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IMPORTANCE The association of maternal use of folic acid and multivitamin supplements
before and during pregnancy with the risk of autism spectrum disorder (ASD) in offspring is
unclear.

OBJECTIVE To examine the associations between the use of maternal folic acid and
multivitamin supplements before and during pregnancy and the risk of ASD in offspring.

DESIGN, SETTING, AND PARTICIPANTS A case-control cohort study of 45 300 Israeli children
born between January 1, 2003, and December 31, 2007, were followed up from birth to
January 26, 2015, for the risk of ASD. The cases were all children diagnosed with ASD and the
controls were a random sample of 33% of all live-born children.

EXPOSURES Maternal vitamin supplements were classified for folic acid (vitamin B9), multivi-
tamin supplements (Anatomical Therapeutic Chemical A11 codes vitamins A, B, C, and D),
and any combination thereof exposed in the intervals before and during pregnancy.

MAIN OUTCOMES AND MEASURES The association between maternal vitamin supplementa-
tion and the risk of ASD in offspring was quantified with relative risks (RRs) and their 95% CIs
fitting Cox proportional hazards regression models adjusted for confounders. Sensitivity
analyses were performed to test the robustness of the results.

RESULTS Of the 45 300 children in the study (22 090 girls and 23 210 boys; mean [SD] age,
10.0 [1.4] years at the end of follow-up), 572 (1.3%) received a diagnosis of ASD. Maternal
exposure to folic acid and/or multivitamin supplements before pregnancy was statistically
significantly associated with a lower likelihood of ASD in the offspring compared with no
exposure before pregnancy (RR, 0.39; 95% CI, 0.30-0.50; P < .001). Maternal exposure to
folic acid and/or multivitamin supplements during pregnancy was statistically significantly
associated with a lower likelihood of ASD in offspring compared with no exposure during
pregnancy (RR, 0.27; 95% CI, 0.22-0.33; P < .001). Corresponding RRs were estimated for
maternal exposure to folic acid before pregnancy (RR, 0.56; 95% CI, 0.42-0.74; P = .001),
maternal exposure to folic acid during pregnancy (RR, 0.32; 95% CI, 0.26-0.41; P < .001),
maternal exposure to multivitamin supplements before pregnancy (RR, 0.36; 95% CI,
0.24-0.52; P < .001), and maternal exposure to multivitamin supplements during pregnancy
(RR, 0.35; 95% CI, 0.28-0.44; P < .001). The results generally remained statistically
significant across sensitivity analyses.

CONCLUSIONS AND RELEVANCE Maternal exposure to folic acid and multivitamin supple-
ments before and during pregnancy is associated with a reduced risk of ASD in the offspring
compared with the offspring of mothers without such exposure.
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M aternal vitamin deficiency during pregnancy is
inconsistently associated with cognitive function-
ing in offspring.1 However, maternal vitamin D

deficiency may have specific associations with the risk
of autism spectrum disorder (ASD) and intellectual disabil-
ity (ID) in offspring.2 Furthermore, maternal vitamin defi-
ciency has also been linked with increased neural tube
defects,3 the incidence of which can be reduced by folic acid
(FA) supplementation.4-7 Hence, FA and multivitamin
supplements are routinely recommended to pregnant
women.8

Epidemiologic studies report inconsistent associations
between maternal supplementation with multivitamins or
FA before and during pregnancy and the risk of ASD in off-
spring. Case-control studies in California identified a
reduced risk of ASD in offspring with FA exposure 12 weeks
before and 4 weeks into pregnancy9,10; this risk was moder-
ated by genetic variants involved in folate use. In
population-based Norwegian studies, FA supplementation
from 4 weeks before and 8 weeks into pregnancy was asso-
ciated with reduced risks of ASD11 and linguistic delay,12 a
key feature of ASD.13 However, in studies from Denmark of
the same exposure inter val , maternal FA 1 4 , 1 5 and
multivitamin14 supplement use did not significantly reduce
the risk of ASD in offspring. In the Stockholm Youth Cohort,
multivitamin (but not FA) use reported at approximately 10
weeks into pregnancy was associated with a reduced risk of
ASD with ID but not ASD without ID.16 Our study aims to
examine the association between maternal supplementa-
tion with FA and multivitamins before and/or during preg-
nancy and the risk of ASD in offspring.

Methods
Population
A case-cohort study was established by linking health care
registers from the Meuhedet health care organization that
covers 35% of Israelis until the age of 15 years (eAppendix in
the Supplement).17 Linked health care registers included the
Family Relations Register, the Diagnostic Classification
Register (records health care dates of diagnosis and codes in
accordance with the International Classification of Diseases,
Eighth Revision, and the International Classification of
Diseases, Ninth Revision), and the Prescription Register
(records all prescribed and dispensed medications based on
the Anatomical Therapeutic Chemical [ATC] Classification
System).

We identified all children with ASD and a randomly
selected one-third of all children born live between January
1, 2003, and December 31, 2007. The cohort was followed
up from birth to January 26, 2015. All children had complete
birth date, sex, and parental information. The study was
approved by the University of Haifa Institutional Review
Board and the Helsinki Ethics Committee of the Meuhedet.
Each body that approved the study granted a waiver of
informed consent because the study data were deidentified
(eAppendix in the Supplement).

Ascertainment of ASD and ID
Children with a clinical impression of probable ASD undergo
evaluationbyapanelofexpertsconsistingofsocialworkers,apsy-
chologist,andeitheratrainedpsychiatrist,developmentalbehav-
ioral pediatrician, or child neurologist. The final ASD diagnosis
is determined by a board-recognized developmental behavioral
pediatrician. Since 1995, diagnoses of ASD are stored in a data-
base maintained by Meuhedet as a distinct subset of the Diagnos-
ticClassificationRegister.WedefinedASDusingthe International
Classification of Diseases, Ninth Revision code 299.0, 299.1, or
299.8. Intellectual disability is diagnosed in a similar manner as
ASD, except that the evaluation also includes psychometric cog-
nitivetesting(diagnosticcodesareintheeAppendixintheSupple-
ment).

Covariates
Information was obtained about sex, birth year, socioeco-
nomic status (high vs low),17 a maternal and paternal psy-
chiatric diagnosis by childbirth (present or absent), maternal
and paternal age at childbirth, and parity.18 Parental psychi-
atric history was ascertained from a recorded diagnosis of at
least 1 episode of a psychiatric disorder (eAppendix in the
Supplement).

Exposure
The Meuhedet Prescription Register holds information on drugs
dispensed by a majority of pharmacies nationwide since 1996,
including drug names, prescription and dispensation dates,
number of pills dispensed, and ATC codes. Using the ATC codes
of dispensed drugs, we extracted information on dispensed FA
and multivitamin supplements (eAppendix in the Supple-
ment). In Israel, food is not fortified with FA, but FA supple-
mentation is recommended before and during pregnancy.19

Using the ATC codes, vitamin supplements were classi-
fied as FA and/or multivitamin supplements, an FA supple-
ment, and a multivitamin supplement. For each of the 3 vita-
min supplement classifications, the redeemed dispensations
were categorized into the following 2 time intervals: before
pregnancy (540-271 days before childbirth) and during preg-
nancy (270 days before childbirth up to the date of child-
birth).

Key Points
Question Does maternal folic acid and/or multivitamin
supplement use before and/or during pregnancy increase the risk
of autism spectrum disorder in offspring?

Findings In this case-control cohort study of 45 300 offspring,
statistically significant associations between maternal vitamin
supplement use before and/or during pregnancy and reduced risk
of autism spectrum disorder in offspring were observed.

Meaning A reduced risk of autism spectrum disorder in children
born to women who used the specified vitamin supplements
before and during pregnancy has important public health
implications; possible mechanisms include epigenetic
modifications.
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For each dispensation, assuming 1 pill per day, we defined an
exposureperiodasthedatethepillsweredispenseduntil thedate
thepillswouldbefinished.Ifanexposureperiodoccurredentirely
during a defined time interval, we defined the woman as being
exposed during that time interval.

Statistical Analysis
Relative risks (RRs) of ASD and the associated 2-sided 95% CIs
were estimated by the hazard ratios from Cox proportional haz-
ards regression models. All models were fitted using age as the
underlying time scale. For each exposure, a crude model was
fitted without adjusting for any other covariate than the ex-
posure. Each model was also adjusted with all the aforemen-
tioned covariates. Because we used a case-cohort study de-
sign, all models were estimated using sampling weights to
correct for the sampling of controls.20 As a consequence, if not
adjusted for properly, the SEs may be underestimated, result-
ing in CIs that are too narrow; to correct for this, we used ro-
bust SEs.21 The use of robust SEs also adjusted for the poten-
tial within-maternal correlations due to multiple births from
the same mother. Each child was followed up from birth until
the first diagnosis of ASD, death, or end of follow-up in 2015,
whichever came first. The RRs of ASD among children whose
mothers were exposed to FA and/or multivitamin supple-
ments before and/or during pregnancy were compared with
the reference group of children whose mothers had no expo-
sure in each corresponding interval. Folic acid and/or multi-
vitamin exposure, FA exposure, and multivitamin exposure
were analyzed separately. P < .05 (2-sided) was considered sta-
tistically significant. All analyses were performed in R, ver-
sion 3.4.1,22 using the survival library.23

Sensitivity Analyses
The robustness of the primary results was tested in sensitiv-
ity analyses. First, we examined maternal vitamin supplemen-
tation before but not during pregnancy, during but not before
pregnancy, and before and during pregnancy, and compared
the group in each time interval with the reference group with-
out maternal vitamin supplementation in each of the afore-
mentioned intervals.

Second, we examined maternal vitamin supplementa-
tion with exposure before pregnancy compared with expo-
sure during pregnancy. Third, we examined the exposure in-
terval of 4 weeks before pregnancy to 8 weeks into pregnancy,
compared with the reference group of children with no expo-
sure in this interval for direct comparison with prior studies
that have examined this exposure interval.11,14,15 Fourth, we
examined maternal vitamin supplementation 2 years before
pregnancy, during pregnancy, and 2 years before and during
pregnancy, compared with the reference group without vita-
min supplementation in each of the aforementioned inter-
vals. We examined the 2 years before pregnancy because vi-
tamin use in this time interval has not been studied previously,
to our knowledge, and is a negative control group.24

Several potential sources of confounding factors were
examined. First, we repeated the primary analysis among
singleton births because associations between multiple
births with vitamin exposure before conception25 and

assisted reproductive technologies26 have been reported.
Second, we repeated the primary analysis for male and
female offspring separately.27 Third, to investigate the role
of maternal vitamin deficiency, we repeated the primary
analysis for the offspring of women with and without a
diagnosis of vitamin deficiency separately (eAppendix in
the Supplement).2,28 Fourth, we repeated the primary
analysis for offspring with both parents diagnosed with a
psychiatric disorder and then for offspring with neither par-
ent diagnosed with a psychiatric disorder. Fifth, we refitted
the primary analysis confined to mothers with low socio-
economic status because socioeconomic status has been
shown to be associated with risk of ASD.17 Sixth, we refitted
the primary analysis for the outcome diagnosis of ASD with
and then without ID.16 Finally, the proportional hazards
assumption for the Cox proportional hazards regression
models was examined using Schoenfeld residuals.23

Results
Children born before 2003 were not included in the analysis
owing to a lack of reliable information on maternal vitamin
dispensation before 2002. We included children born from
2003 onward to ascertain maternal vitamin use up to 270
days before birth. Of 45 300 children born to 26 702 moth-
ers, 572 (1.3%) received a diagnosis of ASD. The raw dispen-
sation rate indicated that most dispensations occurred
around the first trimester (Figure 1). There were 11 917 chil-
dren (26.3%) born to mothers exposed to FA and/or multivi-
tamin supplements before pregnancy and 21 884 children
(48.3%) born to mothers exposed to FA and/or multivitamin
supplements during pregnancy (eTable 1 in the Supple-
ment).

FA and/or Multivitamin Supplements and Risk of ASD
The crude RR of ASD in children of mothers exposed to FA
and/or multivitamin supplements before pregnancy com-
pared with children of unexposed mothers in the same
interval was estimated at 0.41 (95% CI, 0.32-0.53) and at
0.39 (95% CI, 0.30-0.50) after covariate adjustment
(Figure 2). The crude RR of ASD in children of mothers
exposed during pregnancy to FA and/or multivitamin
supplements compared with children of unexposed moth-
ers in the same interval was estimated at 0.27 (95% CI, 0.22-
0.34) and at 0.27 (95% CI, 0.22-0.33) after covariate adjust-
ment (Figure 2).

FA Supplements and the Risk of ASD
The crude RR of ASD in children of mothers exposed before
pregnancy to FA compared with children of unexposed
mothers in the same interval was estimated at 0.62 (95% CI,
0.47-0.83) and at 0.56 (95% CI, 0.42-0.74) after covariate
adjustment (Figure 2). The crude RR of ASD in children of
mothers exposed during pregnancy to FA compared with
children of unexposed mothers in the same interval was
estimated at 0.34 (95% CI, 0.27-0.43) and at 0.32 (95% CI,
0.26-0.41) after covariate adjustment (Figure 2).
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Multivitamin Supplements and Risk of ASD
The crude RR of ASD in children of mothers exposed before
pregnancy to multivitamin supplements compared with chil-
dren of unexposed mothers in the same interval was esti-
mated at 0.34 (95% CI, 0.23-0.49) and at 0.36 (95% CI, 0.24-
0.52) after covariate adjustment (Figure 2). The crude RR of
ASD in children of mothers exposed during pregnancy to mul-
tivitamin supplements compared with children of unex-
posed mothers in the same interval was estimated at 0.36 (95%
CI, 0.29-0.45) and at 0.35 (95% CI, 0.28-0.44) after covariate
adjustment (Figure 2).

Sensitivity Analyses
Sensitivity analysis showed that exposure during compared
with before pregnancy showed statistically insignificant risk
reductions for FA and/or multivitamin exposure and FA expo-
sure, but showed an insignificant increase in risk for multivi-
tamin exposure (Table, model 2). Maternal exposure to FA
and/or multivitamin supplements from 4 weeks before to 8
weeks into pregnancy was associated with a statistically sig-
nificant reduction in the risk of ASD in offspring compared with
offspring of mothers with no exposure in that time interval
(Table, model 3). Across the vitamin supplement classifica-
tions examined, maternal exposure during the 2 years before

pregnancy was associated with a significant reduction in the
risk of ASD in offspring compared with the reference group
never exposed, not exposed during the 2-year period before
pregnancy, or not exposed during pregnancy (model 4 in the
Table; eTables 2 and 3 in the Supplement).

Sensitivity analyses of possible sources of confounding rep-
licated the statistical significance in the primary analysis
(Table), with some exceptions. Among female offspring, ma-
ternal exposure to multivitamin supplementation before preg-
nancy (crude RR [eTable 3 in the Supplement] and adjusted
RR [Table]) and FA supplementation before pregnancy (crude
RR [eTable 3 in the Supplement, model 7]) had a null associa-
tion with the risk of ASD in offspring. Among offspring to both
parents with a psychiatric condition, maternal exposure to FA
before pregnancy had a null association with the risk of ASD
in offspring (Table, model 9). Among children of mothers with
a vitamin deficiency, across the classifications of vitamin
supplements examined, maternal exposure before preg-
nancy had a null association with the risk of ASD in offspring
(Table, model 11). Across the vitamin supplement classifica-
tions examined, maternal exposure before pregnancy was not
statistically significantly associated with the risk of a comor-
bid diagnosis of ASD with ID in offspring (Table, model 13). In-
spection of the Schoenfeld residuals did not suggest any

Figure 1. Proportion of Vitamin Supplement Dispensations Before Childbirth
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Figure 2. Adjusted Relative Risk of Autism Spectrum Disorder in Offspring to Mothers Exposed to Folic Acid
(FA) and/or Multivitamin Supplements, FA Supplements, or Multivitamin Supplements in the Periods Before
and During Pregnancy
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Table. Sensitivity Analyses of the Adjusted Cox Proportional Hazards Regression Modelsa

Model, Exposure Interval

Exposure Groups: Dispensed Vitamin Supplement Classification

Folic Acid and/or Multivitamin
Supplements Folic Acid Multivitamin Supplements

RR (95% CI) P Valueb RR (95% CI) P Valueb RR (95% CI) P Valueb

1, Comparing maternal exposure to vitamin
supplements in mutually exclusive exposure
intervalsc

Before pregnancy onlyd 0.25 (0.17-0.36) <.001 0.31 (0.19-0.48) <.001 0.25 (0.14-0.42) <.001

During pregnancy onlyd 0.21 (0.17-0.27) <.001 0.25 (0.19-0.33) <.001 0.32 (0.25-0.41) <.001

Before and during pregnancyd 0.19 (0.13-0.27) <.001 0.35 (0.24-0.50) <.001 0.23 (0.13-0.40) <.001

2, Comparing maternal exposure to vitamin
supplements before pregnancy with maternal
exposure to vitamin supplements during
pregnancyc

During pregnancy onlye 0.83 (0.54-1.27) .39 0.84 (0.50-1.42) .52 1.27 (0.72-2.27) .41

3, Comparing maternal exposure to vitamin
supplements from 4 wk before up to 8 wk into
pregnancy with no maternal exposure to
vitamin supplements in the same intervalc

Exposure from 4 wk before up to 8 wk into
pregnancyf

0.40 (0.31-0.51) <.001 0.41 (0.31-0.55) <.001 0.36 (0.26-0.49) <.001

4, Comparing maternal exposure to vitamin
supplements 2 y before pregnancy with
maternal exposure to vitamin supplements
during pregnancy in mutually exclusive
exposure intervalsc

During the 2nd year before pregnancy
onlyg

0.12 (0.07-0.20) <.001 0.23 (0.14-0.38) <.001 0.15 (0.09-0.27) <.001

During pregnancy onlyg 0.23 (0.18-0.29) <.001 0.30 (0.23-0.39) <.001 0.37 (0.28-0.47) <.001

During the 2nd year before pregnancy and
during pregnancy onlyg

0.13 (0.09-0.21) <.001 0.13 (0.07-0.25) <.001 0.16 (0.09-0.28) <.001

5, Comparing maternal exposure to vitamin
supplements before pregnancy and maternal
exposure to vitamin supplements during
pregnancy in singletons onlyh

Before pregnancyi 0.42 (0.29-0.62) <.001 0.53 (0.35-0.79) .002 0.24 (0.12-0.52) <.001

During pregnancyi 0.26 (0.19-0.35) <.001 0.37 (0.27-0.50) <.001 0.38 (0.28-0.52) <.001

6, Comparing maternal exposure to vitamin
supplements before pregnancy and maternal
exposure to vitamin supplements during
pregnancy in male offspring onlyh

Before pregnancyi 0.38 (0.29-0.51) <.001 0.57 (0.42-0.79) <.001 0.32 (0.21-0.50) <.001

During pregnancyj 0.30 (0.24-0.37) <.001 0.33 (0.26-0.43) <.001 0.38 (0.29-0.48) <.001

7, Comparing maternal exposure to vitamin
supplements before pregnancy and maternal
exposure to vitamin supplements during
pregnancy in female offspring onlyh

Before pregnancyi 0.40 (0.22-0.75) .004 0.49 (0.24-0.99) .05 0.49 (0.23-1.07) .07

During pregnancyj 0.14 (0.08-0.26) <.001 0.28 (0.16-0.49) <.001 0.25 (0.14-0.45) <.001

8, Comparing maternal exposure to vitamin
supplements before pregnancy and maternal
exposure to vitamin supplements during
pregnancy in offspring of low SES parentsh

Before pregnancyi 0.32 (0.20-0.51) <.001 0.46 (0.27-0.81) .006 0.35 (0.19-0.63) <.001

During pregnancyj 0.20 (0.14-0.29) <.001 0.23 (0.15-0.35) <.001 0.26 (0.17-0.38) <.001

9, Comparing maternal exposure to vitamin
supplements before pregnancy and maternal
exposure to vitamin supplements during
pregnancy in offspring of parents with a
psychiatric diagnosis at time of childbirth
(present in both parents)h

Before pregnancyi 0.47 (0.28-0.79) .004 0.75 (0.44-1.28) 0.29 0.37 (0.16-0.82) .02

During pregnancyj 0.28 (0.18-0.43) <.001 0.30 (0.19-0.48) <.001 0.37 (0.23-0.59) <.001

(continued)
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Table. Sensitivity Analyses of the Adjusted Cox Proportional Hazards Regression Modelsa (continued)

Model, Exposure Interval

Exposure Groups: Dispensed Vitamin Supplement Classification

Folic Acid and/or Multivitamin
Supplements Folic Acid Multivitamin Supplements

RR (95% CI) P Valueb RR (95% CI) P Valueb RR (95% CI) P Valueb

10, Comparing maternal exposure to vitamin
supplements before pregnancy and maternal
exposure to vitamin supplements during
pregnancy in offspring of parents without a
psychiatric diagnosis at time of childbirth
(absent in both parents)h

Before pregnancyi 0.38 (0.24-0.61) <.001 0.50 (0.29-0.84) .009 0.31 (0.15-0.62) .001

During pregnancyj 0.26 (0.19-0.37) <.001 0.34 (0.23-0.50) <.001 0.38 (0.26-0.54) <.001

11, Comparing maternal exposure to vitamin
supplements before pregnancy and maternal
exposure to vitamin supplements during
pregnancy in offspring of mothers with a
documented vitamin deficiency at time of
childbirthc

Before pregnancyi 1.02 (0.58-1.81) .94 1.56 (0.88-2.78) .13 0.50 (0.20-1.26) .14

During pregnancyj 0.24 (0.13-0.47) <.001 0.46 (0.26-0.83) .009 0.38 (0.19-0.78) .008

12, Comparing maternal exposure to vitamin
supplements before pregnancy and maternal
exposure to vitamin supplements during
pregnancy in offspring of mothers without a
documented vitamin deficiency at time of
childbirthc

Before pregnancyi 0.32 (0.23-0.44) <.001 0.44 (0.31-0.62) <.001 0.34 (0.23-0.53) <.001

During pregnancyj 0.27 (0.22-0.34) <.001 0.31 (0.24-0.40) <.001 0.35 (0.28-0.45) <.001

13, Comparing maternal exposure to vitamin
supplements before pregnancy and maternal
exposure to vitamin supplements during
pregnancy, with an outcome of offspring with
ASD with IDc

Before pregnancyi 0.49 (0.21-1.11) .09 0.66 (0.25-1.76) .41 0.33 (0.08-1.35) .12

During pregnancyj 0.24 (0.12-0.49) <.001 0.12 (0.04-0.36) <.001 0.37 (0.18-0.78) .009

14, Comparing maternal exposure to vitamin
supplements before pregnancy and maternal
exposure to vitamin supplements during
pregnancy with an outcome of offspring of
ASD without IDc

Before pregnancyi 0.38 (0.28-0.50) <.001 0.55 (0.40-0.74) <.001 0.36 (0.24-0.53) <.001

During pregnancyj 0.27 (0.22-0.33) <.001 0.35 (0.28-0.44) <.001 0.35 (0.28-0.44) <.001

15, Covariates in primary analysis and
maternal vitamin deficiencyh

Before pregnancyi 0.41 (0.31-0.53) <.001 0.60 (0.45-0.80) <.001 0.36 (0.25-0.53) <.001

During pregnancyj 0.27 (0.22-0.33) <.001 0.33 (0.26-0.41) <.001 0.36 (0.28-0.45) <.001

Abbreviations, ASD, autism spectrum disorder, ID, intellectual disability, RR,
relative risk, SES, socioeconomic status.
a Each numbered model (1-15) consists of 3 adjusted models, 1 for each vitamin

supplement classification.
b P value that tests the hypothesis RR = 0 vs RR ≠ 0.
c Covariates: models were adjusted for the same covariates as the primary

analysis (birth year, sex, SES (high vs low), a maternal and paternal psychiatric
diagnosis at childbirth (present or absent), maternal and paternal age at
childbirth, and parity.

d Reference group: not exposed.
e Reference group: before pregnancy.
f Reference group: no exposure from 4 weeks before to 8 weeks into

pregnancy.
g Reference group: never exposed, or not exposed during the 2-year-period

before pregnancy or not exposed during pregnancy.
h Differences to the primary analysis were singletons (model 5), the parity

covariate was not included and the potential within-maternal correlations due
to multiple births was not applicable; subsets of male and female offspring
(models 6 and 7, respectively), the sex covariate was not included; the low SES
group (model 8), the SES covariate was not included; parental psychiatric
diagnoses were not included as covariates (models 9 and 10); and model 15
that included all the covariates in primary analysis and the presence or
absence of a maternal vitamin deficiency as a covariate.

i Reference group: before pregnancy refers to exposure to vitamin supplement
intake during the interval from 271 to 540 days before childbirth, compared
with the reference category of exposure not before pregnancy.

j Reference group: during pregnancy refers to vitamin supplement intake
during the interval from 270 days before childbirth to childbirth, compared
with the reference category of exposure not during pregnancy.
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violation of the proportional hazards assumption for the pri-
mary exposures (eFigures 1-3 in the Supplement).

Discussion
This study of 45 300 children revealed a decreased risk of ASD
in children born to mothers who used FA and/or multivita-
min supplements before and/or during pregnancy compared
with those who had not. Sensitivity analysis examining the risk
in different intervals, controlling for different sources of con-
founding, and checking analytic assumptions underlying the
statistical analysis did not generally attenuate the observed risk
reduction. The association between the use of multivitamin
supplements and the risk of ASD was similar in male and fe-
male offspring. However, the analysis for female offspring had
low power due to the small sample size. Also, among off-
spring whose parents had a psychiatric condition, FA supple-
mentation before pregnancy did not significantly reduce the
risk of ASD. This finding may reflect noncompliance, higher
rates of vitamin deficiency, or poor diet among persons with
psychiatric conditions.29-31 Across the vitamin supplement
classes examined, maternal exposure before pregnancy did not
reduce the risk of ASD with ID in offspring, possibly owing to
the combination of rare outcome and rare exposure.

We examined whether the reduced RR of ASD was due to
a vitamin deficiency. Folate deficiency before pregnancy has
been associated with adverse childhood outcomes32 and ASD
traits.33,34 The reduction in the risk of ASD in offspring after
maternal exposure to FA and multivitamin supplements re-
mained after adjusting for the presence of vitamin deficiency
in the mother. However, among offspring of women with a vi-
tamin deficiency who were already receiving supplementa-
tion before pregnancy, the risk of ASD was not reduced (Table),
a result that rules out the possibility that the association is
solely due to confounding. Future studies of the underlying
biological mechanisms could help us understand the poten-
tial modifiable mechanisms in the possible causes of ASD.

Maternal FA and/or multivitamin supplement exposure be-
fore and during pregnancy reduced the risk of ASD in off-
spring. Our results are consistent with those from a Norwe-
gian birth cohort study showing that maternal FA use from 4
weeks before and 8 weeks into pregnancy is associated with a
reduced risk of ASD in offspring.11 This interval is considered
relevant to the development of the central nervous system, in-
cludes neural tube closure, and is implicated in the develop-
ment of basic brain structures. These results were, however,
not replicated in Danish studies on maternal use of FA and mul-
tivitamin supplements.14,15 Unique to our study, to our knowl-
edge, is the ability to examine the association between mul-
tivitamin exposure and ASD for an extended period preceding
pregnancy. Maternal exposure to FA and multivitamin supple-
ments 2 years before pregnancy was associated with a re-
duced risk of ASD in offspring (Table, model 4). The risk of ASD
associated with maternal vitamin exposure was similar be-
fore and during pregnancy (Table, model 2). Our study could
not determine whether this result is due to the vitamin or to
unmeasured confounding by other conditions, such as pre-

term birth, or lifestyle factors.35 Future research is warranted
to examine the association between vitamin exposure before
pregnancy and outcomes in offspring further.

Limitations
The present results require cautious interpretation given
several limitations. The effect of confounding was notable, and
we cannot rule out remaining residual confounding. Further-
more, our study had a limited sample size and lacked the abil-
ity to conduct a sibling control analysis.36 The underlying in-
dication for the supplement dispensation is unknown. We
cannot rule out the possibility that the observed risk reduc-
tion is due to other causes associated with the dispensation.
However, most dispensations appeared to occur around preg-
nancy (Figure 1).

Misclassifications of exposure may have occurred and bi-
ased the estimated risk reduction. Some mothers may have
used over-the-counter supplements that were not prescribed
by the health care professional (ie, use of the supplements was
not recorded). This form of misclassification is in the direc-
tion of false negatives. False-negative classification of expo-
sure may narrow the difference between the exposed and un-
exposed groups, resulting in a more conservative comparison
than one without false-negative misclassification. This sug-
gests that if women classified as false negative were accu-
rately identified, the results would be more pronounced than
they are.

Although registry data avoid recall biases associated with
survey-based methods,12,15,16 they still may be subject to bias,
such as false-positive misclassification due to noncompli-
ance. To address this limitation, the analysis consisted of con-
tinuous exposure over time. A continuous rather than a single
dispensation pattern may reflect a conservative estimate of on-
going vitamin supplement use.

The rates of vitamin supplementation in our study largely
resemble those found in prior registry-based research in
Norway.37 The prevalence of mutually exclusive FA and/or mul-
tivitamin supplements (derived from eTable 2: model 1 in the
Supplement) was 26 668 (58.8%) overall (vs 44.4% in the study
in Norway), was 7133 (15.8%) before and during pregnancy (vs
15.9% in the study in Norway), was 14 751 (32.6%) during preg-
nancy only (vs 27.3% in the study in Norway), and was 4784
(10.6%) before pregnancy only (vs 1.3% in the study in
Norway).37 Differences may be attributable in part to govern-
ment guidelines in Norway for FA supplement use for the first
12 weeks of pregnancy.

The extent to which dispensed vitamins are consumed is
unknown, and ATC codes cannot distinguish between multi-
vitamin preparations with and multivitamin preparations with-
out FA.38 Also, we lack information about the mothers’ whole-
blood folate levels, which, to our knowledge,17 is unavailable
for women of reproductive age in Israel. Research has shown
that second-trimester prenatal vitamin use and maternal
whole-blood folate levels are not associated with a proxy of
autism-like behaviors.34 The lack of association between
whole-blood folate levels and autistic behaviors may reflect
the timing of biomarker measures relative to developmental
periods, confounding, or other moderators. Although our ex-
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posure rates resembled those in prior studies, future re-
search should account for whole-blood folate levels during
pregnancy.

The combination of rare outcome and rare exposure
(eTable 2 in the Supplement) precluded defining adequately
powered exposures by mutually exclusive time intervals across
all analyses. This may be expected in observational studies like
ours. Still, mutually exclusive exposure by time interval was
included in the sensitivity analysis (Table, model 1).

Another study limitation was our lack of information on
gestational age, decreasing the accuracy of exposure
classifications. The use of birth date to ascertain exposure in-
creases the possibility that preterm births were misclassified.39

Hence, future studies are warranted to replicate these
findings.

Finally, causality cannot be inferred from observational
epidemiologic studies such as this one. However, observa-
tional epidemiologic studies are more pragmatic and ethical
than randomized clinical trials to examine the pregnancy
period.40

Conclusions
Maternal exposure to FA and multivitamin supplements be-
fore and during pregnancy is associated with a reduced risk of
ASD in offspring compared with offspring of mothers without
such exposure. Reduced risk of ASD in offspring is a consider-
ation for public health policy that may be realized by extended
use of FA and multivitamin supplements during pregnancy.
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