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Abstract

Background: In animal models, it is possible to induce different alcohol-related dysmorphic
abnormalities based on the timing of prenatal alcohol exposure (PAE). Our objective was to assess
whether patterns of PAE differentially predict alcohol-related dysmorphic features in 415 infants.

Methods: We analyzed a prospective pregnancy cohort in western Ukraine enrolled between
2008-2014. Five distinct trajectories were previously identified to summarize prenatal alcohol
exposure: (A) minimal/no PAE (n=253), (B) low/moderate PAE with reduction early in gestation
(n=78), (C) low/moderate sustained PAE (n=20), (D) moderate/high PAE with reduction early in
gestation (n=45), and (E) high sustained PAE (n=19). A dysmorphology exam of body size, 3
cardinal and 15 non-cardinal dysmorphic features was performed at approximately 6-12 months of
age. A modified dysmorphology score was created based on previously published weights.
Univariate comparisons were made between each dysmorphic feature and trajectory group.
Features that differed by trajectory group were assessed in multivariable analyses. Models were
adjusted for maternal age, prenatal vitamin use, socioeconomic status, smoking, and child’s age at
dysmorphology exam, with censoring weights for losses to follow-up.

Results: The three highest trajectories predicted total dysmorphology score, with larger effects in
sustained exposure groups. Cardinal features: the three highest trajectories were each associated
with a 2-3-fold increased risk of having 2+ cardinal facial features. When assessed individually,
there were no consistent associations between the individual trajectories and each cardinal feature.
Non-cardinal features: The three highest trajectories were associated with increased risk of
hypotelorism. Only the highest trajectory was associated with heart murmur. The highest trajectory
predicted <10t centile for sex and age on height, weight and head circumference; and moderate/
high with reduction trajectory also predicted height.
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Conclusions: While we did not observe differential results based on specific trajectories of
exposure, findings support the wide range of dysmorphic features associated with PAE,
particularly at high and sustained levels.
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Introduction

Fetal alcohol spectrum disorders (FASD) is a continuum of developmental disorders that is
initiated by prenatal alcohol use and results in lifelong consequences for the child. Across
diagnostic schema, there is a general consensus regarding the importance of the three
cardinal features of thin smooth vermillion border of the upper lip, smooth philtrum and
short palpebral fissures (Astley, 2004; Bower et al., 2016; Cook et al., 2015; Hoyme et al.,
2016) associated with the diagnosis of fetal alcohol syndrome (FAS). Among children with
prenatal alcohol exposure (PAE), other minor structural malformations have been reported,
and typically occur in higher frequency among individuals with FAS relative to individuals
with other FASD diagnoses on the spectrum (partial FAS, alcohol related
neurodevelopmental disorders) or those without PAE (del Campo and Jones, 2017; Feldman
etal., 2011; Hoyme et al., 2016, 2005; Jones, 2011; Jones et al., 2010). The cumulative score
for dysmorphic features has been found to be predictive of maternal report of alcohol
consumption (May et al., 2013, 2006) and the child’s neurodevelopmental and adaptive
outcomes (Lynch et al., 2015; May et al., 2006).

In animal models, researchers have successfully produced differential alcohol-related
dysmorphic abnormalities based on the timing of PAE. In a series of papers, acute PAE
administered on a single gestational day ranging from day 7-10 in mice (equivalent to the
3rd-5t weeks postfertilization in humans) had markedly different signatures with respect to
structural brain abnormalities depending on the specific day of exposure (Godin et al., 2010;
O’Leary-Moore et al., 2010; Parnell et al., 2013, 2009). To date, only a handful of studies in
humans have explored whether timing or dose of PAE is associated with specific dysmorphic
features (Feldman et al., 2011) or total dysmorphic score (May et al., 2013, 2006), yet no
striking patterns have emerged. There is great interest in further elucidating the association
between PAE and dysmorphic outcomes, especially as to whether features differ by timing,
duration or quantity of exposure. First, as markers of exposure, the non-cardinal features
could add additional elements that aid in identification of children prenatally exposed to
alcohol. This is highly relevant to treatment providers, as recognizing individuals affected by
PAE in the absence of the cardinal features relies on historical report of prenatal exposure,
which is often difficult to obtain. A second motivation for studying the features by timing,
quantity and duration of PAE is that the results, like those from animal models, may
elucidate mechanisms whereby exposure affects fetal development. Although the insult
leading to some features including heart defects (Zhang et al., 2020) and select craniofacial
defects (Godin et al., 2010; Sulik, 2005) are known to occur from first trimester PAE, the
sensitive periods for many of the other features remain unknown.
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From a prospective birth cohort, we previously classified PAE into trajectories, accounting
for timing, frequency and quantity of exposure across gestation. We reported that trajectories
of PAE were associated with body size at birth and neurodevelopmental deficits in 6-12
month old infants (Bandoli et al., 2019). Notably, although confidence intervals overlapped,
we observed low-to-moderate sustained exposure was more strongly associated with most
negative infant outcomes than moderate-to-high exposure with early reduction, suggesting
that duration of exposure was equally or more impactful than quantity of exposure for some
outcomes. The purpose of this study was to determine whether these same trajectories of
PAE were differentially associated with cardinal and non-cardinal dysmorphic features in the
same birth cohort.

Materials and methods

Data for this analysis are from a prospective cohort study of pregnant women in western
Ukraine conducted as part of the Collaborative Initiative on Fetal Alcohol Spectrum
Disorders (CIFASD) supported by the National Institute on Alcohol Abuse and Alcoholism
(www.CIFASD.org), and carried out by the Omni-Net for Children program in Ukraine .
This study has been described elsewhere in detail (Bandoli et al., 2019; Chambers et al.,
2014; Coles et al., 2015). Briefly, all pregnant women who presented to one of two
centralized prenatal care facilities in Ukraine, the Rivne Regional Medical Diagnostic Center
and the Khmelnytsky Perinatal Center, between 2008-2014 were eligible for screening
about their alcohol consumption around conception and the most recent month of pregnancy.
Women who reported at least weekly binge episodes of 4-5 alcoholic drinks/occasion, at
least 5 episodes of 3—4 drinks, or at least 10 episodes of 1-2 drinks in the month around
conception and/or in the most recent month of pregnancy were recruited. Following
identification of an exposed participant, the next minimally exposed or unexposed woman
(<2 drinks per occasion and no more than 2 drinks per week in the month around conception
and no alcohol in the most recent month of pregnancy) was recruited for participation.
Women were interviewed about demographics, behaviors and pregnancy characteristics
using standard questionnaires upon enrollment and again at approximately 32 weeks of
gestation.

Exposure trajectories

After enrollment, women who reported ever being drinkers in their lifetime completed a
timeline follow-back assessment of day-by-day alcohol consumption by type, quantity and
frequency in a typical week around conception and in the most recent two weeks of
pregnancy (Sobell and Sobell, 2000). Quantity and frequency of alcohol consumption in
responses to these questions was summarized as the average number of drinks per day over
the period for which the mother was reporting as a reflection of the overall quantity of
alcohol consumed. This information was then converted into absolute ounces of alcohol per
day (ozAA/day). At a follow-up pregnancy visit around 32 weeks of gestation, women were
asked if their alcohol consumption had changed since the enrollment visit, and if yes, were
again asked to recall alcohol consumption for the previous seven days commensurate with
the enrollment visit procedures.
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From this information, we previously performed k-means longitudinal (Genolini and
Falissard, 2016, 2010) analysis to identify similar patterns of individual PAE trajectories on
471 infants with complete exposure information captured at the two prenatal visits. Details
of modeling and the results have been described (Bandoli et al., 2019). A 5-trajectory
solution was selected based on quality criterion and sample size considerations (Figure 1).
Trajectories were best described as minimal to no PAE throughout gestation (trajectory A;
n=277), low/moderate exposure with reduction or discontinuation early in gestation
(trajectory B; n=96), low/moderate exposure sustained across gestation (trajectory C; n=23),
moderate/high exposure with reduction or discontinuation early in gestation (trajectory D;
n=51), and high exposure sustained across gestation (trajectory E; n=24).

Dysmorphology outcomes

Infant dysmorphology exams were performed by study pediatricians/geneticists at each of
the study sites following specialized training, using a standard protocol and an examination
checklist. The exams were completed at a median age of 12 months (range 0-52 months,
interquartile range 5 months). Some children had more than one exam performed. Therefore,
we prioritized exams in the following manner: 1) between 9 and 13 months of age, 2)
between 4 and 8 months of age, 3) between 14 and 18 months of age, 4) all other ages, using
the first assessment that met this prioritization. Dysmorphology exams included assessment
of height, weight, head circumference, the three cardinal features (short palpebral fissure
length, thin smooth vermilion border, smooth philtrum), innercanthal distance, midface
hypoplasia, epicanthal folds, anteverted nose, long philtrum, clinodactyly, camptodactyly,
aberrant creases of the palm, railroad track ears, strabismus, ptosis, decreased pronation or
supination of the arms, heart murmur, heart defect, and neurologic problems (hypertonic,
hypotonic, seizures). A modified dysmorphology score was created using weights specified
by May and Hoyme (Hoyme et al., 2016). From the list of features included in the 2016 May
and Hoyme scoring paradigm, flat nasal bridge, hypoplastic fingernails, hypertrichosis and
prognathism were not assessed in the Ukraine sample; resulting in a potential
dysmorphology scoring range of 0-36.

There were 687 infants with dysmorphology exams, and 471 infants with trajectory
exposures available for analysis. Infants without exposure trajectories had mothers that were
enrolled later in gestation and did not have the second prenatal visit necessary for creating
trajectories. As previously reported (Bandoli et al., 2019), women who completed both
pregnancy visits were more likely to have higher socioeconomic status (SES), have attended
college, realized they were pregnant approximately one week earlier in gestation (mean 5.6
weeks), and were less likely to have a preterm delivery than women who only completed one
pregnancy visit. They did not differ on maternal smoking behaviors, vitamin use,
cohabitation status, age, or amount of alcohol consumption reported at the enrollment visit.

Further, from the 471 infants with exposure trajectories, 56 (11.9%) were missing
dysmorphology exams, resulting in an analytic sample of 415 infants.
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We first assessed the univariate associations between the trajectory groups and each
dysmorphic feature and total dysmorphology score. Chi square with Fisher’s exact tests
were used for categorical outcomes, and ANOVA was used for continuous outcomes.
Outcomes that were associated with trajectory groups (p<0.05) were then tested using
multivariable log-linear regression (categorical outcomes) or multivariable linear regression
(continuous outcomes). For rare outcomes with very few cases per trajectory, we collapsed
trajectories into a 3-level variable (A: minimal/none, B/D: decreasing, and C/E: sustained
exposure) for analyses. The decision to group the decreasing trajectories (B,D) and
sustaining trajectories (C,E) together was done based on similar maternal characteristics in
those pairings (Bandoli et al., 2019). Models were adjusted with propensity scores (created
by regressing the exposure trajectory variable on potential confounders with multinomial
logistic regression) for prenatal vitamin use, maternal age and SES, maternal pregnancy
smoking, offspring age at dysmorphology exam. Infants missing dysmorphology exams
(n=56) were more likely to be in the B or E exposure trajectories and be born to mothers of
lower educational attainment and SES. We created inverse probability censoring weights to
re-weight the sample based on these characteristics and applied the weights in all
multivariable analyses.

A small subset of participants (n=22) enrolled as minimally/unexposed based on self-report
of alcohol use, but were judged to be unreliable by study staff. In a sensitivity analysis, all
models were repeated excluding these participants. Longitudinal trajectory analysis was
previously performed in R; all subsequent analyses were conducted in SAS 9.4.

There were 415 infants with dysmorphology exams and PAE trajectories available for
analysis. From the initial trajectory creation (n=471), 91%, 81%, 87%, 88%, 79% were
retained in analysis for trajectories A-E, respectively. Means and standard deviations of
absolute ounces of alcohol per day for each trajectory group are shown at multiple
gestational time points in Supplemental Table 1. With exception of the minimal/none
trajectory (A), all other trajectories had almost universal alcohol exposure at week 1. By
week six, 27% of women in the ‘decreasing use’ trajectories (B,D) were no longer reporting
alcohol use, compared to 0% in the two sustaining trajectories (C,E). At 12 weeks of
gestation, 40% of women in the decreasing trajectories were abstaining from alcohol,
compared to 0-5% in the sustaining trajectories.

Univariate frequencies of dysmorphic outcomes often varied by exposure trajectory (Table
1). Infants with sustained alcohol exposure (C and E) had higher frequencies of having
higher counts of the three cardinal features, short innercanthal distance (hypotelorism), and
heart defects. Infants with the highest sustained exposure were more likely to have weight
and head circumference less than the 10t centile for sex and age, aberrant creases of the
palm, heart murmur, and a higher overall dysmorphology score. The other dysmorphic
features assessed generally did not vary by exposure trajectory.
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In multivariable linear regression analysis, infants with exposure in the top three trajectories
(C-E) had increased total dysmorphology score in dose response fashion (p<0.0001)
compared with infants who had minimal to no PAE (Table 2). Point estimates for sustained
use (trajectory C) were slightly higher than decreased use (trajectory D), although the
confidence intervals fully overlapped.

Infants with the three highest trajectories of exposure were more likely to have two or more
of the cardinal features compared to infants in the lowest exposure trajectory (Figure 2).
When the cardinal features were individually examined, there was no discernable pattern of
associations with exposure groups. Short palpebral fissure length had the strongest
associations with the trajectories (3—6 fold increase in risk estimates) and all trajectories
were above the null. Conversely, only the high sustained exposure trajectory (E) was
associated with a smooth philtrum, and the two sustained use trajectories (C,E) were
associated with a 2-fold increase in having a thin smooth vermillion border, although
confidence intervals for the highest sustained use trajectory included the null.

Four non-cardinal features were tested in multivariable analyses. The top three trajectories of
exposure were associated with hypotelorism (Figure 3, top panel). Compared to infants with
the lowest trajectory of PAE, only those with the highest sustained exposure were at an
increased risk for heart murmur (Figure 3, bottom panel). Due to very low prevalence of
railroad track ears and heart defects (Table 3), we collapsed exposure into three groups
[minimal/no exposure (A), low or moderate decreasing exposure (B,D) or low to high
sustained exposure (C,E)]. Although point estimates for railroad track ears were 2-fold
higher in infants with sustained exposure, confidence intervals crossed the null. Those same
infants were at a 5-fold increased risk of heart defects compared to the lowest exposure
trajectory, however confidence intervals were wide. The decreasing trajectories (B,D) were
not associated with railroad track ears or heart defects. Due to the very low prevalence of
decreased pronation or supination of the arms, multivariable analyses were not performed.

When body size measures were analyzed (Figure 4), infants in the highest exposure
trajectory were at an increased risk to fall below the 10t centile for sex and age on height,
weight and head circumference. Additionally, infants with moderate to high exposure with
reduction (D) were also at an increased risk of reduced height percentile. No other exposure
groups were associated with any other body size measures.

In the sensitivity analysis, 22 participants whose self-reported alcohol use was deemed
unreliable were excluded from analyses (trajectories A (n=15) and B (n=7)). Results were
unchanged in all models (results not shown).

Discussion

Identification of individuals affected by PAE has been limited by difficulty in confirming
exposure and the low prevalence of the cardinal features that are required for the diagnosis
of FAS. There is great interest in assessing other non-cardinal features to determine whether
they are differentially expressed based on timing, quantity and frequency of PAE. Similar to
previous studies, we found a higher overall dysmorphology score associated with exposure,
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and the score increased as a function of duration and quantity of PAE. Additionally, the three
highest trajectories were associated with having 2+ cardinal features; however, there were no
consistent associations between the individual trajectories and each cardinal feature alone.
For non-cardinal features, the three highest trajectories predicted hypotelorism, but estimates
did not differ from one another. Only the highest, sustained exposure trajectory was
associated with heart murmur, and when the two sustained use trajectories were collapsed,
they also predicted heart defects. Finally, while the highest sustained exposure trajectory was
associated with reduced body size for all three measures (height, weight and head
circumference), there were no other notable body size findings based on patterns of
exposure.

We had anticipated that the associations between select features and the exposure trajectories
may differ based on early high (trajectory D) versus lower sustained (trajectory C) exposure.
Although there is heterogeneity within the two exposure trajectories leading to overlapping
confidence intervals (Figure 1), at the group level, infants in trajectory D have much higher
PAE very early in pregnancy, but then cross under trajectory C by the end of the first
trimester, and are more likely to have no further PAE after the first trimester. In our previous
analysis, low-to-moderate sustained exposure was more strongly associated with deficits in
continuous measures of weight and length at birth, and select neurodevelopmental outcomes
in infancy than moderate-to-high exposure with early reduction (Bandoli et al., 2019). We
anticipated that we may see these same differential effects between those two trajectories in
features influenced by exposure after the first trimester, including but not limited to
palpebral fissure length, aberrant palmar creases, neurologic problems, camptodactyly,
hypotelorism, strabismus and ptosis. Although there was some evidence of this in beta
estimates for the total dysmorphology score (C trajectory beta estimate 2.3 vs. D trajectory
beta estimate 1.9), as well as in risk ratios for short palpebral fissures (C trajectory aRR 5.7
vs. D trajectory aRR 4.1) and thin smooth vermillion border (C trajectory aRR 2.2 vs D
trajectory aRR 1.4), the estimates did not differ from each other statistically, as confidence
intervals widely overlapped for the two trajectory estimates for both outcomes. Additionally,
given the large numbers of comparisons, these findings could have been due to chance.

Others have also analyzed dysmorphic features by timing or quantity of alcohol. In
univariate analyses from a sample of first-graders in Italy, the overall dysmorphology score
was associated with maternal recall of drinks per month in the second and third trimesters,
although estimates did not differ from each other (May et al., 2006). A second study
categorized patterns of alcohol exposure by quantity and frequency measures (e.g., number
of drinks on weekends, weekdays, per week, per drinking day, and within each trimester).
When analyzed individually as bivariate correlations, most exposure measures significantly
predicted total dysmorphology score, and estimates were relatively similar to each other.
However, when analyzed after controlling for first trimester exposure, second and third
trimester exposure were no longer associated with total dysmorphology score. The authors
interpreted this as demonstrating the importance of the first trimester for development of
most facial features and many of the other minor anomalies sensitive to alcohol exposure
(May et al., 2013). Although we do not have any trajectories with only later exposure to test
that hypothesis, we did not see stronger effects in the trajectory with moderate/high exposure
with reduction (D) vs. the low/moderate sustained exposure (C), which would have
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supported that hypothesis. In fact, the total dysmorphology score was higher in trajectory C,
likely due to continued exposure after the first trimester.

At least one other study has evaluated individual dysmorphic features with patterns or timing
of prenatal alcohol exposure. In a prospective birth cohort, patterns of drinking were
characterized by quantity, timing and frequency (drinks/day in each trimester, binge episodes
in each trimester), and those measures were assessed with the risk of minor structural
malformations that occurred in at least 5% of the sample (Feldman et al., 2011). Specifically,
naevus flammeus neonatorum, long philtrum, clinodactyly, altered ear shape, hypoplastic
fingernails, anteverted nares, epicanthal folds, and hypertelorism were evaluated. From
these, only naevus flammeus neonatorum was associated with PAE, and effect estimates
were quite similar based on the gestational timing of exposure. Although we observed
different results for the common features evaluated between the two studies, our sample had
more pregnancies exposed to alcohol based on the design, with more statistical power to
detect differences.

When interpreting the findings, the limitations of the study should be considered. Alcohol
use in pregnancy was self-reported, which could have led to misclassification of exposure.
Although we would typically expect this to result in bias towards the null based on
underreporting, with multiple exposure groups this is not guaranteed. Additionally,
trajectories were created from exposure that was assigned based on estimated gestational
week. Errors in estimation of last menstrual period would lead to misclassification of
exposure, although we would not expect this to be differential by trajectory group
assignment or outcome. Finally, the trajectories are constrained by sample size. The sample
size in the two sustaining trajectories was small, limiting our ability to differentiate effect
estimates for those two groups. Additionally, there is heterogeneity within the resulting
trajectories (e.g.- 51% of women in the moderate/high with reduction trajectory abstained
from alcohol in the 3" trimester, but 49% did not), which reduces the precision of effect
estimates. Continuing to characterize exposure into longitudinal trajectories from larger
datasets will lead to less variance within trajectory groups.

In summary, although exposure trajectories did not differentiate risk for individual
dysmorphic features as we had anticipated, there are still interesting findings from this
approach. Alcohol trajectories predicted total dysmorphology score in a dose response
fashion, reaffirming the message that cessation of alcohol early and for the entirety of
gestation is the safest approach. As additional data becomes available, we hope to create
more homogenous trajectories to further attempt to illuminate patterns of features based on
gestational timing of alcohol exposure.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Mean absolute ounces of alcohol per day (solid lines) and 95% confidence intervals (hashed

lines) of the five trajectory groups in the full cohort (n=471).
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Adjusted risk ratios for cardinal features. Models adjusted with propensity scores for
maternal prenatal vitamin use, age, socioeconomic status, pregnancy smoking, and infant
age at dysmorphology exam. Inverse probability censoring weights applied for all models to

account for losses to follow up.
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Figure 3.

Adjusted risk ratios for non-cardinal features. Models adjusted with propensity scores for
maternal prenatal vitamin use, age, socioeconomic status, pregnancy smoking, and infant
age at dysmorphology exam. Inverse probability censoring weights applied for all models to
account for losses to follow up.
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Figure 4.

Adjusted risk ratios for body size measures. Models adjusted with propensity scores for
maternal prenatal vitamin use, age, socioeconomic status, pregnancy smoking, and infant
age at dysmorphology exam. Inverse probability censoring weights applied for all models to

account for losses to follow up.
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Table 2.

Beta estimates for dysmorphology score (observed range 0-31)

A: Minimal/none

Mean, SD
36(3.2)

B: Low/moderate, decrease 5.1(3.9)

C: Low/moderate, sustained 7.4 (5.4)
D: Moderate/high, decrease 6.5 (6.2)

E: High, sustained

8.9 (9.7)

Unadjusted beta
reference
1.55 (0.46, 2.64)
3.71 (1.75, 5.66)
2.89 (1.53, 4.25)
5.25 (3.26, 7.25)

Adjusted beta®
reference
0.83 (-0.29, 1.96)
2.69 (0.74, 4.64)
2.29 (0.88, 3.71)
4.81(2.89, 6.72)

Alcohol Clin Exp Res. Author manuscript; available in PMC 2021 October 01.

Page 17

Models adjusted with propensity scores for maternal prenatal vitamin use, age, socioeconomic status, pregnancy smoking, and infant age at
dysmorphology exam. Inverse probability censoring weights applied for all models to account for loss to follow up.
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Table 3.

Risk estimates for other non-cardinal features

Railroad track ears  n, % Unadjusted RR Adjusted RR1

None (A) 19 (7.5) reference reference
Decrease (B, D) 12(9.8) 1.30(0.65,2.60)  1.18(0.48, 2.86)
Sustained (C, E) 7(18.0) 239(0.18,5.31)  2.06 (0.85, 4.96)

Heart defect
None (A) 5(1.9) reference reference
Decrease (B, D) 6(49)  2.46(0.77,7.93) 1.22 (0.31, 4.90)

Sustained (C, E) 7(18.0) 9.08(3.03,27.02) 5.29 (1.39, 20.06)

Models adjusted with propensity scores for maternal prenatal vitamin use, age, socioeconomic status, pregnancy smoking, and infant age at
dysmorphology exam. Inverse probability censoring weights applied for all models to account for loss to follow up.
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