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Abstract
We examined maternal prenatal vitamin use or supplemental folic acid intake during month one of pregnancy for associa-
tion with autism spectrum disorder (ASD) in the Early Autism Risk Longitudinal Investigation, an enriched-risk pregnancy 
cohort. Total folic acid intake was calculated from monthly prenatal vitamins, multivitamins, and other supplement reports. 
Clinical assessments through age 3 years classified children as ASD (n = 38) or non-ASD (n = 153). In pregnancy month 
one, prenatal vitamin use (59.7%) was not significantly associated with odds of ASD (OR = 0.70, 95%CI 0.32, 1.53). Sample 
size was limited and residual confounding was possible. Given the estimated effect sizes in this and previous work, prenatal 
vitamin intake during early pregnancy could be a clinically useful preventative measure for ASD.
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Introduction

Autism spectrum disorder (ASD) is a heterogeneous neu-
rodevelopmental disorder characterized by persistent 
deficits in social communication and interaction, as well 
as restricted, repetitive behaviors (American Psychiatric 
Association, 2013). In 2018, ASD was observed to affect 
1 in 54 children by eight years of age in the United States 
(Maenner et al., 2020). Perturbations to the delicate in utero 
neurodevelopmental process likely contribute to the devel-
opment of ASD. While the etiology of ASD is at least in part 
genetic, several environmental factors have been associated 
with increased ASD risk, including prenatal infection with 
fever (Brucato et al., 2017; Christian et al., 2018; Croen 
et al., 2019; Hornig et al., 2018), maternal diabetes (Hertz-
Picciotto et al., 2018; Xu et al., 2014), perinatal stress (Gar-
dener et al., 2011), chemical toxicants (Ye et al., 2017), and 
certain medications (Gardener et al., 2009). Understanding 
modifiable exposures associated with ASD has great public 
health potential, particularly for high-risk families.

Maternal prenatal nutrition is critical for proper neurode-
velopment (Chen et al., 2016; Grant & Soles, 2009; Nuttall, 
2017). It is well-established that folic acid is crucial for neural 
tube development (Berry et al., 1999; Centers for Disease Con-
trol & Prevention, 1992; Pitkin, 2007; Rieder, 1994). Pregnant 
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women should consume at least 400 µg (mcg) folic acid or at 
least 600 mcg dietary folate equivalents (Bailey, 1998; Centers 
for Disease Control & Prevention, 1992) from dietary folates 
(naturally occurring in food), fortified foods (such as cereals), 
prenatal vitamins, multivitamins, and folic acid supplements. 
Compared to multivitamins, prenatal vitamins typically con-
tain more folic acid (about 800 mcg in prenatal vitamins ver-
sus 400 mcg in multivitamins) and iron (about 28 mg versus 
18 mg). Folic acid-specific supplements are prescribed in a 
range of doses, from 400 to 4000 mcg, with the highest doses 
often reserved for those with a previous pregnancy affected by 
a neural tube defect (Centers for Disease Control and Preven-
tion, 1991).

Evidence supports protective associations for intake of pre-
natal vitamins (Levine et al., 2018; Schmidt et al., 2011, 2019) 
or folic acid (Levine et al., 2018; Schmidt et al., 2012; Suren 
et al., 2013) with ASD. However, the size and direction of the 
reported effects are variable (Braun et al., 2014; DeVilbiss 
et al., 2017). Two studies observed supplementation versus 
very low levels was associated with protection, while very 
high folic acid intake (greater than 1000 mcg) or high mater-
nal plasma folate levels (≥ 60.3 nmol/L) were associated with 
risk, suggesting a u-shaped pattern (Raghavan et al., 2016, 
2018). It is difficult to compare previous studies with preg-
nancy exposure periods defined in different and overlapping 
manners (periconceptionally, first trimester, all of pregnancy). 
Many studies queried supplement use only once and are sub-
ject to exposure misclassification. Replication with prospec-
tive prenatal measures of intake doses, dietary and supplement 
sources, and precise timing is limited.

We evaluated the relationship between prenatal vitamin 
and folic acid intake (including timing, supplement type, and 
dose) during early pregnancy and odds of ASD recurrence 
in younger siblings of persons with ASD. Our analysis was 
conducted in the Early Autism Risk Longitudinal Investiga-
tion (EARLI), a prospective, enriched-risk pregnancy cohort 
with detailed exposure measurements collected throughout 
pregnancy and child outcome evaluation at 36-months using 
a gold-standard clinical assessment protocol for ASD. We 
hypothesized that prenatal vitamin and folic acid intake dur-
ing early pregnancy would be associated with reduced odds 
of ASD in the child.

Methods

Study Design and Overall Sample

EARLI follows families who already have one child (the 
proband) diagnosed with ASD (autistic disorder, Asperger 
syndrome, or pervasive developmental disorder not other-
wise specified) (Newschaffer et al., 2012). All probands were 
evaluated during an enrollment clinic visit to confirm ASD 

diagnosis via the Autism Diagnostic Observation Schedule 
(ADOS-2 scoring algorithm) (Newschaffer et al., 2012). To 
allow a broad eligibility window within pregnancy (first two 
trimesters), mothers were enrolled by the 28th week of a 
subsequent pregnancy. In total, 249 families were recruited 
from Southeast Pennsylvania (Drexel University), Northeast 
Maryland (Johns Hopkins University and Kennedy Krieger 
Institute), and Northern California (University of California, 
Davis, the MIND Institute, and Kaiser Permanente Division 
of Research). Informed consent was obtained from all par-
ticipants and the Institutional Review Boards of all recruit-
ment sites approved this study.

Prenatal Vitamin and Folic Acid Supplement 
Assessment

At the first study visit, mothers were asked to recall supple-
ment use (multivitamin, prenatal vitamin, or folic acid) for 
any previous month of pregnancy. Then, supplement use 
was reported prospectively by monthly questionnaire. If a 
supplement was used, mothers were asked about the type, 
brand, and frequency of use. Average daily total supple-
mental folic acid intake was estimated from the total in the 
prenatal vitamins, multivitamins, and any other folic acid-
containing supplements (Schmidt et al., 2019). Each brand 
a mother reported was queried; if the brand was unknown 
then standard amounts found in that vitamin type were used. 
Total folic acid intake from supplements was then catego-
rized into low (< 400 mcg), adequate (400–1000 mcg), and 
high (> 1000 mcg) based on the recommendations of the 
Centers for Disease Control (Centers for Disease Control 
& Prevention, 1992). Our primary exposure variable was 
prenatal vitamin supplement use (yes versus no) during the 
first month of pregnancy.

ASD Outcome Assessment

Postnatal clinical evaluations were completed four times. 
Our primary outcome of interest was ASD at the 36-month 
visit using DSM-5 criteria (American Psychiatric Associa-
tion, 2013) and children were grouped into two outcome 
levels (ASD, non-ASD). Sensitivity analyses considered 
continuous outcome scores on the Autism Observation Scale 
for Infants (AOSI) (Bryson et al., 2008) at 12 months, total 
calibrated severity scores for the ADOS-2 to allow compari-
son across modules (Gotham et al., 2009; Lord et al., 2000, 
2012) at 36 months, and the Mullen Scales of Early Learning 
(MSEL) at 36 months. In an additional sensitivity analysis, 
children were grouped into three outcome levels (ASD, non-
typically developing, typically developing), separating the 
non-ASD into those with non-typical development, but not 
ASD, from those with typical development. These group-
ings were made according to the Baby Siblings Research 
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Consortium (BSRC) criteria (Ozonoff et al., 2014), based 
on definitions of elevated ADOS scores, low MSEL scores, 
or both.

Demographics and Covariate Ascertainment

Demographic information was collected at the maternal 
pregnancy interviews. The key covariates considered were: 
maternal age (years), paternal age (years), maternal educa-
tion (bachelor’s degree or higher), maternal smoking behav-
ior (any), maternal body mass index (BMI) at the first preg-
nancy study visit, gestational age of the younger sibling at 
birth (weeks), and sex of the younger sibling.

Exclusion Criteria for Analytic Samples

Of the 249 families enrolled, nine pregnancies did not result 
in live births. Ten of the remaining 240 pregnancies resulted 
in twins, and one twin from each family was randomly 
excluded. Next, 46 families were excluded due to missing 
ASD diagnosis at 36-months. One family was excluded for 
missing information for prenatal vitamins and total folic acid 
intake for the first trimester of pregnancy. Two families were 
excluded for missing maternal education level. The analytic 
sample was comprised of 191 mother–child pairs (Supple-
mental Fig. 1).

Statistical Analyses

We compared demographic information and covariates for 
families in the analytic sample (n = 191 families) to those 
excluded (n = 49 families). For categorical variables (mater-
nal race, maternal ethnicity, maternal education, maternal 
BMI classification, maternal smoking, prenatal vitamin use, 
prenatal folic acid intake, sibling sex), chi-square tests of 
proportions were used. For continuous variables (mater-
nal and paternal age, gestational age, AOSI total score at 
12 months, and ADOS comparison score at 36 months), 
t-tests were used.

We conducted bivariate analyses of parental demograph-
ics and child characteristics noted above by the primary 
exposure and outcome variables. We used multivariate 
logistic regression to estimate odds of ASD for children of 
mothers who took prenatal vitamins in month one compared 
to those whose mothers did not, adjusting for (1) maternal 
education and (2) maternal education and child sex. Mater-
nal education was a confounder (altered the relationship 
between prenatal vitamins and ASD by > 10%). Inclusion 
of child sex improved model performance by AIC.

Additional and Sensitivity Analyses

We performed several exposure sensitivity analyses. First, 
we used logistic regression to estimate the association of 
categorized folic acid intake (low, adequate, and high) dur-
ing the first month of pregnancy with ASD. Second, we used 
spline models to assess the relationship of total folic acid 
intake in month one of pregnancy to ASD outcomes. Third, 
we examined prenatal vitamin use across all months (one 
through nine, each measured separately) of pregnancy with 
a mixed effects logistic regression model, including a ran-
dom intercept for each mother and a spline term for timing 
of prenatal vitamin use.

We also conducted outcome sensitivity analyses, all 
measured at 36 months. First, we used multinomial logis-
tic regression to assess three-level BSRC groupings (ASD 
(n = 36) or non-typically developing (n = 71) relative to 
typically developing (n = 77)). Next, we used a generalized 
linear model (with a negative binomial distribution and log 
link function) to assess the relationship between prenatal 
vitamin use and ADOS calibrated severity score. Finally, we 
used a generalized linear model approach (with normality 
assumptions and a linear link function) to assess prenatal 
vitamin use with the MSEL early learning composite t-score.

Comparison with Prior Studies’ Results

We conducted a literature review to identify relevant studies 
of prenatal nutritional supplements and ASD. Because of the 
wide variety of types of prenatal supplements and of study 
designs, it is crucial to put the results of the new study in the 
context of prior research. The present prospective study has 
a limited sample size, and comparison with direction and 
magnitude of prior findings may be important. We classified 
studies by exposure period (i.e. preconception, first trimes-
ter, all of pregnancy) and by exposure type (folic acid, pre-
natal vitamins, multivitamins). We prioritized studies that 
examined the relationship between intake of supplements 
during the first or second trimester and ASD outcomes. 
From an initial 15 studies, two were excluded for exposure 
timing or for having only plasma measures (Al-Farsi et al., 
2013; Steenweg-de Graaff et al., 2015), two were excluded 
for missing ASD outcomes (Czeizel & Dobo, 1994; Tamura 
et al., 2005), and one was excluded for only reporting on the 
interaction of folic acid with air pollution and not the direct 
effect of folic acid (Goodrich et al., 2018). Thus, ten studies 
had tests in at least one supplement type: three of prenatal 
vitamins (Braun et al., 2014; Schmidt et al., 2011, 2019), 
five of multivitamins (DeVilbiss et al., 2017; Levine et al., 
2018; Raghavan et al., 2018; Suren et al., 2013; Virk et al., 
2016), and six of folic acid (DeVilbiss et al., 2017; Levine 
et al., 2018; Nilsen et al., 2013; Schmidt et al., 2012; Suren 
et al., 2013; Virk et al., 2016).
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Results

Sample Demographic Characteristics

The families in the analytic sample did not differ from those 
excluded (Supplemental Table 1). Similarly, the siblings 
excluded were comparable in terms of sex ratio and AOSI 
total score at 12 months (Supplemental Table 1). In our ana-
lytic sample, maternal age at conception ranged from 21 to 
44 (mean = 33.59, SD = 4.79) and paternal age ranged from 
22 to 55 (mean = 35.66, SD = 5.98). Among mothers in the 
analytic sample, 60.2% reported White race, 17.3% reported 
Hispanic ethnicity, and 58.1% reported earning a bachelor’s 
degree or higher (Supplemental Table 1).

Distribution of Prenatal Vitamin and Folic Acid 
Supplement Use

Prenatal vitamin use in the first month of pregnancy was 
lower among mothers of ASD cases (52.6%) compared to 
mothers of non-ASD children (61.4%, Table 1). Prenatal 

vitamin use was significantly associated with maternal 
education, where a higher proportion of mothers with a 
bachelor’s degree or higher (67.5%) took prenatal vitamins, 
relative to mothers with less education (44.2%, p = 0.002). 
Additionally, prenatal vitamin use was associated with total 
folic acid category, where more mothers who took prenatal 
vitamins had adequate levels of folic acid (65.8% compared 
to 14.3%, p < 0.001) (Table 1). Use of prenatal vitamins var-
ied during pregnancy, but by the end of the first trimester, 
most women (89%) used prenatal vitamins (Fig. 1).

Distribution of ASD Outcomes in Study Sample

One fifth (n = 38, 19.9%) of the children in our analytic 
sample were diagnosed with ASD at 36-months, accord-
ing to DSM-5 criteria (Table 1), as expected (Ozonoff et al., 
2011). AOSI total score at 12 months was higher among 
cases (median = 6.0, IQR: [4.0, 9.0]) compared to non-ASD 
controls (median = 4.0, IQR: [2.0, 7.0], p = 0.01). Mothers 
of ASD cases were less educated than those of non-ASD 
controls (44.7% with a bachelor’s degree or higher compared 
to 61.4% of controls, p = 0.09) (Table 1). Prior to pregnancy, 

Fig. 1   Prenatal vitamin use 
across pregnancy in 191 moth-
ers in the Early Autism Risk 
Longitudinal Investigation 
pregnancy cohort. Maternal use 
of prenatal vitamins increased 
steeply over the first trimester 
of pregnancy; by month 3 of 
pregnancy, 88% of mothers took 
prenatal vitamins. Across preg-
nancy, a lower proportion of 
mothers of eventual ASD cases 
(n = 38) were taking prenatal 
vitamins compared to mothers 
of non-ASD controls (n = 153). 
Errors bars represent the stand-
ard error of the mean for pro-
portions; SE = sqrt(p*(1 − p)/n)
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Table 1   Characteristics of families in the Early Autism Risk Longitudinal Investigation high-risk pregnancy cohort

a Continuous variables tested with a t-test for difference in means and categorical variables tested with a chi-square test of equal proportions. 
Missing category excluded for categorical variables before testing for differences
b AOSI = Autism Observation Scale for Infants. The AOSI assessment consists of 18 items and is administered to infants age 6 to 18 months. An 
AOSI total score of 13 or greater indicates a child is likely to go on to develop ASD
c ADOS = Autism Diagnostic Observation Schedule. This is a semi-structured interview conducted by a trained examiner to assess communica-
tion, social interaction, and play. It is valid for ages 12 months through adulthood. Higher scores indicate higher severity of autism symptoms; 
threshold level for a total score indicating ASD varies by module and age level. The calibrated severity score is standardized across modules
d ASD = autism spectrum disorder. Primary analyses will use diagnosis as defined by the Diagnostic and Statistical Manual of Mental Disorders, 
5th edition (DSM-5).
e Pre-pregnancy self-report

Case status Prenatal vitamin use month 1

Non-ASD (n = 153) ASD
(n = 38)

pa No
(n = 77)

Yes
(n = 114)

pa

Child characteristics
Male sex (%) 71 (46.4) 30 (78.9) 0.001 36 (46.8) 65 (57.0) 0.213
Gestational age at birth, weeks (mean (sd)) 39.12 (1.45) 38.70 (1.51) 0.143 39.06 (1.18) 39.02 (1.62) 0.85
 Missing (%) 23 (15.0) 6 (15.8) 14 (18.2) 15 (13.2)

AOSIb total score, 12 months (median [IQR]) 4.0 [2.0, 7.0] 6.0 [4.0, 9.0] 0.012 4.0 [2.0, 6.25] 4.0 [2.0, 8.0] 0.803
 Missing (%) 9 (5.9) 1 (2.6) 5 (6.5) 5 (4.4)

ADOSc calibrated severity score (total), 36 months (median 
[IQR])

2.0 [1.0, 3.0] 7.0 [6.0, 8.0]  < 0.001 2.0 [1.0, 5.0] 2.0 [1.0, 5.0] 0.354

 Missing (%) 4 (2.6) 2 (5.3) 0 (0.0) 6 (5.3)
ASDd case (%) – – – 18 (23.4) 20 (17.5) 0.42
Parental characteristics
Maternal age (mean (sd)) 33.61 (4.91) 33.50 (4.31) 0.901 33.40 (5.15) 33.71 (4.54) 0.664
Paternal age (mean (sd)) 35.85 (6.00) 34.92 (5.95) 0.394 35.12 (6.34) 36.04 (5.73) 0.3
 Missing (%) 1 (0.7) 0 (0.0) 0 (0.0) 1 (0.9)

Maternal race (%) 0.180 0.550
 Asian 19 (12.4) 5 (13.2) 8 (10.4) 16 (14.0)
 Black, African American 16 (10.5) 5 (13.2) 10 (13.0) 11 (9.6)
 White 94 (61.4) 21 (55.3) 46 (59.7) 69 (60.5)
 Other/multiple 13 (8.5) 1 (2.6) 5 (6.5) 9 (7.9)
 Missing 11 (7.2) 6 (15.8) 8 (10.4) 9 (7.9)

Maternal ethnicity (%) 0.538 0.966
 Hispanic 24 (15.7) 9 (23.7) 15 (19.5) 18 (15.8)
 Non-Hispanic 115 (75.2) 25 (65.8) 54 (70.1) 86 (75.4)
 Missing 14 (9.2) 4 (10.5) 8 (10.4) 10 (8.8)

Maternal education, bachelor’s degree or higher (%) 94 (61.4) 17 (44.7) 0.092 34 (44.2) 77 (67.5) 0.002
Maternal BMIe (%) 0.005 0.274
 Underweight 1 (0.7) 1 (2.6) 0 (0.0) 2 (1.8)
 Normal 63 (41.2) 14 (36.8) 27 (35.1) 50 (43.9)
 Overweight 48 (31.4) 4 (10.5) 25 (32.5) 27 (23.7)
 Obese 37 (24.2) 19 (50.0) 25 (32.5) 31 (27.2)
 Missing 4 (2.6) 0 (0.0) 0 (0.0) 4 (3.5)

Maternal pregnancy behaviors
Prenatal vitamin use, Mo. 1 pregnancy (%) 94 (61.4) 20 (52.6) 0.42 – – –
Folic acid, Mo. 1 pregnancy 0.662  < 0.001
 Low (< 400 mcg) 71 (46.4) 16 (42.1) 65 (84.4) 22 (19.3)
 Adequate (400–1000 mcg) 69 (45.1) 17 (44.7) 11 (14.3) 75 (65.8)
 High (> 1000 mcg) 13 (8.5) 5 (13.2) 1 (1.3) 17 (14.9)

Prenatal smoking (%) 0.031  > 0.99
 No 122 (79.7) 25 (65.8) 57 (74.0) 90 (78.9)
 Yes 3 (2.0) 4 (10.5) 3 (3.9) 4 (3.5)
 Missing 28 (18.3) 9 (23.7) 17 (22.1) 20 (17.5)

Study enrollment gestational week 18.8 (6.9) 19.1 (7.2) 0.810 18.6 (6.0) 19.1 (7.5) 0.678
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mothers of ASD cases were more likely to have BMI levels 
categorized as obese (50.0%) than mothers of non-ASD con-
trols (24.2%, p = 0.005).

Association of Prenatal Vitamin Use with ASD 
Outcomes

Prenatal vitamin use in month one of pregnancy was not 
associated with ASD before adjustment (OR = 0.70, 95%CI 
0.34, 1.43) or after adjusting for maternal education and 
child sex (OR = 0.70, 95%CI 0.32, 1.53) (Table 2, Fig. 2). 
Results were consistent after additional adjustment for 
pre-pregnancy maternal BMI (OR = 0.67, 95%CI 0.29, 
1.55) among the 187 mother-infant pairs with available 
information.

Additional and Sensitivity Analyses

High folic acid intake (> 1000 mcg) in month one compared 
to adequate (400–1000 mcg) was not associated with odds 
of ASD (OR = 1.64, 95%CI 0.44, 5.47), adjusted for child 
sex and maternal education (Table 2). In spline modeling of 
continuous total folic acid intake, we observed a suggestive 
increase in risk at the high end of intake values, but the con-
fidence limit ratio was large (Supplemental Fig. 3).

When examining timing of prenatal vitamin use across 
pregnancy, in every month mothers whose child eventually 
developed ASD were less likely to be taking prenatal vita-
mins (p = 0.074) (Fig. 1).

Sensitivity analyses using three-level BSRC groupings 
revealed that prenatal vitamin use was not associated with 
odds of ASD versus typically developing, nor for odds of 
non-typically developing compared to typically developing 
(Supplemental Table 2). We did not observe significant dif-
ferences in MSEL scores between children whose mothers 
who took prenatal vitamins in month one of pregnancy ver-
sus those whose mothers did not (increase in t-score of 5.24, 
95%CI − 8.10, 18.6). There was no significant difference in 
ADOS calibrated severity score between children whose 
mothers took prenatal vitamins and those whose mothers 
did not (Table 1).

Discussion

In the EARLI prospective, enriched-risk pregnancy cohort, 
we did not observe a statistically significant association 
between prenatal vitamin intake in the first month of preg-
nancy and odds of ASD, although the direction and magni-
tude of association were consistent with previous findings 
(Schmidt et al., 2011, 2019). In these families at high risk 
of ASD, it is especially important to understand modifiable 
environmental risk factors. To our knowledge, this is only 
the second study reporting on prenatal vitamins’ association 
with odds of recurrence in younger siblings. We observed 
a protective association of maternal education, consistent 
with prior studies (Delobel-Ayoub et al., 2015; Emerson, 
2012; Rai et al., 2012). We also observed a higher rate of 
ASD among male children (sex ratio: 3.75 male to 1 female), 

Table 2   Association of month 
1 prenatal vitamin use and total 
folic acid supplementation with 
ASD outcomes in the Early 
Autism Risk Longitudinal 
Investigation high-risk 
pregnancy cohort

a According to DSM-5 diagnostic criteria
b Education refers to maternal education (less than bachelor’s versus bachelor’s degree or higher) and sex 
refers to child sex
c Adequate intake used as reference category

Outcome OR (95% CI)

ASDa

(n = 38)
Non-ASD
(n = 153)

Unadjusted Adjustedb for education Adjustedb for 
education and 
sex

Prenatal vitamins
No
(%)

18 (23.4) 59
(76.6)

1 (reference) 1 (reference) 1 (reference)

Yes
(%)

20 (17.5) 94
(82.5)

0.70
(0.34, 1.43)

0.81
(0.38, 1.68)

0.70
(0.32, 1.53)

Folic acid
CDC guidelines:
Adequatec 17 (44.7) 69

(45.1)
1 (reference) 1 (reference) 1 (reference)

Low (< 400 mcg)
(%)

16 (42.1) 71
(46.4)

0.91
(0.43, 1.96)

0.75
(0.34, 1.67)

0.75
(0.32, 1.69)

High (> 1000 mcg)
(%)

5
(13.2)

13
(8.50)

1.56
(0.45, 4.79)

1.47
(0.45, 4.78)

1.64
(0.44, 5.47)
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consistent with the literature (Loomes et al., 2017). The 
higher rate of pre-pregnancy obesity among mothers of chil-
dren with ASD was also consistent with previous reports 
(Bilder et al., 2013; Krakowiak et al., 2012; Li et al., 2016).

The effect size of prenatal vitamin use during the first 
month of pregnancy (OR 0.70, 95%CI 0.32, 1.53) was simi-
lar in magnitude and direction to previously reported esti-
mates (Schmidt et al., 2011, 2019), but with a wider confi-
dence interval and a non-significant test of association. Our 
precision was limited by sample size. Although statistical 
significance is an important consideration, observed effect 
sizes are valuable for clinical utility (Schober et al., 2018). 
In our study, mothers of children that later developed ASD 
were consistently less likely to be taking prenatal vitamins 
throughout pregnancy; future studies should investigate 
combinations of time points and possible time intervals. Our 
findings appeared specific to ASD, as prenatal vitamins did 
not show associations with other non-typical development in 
this sample. A previous study of prenatal vitamin use in the 
first month of pregnancy in a prospective U.S. high-risk sib-
ling cohort found a protective OR of 0.50 (95%CI 0.31, 0.81) 
for ASD recurrence (Schmidt et al., 2019). Likewise, a U.S. 
case–control study of prenatal vitamin use in either the three 
months prior to pregnancy or the first month of pregnancy 
found an OR for ASD of 0.62 (95%CI 0.42, 0.93) (Schmidt 
et al., 2011). A large prospective general population study 
in Norway that examined prenatal folic acid supplement use 
(400 mcg) during the 4 weeks before and 8 weeks after con-
ception also observed an OR for ASD of 0.61 (95%CI 0.40, 

0.91), although these supplements differ from those used 
in the U.S. (Suren et al., 2013). Given the magnitude of the 
effect estimates observed in this and previous work, prenatal 
vitamin intake during early pregnancy could be a highly 
clinically useful preventative measure for ASD.

Several studies from other countries have examined asso-
ciations between prenatal vitamin use and neurodevelop-
mental outcomes (DeVilbiss et al., 2017; Levine et al., 2018; 
Suren et al., 2013). A key difficulty in comparing or meta-
analyzing studies of supplements from other countries is 
that “multivitamin” and “prenatal vitamin” indicate different 
nutrient compositions by country (Blumberg et al., 2018). 
Additionally, prescription and non-prescription products 
differ; in the U.S., prescription products typically contain 
higher levels of folic acid, while non-prescription products 
tend to have higher levels of vitamins A and D, iodine, and 
calcium (Saldanha et al., 2017). Studies define adequacy 
in different ways, such as using the CDC recommendation 
of 400 to 1000 µg per day (Centers for Disease Control 
and Prevention, 1991), the Institute of Medicine definition 
of at least 600 dietary folate equivalents per day (Bailey, 
1998), or defining their own cut point. Additionally, some 
of the largest studies of folic acid during pregnancy and 
ASD were conducted in countries without mandatory grain 
fortification, such as Norway (Suren et al., 2013), Sweden 
(DeVilbiss et al., 2017), and Israel (Levine et al., 2018). 
The consumption of whole grains may differ across coun-
tries, further complicating the comparison of supplemental 
folic acid. Further work is still needed to understand the 

Fig. 2   The protective effect of 
prenatal vitamin use in month 1 
of pregnancy among mothers in 
the EARLI cohort is consist-
ent in magnitude and direction 
when compared to prior studies, 
though the estimate is less pre-
cise. ABCS Autism Birth Cohort 
Study, MBRN Medical Birth 
Registry of Norway
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components or combinations of nutrients most related to 
the protection afforded by prenatal vitamins. It is possible 
that the protection offered by prenatal vitamins is in part due 
to synergistic effects of the many component vitamins and 
minerals and that examining individual nutrients will not 
yield comparable results.

We noted that very high folic acid (> 1000 mcg total sup-
plemental from any source) relative to adequate (400–1000 
mcg) was not associated with odds of ASD, but no dose-
related trend was observed and this was a very unstable find-
ing, with a confidence limit ratio > 12 and only four ASD 
cases in this category. At least one other study has noted a 
relationship between odds of ASD and high maternal folate 
levels (Raghavan et al., 2018), though their folate measures 
were taken at the time of delivery. There is also the pos-
sibility of confounding by indication in this highest supple-
mental intake category, since high doses of folic acid can be 
indicated for at-risk pregnancies, such as mothers who have 
already had a pregnancy resulting in a neural tube defect 
(Centers for Disease Control and Prevention, 1991), other 
birth defects (Botto et al., 2000; Huhta & Linask, 2015; Wil-
son et al., 2015), or maternal anemia (Green & Miller, 1999; 
Sanghvi et al., 2010). For all of these reasons, the elevated 
risk in those with high intake should be viewed cautiously.

In addition to the prenatal vitamin association with ASD 
diagnosis, we tested the specificity for continuous neurode-
velopment measures and subscales. In the study sample, 
MSEL scores at 36-months were not associated with prena-
tal vitamin use, though a trend was observed in the expected 
direction, with higher development scores (motor skills, vis-
ual perception, expressive and receptive language) among 
those with prenatal vitamin use. Because our non-ASD 
group included children with low cognitive scores, there is 
concern that the controls were enriched with children who 
had overall lower folic acid exposure in early pregnancy. 
ADOS calibrated severity scores at 36-months were not dif-
ferent among children whose mothers took prenatal vita-
mins. Given that this is a very high-risk group as siblings of 
affected children, we observed a relatively high proportion 
of non-typically developing children in the sample, which 
would cause higher ADOS averages even in the absence of 
ASD diagnoses.

One limitation of this study is the modest sample size, 
limiting the precision of effect estimates. Small numbers 
in strata prevented analysis stratified by sex. A further 
limitation was that data on very early life (before age 3) 
interventions was not available in this study. All participat-
ing children are infant siblings of a person with ASD, so 
potential increased services at very young ages compared 
to the general population may have been similarly likely 
across the whole cohort. There could also be residual con-
founding and confounding by indication; because prenatal 
vitamin use is associated with other healthy behaviors, 

there is some concern that other health-related behaviors 
were not measured or controlled for. Confounding by indi-
cation may have affected results for total supplemental 
folic acid, as women who are prescribed folic acid have 
a different set of risk factors. We recruited women in the 
first or second trimester of pregnancy, hence much of their 
supplement use during pregnancy was captured prospec-
tively, a major strength of this study. We also retrospec-
tively queried their supplement intake prior to pregnancy, 
which may introduce some measurement error, however, 
recall of pregnancy use of multivitamins and over-the-
counter medications, including initiation and duration of 
use, has been shown to be accurate up to five years fol-
lowing birth of the child (Bosco et al., 2010; Werler et al., 
1989), whereas in this study, the recall was over a period 
of months, not years and we did not observe differences 
in response by enrollment week.

In summary, taken together with prior research, prena-
tal vitamins and prenatal care are important for pregnant 
people, especially those with a prior child with ASD. The 
current study’s prospective design allowed for accurate 
exposure collection during the biologically relevant period, 
including details about type and dose that allow for speci-
ficity in examining risk factors. Additionally, the detailed 
phenotyping of the children allowed for assessment of not 
just outcome classification but also markers of severity. 
Future work should examine other months of pregnancy; 
incorporate dietary nutrient information; seek larger sample 
sizes while still achieving well-characterized phenotypes; 
and include parental and child folate metabolism along with 
ASD genetic risk.
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