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IMPORTANCE Maternal use of folic acid supplements has been inconsistently associated with
reduced risk for autism spectrum disorder (ASD) in the child. No study to date has examined
this association in the context of ASD recurrence in high-risk families.

OBJECTIVE To examine the association between maternal prenatal vitamin use and ASD
recurrence risk in younger siblings of children with ASD.

DESIGN, SETTING, AND PARTICIPANTS This prospective cohort study analyzed data from a
sample of children (n = 332) and their mothers (n = 305) enrolled in the MARBLES (Markers
of Autism Risk in Babies: Learning Early Signs) study. Participants in the MARBLES study were
recruited at the MIND Institute of the University of California, Davis and were primarily from
families receiving services for children with ASD in the California Department of
Developmental Services. In this sample, the younger siblings at high risk for ASD were born
between December 1, 2006, and June 30, 2015, and completed a final clinical assessment
within 6 months of their third birthday. Prenatal vitamin use during pregnancy was reported
by mothers during telephone interviews. Data analysis for this study was conducted from
January 1, 2017, to December 3, 2018.

MAIN OUTCOMES AND MEASURES Autism spectrum disorder, other nontypical development
(non-TD), and typical development (TD) were algorithmically defined according to Autism
Diagnostic Observation Schedule and Mullen Scales of Early Learning subscale scores.

RESULTS After exclusions, the final sample comprised 241 younger siblings, of which 140
(58.1%) were male and 101 (41.9%) were female, with a mean (SD) age of 36.5 (1.6) months.
Most mothers (231 [95.9%]) reported taking prenatal vitamins during pregnancy, but only 87
mothers (36.1%) met the recommendations to take prenatal vitamins in the 6 months before
pregnancy. The prevalence of ASD was 14.1% (18) in children whose mothers took prenatal
vitamins in the first month of pregnancy compared with 32.7% (37) in children whose
mothers did not take prenatal vitamins during that time. Children whose mothers reported
taking prenatal vitamins during the first month of pregnancy were less likely to receive an
ASD diagnosis (adjusted relative risk [RR], 0.50; 95% CI, 0.30-0.81) but not a non-TD
36-month outcome (adjusted RR, 1.14; 95% CI, 0.75-1.75) compared with children whose
mothers reported not taking prenatal vitamins. Children in the former maternal prenatal
vitamin group also had statistically significantly lower autism symptom severity (adjusted
estimated difference, –0.60; 95% CI, –0.97 to –0.23) and higher cognitive scores (adjusted
estimated difference, 7.1; 95% CI, 1.2-13.1).

CONCLUSIONS AND RELEVANCE Maternal prenatal vitamin intake during the first month of
pregnancy may reduce ASD recurrence in siblings of children with ASD in high-risk families.
Additional research is needed to confirm these results; to investigate dose thresholds,
contributing nutrients, and biologic mechanisms of prenatal vitamins; and to inform public
health recommendations for ASD prevention in affected families.
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A utismspectrumdisorder(ASD)isagrowingconcern,with
1 in every 59 children affected in the United States.1 Com-
plex interactions between genetic and environmental

factors likely contribute to ASD risk.2-4 Evidence is accumulat-
ing that the in utero environment,3,5,6 including gestational
nutrition,6-9 has a potentially large role in the pathologic devel-
opment of autism. A previous study found that maternal pre-
natal vitamin intake near conception was associated with an
approximately 40% reduction in the risk of ASD in a population-
based case-control study.7 This association was replicated in a
prospective birth cohort study of 85 176 Norwegian children.9

Additional population-based cohort or nested case-control
studies10-13 found that multivitamin or folic acid supplement in-
take was associated with reductions in the risk for ASD or autis-
tic traits, but for some studies the association was not limited
to use near conception,10,14 and another study showed no
association.15

A limitation of these previous studies is the potential for con-
founding by mothers who are more healthy in many ways and
thus more likely to follow guidelines to take prenatal vitamins
at the start of pregnancy. This study limitation could be overcome
by conducting a randomized clinical trial of folic acid prevention;
however, given that ASD is still relatively uncommon and ran-
domizing to placebo is unethical, the comparison of higher fo-
lic acid dose with the recommended dose would require a large
sample size. Furthermore, the critical period for intervention
might begin before pregnancy; thus, for a reliable diagnosis, a
large number of women would need to be enrolled, and the sub-
set who became pregnant would need to be followed until their
child is 3 years of age, which would be expensive. Examining pre-
natalvitaminusewithinfamiliesalreadyaffectedbyautismcould
partiallyovercomethis limitationbyfocusingonmothersalready
at high risk for having another child with ASD; the younger sib-
lingsharesenvironmental,genetic,anddemographicfactorswith
the affected older sibling. To our knowledge, no study to date has
examined maternal prenatal vitamin use in the context of ASD
recurrence in families affected by ASD.

This study examined whether maternal prenatal vitamin use
is associated with reduced risk for ASD in high-risk younger sib-
lings of children who have ASD. Siblings of children with ASD are
approximately 12 times more likely to develop ASD than the gen-
eral population, with a recurrence rate of nearly 1 in 5 siblings
(19%-24%).16 They are also at higher risk for other behavioral or
developmental diagnoses, including language delay, attention
deficit, intellectual disability, and broader autism phenotype.17

These higher risks are attributed to shared genetic and environ-
mental factors. This study focused on participants at high risk
for developing ASD and other neurodevelopmental outcomes.
With this prospective design, we could more efficiently assess
prenatal vitamin use as a potentially protective factor while con-
trolling for a wide range of family characteristics.

Methods
Study Population and Design
Children in this study were enrolled from MARBLES (Markers
of Autism Risk in Babies: Learning Early Signs), a study that

recruits children from families who receive services through the
California Department of Developmental Services16 and that
contacts Northern California mothers who have a child with con-
firmed ASD and who are either planning a pregnancy or preg-
nant with another child. Participants were recruited at the MIND
Institute of the University of California, Davis. The MARBLES
team prospectively collected demographic, lifestyle, environ-
mental, and medical information (including supplementation
habits) through telephone-assisted interviews and mailed ques-
tionnaires. Infants received standardized neurodevelopmen-
tal assessments beginning at 6 months and concluding at 3 years
of age. The study sample was derived from younger siblings
(n = 332) who were born between December 1, 2006, and June
30, 2015, and completed a final clinical assessment within 6
months of their third birthday. The University of California, Da-
vis Institutional Review Board and the California Committee for
the Protection of Human Subjects approved this study and the
MARBLES study protocols. Neither data nor specimens were
collected from children until written informed consent was
obtained from their parents. Data analysis for this study was
conducted from January 1, 2017, to December 3, 2018.

Maternal Prenatal Vitamin Use
Vitamin and supplement information, including brand, fre-
quency, dose, and timing of maternal intake, for the 6 months
before and each month during the pregnancy of the younger
sibling was obtained through telephone interviews con-
ducted for the first and second halves of pregnancy and again
after birth. The interviews included questions about supple-
ment intake throughout the pregnancy since the previous in-
terview (eMethods in the Supplement). Information from mul-
tiple questionnaires was merged to determine prenatal vitamin
use for each month before and during the pregnancy.

Positive responses to vitamin use and maximum fre-
quency or dose were recorded for months that overlapped
across the questionnaires. Self-reported brand names for vi-
tamins and supplements were used to confirm or correctly clas-
sify prenatal vitamins. Adjustments in the denominator for
each of the later months were made to account for shorter ges-
tational ages at the time of birth; premature pregnancies were

Key Points
Question Is maternal use of prenatal vitamins associated with
decreased risk for autism recurrence in siblings of children with
autism spectrum disorder?

Findings In this cohort study of 241 younger siblings of children
with autism, the prevalence of autism spectrum disorder was
14.1% in children whose mothers took prenatal vitamins in the first
month of pregnancy compared with 32.7% in children whose
mothers did not take prenatal vitamins during that time.

Meaning Maternal daily intake of prenatal vitamins during the
first month of pregnancy appears to be associated with reductions
in recurrence of autism in high-risk families; additional research is
needed to confirm these results, to further investigate specific
nutrients, and to inform public health recommendations for
autism spectrum disorder prevention.
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excluded from calculations for the months the mother was
not pregnant. Total mean daily folic acid and iron intake
from supplements was calculated according to the brands,
frequencies, and doses reported for the first month of preg-
nancy. Categories of mean maternal folic acid and iron intake
were based on tertiles of intake for the entire study popula-
tion and on compliance with the Institute of Medicine–
recommended dietary reference intakes for pregnancy of
600 μg folic acid18 and 27 mg iron.19

Outcome Measures and Classification
Trained, reliable examiners assessed the children’s develop-
ment, including conducting diagnostic assessments for ASD
at 3 years using the criterion standard Autism Diagnostic Ob-
servation Schedule (ADOS), a semistructured, standardized
assessment tool in which the examiner observes the child’s so-
cial interaction, communication, play, and imaginative use of
materials.20,21 The ADOS module 2 algorithm score range is 0
to 28, with higher total scores (7 or higher) indicating evi-
dence for ASD. Cognitive function was measured with the Mul-
len Scales of Early Learning (MSEL),22 which generates 4 sub-
scale scores (fine motor, expressive language, receptive
language, and visual reception) and an overall early learning
composite score. The MSEL composite score range is 49 to
155, and the T-score range is 20 to 80, with lower composite
scores (below 70) indicating developmental delays in cogni-
tive functioning.

Participants were classified into 1 of 3 outcome groups
(ASD, typical development [TD], or nontypical development
[non-TD]) according to an algorithm that uses ADOS and MSEL
scores.17,23,24 Children in the ASD outcome group had scores
that were higher than the ADOS cutoff scores and met the
DSM-5 criteria for ASD. Children in the non-TD group had low
MSEL scores (ie, 2 or more MSEL subscale scores more than
1.5 SD below the normative mean or at least 1 MSEL subscale
score more than 2 SD below the normative mean), elevated
ADOS scores (ie, within 3 points of the ASD cutoff scores), or
both. Children in the TD outcome group had all MSEL scores
within 2.0 SD and no more than 1 MSEL subscale score that was
1.5 SD below the normative mean, and their ADOS scores were
at least 3 or more points below the ASD cutoff scores. Stan-
dardized ADOS-calibrated severity scores (known as compari-
son scores in the ADOS-2 scale) were calculated as indicators
of ASD symptom severity on the ADOS scale depending on age
and language level.25 The ADOS-2 comparison scores range
from 1 to 10, with a score of 3 or higher indicative of ASD and
6 or higher indicating severe symptoms.26

Statistical Analysis
We calculated P values for group comparisons using 2-sided
χ2 or Fisher exact test for categorical variables and indepen-
dent 2-tailed t tests or 1-way analysis of variance for continu-
ous variables. We used multinomial logistic regression to ex-
amine the association between prenatal vitamin use and
diagnosis of ASD or non-TD outcome compared with TD. The
following variables were examined as potential upstream con-
founders: maternal age, educational level, prepregnancy body
mass index, birthplace (eg, United States or other country), and

pregnancy intent; paternal age; child sex, year of birth, and race/
ethnicity; home ownership; and type of payment for the deliv-
ery. Bivariate analyses examined unadjusted associations of
potential confounders with both outcomes (ASD and non-TD)
and vitamin use. Next, we built multivariable models, sepa-
rate for ASD and non-TD risk, by adding 1 variable at a time to
the multinomial logistic model and retaining only those vari-
ables that caused a 10% or larger change in the exposure or the
odds ratio estimates. After the final models were selected, we
calculated ASD and non-TD multivariable-adjusted relative risks
(RRs) directly using a SAS macro, %RELRISK8 (SAS Institute
Inc).27 Stratified analyses and corresponding RRs (when num-
bers allowed) were used to examine effect modification of pre-
natal vitamin use by child sex, race (white or non-white), eth-
nicity (non-Hispanic or Hispanic), intellectual disability (defined
as an MSEL composite score under 70 points), and advanced ma-
ternal age (≥35 years or <35 years).

A generalized linear model framework with standard
choices for link functions, according to the type of outcome,
was used to examine ADOS and MSEL scores. The MSEL com-
posite scores were analyzed with normality assumption and
a linear link. The distribution of the ADOS severity scores was
skewed, with many children scoring at the minimum. Thus,
ADOS scores were rescaled (by subtracting 1, the lowest score)
and analyzed using negative binomial distribution with a log
link.

We conducted additional univariable and multivariable
nominal logistic regression analyses to find the association be-
tween maternal intake of folic acid and iron (categorized into
tertiles and dichotomized according to the dietary reference
intake for pregnancy) and outcome. We performed sensitiv-
ity analyses with targeted maximum likelihood estimation
(TMLE)28 to allow for the possibility that the effect of the ex-
posure may vary across the levels of confounders. Two-sided
P < .05 was considered statistically significant. Primary analy-
ses were conducted with SAS software, version 9.4 (SAS In-
stitute Inc), and TMLE analyses were implemented with the
TMLE package in R (R Foundation for Statistical Computing).

Results
Of the 332 eligible younger siblings born to 305 mothers in the
MARBLES study, 281 (84.6%) completed a final clinical visit
and 272 (81.9%) received an algorithmic outcome classifica-
tion within 6 months of their third birthday. We excluded from
analysis 4 children because their outcome assessment was re-
ceived after they were 42 months of age, 3 children because
they had incomplete MSEL scores, and 2 children because their
algorithm diagnosis data were received after analyses were con-
ducted. Furthermore, we excluded 9 participants because they
were missing prenatal vitamin data and 22 children because
they were younger siblings of other children in the sample.

Of the 241 MARBLES siblings retained in the final sample,
140 (58.1%) were male and 101 (41.9%) were female, with a
mean (SD) age of 36.5 (1.6) months. Fifty-five children (22.8%)
met the algorithmic criteria for ASD, 60 (24.9%) had algorith-
mic outcomes of non-TD, and 126 (52.3%) were confirmed with
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TD. Children in the ASD group were statistically significantly
more likely to be male compared with children in the TD group
(38 of 55 [69.1%] vs 65 of 126 [51.6%]; P = .03). Mothers of chil-
dren with ASD and non-TD compared with mothers of chil-
dren with TD were less likely to have private insurance (39 of
55 [70.9%] and 41 of 59 [69.5%] vs 104 of 124 [83.9%]) and edu-
cation of a bachelor’s degree or higher (21 [38.2%] and 27
[45.0%] vs 72 [57.1%]) (Table 1).

Most mothers (231 [95.9%]) reported taking prenatal vi-
tamins at some point during pregnancy, but most (154 [63.9%])
did not comply with the recommendation to start taking
prenatal vitamins in the 6 months before pregnancy; only 87
mothers (36.1%) met the recommendations (Figure). Moth-
ers who took prenatal vitamins in the first month of preg-
nancy (n = 128) compared with those who did not do so (n = 113)

were more educated (76 [59.4%] vs 44 [38.9%]; P = .002), more
likely to own their homes (88 [68.8%] vs 55 [49.1%]; P = .002),
more likely to have private health insurance (109 [85.8%] vs
75 [67.6%]; P < .001), and more likely to have had an inten-
tional pregnancy (101 [78.9%] vs 50 [44.2%]; P < .001) (Table 1).
The prevalence of ASD was 14.1% (18) in children whose
mothers took prenatal vitamins in the first month of preg-
nancy compared with 32.7% (37) in children whose mothers
did not take prenatal vitamins during that time.

After statistical adjustment for confounders, we
included the following in the final multivariable models:
maternal education for ASD risk and child ethnicity, maternal
age and education, maternal intention to become pregnant, and
type of insurance for non-TD risk. After adjusting for mater-
nal education, we found that children whose mothers took

Table 1. Demographic and Clinical Characteristics of Children and Their Mothers in the MARBLES Study

Variable

No. (%)

Child 36-mo Outcome Classification
Maternal Prenatal Vitamin Use
in First Month of Pregnancy

ASD
(n = 55)

Non-TD
(n = 60)

TD
(n = 126) P Value Yes (n = 128) No (n = 113) P Value

36-mo Outcome classification

ASD NA NA NA NA 18 (14.1) 37 (32.7) .003

Non-TD NA NA NA NA 35 (27.3) 25 (22.1)

TD NA NA NA NA 75 (58.6) 51 (45.1)

Child

Male sex 38 (69.1) 37 (61.7) 65 (51.6) .07 73 (57.0) 67 (59.3) .72

White race 36 (65.5) 34 (56.7) 89 (70.6) .17 87 (68.0) 72 (63.7) .49

Hispanic ethnicity 21 (38.2) 19 (31.7) 37 (29.4) .50 37 (28.9) 40 (35.4) .28

Maternal age, mean (SD), y 34.3 (5.4) 34.6 (4.2) 33.7 (4.9) .49 34.2 (4.7) 34.0 (5.1) .80

Paternal age, mean (SD), ya 37.7 (6.0) 36.8 (4.9) 36.2 (6.3) .27 36.5 (5.8) 36.9 (6.1) .61

Maternal prepregnancy BMI

Normal 23 (41.8) 29 (48.3) 64 (50.8) .69 62 (48.4) 54 (47.8) .99

Overweight 17 (30.9) 14 (23.3) 35 (27.8) 35 (27.3) 31 (27.4)

Obese 15 (27.3) 17 (28.3) 27 (21.4) 31 (24.2) 28 (24.8)

Maternal birthplace outside United States 11 (20.0) 17 (28.3) 20 (15.9) .14 26 (20.3) 22 (19.5) .87

Maternal cigarette smoking before pregnancyb 3 (5.6) 7 (11.7) 5 (4.0) .13 6 (4.7) 9 (8.0) .30

Insurance type at deliveryc

Private 39 (70.9) 41 (69.5) 104 (83.9) .04 109 (85.8) 75 (67.6) <.001

Public 16 (29.1) 18 (30.5) 20 (16.1) 18 (14.2) 36 (32.4)

Home ownershipb 27 (50.0) 37 (61.7) 79 (62.7) .26 88 (68.8) 55 (49.1) .002

Maternal education

Less than a bachelor’s degree 34 (61.8) 33 (55.0) 54 (42.9) .04 52 (40.6) 69 (61.1) .002

Bachelor’s, master’s, professional, or doctoral
degree

21 (38.2) 27 (45.0) 72 (57.1) 76 (59.4) 44 (38.9)

Maternal intention to become pregnant

Wanted to get pregnant 32 (58.2) 36 (60.0) 83 (65.9) .57 101 (78.9) 50 (44.2) <.001

Wanted to wait until later 6 (10.9) 10 (16.7) 13 (10.3) 13 (10.2) 16 (14.2)

Did not want to get pregnant 7 (12.7) 9 (15.0) 13 (10.3) 6 (4.7) 23 (20.4)

No preference 10 (18.2) 5 (8.3) 17 (13.5) 8 (6.3) 24 (21.2)

Maternal use of multivitamins in month before
pregnancy

14 (25.5) 7 (11.7) 17 (13.5) .08 11 (8.6) 27 (23.9) .001

Maternal use of multivitamins in first month of
pregnancy

12 (21.8) 4 (6.7) 17 (13.5) .06 7 (5.5) 26 (23.0) <.001

Abbreviations: ASD, autism spectrum disorder; BMI, body mass index
(calculated as weight in kilograms divided by height in meters squared);
MARBLES, Markers of Autism Risk in Babies: Learning Early Signs;
NA, not applicable; non-TD, nontypical development; TD, typical development.
a Frequency data missing for 2 children in ASD group, 1 in non-TD, 1 in TD,

1 in vitamin-taking, and 3 in non–vitamin-taking.
b Frequency data missing for 1 child in ASD group and 1 in non–vitamin-taking.
c Frequency data missing for 1 child in non-TD group, 2 in TD, 1 in vitamin-taking,

and 2 in non–vitamin-taking.
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prenatal vitamins in the first month of pregnancy were half as
likely to receive an ASD diagnosis (adjusted RR, 0.50; 95% CI,
0.30-0.81) (Table 2 and eFigures 1 and 2 in the Supplement)
but not a non-TD 36-month outcome (adjusted RR, 1.14; 95%
CI, 0.75-1.75), and they had statistically significantly lower au-
tism symptom severity (adjusted estimated difference,

–0.60; 95% CI, –0.97 to –0.23) than children whose mothers
did not take prenatal vitamins in the first month. No associa-
tion was found between prenatal vitamin use and non-TD com-
pared with TD (Table 2). A statistically significant RR for ASD
was associated with prenatal vitamin use during the first month
when compared with children with non-TD before (RR, 0.57;

Figure. Proportion of Mothers Who Reported Prenatal Vitamin Supplement Intake
From 6 Months Before Pregnancy Through the End of Pregnancy

100

80

60

40

20

90

70

50

30

10

0

M
ot

he
rs

 T
ak

in
g 

Pr
en

at
al

 V
ita

m
in

s,
 %

Time Before Pregnancy, mo Time During Pregnancy, mo

6 5 4 3 2 1 1 2 3 4 5 6 7 8 9

ASD
Non-TD
TD

ASD indicates autism spectrum
disorder; non-TD, nontypical
development; and TD, typical
development. Vertical bars represent
95% exact CIs (Clopper-Pearson).

Table 2. Unadjusted and Adjusted Associations of Maternal Prenatal Vitamin Use in the First Month of Pregnancy
With Child 36-Month and Outcome Assessment Scores

Outcome

Maternal Prenatal Vitamin Use in First Month of Pregnancy,
No. (%) RR (95% CI)

Yes (n = 128) No (n = 113) Unadjusted Adjusted
36-mo Outcome classification

ASD 18 (14.1) 37 (32.7) 0.46 (0.28 to 0.75) 0.50 (0.30 to 0.81)a

Non-TD 35 (27.3) 25 (22.1) 0.97 (0.63 to 1.47) 1.14 (0.75 to 1.75)a,b

TD 75 (58.6) 51 (45.1) 1 [Reference] 1 [Reference]

ADOS comparison score, median
(IQR)

1.0 (2.0) 2.0 (5.0) −0.60 (−0.97 to −0.23) −0.56 (−0.94 to −0.18)c,d

MSEL composite score, mean
(SD)f

104.0 (21.0) 94.2 (21.2) 9.8 (4.3 to 15.2) 7.1 (1.2 to 13.1)e,g

Abbreviations: ADOS, Autism Diagnostic Observation Schedule; ASD, autism
spectrum disorder; IQR, interquartile range; MSEL, Mullen Scales of Early
Learning; non-TD, nontypical development; RR, relative risk; TD, typical
development.
a Adjusted for maternal education in the ASD model and for child white or

non-white race, maternal age and education, insurance delivery type, and
maternal intention to become pregnant (yes or no) in the non-TD model.

b Missing data for 3 children for the covariates in this model. The unadjusted
model restricted to the same sample yielded 0.99 (95% CI, 0.65-1.52).

c Represents the estimated difference (95% CI) in scores on the log scale from
negative binomial regression models fitted to rescaled data between children
whose mother reported taking prenatal vitamins and children whose mother
reported not taking prenatal vitamins during the first month of pregnancy.

d Adjusted for maternal education.
e Represents the estimated difference (95% CI) in scores from linear regression

models between children whose mother reported taking prenatal vitamins
and children whose mother reported not taking prenatal vitamins during the
first month of pregnancy.

f Frequency data missing for 6 children in the vitamin-taking group and 4 in the
non–vitamin-taking group.

g Adjusted for child white or non-white race, maternal age and education,
insurance delivery type, and intention to become pregnant (yes or no). In the
adjusted model, 13 children were excluded because of missing outcome or
covariates.
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95% CI, 0.37-0.87; P = .01) and after (RR, 0.52; 95% CI, 0.33-
0.81; P = .004) adjusting for maternal education, age, type of
insurance, and pregnancy intention and child white race. The
difference in cognitive score across prenatal vitamin intake was
statistically significant but was attenuated after adjustment (es-
timated difference, 7.1; 95% CI, 1.2-13.1) (Table 2). Sensitivity
analyses using a TMLE framework confirmed these results
(eTable 1 in the Supplement).

The effect estimates for the associations between prena-
tal vitamin use in the first month of pregnancy and reduced
ASD risk did not differ substantially by child race or ethnicity
or by maternal age but did differ across child sex with re-
duced RRs in females, although the number of females with
ASD was limited (eTable 2 in the Supplement). The associa-
tions between use of prenatal vitamins in the first month of
pregnancy and both ASD and non-TD did not appear to differ
substantially across child cognitive functioning. Thirty-three
mothers (13.7%), including 12 in the ASD, 4 in the non-TD, and
17 in the TD groups, reported taking other multivitamins dur-
ing the first month of pregnancy.

The highest tertile of total mean folic acid supplemental
intake during the first month of pregnancy was associated
with the greatest reduction in estimated ASD risk, and the
P value for trend was statistically significant before and after ad-
justment for maternal education (unadjusted RR, 0.36; 95% CI,
0.15-0.84; P = .02 vs adjusted RR, 0.42; 95% CI, 0.17-0.99;
P = .048; Table 3). No evidence was found for reduced non-TD
risk associated with the highest tertile of folic acid intake or for
a dose trend (unadjusted RR, 1.00; 95% CI, 0.57-1.77; P = .99 and

adjusted RR, 1.34; 95% CI, 0.72-2.49; P = .36; Table 3). Folic acid
intake at or above 600 μg was also associated with statistically
significantly lower ASD risk (adjusted RR, 0.51; 95% CI, 0.31-
0.82) but no association with non-TD (adjusted RR, 1.19; 95%
CI, 0.77-1.84; Table 3). The top 2 tertiles of total mean daily iron
intake during the first month of pregnancy were associated with
reduced estimated ASD risk compared with the bottom tertile,
and evidence of a dose trend was found (tertile 2, adjusted RR,
0.57; 95% CI, 0.33-0.98;tertile 3, adjusted RR, 0.52; 95% CI, 0.30-
0.92; adjusted P = .02; Table 3). Iron intake at or above 27 mg
was not statistically significantly associated with ASD (ad-
justed RR, 0.66; 95% CI, 0.40- 1.09). No evidence of an asso-
ciation or a dose trend was observed between iron intake and
non-TD (adjusted RR, 0.93; 95% CI, 0.62-1.41; Table 3). Sensi-
tivity analyses using the TMLE approach showed similar effect
estimates between ASD and the second and third tertiles of
folic acid and iron compared with the first; TMLE findings for
non-TD were similar for tertiles of iron, but the highest tertile
of folic acid was associated with increased risk for non-TD in all
TMLE models (eTable 3 in the Supplement).

Discussion
To our knowledge, this study is the first to evaluate the asso-
ciation between risk of ASD recurrence and maternal pre-
natal vitamin use. We found that in this high-risk cohort, ma-
ternal prenatal vitamin use near conception was associated
with a reduction in ASD risk in younger siblings similar to the

Table 3. Unadjusted and Adjusted Associations of Maternal Mean Daily Intake of Folic Acid
and Iron Supplements in the First Month of Pregnancy With Child Outcome

Maternal Mean Daily
Supplemental Intake in First
Month of Pregnancy

36-mo Outcome, No. (%) Unadjusted RR (95% CI) Adjusted RR (95% CI)a

ASD Non-TD TD ASD vs TD Non-TD vs TD ASD vs TD Non-TD vs TD
Folic acid

Tertile 1 (0-57 μg) 27 (49.1) 18 (30.0) 35 (27.8) 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

Tertile 2 (80-800 μg) 23 (41.8) 28 (46.7) 64 (50.8) 0.61 (0.39-0.95) 0.90 (0.55-1.46) 0.63 (0.40-0.98) 1.00 (0.61-1.62)

Tertile 3 (805-4800 μg) 5 (9.1) 14 (23.3) 27 (21.4) 0.36 (0.15-0.84) 1.00 (0.57-1.77) 0.42 (0.17-0.99) 1.34 (0.72-2.49)

P value for trend NA NA NA .02 .99 .048 .36

Below recommendation
(<600 μg)

36 (65.5) 22 (36.7) 49 (38.9) 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

At/above recommendation
(≥600 μg)

19 (34.6) 38 (63.3) 77 (61.1) 0.47 (0.29-0.75) 1.07 (0.69-1.65) 0.51 (0.31-0.82)b 1.19 (0.77-1.84)c

Iron

Tertile 1 (0 mg) 30 (54.6) 25 (41.7) 39 (31.0) 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

Tertile 2 (0.5-27.0 mg) 13 (23.6) 18 (30.0) 43 (34.1) 0.53 (0.31-0.92) 0.76 (0.46-1.24) 0.57 (0.33-0.98) 0.85 (0.52-1.40)

Tertile 3 (27.2-328 mg) 12 (21.8) 17 (28.3) 44 (34.9) 0.49 (0.28-0.87) 0.71 (0.43-1.18) 0.52 (0.30-0.92) 0.75 (0.45-1.23)

P value for trend NA NA NA .01 .19 .02 .25

Below recommendation
(<27 mg)

39 (70.9) 35 (58.3) 71 (56.4) 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

At/above recommendation
(≥27 mg)

16 (29.1) 25 (41.7) 55 (43.7) 0.64 (0.39-1.05) 0.95 (0.62-1.45) 0.66 (0.40-1.09)d 0.93 (0.62-1.41)e

Abbreviations: ASD, Autism Spectrum Disorder; NA, not applicable;
Non-TD, nontypical development; RR, relative risk; TD, typical development.
a Adjusted for maternal education in the ASD model and for child white or

non-white race, maternal age and education, insurance delivery type, and
maternal intention to become pregnant (yes or no) in the non-TD model. In the
adjusted models for non-TD, 3 children were excluded because of missing
covariates.

b When further adjusted for iron intake at or above 27 mg, the ASD RR was 0.38

(95% CI, 0.16-0.90).
c When further adjusted for iron intake at or above 27 mg, the non-TD

RR was 1.65 (95% CI, 0.95-2.85).
d When further adjusted for folic acid intake at or above 600 μg, the ASD

RR was 1.47 (95% CI, 0.61-3.55).
e When further adjusted for folic acid intake at or above 600 μg, the non-TD

RR was 0.77 (95% CI, 0.45-1.31).
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decreased risk observed in the general population. Consider-
ing the potential for greater genetic susceptibility in these fami-
lies, these findings, if replicated, imply that susceptibility could
potentially be overcome by environmental manipulation. Twin
studies3,5,29 suggest that the early environment contributes to
the development of ASD in addition to shared genetics, and
gene-environment interaction effects are likely.30,31 Further-
more, this association appeared to be specific to ASD and was
not observed for other non-TD outcomes, which may be be-
cause the non-TD group was heterogeneous and, according to
previous studies of other high-risk samples,32,33 was likely com-
posed of multiple small subgroups with diverse outcomes, not
all of which were detectable at 3 years of age.

MARBLES collected information on vitamin use by month,
which allows for greater characterization of timing than the
information collected in most ASD studies. The timing impli-
cated in this study is congruent with previous studies show-
ing that the periconceptional period could be particularly criti-
cal in ASD origin and prenatal vitamin use.6,7,9 The association
between prenatal vitamin use and reduced ASD risk could be
owing to any of the many nutrients contained in these vita-
mins. As suggested in previous studies, iron and especially fo-
lic acid are likely contributors given their high content in pre-
natal vitamins (compared with multivitamins, which were not
associated with lower ASD risk), their importance in neurode-
velopment, their depletion during pregnancy, and (espe-
cially for folic acid) the timing of their effect.7-9,34

We observed modest evidence of a dose trend in which the
highest tertile of mean daily folic acid supplementation was
associated with a slightly greater reduction in ASD RR. Folic
acid intake above the amount recommended for pregnancy
(≥600 μg) was associated with lower ASD risk. Multivita-
mins, which typically contain less than 400 μg, were not as-
sociated with this decreased ASD risk, which implies that the
association between prenatal vitamin use and ASD in high-
risk siblings could, at least partly, be attributed to the high fo-
lic acid content in prenatal vitamins, as has been previously
observed in general population studies,8,9,14 but other nutri-
ents like iron could also be playing a role.34 The inverse asso-
ciation with folic acid intake compared with iron intake ap-
peared more specific to ASD, which could suggest differences

in neurodevelopmental outcomes by nutrient content in pre-
natal vitamin supplements. Because intake of folic acid and
iron was highly correlated, our ability to examine their inde-
pendent effects was limited; however, when we examined the
intake of these 2 nutrients above the recommended dose for
the first pregnancy month in the same model, the folic acid as-
sociation remained statistically significant. Additional stud-
ies are needed to more rigorously investigate which nutrient
might be driving the association with reduced ASD risk.

Limitations
This study has limitations. Even though the proportion of
younger siblings with ASD was consistent with that of the much
larger sample in the Baby Siblings Research Consortium,17 the
sample size in this study provided limited power to detect dif-
ferences across strata; however, to our knowledge, this re-
search is the largest study to date that enrolled high-risk sib-
lings before or during pregnancy and that prospectively
collected supplement intake. This study assessed many po-
tential confounding factors; however, the possibility of re-
sidual confounding or confounding by unmeasured factors can-
not be ruled out. Prenatal vitamin use starting before pregnancy
as recommended is a potential marker of good health literacy
and is associated with many health-conscious behaviors, such
as maternal exercise and avoidance of toxicant exposures that
could decrease background ASD risk in children.

Conclusions
This study is the first to our knowledge to suggest that mater-
nal prenatal vitamin intake during the first month of preg-
nancy may reduce ASD recurrence by half in younger siblings
of children with ASD in high-risk families. These findings, if
replicated, could have important public health implications
for affected families. Future work should examine the contri-
butions of specific nutrients from supplements as well as
food sources, overall diet quality, and biologic measure-
ments of nutrient status, as well as investigate dose thresh-
olds, interactions with genetic variants, and potential
mechanisms.
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