontracting the Wellcome Trust Sanger Institute, Cambridge, UK and the Laboratory Corporation of
America, Burlington, NC, US. The resulting raw genome-wide data were subjected to standard quality
control methods. Individuals were excluded on the basis of gender mismatches; minimal or excessive
heterozygosity; disproportionate levels of individual missingness (>3%) and insufficient sample replication
(IBD < 0.8). Population stratification was assessed by multidimensional scaling analysis and compared
with Hapmap II (release 22) European descent (CEU), Han Chinese, Japanese and Yoruba reference
populations; all individuals with non-European ancestry were removed. SNPs with a minor allele frequency
of < 1%, a call rate of < 95% or evidence for violations of Hardy-Weinberg equilibrium (P < 5E-7) were
removed. Cryptic relatedness was measured as proportion of identity by descent (IBD > 0.1). Related
subjects that passed all other quality control thresholds were retained during subsequent phasing and

imputation. 9,115 subjects and 500,527 SNPs passed these quality control filters.

We combined 477,482 SNP genotypes in common between the sample of mothers and sample of
children. We removed SNPs with genotype missingness above 1% due to poor quality (11,396 SNPs
removed) and removed a further 321 subjects due to potential ID mismatches. This resulted in a dataset of
17,842 subjects containing 6,305 duos and 465,740 SNPs (112 were removed during liftover and 234 were
out of HWE after combination). We estimated haplotypes using ShapelT (v2.r644) which utilises
relatedness during phasing. Imputation was performed using IMPUTE2 and the HRC reference panel
(vl.1). Table E1 shows the SNPs included in this analysis. None were in linkage disequilibrium; the largest
R? value among these SNPs was 0.74, between rs6564851 and rs6420424, all other R? values were lower

than 0.52.



Multivariable models

In the multivariable models, we first adjusted for sex and total energy intake (kJ-day—1) at 7 years.
The second model additionally included maternal ethnicity (white, non-white) and three indicators of
socioeconomic status, namely, maternal education (secondary education, vocational, O level, A level,
degree, and missing), housing tenure during pregnancy (mortgaged/owned, council rented, non-council
rented, unknown/missing), and financial difficulty during pregnancy (yes/no), maternal history of atopic
disease (yes/no), paternal history of atopic disease (yes/no), maternal smoking when the child was 7 years
of age (none, 1-9, 10-19, and >20/day), older sibling (yes/no), younger sibling (yes/no), any use of
supplements (yes/no), and season when the FFQ was completed (winter, spring, summer, autumn). Data
on potential confounders in multivariable models were missing for 4.2% at most and included in the

analyses as separate ‘missing’ categories.

Sensitivity analyses

The sensitivity of our findings to adjustment for other potential confounders was tested by further
adjusting for dietary patterns (‘health-conscious’, ‘junk’, and ‘traditional’, separately) score as quartiles at
7 years, breastfeeding by the 3rd month (never, stopped/non-exclusive, exclusive), any history of food
allergy (binary), living location (urban vs. rural), vigorous physical activity (none or less than once a week,
1-3 times a week, 4-6 times a week, and daily), BMI (continuous) at 7 years, atopy (binary), and maternal
intake of preformed vitamin A and carotene at 32 weeks of gestation (quartiles). In another model, we
further adjusted for dietary intake of vitamin C, vitamin D, vitamin E, zinc, omega-3 from fish, and total
protein (all as quartiles) as potential confounders. In a separate model, we also mutually adjusted preformed
vitamin A and carotene intakes. The associations of our exposure variables with pre-bronchodilator lung
function measures were also tested. We used the residual method [2] to further adjust dietary intakes of
preformed vitamin A and carotene for total energy intake and examined the new adjusted variables in the

same multivariable models.

We also explored the impact of excluding children of non-white mothers, with any history of food allergy

before 7 years of age, with an extreme total energy intake above the 95" percentile or below the 5™



percentile, with asthma at 7 years of age (for lung function measures), with asthma at 14 years of age (for

lung function measures), and those who consumed vitamin A containing supplements (in separate models).

Restricted cubic spline analysis

Restricted cubic spline analysis was used to examine the shape of relationship between sources of vitamin
A intakes (preformed and carotene) and lung function measures and asthma in multivariable-adjusted
models. We selected the number of knots based on the values of Akaike information criteria (AIC) to fit

the best-approximating model, chose the first knot as reference, and tested for linearity by the Wald-test.

Inverse probability weighting

Inverse probability weighting is a technique to correct for selection bias [3]. In a two-step method, the
probability of selection in the study is estimated for everyone based on a given set of covariates and
exposure; then the inverse of this probability is included in the analysis as a weight. Inverse probability
weighting creates a pseudo-population in which each selected subject accounts for those with similar

characteristics who were not selected.

Accordingly, among 7,183 children with data on vitamin A intake who were not diagnosed with current
asthma at 7 years, we estimated the probability of selection of 4,540 children for given values of covariates
using a logistic regression model. Unselected children were those of unknown asthma status at 7, 11, or 14
years. Similarly, we estimated the probability of selection of 2,985 children with data on all lung function
measures at 15.5 years for given values of covariates among 8,135 children with data on vitamin A intake.
These covariates included all factors in model 2 (namely, sex, total energy intake, maternal education,
housing tenure during pregnancy, financial difficulty during pregnancy, maternal ethnicity, maternal
history of atopic disease, maternal age, maternal smoking, older sibling, younger sibling, and season of
dietary data collection), plus quartiles of preformed vitamin A and carotene intake, quartiles of health-
conscious dietary pattern score, and history of food allergy. Then, we assigned the inverse of this
probability as the weight for each participant, and carried out a multivariable weighted logistic or linear
regression analysis to test the associations of quartiles of preformed vitamin A and carotene intake with

incident asthma or lung function measures in a pseudo-population, which, in contrast to the selected



population, is unaffected by selection bias due to these factors. In other words, this approach tests if the
observed associations in the main analysis were sensitive to unknown asthma status at baseline (for incident

asthma) or loss to follow-up (for both lung function measures and incident asthma).
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Supplementary tables and figures

No data on lung

function at 15.5 years:

e FEV,: 4,614
e FVC: 4,546
[ ] FEF25,75: 4,549

14,541 pregnancies (the original
core participants of ALSPAC)

A 4

4

553: deaths in the first year

13,988 children alive at 1 year

e 178: as one of twins
e 28: consent withdrawn

13,782 singletons and one from
each twin pair

A

® 5.384: no data on vitamin A intake
 263: implausible” energy intake

8,135 with complete data on
vitamin A intake at 7 years

A

At 7 years:
® 952 asthma
e 1,088 unknown

6,095 without
asthma at 7 years

A

A 4

Pre-bronchodilator lung
function measures at

15.5 years:
e FEVI: 3,521
e FVC: 3,589

e FEF25-75: 3,586

A 4

1,555: no data on
asthma at 11 or 14 years

\ 4,540 with data on

asthma status at 11

Post-bronchodilator and 14 years

lung function measures

at 15.5 years:

e FEV;: 2,985
e FVC: 3,121 390 new cases of
e FEFy.7s: 3,121 asthma

Supplementary Figure E1. Study profile.
* Weekly total energy intake of <15000 kJ or >140000 kJ
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Supplementary Figure E2. Directed acyclic graph to study covariates and potential structural
confounding bias for the association between child’s vitamin A intake and lung function.

* Early life factors: Maternal smoking in pregnancy/infancy, gestational age, birth season, lower
respiratory tract infection in infancy, day care, breastfeeding.
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Supplementary Figure E3. Median intake in quartiles of preformed vitamin A and retinol activity
equivalent (RAE) at 7 years of age in ALSPAC in relation to recommended intake (Recommended
Dietary Allowance [4])

Whiskers show interquartile range.
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Supplementary Table E1. Characteristics of selected single-nucleotide polymorphisms

Position Effect
rsnumber Chr. (GRCh38) Gene Location Alleles MAF" allele
rs7501331 16 81280891 BCMO1 Coding region C,T 0.23(T) Cf
1s12934922 16 81268089  BCMO1 Coding region A, T 0.44(T) AT
rs6564851 16 81230992 near BCMO1 Upstream T,G 0.47(T) TI
rs11645428 16 81225291 near BCMO1 Upstream A, G 0.33(A) AT
rs6420424 16 81208497  PKD1L2 Upstream™ A,G 048 (A) G
rs3741240 11 62419070  SCGB1Al 5’ UTR A G 0.35(A) G'f
rs12708369 12 124391031 NCOR2 Intron C,T 0.39(T) Ct

Chr: Chromosome; BCMO1: B-Carotene 15,15'-monooxygenase (also called BCO1); PKD1L2: polycystic
kidney disease protein 1-like 2; SCGB1AL: Secretoglobin Family 1A Member 1 (Club cell secretory

protein coding gene); NCOR2: nuclear receptor corepressor 2
" Based on frequency in ALSPAC population (https://www.ncbi.nlm.nih.gov/snp)

** Upstream from the BCMOL1 gene

"High efficiency in conversion of B-carotene provitamin A
T High serum level of CC16 (Club cell secretory protein)

¥ Associated with increased FVC
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Supplementary Table E2: Participant” characteristics according to quartiles of B-carotene equivalent

intake at 7 years of age

Quiartiles of p-carotene intake

Q1 Q2 Q3 Q4 P-value

n (%) 1317 (24.5) 1345(25.0) 1382 (25.7) 1340(24.9)
B-carotene intake intake, pug/d 961 +362  1603+79.5 1971+164 3262+ 607
Male, n (%) 684 (51.9) 668 (49.7) 640 (46.3) 667 (49.8)  0.03
Older siblings, n (%) 665 (50.5) 736 (54.7) 690 (49.9) 696 (51.9)  0.06
Younger siblings, n (%) 668 (50.7) 674 (50.1)  738(53.4) 717(53.5) 0.17
Total energy intake, kJ/day 6666 + 1629 7100+ 1306 8123 £ 1483 8433 +1883 <0.001
BMI, kg/m? 16.2+2.1 16.1£19 162+20 16.1+1.8 0.40
Health conscious dietary pattern score  -0.32+0.82 -0.12+0.86 0.09+0.92 038+1.10 <0.001
Season of dietary information collection, n (%) 0.76

Winter 327 (24.8) 342 (254) 368 (26.6) 342 (25.5)

Spring 403 (30.6) 402 (29.9) 389(28.1) 391(29.2)

Summer 386 (29.3) 358 (26.6)  395(28.6) 376 (28.1)

Autumn 187 (14.2) 230 (17.1) 214 (15.5) 217(16.2)

Missing 14 (1.1) 13 (1.0) 16 (1.2) 14 (1.0)
History of food allergy, n (%) 236 (17.9) 212 (15.8)  237(17.1)  252(18.8)  0.20
Any supplement use, n (%) 449 (34.1) 426 (31.7) 448 (324) 481(359) 0.09
Protein intake, g/d 551+142 60.6+11.2 68.8+13.5 72.6+169 <0.001
Vitamin C intake, mg/d 59.2+30.1 69.2+284 81.6+30.8 94.0+£35.0 <0.001
Vitamin D intake, mg/d 247+1.0 269+0.8 3.05+£09 3.05+1.1 <0.001
Vitamin E intake, mg/d 8.57+3.7 9.18+3.2 1036+33 10.68+3.8 <0.001
Zinc intake, mg/d 528+1.5 595+12 681+14 731+1.8 <0.001
Total n-3 intake from fish, (mg/d) 60.7+68.8 75.8+749 93.1+96.6 95.7+103.0 <0.001
Parental factors
Maternal age at pregnancy, year 293+44 292+44 293+45 29.7+43 0.01
Maternal education, n (%) <0.001

Secondary or vocational 302 (22.9) 283 (21.0) 238(17.2) 198 (14.8)

O level 471 (35.8) 475(35.3) 481(34.8) 414 (30.9)

A level or degree 524 (39.8) 567 (42.2) 643 (46.5) 710(53.0)

Missing 20 (1.5) 20 (1.5) 20 (1.4) 18 (1.3)
Housing tenure during pregnancy, n (%) 0.07

Mortgaged/owned 1075 (81.6) 1126 (83.7) 1162 (84.1) 1151 (85.9)
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Council rented 93 (7.1) 83 (6.2) 81 (5.9) 69 (5.1)

Non-council rented 86 (6.5) 66 (4.9) 75 (5.4) 77 (5.7)
Missing 63 (4.8) 70 (5.2) 64 (4.6) 43 (3.2)

Financial difficulty, n (%) 0.41
No 1109 (84.2) 1156(85.9) 1164 (84.2) 1121(83.7)

Yes 204 (15.5) 181 (13.5) 208 (15.1) 213 (15.9)
Missing 4(0.3) 8 (0.6) 10 (0.7) 6(0.4)

Maternal ethnicity, n (%) 0.39
White 1271 (96.5)  1305(97.0) 1344 (97.3) 1300 (97.0)
Non-white 25(1.9) 13 (1.0) 18 (1.3) 21 (1.6)

Missing 21 (1.6) 27 (2.0) 20 (1.4) 19 (1.4)

Maternal history of atopy, n (%) 0.95
No 696 (52.8) 689 (51.2) 707 (51.2) 685(51.1)

Yes 571 (43.4) 605 (45.0) 623 (45.1) 609 (45.4)
Missing 50 (3.8) 51 (3.8) 52 (3.8) 46 (3.4)

Paternal history of atopy, n (%) 0.74
No 559 (42.4) 565 (42.0) 604 (43.7) 592 (44.2)

Yes 419 (31.8) 426 (31.7)  405(29.3) 407 (30.4)
Missing 339 (25.7) 354(26.3) 373(27.0) 341 (25.4)

Maternal smoking, n (%) 0.32
No 1031 (78.3) 1098 (81.6) 1093 (79.1) 1085 (81.0)

Yes 235 (17.8) 202 (15.0) 231 (16.7) 203 (15.1)
Missing 51(3.9) 45 (3.3) 58 (4.2) 52 (3.9)

B-carotene intake at 32w of gestation, 1892+ 1031 2088 +1044 2216+ 1176 2616+ 1330 <0.001
pg/d

* Children included in incident asthma or lung function analysis (n= 5,384).

Numbers are mean + SD unless otherwise specified.
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Supplementary Table E3: Linear regression coefficients (95% confidence interval) for pre-

bronchodilator lung function measures (z scores) according to quartiles of intakes of preformed vitamin

A and B-carotene equivalent, adjusted for potential confounders

Q1

Quartiles of vitamin A intake

Q2

Q3 Q4

P for

trend”

Per SD

Preformed vitamin A
Median (IQR), mg/d 276 (224-305)
FEV,

Model 1 0.00

Model 2 0.00
FVvC

Model 1 0.00

Model 2 0.00
FEV1/FVC ratio

Model 1 0.00

Model 2 0.00
FEF2575

Model 1 0.00

Model 2 0.00

B-carotene equivalent

382 (359-407)

477 (452-506) 637 (581-721)

0.02 (-0.10, 0.14) 0.06 (-0.06,0.19) 0.17(0.02,0.32) 0.017
0.02 (-0.10, 0.15) 0.07 (-0.06, 0.20) 0.19 (0.04,0.34) 0.010

-0.01 (-0.14, 0.11)
-0.01 (-0.13,0.11)

0.06 (-0.05, 0.18)
0.06 (-0.06, 0.18)

0.06 (-0.05, 0.17)
0.06 (-0.05, 0.17)

Median (IQR), mg/d 956 (646-1328) 1607 (1538-1671)

FEV1
Model 1 0.00
Model 2 0.00
FvC
Model 1 0.00
Model 2 0.00
FEV./FVC ratio
Model 1 0.00
Model 2 0.00
FEF25 75
Model 1 0.00
Model 2 0.00

0.06 (-0.06, 0.18)
0.06 (-0.06, 0.18)

0.04 (-0.08, 0.16)
0.04 (-0.08, 0.16)

0.03 (-0.08, 0.15)
0.02 (-0.09, 0.14)

0.05 (-0.05, 0.16)
0.04 (-0.07, 0.15)

-0.04 (-0.16, 0.09) 0.10 (-0.04, 0.25)
-0.03 (-0.16, 0.10) 0.11 (-0.03, 0.26)

0.15(0.03,0.27) 0.11 (-0.03, 0.25)
0.14 (0.02, 0.26) 0.12 (-0.02, 0.26)

0.11 (-0.00,0.23) 0.15 (0.02, 0.29)
0.11 (-0.00,0.23) 0.17 (0.04, 0.30)

1945 (1827-2105) 3268 (2670-3616)

0.10 (-0.03,0.22) 0.02 (-0.11, 0.15)
0.11 (-0.02, 0.23) 0.03 (-0.11, 0.16)

0.04 (-0.09, 0.16) -0.01 (-0.13, 0.12)
0.05 (-0.08, 0.17) 0.00 (-0.12, 0.13)

0.06 (-0.06, 0.18) 0.00 (-0.12, 0.12)
0.06 (-0.06, 0.18) -0.01 (-0.13, 0.12)

0.09 (-0.02, 0.20) 0.01 (-0.10, 0.13)
0.08 (-0.03, 0.20) 0.00 (-0.11, 0.12)

0.15
0.12

0.11
0.08

0.017
0.010

0.91
0.98

0.72
0.86

0.80
0.72

0.85
0.76

0.05 (-0.01, 0.10)
0.05 (-0.01, 0.11)

0.02 (-0.04, 0.07)
0.02 (-0.04, 0.07)

0.03 (-0.02, 0.09)
0.04 (-0.02, 0.09)

0.05 (-0.00, 0.10)
0.05 (0.00, 0.10)

0.02 (-0.03, 0.06)
0.02 (-0.03, 0.07)

0.01 (-0.03, 0.06)
0.02 (-0.03, 0.06)

-0.01 (-0.05, 0.03)
-0.01 (-0.06, 0.03)

0.00 (-0.04, 0.04)
-0.00 (-0.04, 0.04)

FEV: forced expiratory volume in 1s; FVC: forced vital capacity; FEF»s_7s: forced expiratory flow at 25—

75% of FVC

* Linear trend was tested by treating the median values of quartiles as a continuous variable
Multivariable model 1: sex and total energy intake;

Multivariable model 2: further adjusted for maternal education, housing tenure at birth, financial

difficulty during pregnancy, maternal ethnicity, maternal history of atopic disease, paternal history of

atopic disease, maternal smoking, older sibling, younger sibling, supplement use, and season when the

FFQ was completed.
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Supplementary Table E4: Linear regression coefficients (95% confidence interval) for post-

bronchodilator lung function measures (z scores) according to quartiles of intakes of preformed vitamin

A and B-carotene equivalent, stratified by BCMO1 genotype (coding region SNPs)

Quartiles of vitamin A intake P for P for
Q1 Q2 Q3 Q4 trend” interaction

Preformed vitamin A
BCMOL1 coding region: rs7501331
FEV:

CCf 0.00 -0.09 (-0.29,0.11) -0.03 (-0.24,0.17) 0.03 (-0.20,0.27)  0.60

CT 0.00 0.08 (-0.17,0.32)  0.00 (-0.25,0.26) 0.32(0.02,0.63) 0.04 0.41

TT 0.00 -0.33(-0.94, 0.29) 0.15(-0.52,0.83) 0.69 (-0.14, 1.52)  0.08 0.03
FVvC

CCf 0.00 -0.03 (-0.23, 0.16) -0.05(-0.25,0.15) -0.02 (-0.24,0.21) 0.91

CT 0.00 0.06 (-0.17,0.30) 0.03 (-0.22,0.27) 0.24 (-0.05,0.52) 0.12 0.37

TT 0.00 -0.26 (-0.83, 0.31) 0.10(-0.54,0.74) 0.87(0.09, 1.66)  0.04 0.01
FEV1/FVC ratio

CCf 0.00 -0.08 (-0.24, 0.09) 0.03 (-0.14,0.21) 0.08 (-0.12,0.28)  0.25

CT 0.00 0.07 (-0.15,0.29) 0.04 (-0.19,0.27) 0.13(-0.14,0.40) 0.39 0.89

TT 0.00 0.15 (-0.40,0.70) 0.52 (-0.08, 1.12) 0.15(-0.59, 0.89) 0.48 0.89
FEF25 75

CCf 0.00 -0.10 (-0.27, 0.07) -0.04 (-0.21, 0.14) 0.06 (-0.13,0.26)  0.35

CT 0.00 0.13 (-0.09, 0.36) 0.10(-0.13,0.33) 0.25(-0.02,0.52)  0.09 0.64

TT 0.00 0.02 (-0.53,0.58) 0.27 (-0.35,0.89) 0.29 (-0.46, 1.05) 0.36 0.33
B-carotene equivalent
BCMOL1 coding region: rs12934922
FEV:

AAT 0.00 -0.13 (-0.39, 0.13) 0.08 (-0.18,0.34) 0.25(-0.03,0.52)  0.02

AT 0.00 0.12 (-0.09, 0.33) 0.09 (-0.14,0.31) -0.12(-0.35,0.11) 0.15 0.01

TT 0.00 0.12 (-0.25,0.48) 0.32 (-0.05, 0.68) 0.06 (-0.32,0.43) 0.99 0.12
FVvC

AAT 0.00 -0.15 (-0.40, 0.10) 0.03 (-0.22,0.28) 0.20 (-0.06, 0.46)  0.04

AT 0.00 0.04 (-0.16,0.24) 0.04 (-0.17,0.26) -0.10(-0.33,0.12) 0.24 0.04

TT 0.00 0.12 (-0.22,0.46) 0.28 (-0.06, 0.62) -0.02 (-0.37,0.33) 0.66 0.12
FEV./FVC ratio

AAT 0.00 0.11 (-0.12,0.34) 0.09 (-0.14,0.32) 0.03 (-0.21,0.28) 0.96

AT 0.00 0.11 (-0.06, 0.29) -0.01 (-0.20, 0.18) -0.12 (-0.32,0.07) 0.10 0.25

TT 0.00 -0.06 (-0.36, 0.24) 0.03 (-0.27,0.33) 0.09 (-0.22,0.40) 0.45 0.85
FEF2575

AAT 0.00 -0.07 (-0.30, 0.15) 0.01 (-0.23,0.24) 0.16 (-0.08, 0.40)  0.09

AT 0.00 0.18 (-0.00, 0.35) 0.11 (-0.08, 0.30) -0.11(-0.31,0.08) 0.07 0.01

TT 0.00 0.05 (-0.26,0.37)  0.26 (-0.05, 0.57) 0.28 (-0.04, 0.60)  0.08 0.82

FEV: forced expiratory volume in 1s; FVC: forced vital capacity; FEF2s_7s: forced expiratory flow at 25—
75% of FVC; BCMQL1: B-carotene 15,15'-monooxygenase
* Linear trend was tested by treating the median values of quartiles as a continuous variable
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" Homozygous alleles linked to a more efficient conversion of carotene provitamin A

Multivariable model: sex, total energy intake, maternal education, housing tenure at birth, financial
difficulty during pregnancy, maternal ethnicity, maternal history of atopic disease, paternal history of
atopic disease, maternal smoking, older sibling, younger sibling, supplement use, and season when the
FFQ was completed.
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Supplementary Table E5: Odds ratio (95% confidence interval) for incident asthma at 11 or 14 years

according to quartiles of intakes of preformed vitamin A and -carotene equivalent, stratified by other

BCMOL1 genotypes
Quiartiles of vitamin A intake P for P for
Q1 Q2 Q3 Q4 trend” interaction
Preformed vitamin A
Upstream BCMOL1: rs11645428
GG: Cases/non-cases  40/343 23/371 35/397 33/392
aOR (95% CI) 1.00 0.44 (0.25-0.77)  0.58 (0.34-0.98)  0.44 (0.24-0.84)  0.04
GA: Cases/non-cases 36/366 35/391 42/343 39/324
aOR (95% CI) 1.00 0.96 (0.58-1.59)  1.31(0.78-2.19)  1.23(0.67-2.26)  0.37 0.23
AAT: Cases/non-cases 7/ 90 8/104 5/97 10/100
aOR (95% CI) 1.00 0.70 (0.18-2.68)  0.68 (0.15-3.05)  0.87(0.19-3.96)  0.97 0.49
Upstream BCMO1: rs6420424
GGT': Cases/non-cases  26/227 22/243 21/210 21/227
aOR (95% CI) 1.00 0.76 (0.40-1.44) 0.86 (0.44-1.68) 0.72(0.33-1.56)  0.48
GA: Cases/non-cases 28/360 34/420 38/402 44/371
aOR (95% CI) 1.00 1.09 (0.63-1.88)  1.18 (0.67-2.05) 1.36(0.73-2.55)  0.31 0.09
AA: Cases/non-cases 29/212 10/203 23/225 17/218
aOR (95% CI) 1.00 0.26 (0.12-0.57)  0.53 (0.27-1.01)  0.29(0.13-0.68)  0.02 0.59
BCMOL1 coding region: rs12934922
AAT: Cases/non-cases  29/255 17/275 28/274 27/248
aOR (95% CI) 1.00 0.62 (0.32-1.19)  1.09 (0.58-2.03)  1.33(0.64-2.74)  0.26
AT: Cases/non-cases 33/383 37/431 35/414 36/380
aOR (95% CI) 1.00 0.87 (0.52-1.46)  0.77 (0.44-1.35)  0.67 (0.35-1.28)  0.22 0.82
TT: Cases/non-cases 21/161 12/160 19/149 19/188
aOR (95% CI) 1.00 0.49 (0.22-1.09)  0.77 (0.36-1.62)  0.48 (0.20-1.14)  0.18 0.63
B-carotene equivalent
Upstream BCMO1: rs11645428
GG: Cases/non-cases  35/370 27/354 40/392 29/387
aOR (95% CI) 1.00 0.74 (0.44-1.27)  0.94 (0.57-1.57)  0.68 (0.39-1.21)  0.22
GA: Cases/non-cases  35/332 30/388 38/351 49/353
aOR (95% CI) 1.00 0.80 (0.47-1.34)  1.09 (0.65-1.84)  1.38(0.83-2.28)  0.10 0.09
AAT: Cases/non-cases 4/ 93 6/109 7/102 13/ 87
aOR (95% CI) 1.00 1.51 (0.35-6.46) 1.85(0.45-7.64) 3.77(0.92-154) 0.04 0.01
Upstream BCMOL1: rs6420424
GGT': Cases/non-cases  16/213 20/252 18/232 36/210
aOR (95% CI) 1.00 1.25(0.61-2.56)  1.31(0.61-2.79) 2.84(1.40-5.77) 0.001
GA: Cases/non-cases 32/376 32/377 40/393 40/407
aOR (95% CI) 1.00 0.98 (0.58-1.66)  1.06 (0.63-1.79)  1.04 (0.61-1.76)  0.89 0.06
AA: Cases/non-cases 26/206 11/222 27/220 15/210
aOR (95% CI) 1.00 0.35(0.17-0.75)  0.85(0.45-1.59) 0.49(0.23-1.03)  0.12 0.004
BCMO1 coding region: rs7501331
CC': Cases/non-cases  43/483 27/500 57/504 58/469
aOR (95% CI) 1.00 0.58 (0.35-0.96)  1.22(0.79-1.90)  1.27 (0.80-2.00)  0.12
CT: Cases/non-cases 27/273 29/305 25/285 24/304
aOR (95% CI) 1.00 0.97 (0.54-1.73)  0.81(0.43-1.52) 0.74(0.39-1.41) 0.34 0.05
TT: Cases/non-cases 4/ 39 7/46 <5/56 9/54
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aOR (95% CI) 1.00  5.71(0.71-46.24) 2.09 (0.24-18.1)  12.1(1.38-106)  0.03 0.99

BCMOL: B-carotene 15,15'-monooxygenase
* Linear trend was tested by treating the median values of quartiles as a continuous variable

" Homozygous alleles linked to a more efficient conversion of carotene provitamin A

aOR: Adjusted odds ratio (multivariable model) for sex, total energy intake, maternal education, housing
tenure at birth, financial difficulty during pregnancy, maternal ethnicity, maternal history of atopic
disease, paternal history of atopic disease, maternal smoking, older sibling, younger sibling, supplement

use, and season when the FFQ was completed.
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Supplementary Table E6: Linear regression coefficients (95% confidence interval) for post-

bronchodilator lung function measures (z scores) according to quartiles of intakes of preformed vitamin

A, adjusted for further potential confounders

Q1

Quartiles of vitamin A intake

Q2 Q3

Q4

P for
trend”

Per SD

Preformed vitamin A

FEV:
Model 3
Model 4
Model 5
Model 6
Model 7
Model 8
Model 9
Model 10

FvC
Model 3
Model 4
Model 5
Model 6
Model 7
Model 8
Model 9
Model 10

FEV1/FVC ratio
Model 3
Model 4
Model 5
Model 6
Model 7
Model 8
Model 9
Model 10

FEF25 75
Model 3
Model 4
Model 5
Model 6
Model 7
Model 8
Model 9
Model 10

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

-0.04 (-0.18, 0.10) -0.03 (-0.18, 0.12)
-0.02 (-0.16, 0.12) -0.01 (-0.16, 0.13)
-0.02 (-0.16, 0.12) -0.01 (-0.16, 0.13)
0.00 (-0.14, 0.14) -0.01 (-0.15, 0.13)
-0.01 (-0.16, 0.15) 0.01 (-0.16, 0.17)
-0.02 (-0.16, 0.12) -0.01 (-0.16, 0.14)
-0.03 (-0.18, 0.11) -0.04 (-0.19, 0.12)
-0.03 (-0.17, 0.11) -0.02 (-0.17, 0.12)

-0.03 (-0.16, 0.11) -0.05 (-0.19, 0.09)
-0.01 (-0.14, 0.13) -0.02 (-0.16, 0.11)
-0.01 (-0.14, 0.12) -0.02 (-0.16, 0.12)
0.02 (-0.11, 0.15) -0.02 (-0.16, 0.12)
0.00 (-0.15, 0.15) -0.00 (-0.16, 0.15)
-0.01 (-0.14, 0.13) -0.03 (-0.17, 0.11)
-0.03 (-0.17, 0.11) -0.06 (-0.20, 0.09)
-0.01 (-0.15, 0.12) -0.03 (-0.17, 0.11)

0.03 (-0.09, 0.15)
0.01 (-0.11, 0.13)
0.01 (-0.11, 0.13)
0.00 (-0.11, 0.12)
0.01 (-0.12, 0.15)
0.01 (-0.11, 0.13)
0.02 (-0.11, 0.14)
0.01 (-0.11, 0.13)

0.03 (-0.09, 0.15)
0.04 (-0.08, 0.16)
0.04 (-0.08, 0.16)
0.05 (-0.07, 0.17)
0.03 (-0.10, 0.17)
0.03 (-0.09, 0.15)
0.03 (-0.10, 0.15)
0.03 (-0.09, 0.15)

0.07 (-0.06, 0.19)
0.05 (-0.07, 0.18)
0.05 (-0.07, 0.18)
0.05 (-0.07, 0.18)
0.07 (-0.07, 0.21)
0.06 (-0.06, 0.19)
0.06 (-0.07, 0.19)
0.05 (-0.08, 0.17)

0.04 (-0.09, 0.16)
0.04 (-0.08, 0.17)
0.04 (-0.08, 0.17)
0.05 (-0.08, 0.17)
0.09 (-0.05, 0.23)
0.05 (-0.08, 0.17)
0.03 (-0.10, 0.16)
0.04 (-0.09, 0.16)

0.18 (0.01, 0.35)
0.21 (0.04, 0.38)
0.21 (0.04, 0.38)
0.22 (0.06, 0.39)
0.20 (0.02, 0.39)
0.22 (0.05, 0.39)
0.18 (0.01, 0.35)
0.20 (0.04, 0.37)

0.11 (-0.06, 0.27)
0.15 (-0.02, 0.31)
0.14 (-0.02, 0.30)
0.16 (0.00, 0.32)
0.13 (-0.05, 0.31)
0.15 (-0.02, 0.31)
0.10 (-0.07, 0.26)
0.14 (-0.02, 0.30)

0.11 (-0.03, 0.26)
0.08 (-0.06, 0.23)
0.08 (-0.06, 0.23)
0.08 (-0.06, 0.22)
0.09 (-0.07, 0.25)
0.08 (-0.06, 0.23)
0.10 (-0.05, 0.25)
0.08 (-0.06, 0.22)

0.17 (0.02, 0.32)
0.17 (0.03, 0.31)
0.17 (0.03, 0.32)
0.18 (0.04, 0.32)
0.19 (0.03, 0.35)
0.17 (0.03, 0.32)
0.16 (0.01, 0.31)
0.17 (0.03, 0.31)

0.03
0.01
0.01

0.007

0.03

0.009

0.03
0.01

0.18
0.07
0.07
0.05
0.14
0.08
0.21
0.08

0.11
0.20
0.21
0.21
0.21
0.22
0.14
0.23

0.02
0.02
0.02
0.02
0.02
0.02
0.04
0.02

0.08 (0.01, 0.15)
0.09 (0.02, 0.15)
0.09 (0.02, 0.15)
0.09 (0.02, 0.15)
0.07 (0.00, 0.15)
0.09 (0.02, 0.16)
0.08 (0.01, 0.15)
0.09 (0.02, 0.15)

0.04 (-0.03, 0.10)
0.05 (-0.01, 0.11)
0.05 (-0.01, 0.11)
0.05 (-0.01, 0.11)
0.04 (-0.03, 0.11)
0.05 (-0.01, 0.11)
0.04 (-0.02, 0.10)
0.05 (-0.01, 0.11)

0.06 (0.00, 0.11)
0.05 (-0.01, 0.10)
0.05 (-0.01, 0.10)
0.05 (-0.01, 0.10)
0.03 (-0.03, 0.10)
0.04 (-0.01, 0.10)
0.05 (-0.01, 0.11)
0.05 (-0.01, 0.10)

0.08 (0.03, 0.14)
0.08 (0.02, 0.14)
0.08 (0.03, 0.14)
0.08 (0.03, 0.14)
0.07 (0.00, 0.13)
0.09 (0.03, 0.14)
0.08 (0.02, 0.14)
0.08 (0.03, 0.14)

FEV: forced expiratory volume in 1s; FVC: forced vital capacity; FEF2s_7s: forced expiratory flow at 25—

75% of FVC
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* Linear trend was tested by treating the median values of quartiles as a continuous variable

Multivariable model 2 (as presented in table 2): sex and total energy intake, maternal education, housing
tenure at birth, financial difficulty during pregnancy, maternal ethnicity, maternal history of atopic
disease, paternal history of atopic disease, maternal smoking, older sibling, younger sibling, supplement
use, and season when the FFQ was completed.

Multivariable model 3: model 2 plus junk food dietary pattern, traditional dietary pattern, and health-
conscious dietary pattern;

Multivariable model 4: model 2 plus any history of food allergy, breastfeeding, and living location (urban
vs. rural);

Multivariable model 5: model 2 plus vigorous physical activity;

Multivariable model 6: model 2 plus imputed BMI;

Multivariable model 7: model 2 plus atopy (by skin prick test; n=2,505 for FEV; and FEF»s.75 and 2,403
for the rest);

Multivariable model 8: model 2 plus maternal intake of preformed vitamin A and carotene at 32 weeks of
gestation;

Multivariable model 9: model 2 plus intakes of vitamins C, D, and E, zinc, protein, and n-3 from fish;
Multivariable model 10: model 2 plus intakes of B-carotene equivalent.
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Supplementary Table E7: Linear regression coefficients (95% confidence interval) for post-

bronchodilator lung function measures (z scores) according to quartiles of intakes of B-carotene

equivalent, adjusted for further potential confounders

Q1

Quartiles of vitamin A intake

Q2

Q3

Q4

P for
trend”

Per SD

p-carotene equivalent

FEV:
Model 3
Model 4
Model 5
Model 6
Model 7
Model 8
Model 9
Model 10

FvC
Model 3
Model 4
Model 5
Model 6
Model 7
Model 8
Model 9
Model 10

FEV1/FVC ratio
Model 3
Model 4
Model 5
Model 6
Model 7
Model 8
Model 9
Model 10

FEF25 75
Model 3
Model 4
Model 5
Model 6
Model 7
Model 8
Model 9
Model 10

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.02 (-0.13, 0.16)
0.07 (-0.07, 0.21)
0.07 (-0.07, 0.21)
0.09 (-0.05, 0.22)
0.03 (-0.12, 0.18)
0.07 (-0.06, 0.21)
0.06 (-0.08, 0.20)
0.08 (-0.06, 0.21)

0.02 (-0.13, 0.18)
0.10 (-0.05, 0.24)
0.10 (-0.04, 0.25)
0.11 (-0.04, 0.25)
0.06 (-0.10, 0.22)
0.09 (-0.05, 0.24)
0.07 (-0.08, 0.22)
0.10 (-0.05, 0.24)

-0.02 (-0.16, 0.12) -0.02 (-0.17, 0.13)

0.03 (-0.10, 0.16)
0.03 (-0.10, 0.16)
0.05 (-0.08, 0.18)
0.00 (-0.14, 0.15)
0.04 (-0.10, 0.17)
0.01 (-0.12, 0.15)
0.04 (-0.10, 0.17)

0.07 (-0.05, 0.19)
0.04 (-0.07, 0.16)
0.05 (-0.07, 0.17)
0.04 (-0.07, 0.16)
0.04 (-0.09, 0.17)
0.05 (-0.07, 0.17)
0.06 (-0.06, 0.18)
0.05 (-0.07, 0.17)

0.06 (-0.06, 0.19)
0.07 (-0.05, 0.19)
0.08 (-0.04, 0.20)
0.08 (-0.04, 0.20)
0.06 (-0.08, 0.19)
0.07 (-0.04, 0.19)
0.07 (-0.05, 0.19)
0.08 (-0.04, 0.20)

0.06 (-0.08, 0.20)
0.06 (-0.07, 0.20)
0.07 (-0.07, 0.20)
0.05 (-0.11, 0.20)
0.06 (-0.08, 0.19)
0.02 (-0.12, 0.17)
0.06 (-0.08, 0.19)

0.05 (-0.08, 0.18)
0.01 (-0.11, 0.14)
0.02 (-0.10, 0.14)
0.02 (-0.10, 0.14)
-0.01 (-0.14, 0.13)
0.01 (-0.11, 0.14)
0.04 (-0.09, 0.17)
0.02 (-0.11, 0.14)

0.06 (-0.07, 0.20)
0.07 (-0.05, 0.20)
0.08 (-0.04, 0.21)
0.08 (-0.04, 0.21)
0.05 (-0.09, 0.18)
0.07 (-0.05, 0.19)
0.07 (-0.05, 0.20)
0.07 (-0.05, 0.20)

-0.08 (-0.25, 0.09)
-0.00 (-0.15, 0.15)
0.00 (-0.14, 0.15)
0.02 (-0.12, 0.17)
-0.03 (-0.19, 0.14)
0.01 (-0.14, 0.15)
-0.03 (-0.19, 0.13)
0.01 (-0.14, 0.16)

-0.11 (-0.27, 0.05)
-0.02 (-0.16, 0.12)
-0.01 (-0.16, 0.13)
0.01 (-0.13, 0.15)
-0.03 (-0.19, 0.13)
-0.01 (-0.15, 0.13)
-0.06 (-0.21, 0.09)
-0.01 (-0.15, 0.13)

0.00 (-0.14, 0.15)
-0.04 (-0.17, 0.09)
-0.04 (-0.17, 0.08)
-0.05 (-0.17, 0.08)
-0.08 (-0.22, 0.07)
-0.04 (-0.17, 0.08)
-0.02 (-0.15, 0.12)
-0.04 (-0.17, 0.09)

0.01 (-0.13, 0.16)
0.01 (-0.11, 0.14)
0.02 (-0.11, 0.15)
0.03 (-0.10, 0.15)
-0.01 (-0.15, 0.14)
0.01 (-0.11, 0.14)
0.01 (-0.13, 0.14)
0.02 (-0.11, 0.15)

0.23
0.70
0.72
0.91
0.56
0.75
0.43
0.79

0.14
0.62
0.65
0.84
0.57
0.67
0.32
0.69

0.71
0.36
0.32
0.28
0.17
0.33
0.53
0.33

0.82
0.85
0.88
0.97
0.68
0.87
0.73
0.92

-0.03 (-0.09, 0.03)
-0.00 (-0.06, 0.05)
-0.00 (-0.05, 0.05)
0.00 (-0.05, 0.05)
-0.00 (-0.06, 0.05)
-0.00 (-0.05, 0.05)
-0.01 (-0.07, 0.04)
-0.00 (-0.05, 0.05)

-0.04 (-0.10, 0.02)
-0.01 (-0.06, 0.04)
-0.01 (-0.06, 0.04)
-0.00 (-0.05, 0.05)
-0.01 (-0.06, 0.05)
-0.01 (-0.06, 0.04)
-0.02 (-0.07, 0.03)
-0.01 (-0.06, 0.04)

0.00 (-0.05, 0.05)
-0.01 (-0.06, 0.03)
-0.01 (-0.06, 0.03)
-0.02 (-0.06, 0.03)
-0.02 (-0.07, 0.03)
-0.01 (-0.06, 0.03)
-0.01 (-0.05, 0.04)
-0.01 (-0.06, 0.03)

-0.00 (-0.05, 0.05)
-0.00 (-0.04, 0.04)
0.00 (-0.04, 0.05)
0.00 (-0.04, 0.05)
-0.00 (-0.05, 0.05)
0.00 (-0.04, 0.05)
-0.00 (-0.05, 0.04)
0.00 (-0.04, 0.05)

FEV: forced expiratory volume in 1s; FVC: forced vital capacity; FEF2s_7s: forced expiratory flow at 25—

75% of FVC
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* Linear trend was tested by treating the median values of quartiles as a continuous variable

Multivariable model 2 (as presented in table 2): sex and total energy intake, maternal education, housing
tenure at birth, financial difficulty during pregnancy, maternal ethnicity, maternal history of atopic
disease, paternal history of atopic disease, maternal smoking, older sibling, younger sibling, supplement
use, and season when the FFQ was completed.

Multivariable model 3: model 2 plus junk food dietary pattern, traditional dietary pattern, and health-
conscious dietary pattern;

Multivariable model 4: model 2 plus any history of food allergy, breastfeeding, and living location (urban
vs. rural);

Multivariable model 5: model 2 plus vigorous physical activity;

Multivariable model 6: model 2 plus imputed BMI;

Multivariable model 7: model 2 plus atopy (by skin prick test; n=2,505 for FEV; and FEF»s.75 and 2,403
for the rest);

Multivariable model 8: model 2 plus maternal intake of preformed vitamin A and carotene at 32 weeks of
gestation;

Multivariable model 9: model 2 plus intakes of vitamins C, D, and E, zinc, protein, and n-3 from fish;
Multivariable model 10: model 2 plus intakes of B-carotene equivalent.
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Supplementary Table E8: Odds ratio (95% confidence interval) for incident asthma at 11 or 14 years

according to quartiles of intakes of preformed vitamin A and B-carotene equivalent, adjusted for further

potential confounders

Quiartiles of vitamin A intake P for Per SD
Q1 Q2 Q4 trend”
Preformed vitamin A
Model 3 1.00 0.74 (0.55-1.01) 0.78 (0.57-1.07) 0.65 (0.44-0.94) 0.04 0.80 (0.68, 0.94)
Model 4 1.00 0.77 (0.57-1.04) 0.81 (0.59-1.11) 0.68 (0.47-0.99) 0.07 0.81 (0.69, 0.96)
Model 5 1.00 0.77 (0.57-1.05) 0.81 (0.59-1.11) 0.68 (0.47-0.99) 0.07 0.82 (0.70, 0.96)
Model 6 1.00 0.77 (0.57-1.04) 0.81 (0.59-1.10) 0.68 (0.47-0.99) 0.07 0.82 (0.70, 0.96)
Model 7 1.00 0.66 (0.46-0.96) 0.71 (0.49-1.04) 0.66 (0.42-1.02) 0.12 0.82 (0.67, 0.99)
Model 8 1.00 0.74 (0.54-1.02) 0.80 (0.58-1.10) 0.68 (0.46-0.99) 0.07 0.83 (0.70, 0.98)
Model 9 1.00 0.73 (0.54-1.01) 0.79 (0.57-1.09) 0.69 (0.47-1.01) 0.10 0.83 (0.70, 0.97)
Model 10 1.00 0.78 (0.58-1.06) 0.81 (0.59-1.11) 0.68 (0.47-0.98) 0.06 0.82 (0.70, 0.96)
B-carotene equivalent
Model 3 1.00 0.74 (0.53-1.03) 1.05(0.75-1.47) 1.08 (0.75-1.56) 0.38 1.06(0.92, 1.21)
Model 4 1.00 0.80 (0.58-1.10) 1.14 (0.84-1.54) 1.15(0.83-1.58) 0.24 1.06 (0.95, 1.19)
Model 5 1.00 0.79 (0.57-1.08) 1.13 (0.83-1.54) 1.16(0.84-1.59) 0.20 1.07 (0.96, 1.20)
Model 6 1.00 0.80 (0.58-1.09) 1.14 (0.84-1.55) 1.16 (0.84-1.59) 0.20 1.07 (0.96, 1.20)
Model 7 1.00 0.80 (0.54-1.18) 1.24 (0.86-1.79) 1.21(0.82-1.77) 0.21 1.09(0.95, 1.25)
Model 8 1.00 0.82 (0.59-1.13) 1.17 (0.86-1.59) 1.16 (0.84-1.59) 0.23 1.06(0.95,1.19)
Model 9 1.00 0.77 (0.55-1.07) 1.14 (0.83-1.57) 1.14(0.82-1.60) 0.25 1.07(0.95,1.20)
Model 10 1.00 0.82 (0.59-1.12) 1.17 (0.86-1.60) 1.18 (0.85-1.62) 0.19 1.07 (0.96, 1.20)

* Linear trend was tested by treating the median values of quartiles as a continuous variable

Multivariable model 2 (as presented in table 2): sex and total energy intake, maternal education, housing
tenure at birth, financial difficulty during pregnancy, maternal ethnicity, maternal history of atopic
disease, paternal history of atopic disease, maternal smoking, older sibling, younger sibling, supplement
use, and season when the FFQ was completed.

Multivariable model 3: model 2 plus junk food dietary pattern, traditional dietary pattern, and health-
conscious dietary pattern;

Multivariable model 4: model 2 plus any history of food allergy, breastfeeding, and living location (urban
vs. rural);

Multivariable model 5: model 2 plus vigorous physical activity;

Multivariable model 6: model 2 plus imputed BMI;

Multivariable model 7: model 2 plus atopy (by skin prick test; n=3,346);

Multivariable model 8: model 2 plus maternal intake of preformed vitamin A and carotene at 32 weeks of
gestation;

Multivariable model 9: model 2 plus intakes of vitamins C, D, and E, zinc, protein, and n-3 from fish;
Multivariable model 10: model 2 plus intakes of B-carotene equivalent.
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Supplementary Table E9: Associations of energy adjusted intakes of preformed vitamin A and f-carotene equivalent using residual method with incident

asthma at 11 or 14 years and post-bronchodilator lung function measures (z scores), adjusted for potential confounders

Q1

Quintiles of vitamin A intake

Q2

Q3

Q4

Q5

P-trend

Per SD

Preformed vitamin A
Median (IQR), pg/d
Incident asthma

304 (263-330)

Cases/non-cases 84/732

aOR (95% CI) 1.00
FEV:

aP (95% CI) 0.00
FvC

aP (95% CI) 0.00
FEV1/FVC ratio

aP (95% CI) 0.00
FEF2575

aP (95% CI) 0.00

B-carotene equivalent
Median (IQR), pg/d
Incident asthma

958 (710-1181)

Cases/non-cases 76/798

aOR (95% CI) 1.00
FEV:

aP (95% CI) 0.00
FvC

aP (95% CI) 0.00
FEV1/FVC ratio

aP (95% CI) 0.00
FEF2575

aP (95% CI) 0.00

383 (368-398)

72/828
0.80 (0.57-1.11)

-0.02 (-0.18, 0.13)
-0.00 (-0.15, 0.14)
-0.02 (-0.15, 0.11)

-0.01 (-0.14, 0.12)

1570 (1487-1639)

62/798
0.80 (0.56-1.14)

0.09 (-0.07, 0.25)
0.05 (-0.10, 0.20)
0.06 (-0.07, 0.20)

0.13 (-0.01, 0.26)

438 (425-451)

84/871
0.84 (0.61-1.17)

0.01 (-0.14, 0.17)
0.05 (-0.10, 0.20)
-0.07 (-0.20, 0.07)

-0.03 (-0.16, 0.11)

1811 (1756-1870)

72/835
0.97 (0.69-1.36)

0.01 (-0.15, 0.16)
-0.02 (-0.17, 0.13)
-0.02 (-0.16, 0.11)

-0.02 (-0.15, 0.11)

498 (482-516)

81/864
0.83 (0.60-1.16)

0.00 (-0.15, 0.16)
-0.02 (-0.17, 0.13)
0.02 (-0.11, 0.15)

-0.00 (-0.14, 0.13)

2088 (1997-2206)

87/866
1.09 (0.79-1.52)

0.10 (-0.05, 0.26)
0.13 (-0.02, 0.27)
-0.11 (-0.25, 0.02)

-0.00 (-0.13, 0.13)

601 (565-670)

69/855
0.70 (0.50-0.98)

0.13 (-0.02, 0.29)
0.09 (-0.06, 0.23)
0.07 (-0.06, 0.20)

0.12 (-0.01, 0.25)

3353 (3033-3608)

93/853
1.17 (0.84-1.61)

-0.03 (-0.18, 0.13)
-0.07 (-0.21, 0.08)
-0.01 (-0.14, 0.12)

0.02 (-0.11, 0.15)

0.06

0.06

0.30

0.18

0.05

0.13

0.49

0.29

0.57

0.83

0.85 (0.75, 0.97)
0.07 (0.02, 0.12)
0.04 (-0.01, 0.09)
0.04 (-0.01, 0.08)

0.07 (0.02,0.11)

1.06 (0.96, 1.18)
-0.00 (-0.05, 0.05)
-0.00 (-0.05, 0.04)
-0.01 (-0.06, 0.03)

0.00 (-0.04, 0.04)

* Linear trend was tested by treating the median values of quartiles as a continuous variable
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aOR and af: Adjusted odds ratio and linear regression coefficients (in multivariable model) for sex, total energy intake, maternal education, housing tenure at
birth, financial difficulty during pregnancy, maternal ethnicity, maternal history of atopic disease, paternal history of atopic disease, maternal smoking, older
sibling, younger sibling, supplement use, and season when the FFQ was completed.
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