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Abstract

Background: Many pregnant women in the United States have suboptimal vitamin D, but the
impact on infant development is unclear. Moreover, no pregnancy-specific vitamin D
recommendations have been widely accepted.

Aims: Given the ubiquitous expression of vitamin D receptors in the brain, we investigated the
association between early prenatal plasma 25-hydroxyvitamin D [25(OH)D] concentrations and
children’s social and emotional development in the Newborn Epigenetic Study, a prospective study
of pregnancies from 2009 to 2011 in Durham, North Carolina.

Methods: We measured 25(OH)D concentrations in 15t or 2" trimester plasma samples and
categorized 25(OH)D concentrations into quartiles. Covariates were derived from maternal
questionnaires. Mothers completed the Infant Toddler Social-Emotional Development Assessment
when children were 12—-24 months of age. We used multivariable linear regression to evaluate
associations between 25(OH)D and specific behavior scores, adjusted for season of blood draw,
maternal age, education, parity, smoking, marital status, pre-pregnancy BMI, and infant gender.
We investigated effect-measure modification by race/ethnicity.

Results: Of the 218 mother-infant pairs with complete data, Black mothers had much lower
25(0OH)D concentrations as compared to White and Hispanic mothers. After adjustment, lower
prenatal 25(OH)D was associated with slightly higher (less favorable) Internalizing scores among
White children, but lower (more favorable) Internalizing scores among Black and Hispanic
children. Lower prenatal 25(OH)D also appears to be associated with higher (less favorable)
Dysregulation scores, though only among White and Hispanic children.
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Conclusions: Though imprecise, preliminary results warrant further investigation regarding a
role for prenatal vitamin D on children’s early social and emotional development.
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1. Introduction

Approximately half of pregnant women in the United States have suboptimal vitamin D
levels, and black women are disproportionally affected [1-4]. Vitamin D is a prohormone
derived from both diet and UVB light exposure and plays an essential role in bone
development. Recent epidemiologic studies suggest that insufficient prenatal vitamin D
increases risk of adverse pregnancy outcomes, including preeclampsia, pregnancy loss, and
fetal growth restriction [5-8]. However, very little research has focused on the role of
prenatal vitamin D in neurodevelopmental processes of young children. Although the exact
mechanism through which vitamin D might affect neurodevelopment is unclear, vitamin D
receptors are widespread in human neurons and glial cells, justifying the desire to examine
the effect of vitamin D on neurocognitive function in children [9, 10]. Moreover, the
bioactive forms of vitamin D play important roles in modulating inflammation and immune
response, which are known to affect fetal brain development [11, 12].

Current guidelines for vitamin D sufficiency are inconsistent among governing bodies (I0M,
Endocrine Society, etc.) and were historically developed for bone health [13]. Moreover, no
pregnancy-specific guidelines have been widely implemented. Understanding the effect of
prenatal vitamin D on infant neurodevelopment is essential to informing pregnancy-specific
guidelines for vitamin D supplementation.

Pre-clinical studies in rodents show that vitamin D plays an important role in fetal brain
development, placental inflammation, and regulation of serotonin [14-18]. A growing body
of epidemiologic studies on prenatal vitamin D and offspring neurodevelopment have
produced mixed results. Vitamin D deficiency was associated with language delays in an
Australian cohort (ages 5 and 10), but not with cognitive delays in an American cohort (ages
4 and 7) [19, 20]. A recent cohort study also found reduced risk of Attention Deficit/
Hyperactivity Disorder symptoms in children whose mothers had higher levels of vitamin D
during pregnancy [21].

No studies to our knowledge have investigated the association of prenatal vitamin D and
social-emotional developmental outcomes during infancy. Clarifying the link between
prenatal vitamin D status and neurodevelopment outcomes in offspring could help inform
etiology of childhood neurodevelopmental problems as well as inform prevention strategies
to reduce the prevalence of such conditions. To address this gap, we investigated early
pregnhancy plasma 25(OH)D concentrations and subsequent scores on the Infant Toddler
Social Emotional Assessment (ITSEA) among offspring at age 1 year in a racially-diverse
sample.
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Recent epidemiologic studies suggest the etiologic effects of vitamin D on health outcomes
differ by race/ethnicity [6, 8, 22, 23]. Moreover, a recent study reported that effects of
prenatal vitamin D concentrations on birth outcomes is modified by race/ethnicity [24].
Therefore, we additionally investigated if the relationship between early prenatal vitamin D
concentrations and infant social-emotional development scores was modified by race/
ethnicity.

2. Materials and Methods

2.1. Study population

The Newborn Epigenetic Study (NEST) is a prospective study of women and their children
in Durham, NC, USA. Details on the NEST study design are available elsewhere [25]. In
brief, between 2009 and 2012, 1700 preghant women were recruited at their first prenatal
visit from three Duke Maternal Fetal Medicine prenatal clinics. Women were eligible to
participate if they were 18 years of age or older, HIV negative, and planned to continue
prenatal care in the aforementioned clinics. Participating mothers completed a detailed
interview at the time of enrollment, provided a blood sample during 15t or 219 trimester
(median: 11.3 weeks gestation, IQR: 8.9-15.6), and provided access to medical records for
delivery information. Mothers were followed 1 year post-partum to collect information on
their health and the health and development of their children. Mother-infant dyads were
eligible for the present study if they had both prenatal 25(OH)D data and had completed the
ITSEA when the child was one year old. The NEST study was approved by the Duke
University IRB and written consent was obtained from all mothers participating as study
subjects [25].

2.2. Vitamin D measurement

Vitamin D is derived from diet and from endogenous cutaneous synthesis that requires
sunlight exposure [26]. The 25(OH)D biomarker reflects the total bioavailable vitamin D,
regardless of how it was derived. In humans, the two key vitamin D compounds are
ergocalciferol (D2) and cholecalciferol (D3), which together comprise 25(OH)D in blood. A
single-sample blood draw from mothers during 15t or 2" trimester was used to assay the
25(0OH)D biomarker. Resources allowed us to assay 25(OH)D only for samples collected in
the first two years of the NEST study. To determine plasma concentrations of 25(OH)D, we
used the commercially-available immunodiagnostic system (IDS Fountain Hills AZ) enzyme
immunoassay (cat AC57F1) (Craft Technologies, Inc, Wilson, NC, USA). Twenty-five
microliters of plasma were used to perform the immunoassay, as per manufacturer
instructions. This assay has a 96-well microplate coated with a sheep anti-human 25(OH)D
antibody. The kit provides calibrants to create the standard curve and two controls. The
colorimetric reaction was read at 450 nm using a Molecular Devices Versamax Tunable
microplate reader, serial number BO2478, and data was analyzed using the Softmax Pro
version 3.1.

2.3. ITSEA scores

Figure 1 provides the directionality and potential range of scores for each ITSEA domain to
provide context when interpreting effect estimates. Mothers returned the completed the
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ITSEA questionnaire about their infants at the 1-year Well Child visit or by mail. The
ITSEA is a validated measure of social and emotional development for children aged 12—-36
months [27]. The assessment is composed of 66 behaviors that can be problematic if they
occur too frequently or infrequently. Mothers rate each behavior as 0 (not true/rarely), 1
(somewhat true, sometimes) or 2 (very true/often). Scores are then calculated for four
primary domains of behavior: externalizing, internalizing, dysregulation, and social-
emotional competence. Previous studies suggest high test-retest reliability and criterion
validity for these ITSEA domains [27, 28]. The ITSEA also has two domain scores that
potentially reflect early signs of Autism Spectrum Disorder (ASD) symptoms: ASD problem
behavior and ASD social competence. These domain scores tend to identify social traits
similar to those targeted in the Modified Checklist for Autism in Toddlers (M-CHAT), an
ASD screening tool, but to date have not been used to screen or diagnose ASD [29, 30] (see
Figure 1).

2.4. Covariates

At enrollment, mothers completed a detailed questionnaire providing demographic and
lifestyle factors. Information on gestational age and birth weight were collected from
medical records.

2.5. Statistical Analysis

Current recommendations for vitamin D were developed for bone health; cut-points to
indicate insufficiency or deficiency for other outcomes like neurodevelopment are unknown.
Moreover, no pregnancy-specific cut-points have been widely accepted. Therefore, we
categorized 25(OH)D concentrations into quartiles to best fit the exploratory nature of this
analysis (see Figure 2). Regression coefficients and 95% confidence intervals were estimated
using multiple linear regression in SAS 9.3 (SAS Institute, Cary, NC). A directed acyclic
graph was used to determine potential confounders [31]. All results are adjusted for season
of blood draw (winter, spring, summer, or fall), self-identified race/ethnicity (White, Black,
Hispanic), maternal education (<high school or high school graduate/GED, some college or
college graduate), maternal age at delivery (<34, =34), marital status at enrollment
(unmarried, married), baseline prenatal vitamin use (yes, no), parity (nulliparous, non-
nulliparous), pre-pregnancy BMI (<25 kg/m?, =25 kg/m?), and smoking during pregnancy
(never, ever). Results are also adjusted for infant age at assessment (continuous) and infant
sex (male, female) since ITSEA scores are expected to differ by age and sex. Note that
birthweight and gestational age at birth are hypothesized to be on the causal pathway and are
therefore not included in the adjustment set. Potential confounders were evaluated for
assumptions of linearity and dose-response to minimize model misspecification. We also
conducted analyses stratified by race/ethnicity (White, Black, Hispanic) to assess potential
effect-measure modification.

3. Results
3.1. Study population

In sum, 218 mother-infant dyads were included in this analysis. The mother-infant dyads
eligible for this analysis were similar demographically to the larger NEST cohort in
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distributions of race/ethnicity and all measured confounders [25]. Moreover, the study
population is similar demographically to the population of Durham women of reproductive
age [32]. Most infants were assessed at 12 months, but about 20% of infants were assessed
between 13-24 months (mean age=14.3 months, SD=3.3 months). The study population
included 36% who self-identified as White, 30% Black, and 34% Hispanic mothers. Mothers
varied greatly in educational attainment and marital status. Over half of mothers were
overweight or obese at last menstrual period (see Table 1).

3.2. Vitamin D

The study population mean plasma 25(OH)D concentration was 41.5 nmol/L (SD: 14.3
nmol/L). Prenatal plasma 25(OH)D concentrations varied greatly by race/ethnicity. Black
women had a much lower 25(OH)D distribution, compared to White and Hispanic women.
Hispanic women had a slightly lower 25(OH)D distribution compared to White women.
Women with lower 25(OH)D concentrations were more likely to be unmarried, less
educated, and overweight or obese compared with women with higher 25(OH)D
concentrations (see Table 1).

3.3. ITSEA scores

The study population means for each ITSEA outcome were: Internalizing: 0.46 (SD: 0.25);
Externalizing: 0.34 (SD: 0.25); Dysregulation: 0.33 (SD: 0.22); Competence: 1.08 (SD:
0.37); ASD problem behavior: 2.86 (SD: 2.59); ASD social competence: 10.74 (SD: 2.98).
Note that each ITSEA outcome differs in directionality and range of scores (see Figure 1).
Women with higher educational attainment had infants with more favorable scores,
especially on the Externalizing, Dysregulation, and ASD Problem Behavior domains.
Favorable scores were slightly associated with marital status, but not with maternal age,
prenatal vitamin use, or parity. Older infants were slightly more likely to have favorable
scores on the Internalizing, Externalizing, and Dysregulation domains.

3.4. Associations between prenatal vitamin D concentrations and ITSEA scores

Race/ethnicity strongly modified the association between prenatal vitamin D concentrations
and ITSEA scores, thus we present race-specific results despite imprecision due to small
sample size in each racial/ethnic category. A few patterns appeared for the relationship
between prenatal 25(OH)D concentrations and specific domain scores. After adjustment,
lower prenatal 25(OH)D was associated with higher (less favorable) Internalizing scores
among White infants, but the opposite association was observed among Black and Hispanic
infants. The lowest 25(OH)D quartile appears associated with higher (less favorable)
Dysregulation scores, though only among White and Hispanic children. No strong patterns
emerged with prenatal 25(OH)D and Externalizing or Competence scores. Among Black
infants only, lower prenatal 25(OH)D was associated with higher (more favorable) ASD
Social Competence scores and lower (more favorable) ASD Problem scores (see Figure 2).
Among White and Hispanic infants, the lowest 25(OH)D quartile was associated with lower
(less favorable) ASD Social Competence scores.
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4. Discussion

There is increasing recognition that social-emotional developmental delays in infancy,
though difficult to measure, are important indicators of later neurodevelopmental issues in
children [27, 28]. Most research on neurodevelopment focuses on motor, cognitive, and
language development. Less attention has been paid to social-emotional development, which
encompasses essential skills like handling upsetting situations, lack of aggressive behaviors,
and interacting with peers [27, 28].

We examined the association between prenatal vitamin D levels and subsequent social-
emotional developmental in 1-year-old infants in a racially-diverse pregnancy cohort in
Durham, NC. Due to the explorative nature of this study and number of effect estimates
presented, we focus on the overall pattern of results rather than individual estimates.

Results indicate a possible adverse association between low prenatal 25(OH)D
concentrations and some aspects of social-emotional development, but not all (see Figure 2).
Lower quartiles of 25(OH)D were associated with less favorable scores on the following
ITSEA domains: Dysregulation (e.g. dysregulated sleep or eating) and ASD Social
Competence (e.g. imitative play, eye contact). However, these adverse associations were
observed only among White and Hispanic infants. Among Black infants, lower quartiles of
25(0OH)D were associated with more favorable scores on the following ITSEA domains:
Internalizing behaviors (e.g. anxiety, withdrawal), ASD Social Competence (e.g. imitative
play, eye contact), and ASD Problem Behavior (e.g. repetitive behavior, difficulty adjusting
to change). These results among Black infants are counter to our hypothesis; it is unclear
why lower prenatal 25(OH)D would be associated with more favorable ITSEA scores. It is
possible that unmeasured confounding or small samples sizes contribute to these counter-
intuitive results. Note that the ASD-related scores are relatively new measures, and while
they identify certain constructs of ASD, they are not validated as screening or diagnostic
tools for ASD. The racial and ethnic diversity of the cohort allowed for investigation of
effect-measure modification by race, but estimates are imprecise.

These results are somewhat consistent with the small epidemiologic literature on prenatal
vitamin D and neurodevelopment: vitamin D is potentially associated with some aspects of
neurodevelopment, but not all. A recent analysis of a large US pregnancy cohort from 1959-
73 evaluated the relationship between prenatal vitamin D and a host of neurodevelopmental
outcomes at ages 4 and 7. Crude associations with Bayley mental scores, Stanford-Binet 1Q,
WRAT academic scores, internalizing behavior, and externalizing behaviors were attenuated
to null upon confounder adjustment [20]. In a large Australian pregnancy cohort from 1989-
91, maternal vitamin D was associated with language delay at ages 5 and 10, but not with
emotional development, which is inconsistent with our findings on emotional development
[19]. However, the Australian cohort consisted of only White women, whereas our findings
are from a racially-diverse cohort. Darker skin reduces vitamin D synthesis via sunlight, so
25(0OH)D concentrations can vary greatly by race [33]. A Spanish pregnancy cohort from
2003-08 revealed an association between low prenatal vitamin D and ADHD-like symptoms
[21]. ADHD characteristics track with the Externalizing ITSEA domain, for which we did
not find an association with vitamin D. However, Morales et al. used a clinical verification

J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2020 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chawla et al.

Page 7

of the outcome and measured ADHD-like symptoms when children were older. All
aforementioned studies had similar methods for vitamin D measurement, but the timing of
measurement during pregnancy and child age at neurodevelopmental assessment differed
across studies.

Recent pre-clinical studies have revealed a few potential mechanisms for vitamin D’s role in
brain development [9, 10, 14-18]. In mice models, vitamin D plays a role in brain cellular
differentiation, proliferation, and apoptosis [18]. Vitamin D also regulates serotonin, a
neurotransmitter that can act as a mood-regulator and is often disrupted in psychiatric
conditions like ADHD and ASD [17]. Another potential mechanism is that vitamin D
reduces general inflammation in the intrauterine environment, potentially reducing risk of
adverse effects of inflammation on fetal brain development [16]. Animal research shows that
vitamin D3 supplementation in pregnant mice greatly reduces placental inflammation [14,
15]. While animal studies have elucidated multiple potential mechanisms for vitamin D’s
role in brain development, comparable studies in humans have yet to be conducted and
mechanisms in humans remain unknown.

Our method of exposure assessment — plasma measurement of 25(0OH)D — incorporates both
food and UVB light sources. The plasma 25(OH)D biomarker has a half-life of
approximately 15 days [34, 35]. However, we only had one biomarker per mother, which
may not accurately reflect each mother’s vitamin D levels during the etiologically relevant
window in pregnancy. Moreover, the etiologically relevant window in pregnancy for which
exposure to vitamin D could impact neurodevelopment is unknown. Future studies would
benefit from multiple 25(OH)D measurement over the course of pregnancy, or methods to
impute the pattern of 25(OH)D over the course of pregnancy, to better ascertain true
exposure. Additionally, recent studies suggest that vitamin D receptor (VDR) and vitamin D
binding protein (VDBR) genes play in important role in synthesizing bioavailable vitamin
D. Future studies could include measures of VDR and VDBR, in addition to circulating
25(0OH)D measures, to better assess how much vitamin D is truly bioavailable.

While this study population is racially and ethnically diverse, our ability to evaluate the
effect of vitamin D by race was limited. Since 25(OH)D among Black women was heavily
skewed towards low concentrations, and 25(OH)D among White women were skewed
towards high concentrations, exposure variability within a given racial group was limited.
For example, very few Black women fell in the 4t quartile of 25(OH)D concentrations, thus
greatly reducing precision of estimates comparing low to high 25(OH)D concentrations in
this racial group. Future studies would benefit from greater vitamin D variability within
racial groups, which could result from a larger sample size.

Though we controlled for important known confounders, these results could still be
confounded by unmeasured factors. For example, broader nutritional status, socio-economic
factors, or other lifestyle factors could confound this association. Maternal education and
marital status could account for some of this confounding, but not all. Future studies should
consider measuring and adjusting for broader social and economic confounders of this
relationship.
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5. Conclusions

Prenatal vitamin D is associated with some, but not all, measures of socio-emotional
development among infants. Effects vary greatly by maternal race/ethnicity and sub-type of
socio-emotional development. Understanding the role of prenatal vitamin D on fetal brain

development is essential for guiding clinical recommendations for vitamin D

Page 8

supplementation among pregnant women. Since current recommendations for vitamin D are
controversial and not specific to pregnant women, further research is needed to support

evidence-based vitamin D recommendations for this population.
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Prenatal Vitamin D Quartiles and ITSEA Scores at Age 1 in the NEST Cohort

Table 2.

ITSEA Domain Maternal Race Vitamin D Quartile BetaEstimate 95% Confidence Interval
Internalizing White Ist 0.099 -0.164 0.362
2nd 0.016 -0.132 0.164
3rd -0.032 -0.162 0.097
Black Ist -0.342 -0.574 -0.110
2nd -0.358 -0.604 -0.112
3rd -0.269 -0.543 0.006
Hispanic Ist -0.105 -0.293 0.084
2nd -0.162 -0.350 0.027
3rd -0.171 -0.362 0.020
Externalizing White 1st 0.018 -0.239 0.274
2nd 0.043 -0.101 0.188
3rd -0.065 -0.192 0.061
Black Ist -0.013 -0.344 0.317
2nd 0.031 -0.320 0.381
3rd 0.143 -0.247 0.533
Hispanic 1st 0.054 -0.162 0.269
2nd -0.049 -0.264 0.167
3rd 0.059 -0.159 0.227
Dysregulation White 1st 0.101 -0.131 0.332
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ITSEA Domain Maternal Race Vitamin D Quartile BetaEstimate 95% Confidence Interval
2nd 0.035 -0.096 0.165
3rd -0.106 -0.220 0.009
Black Ist -0.166 -0.438 0.105
2nd -0.058 -0.345 0.230
3rd -0.143 -0.463 0.178
Hispanic Ist 0.121 -0.028 0.270
2nd -0.016 -0.165 0.133
3rd 0.010 -0.141 0.160
Competence White 1st -0.172 -0.486 0.141
2nd 0.045 -0.131 0.222
3rd 0.099 -0.055 0.253
Black Ist 0.090 -0.336 0.516
2nd 0.110 -0.341 0.562
3rd -0.023 -0.526 0.480
Hispanic 1st -0.103 -0.340 0.134
2nd 0.140 -0.097 0.377
3rd 0.005 -0.234 0.245
ASD Social Competence  White 1st -0.736 -3.717 2.244
2nd -0.151 -1.831 1.530
3rd 0.080 -1.389 1.548
Black 1st 3.191 -0.237 6.619
2nd 2.657 -0.975 6.289
3rd 2.096 -1.951 6.144
Hispanic 1st -1.453 -3.482 0.577
2nd -0.004 -2.030 2.022
3rd 0.183 -1.918 2.284
ASD Problem Behavior ~ White 1st 0.018 -2.066 2.101
2nd 0.529 -0.645 1.704
3rd -0.804 -1.830 -0.804
Black 1st -2.936 -4.881 -0.991
2nd -2.570 -4.631 -0.510
3rd -1.996 -4.292 0.300
Hispanic 1st -0.413 -2.307 1.481
2nd 0.407 -1.486 2.300
3rd -0.574 -2.491 1.343

*
Results adjusted for maternal education, maternal age, parity, pre-pregnancy BMI, prenatal vitamin use, smoking during
pregnancy, marital status, infant gender, infant age at assessment, and season of blood draw.

*
4th quartile of 25(0OH)D is referent for all estimates.
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Brief Rationale:

Many pregnant women in the United States have suboptimal vitamin D, but the impact on
infant development is unclear. We investigated the association between early prenatal
plasma 25-hydroxyvitamin D [25(OH)D] concentrations and children’s social and
emotional development in a prospective pregnancy cohort in Durham, North Carolina.
Suboptimal vitamin D was associated with less favorable Internalizing and Dysregulation
scores, though effects differed by race/ethnicity. Though future research is needed, results
may influence guidelines for vitamin D sufficiency during pregnancy.
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Number Range of
Domain of items scores Construct Directionality
Characteristics of depression, Higher scores
withdrawal, general anxiety, and are less
Internalizing 29 Oto 2 separation distress favorable
Characteristics of aggression, Higher scores
defiance, over-activity, and are less
Externalizing 24 Oto2 impulsivity. favorable
Behaviors indicative of dysregulated Higher scores
sleep or eating, and negative are less
Dysregulation 34 Oto2 emotionality favorable
Behaviors broadly indicative of
typical social-emotional
development, e.g. compliance, Higher scores
attention, imitation/play, empathy, are more
Competence 37 Oto2 and mastery motivation favorable
Social communicative behaviors,
such as imitative play, Higher scores
ASD Social protodeclarative pointing, and are more
Competence 8 1to 16 appropriate eye gaze. favorable
Problem behaviors that are typical
of children with ASD, such as
repetitive behaviors, difficulty Higher scores
ASD Problem adjusting to change, and avoiding are less
Behaviors 9 Oto 12 physical contact. favorable
Figure 1.
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Prenatal Vitamin D Quartiles and ITSEA Scores at Age 1 in the NEST Cohort

*Results adjusted for maternal education, maternal age, parity, pre-pregnancy BMI, prenatal
vitamin use, smoking during pregnancy, marital status, infant gender, infant age at
assessment, and season of blood draw.

*4t quartile of 25(OH)D is referent for all estimates.
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Baseline Characteristics of Study Population by Vitamin D Quartile

Table 1.

Characteristic

1st quartile (n=56)

2nd quartile (n=55)

3rd quartile (n=51)

4th quartile (n=56)

N % N % N % N %

Race

White 3 3.8 16 20.3 24 30.4 36 45.6

Black 35 53 18 27.3 8 12.1 5 7.6

Hispanic 18 24.6 21 28.8 19 26 15 20.6
Education

< High school grad 20 35.7 18 32.7 12 32.7 10 17.9

High school grad/GED 12 214 13 23.6 6 11.8 11 20

Some college 11 19.6 7 12.7 4 7.8 4 7.1

College graduate 13 23.2 16 29.1 29 56.9 31 55.4
Marital status

Married 15 26.8 18 32.7 31 60.8 37 66.1

Not married 41 73.2 37 67.3 20 39.2 19 33.9
Parity

Nulliparious 21 375 23 41.8 25 49 18 321

Non-nulliparious 35 62.5 32 58.2 26 51 38 67.9
Pre-pregnancy BMI

Underweight: <18.5 2 36 2 36 3 5.9 3 5.4

Normal: 18.5-24.9 11 19.6 10 18.2 26 51 30 53.4

Overweight: 25.0-29.9 20 35.7 22 40 16 31.4 12 21.4

Obese: 230 23 41.1 21 38.2 6 11.8 11 19.6
Smoking during pregnancy

Ever 9 16.1 4 7.3 2 3.9 5 8.9

Never 44 78.6 49 89.1 49 96.1 50 89.3

No response 3 5.3 2 3.6 0 0 0 0
Prenatal vitamin use

Yes 34 60.7 31 56.4 30 58.8 37 66.1

No 22 39.3 22 40 21 41.2 19 33.9

No response 0 0 2 3.6 0 0 0 0

*
ClI = confidence interval, SD = standard deviation, BMI = body mass index
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