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1. Introduction

Neurodevelopmental disorders such as autism spectrum disorder
(ASD) and attention deficit hyperactivity disorder (ADHD) are complex
and debilitating conditions arising early in development and persisting
across the life span (Thapar et al., 2017). The etiology of these disorders
is poorly understood. However, it is hypothesized that neurodevelop-
mental disorders stem from genetic factors, environmental insults, or a
combination of the two, resulting in some form of disruption in brain
development (Thapar et al., 2017).

The most rapid development of the brain occurs in utero
(Thomason, 2020). A wealth of epidemiological research has, therefore,
aimed to understand the risk of prenatal exposure to common en-
vironmental stressors for adverse neurodevelopment (Mandy and Lai,
2016; Thapar et al., 2013). A variety of environmental stressors in-
cluding pollutants, heavy metals, and certain drugs (e.g. tobacco, al-
cohol, valproate) have been identified as harmful to fetal neurodeve-
lopment (Landrigan, 2010). They may further play causal or
contributing roles in the emergence of developmental disabilities
(Mandy and Lai, 2016; Thapar et al., 2013). The impacts of some of
these stressors may vary by maternal education due to structural (e.g.,
poverty, neighborhood deprivation, pollution) and/or individual-level
(e.g., health behaviors, genetics) factors (Machlin et al., 2020; Sharp
et al., 2019).

The environmental exposures identified as harmful to fetal neuro-
development (e.g. pollutants, heavy metals, chemical solvents, and
certain drugs), are also known to greatly increase reactive oxygen

species production (Pizzino et al., 2017). Reactive oxygen species
production is usually a by-product of oxygen metabolism (Ozcan and
Ogun, 2015). An imbalance between the production of reactive oxygen
species and antioxidant defenses, known as oxidative stress, may lead to
cell damage (Betteridge, 2000).

The exchange of oxygen and nutrients between a mother and her
fetus is the most important function of the placenta. Alterations in
placental oxidative stress result in altered placental function and ulti-
mately altered fetal growth and/or developmental programming
(Jansson and Powell, 2007). Accordingly, oxidative stress has recently
been proposed as a putative pathological mechanism that could lead to
the impairments commonly observed in neurodevelopmental disorders
(Cattane et al., 2018). It is thought that oxidative stress may impact
numerous systems that are disrupted in these disorders, such as the
glutamatergic, neuroimmune, dopaminergic and antioxidant systems
(Steullet et al., 2017). Yet, little is known about the association between
intrauterine exposure to oxidative stress and neurodevelopment in the
offspring even though the brain may be particularly vulnerable to the
effects of oxidative stress due to its high oxygen demand and the
abundance of peroxidation-susceptible lipid cells (Kim et al., 2015).
Congruently, oxidative stress has been found to play an important role
in the pathophysiology of neurodegenerative diseases such as Alzhei-
mer’s and Parkinson’s disease (Kim et al., 2015). Moreover, cross-sec-
tional studies have reported increased levels of oxidative stress in
children with ASD (Chauhan and Chauhan, 2006; James et al., 2006)
and ADHD (Sezen et al., 2016).

In the present study, we sought to examine associations between
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multiple urinary biomarkers of oxidative stress in the third trimester of
pregnancy and behavioral development in the children from The Infant
Development and the Environment Study (TIDES) pregnancy cohort. 8-
isoprostane-prostaglandin-F2α (8-iso-PGF2α), the major 8-isoprostane-
prostaglandin-F2α metabolite, and prostaglandin-F2α (PGF2α) were
included as biomarkers of oxidative stress. 8-iso-PGF2α is widely stu-
died and considered one of the best biomarkers of oxidative stress be-
cause it is relatively stable, including in human pregnancy, unaffected
by dietary lipid intake unlike other oxidative stress measures, and
readily detectable in urine (Ferguson et al., 2017; Roberts and Morrow,
2000). The 8-iso-PGF2α metabolite is generated in the lungs rather than
the kidneys and may be a particularly sensitive biomarker of oxidative
stress throughout the entire body (Dorjgochoo et al., 2012). We further
included PGF2α as an oxidative stress biomarker linked to inflamma-
tion mechanisms (Xu et al., 2015). PGF2α can reflect oxidative stress
but is more generally a reliable marker of inflammation (Ricciotti and
FitzGerald, 2011). Here, we examined the associations of these bio-
markers with externalizing problems and social impairments in chil-
dren aged 4 years (mean age: 4 years, 6 months), hypothesizing that
children prenatally exposed to higher levels of oxidative stress bio-
markers will be more likely to show higher levels of behavioral pro-
blems at 4 years of age.

2. Methods

2.1. Study population

TIDES is an ongoing prospective cohort study designed to examine
prenatal phthalate exposure in relation to infant genital morphology.
Pregnant women were recruited between August 2010 and August 2012
at university-based prenatal clinics in San Francisco, CA (University of
California, San Francisco, UCSF), Rochester, NY (University of
Rochester Medical Center, URMC), Minneapolis, MN (University of
Minnesota, UMN) and Seattle, WA (University of Washington/Seattle
Children's Hospital, UW/SCH). Any woman over 18 years old who was
able to read and write English (or Spanish at the CA center), who
was < 13 weeks pregnant, whose pregnancy was not medically threa-
tened, and who planned to deliver in a study hospital was eligible to
participate. Gestational age was determined by a medical professional
as part of routine clinical care using all available information, including
last menstrual period and ultrasound data. Participants provided urine
samples and completed a questionnaire in each trimester. Of the 969
women who gave consent, 739 (76.3%) agreed to take part in the
follow-up in early childhood. Follow-up visits with participants were
conducted around age 4–5 years to investigate behavioral outcomes. At
follow-up, 512 mother-child pairs had data on the exposure and at least
one of the outcome variables. The institutional review board (IRB) at all
participating institutions approved TIDES prior to study implementa-
tion and all subjects provided signed informed consent before starting
any study activities. IRB approval was also obtained at the Icahn School
of Medicine at Mount Sinai, which served as the TIDES Coordinating
Center after 2011.

2.2. Biomarkers of oxidative stress

Biomarkers of oxidative stress were measured in maternal third
trimester (mean = 32.6 weeks of gestation, range 25.7–41.1 weeks)
urine samples at the Vanderbilt Eicosanoid Core Laboratory, as de-
scribed in detail elsewhere (Rosen et al., 2019). Urinary concentrations
of the following compounds were measured using gas chromatography-
negative ion chemical ionization-mass spectrometry employing stable
isotope dilution: free 8-iso-prostaglandin F2α (8-iso-PGF2α); its pri-
mary metabolite (2,3-dinor-5,6-dihydro-15-F2T-isoprostane); and
PGF2α. Urine samples were analyzed for urinary specific gravity, an
indicator of urine dilution, at the time of sample collection using a
hand-held refractometer (MacPherson et al., 2018).

2.3. The behavior assessment system for children (BASC-2)

The BASC Parent Rating Scale, which provides a multidimensional
approach to evaluating behavior in children (Reynolds, 2010), was
completed when the children were aged 4–5 years. Parents rated their
child’s behavior on a 4-point Likert scale (1 = never to 4 = almost
always) on each of the following subscales: Social Skills, Leadership,
Hyperactivity, Aggression, Conduct Problems, Anxiety, Depression,
Somatization, Atypicality, Withdrawal, and Attention Problems,
yielding the composite scores Externalizing Problems (Hyperactivity,
Aggression, Conduct Problems), Internalizing Problems (Anxiety, De-
pression, Somatization), and the Behavioral Symptoms Index (Atypi-
cality, Withdrawal, and Attention Problems). All scores are T-scores
(M = 50, SD = 10), which are adjusted for the age of the child at
testing. Since there is no total BASC scale, we focused our primary
analysis on the BASC externalizing scale because the assessed behaviors
(Hyperactivity, Aggression, Conduct Problems) serve as a good proxy
for ADHD, one of the earliest mental disorders to be diagnosed and
therefore of interest here. Hyperactivity is a core ADHD symptom
(American Psychiatric Association, 2012), while aggression and con-
duct problems are strongly associated with ADHD (Tarver et al., 2014),
and predict ADHD symptoms later in development (Kuja-Halkola et al.,
2015). Secondary analyses of the associations between oxidative stress
and the Internalizing Problems and Behavioral Symptoms Index scales
can be found in Appendix A (Table A1).

2.4. Social responsiveness scale (SRS-2)

This 65-item rating scale, measuring the severity of autism spectrum
symptoms, was completed by a parent when the child was aged
4–5 years. The SRS (Constantino, 2013) generates scores for six sub-
scales: Social Awareness, Social Cognition, Social Communication, So-
cial Motivation, Social Communication and Interaction and Restricted
Interests and Repetitive Behavior, as well as a total score based on these
subscales. Each item is scored on a scale ranging from 1 (not true) to 4
(almost always true). Raw scores are converted to T-scores (with
M = 50 and SD = 10), adjusting for the age of the child at testing. For
our analysis, we examined the total score because it is designed for ASD
screening and reflects the severity of social deficits.

2.5. Statistical analysis

We used linear regression models to estimate associations between
urinary concentrations of 8-iso-PGF2α, its primary metabolite, and
PGF2α with continuous BASC Externalizing Problems score and the SRS
total score. All oxidative stress and behavioral variables were log-
transformed. Results in tables are presented in the form of percent
change in BASC Externalizing Problems/SRS total scores with an in-
terquartile range (IQR) increase in urinary levels of oxidative stress (see
Appendix A, Table A1 for IQRs). To avoid bias and loss of information
(Kontopantelis et al., 2017; Sterne et al., 2009), missing data were
imputed based on all available information using additive regression,
bootstrapping, and predictive mean matching.

Potential confounders were identified in a literature review. Crude
models were adjusted for gestational age at urine sample collection and
specific gravity to account for urine dilution. Adjusted models ad-
ditionally included maternal education, pre-pregnancy body mass index
(BMI), race, age, tobacco use, and alcohol use during pregnancy. The
effect modification of education was assessed by including interaction
terms between oxidative stress and education levels in an attempt to
address the effect modification of unmeasured factors due to structural
(e.g., poverty, environmental exposures) or individual-level (e.g.,
health behaviors) stressors (Hajat et al., 2015; Pampel et al., 2010).
Women with a high school education or less were coded as ‘less edu-
cated’ (n = 60), and women with at least some college education or
more were coded as ‘more educated’ (n = 452). Post-hoc tests of the
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effect modification were carried out using the ‘emmeans’ package in R.
All statistical analyses were performed using R version 3.5.2.

3. Results

The analysis included 512 mother-child pairs (for demographic in-
formation, see Table 1). Data on gestational age, alcohol use, tobacco
use, and BASC scores were imputed for 32, 33, 24, and one individual(s)
respectively.

In the crude model, total SRS scores at age 4 years showed a sig-
nificant positive association with third trimester urinary levels of 8-iso-
PGF2α (ß=0.03, p = 0.001, 95%CI = 0.01; 0.05) and its major me-
tabolite (ß=0.05, p < 0.001, 95%CI = 0.02; 0.08) (Table 2). BASC-2

Externalizing Problems scores at age 4 years were positively associated
with third trimester urinary concentrations of PGF2α (ß=0.02,
p = 0.04, 95%CI = 0.001; 0.04) (Table 2).

In the adjusted model, total SRS scores at age 4 years showed a
significant positive association with third trimester urinary levels of 8-
iso-PGF2α (ß=0.02, p = 0.04, 95%CI = 0.001; 0.04). The strength of
the association was modified by level of education (peffect modifica-

tion = 0.03). Post-hoc tests suggest that the association between total
SRS scores at age 4 years and third trimester urinary levels of 8-iso-
PGF2α was only significant in more educated mothers (ß=0.02,
95%CI = 0.001; 0.04) but not in less educated mothers (ß=-0.03,
95%CI = -0.07, 0.02). After adjusting for confounding, BASC-2
Externalizing Problems scores at age 4 years were positively associated
with third trimester urinary concentrations of PGF2α (ß=0.02,
p = 0.01, 95%CI = 0.01; 0.04) (Table 2). The strength of the asso-
ciation was modified by level of education (peffect modification = 0.01).
Post-hoc tests suggest that the association between BASC-2 Ex-
ternalizing Problems scores at age 4 years and third trimester urinary
levels of PGF2α was only significant in more educated mothers
(ß=0.02, 95%CI = 0.005; 0.04) but not in less educated mothers (ß=-
0.05, 95%CI = −0.11, 0.005). A correlation matrix of the outcome,
predictor and confounding variables can be found in the appendix
(Appendix B, Table B1).

Results for the other two BASC-2 scales (Internalizing and
Behavioral Symptoms Index) can be found in the appendix (Appendix
C, Table C1). The Behavioral Symptoms Index was positively associated
with third trimester urinary concentrations of 8-iso-PGF2α and PGF2α.
The Internalizing Problems scale was not significantly associated with
third trimester urinary levels of oxidative stress. We further in-
vestigated whether nutritional supplements confounded the association
(Appendix D). However, adding nutritional supplements to the model
did not alter the results (Appendix D, Table D1).

4. Discussion

Our results suggest that third trimester oxidative stress, as measured

Table 1
Demographics of the study sample: mean (standard deviation) or % (n).

Whole Sample
(N = 512)

Less Educated
(n = 60)

More Educated
(n = 452)

Mean maternal age in years (SD) 32.7 (3.4) 24.9 (5.5) 32.4 (5.5)
Mean maternal pre-pregnancy BMI kg/m2 (SD) 26.0 (6.3) 29.4 (9.2) 25.5 (5.8)
Race % (n) White 72.7 (372) 23.3 (14) 79.2 (358)

African American 9.6 (49) 46.7 (28) 4.6 (21)
Other 17.8 (91) 30.0 (18) 16.2 (73)

Mean gestational age at urine sample collection in weeks (SD) 32.7 (3.4) 31.4 (3.5) 32.8 (3.3)
Child sex (% male) (n) 47.7 (244) 41.7 (25) 48.5 (219)
Mean child age in months (SD) 54.0 (4.5) 54.0 (4.6) 53.9 (3.3)
Education % (n) 8th grade or lower 0.2 (1) 1.7 (1) /

Some high school 6.1 (31) 51.7 (31) /
Graduated high school 5.5 (28) 46.7 (28) /
Some college or technical school (not graduated) 9.8 (50) / 11.1 (50)
Graduated college or technical school 30.9 (158) / 35.0 (158)
Some graduate work or graduate degree 47.7 (244) / 54.0 (244)

Alcohol use % (n) Yes 7.8 (40) – 8.8 (40)
No 92.2 (472) 100 (60) 91.2 (412)

Tobacco use % (n) Yes 3.5 (18) 16.7 (10) 1.8 (8)
No 96.5 (494) 83.3 (50) 98.2 (444)

Center % (n) UCSF 27.5 (141) 5.0 (3) 30.5 (138)
UMN 28.5 (146) 6.7 (4) 31.4 (142)
URMC 26.2 (134) 85.0 (51) 18.4 (83)
UW 17.8 (91) 3.3 (2) 19.7 (89)

Mean BASC Externalizing Problems (SD) 49.6 (9.1) 52.8 (13.6) 49.1 (8.4)
Mean total SRS score (SD) 45.1 (7.2) 51.7 (8.4) 44.2 (6.2)

BASC = Behavior Assessment System for Children; SRS = Social Responsiveness Scale, BMI = body mass index; UCSF = University of California, San Francisco;
UMN = University of Minnesota, Minneapolis, MN; URMC = University of Rochester Medical Center, Rochester, NY; UW = University of Washington/Seattle
Children's Hospital, Seattle, WA, Missing data on gestational age, alcohol use, tobacco use, and BASC scores were imputed for 32, 33, 24, and one individual(s)
respectively. The other variables did not have missing values.

Table 2
Crude and adjusted percent difference (95% CIs) in BASC externalizing pro-
blems and total SRS scores in association with IQR increase in third trimester
oxidative stress biomarker levels in the whole sample.

Crude model
(95% CI)†

Adjusted model
(95% CI)‡

8-iso-PGF2α BASC
Externalizing

1.85
(−1.04; 4.68)

1.85
(−1.23; 4.94)

Total SRS score 4.00**
(1.58; 6.61)

2.58*
(0.08; 5.16)

2,3-dinor-5,6-dihydro-15-
F2T-isoprostane

BASC
Externalizing

0.54
(−2.75; 3.94)

0.14
(−3.51; 3.93)

Total SRS score 5.62***
(2.61; 8.73)

2.95
(−0.13; 6.13)

PGF2α BASC
Externalizing

2.54*
(0.13; 4.88)

3.13*
(0.63; 5.69)

Total SRS score 1.77
(−0.38; 3.83)

1.42
(−0.61; 3.50)

Signif. Codes: ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05; †Adjusted for gestational age and
specific gravity; ‡Adjusted for gestational age, specific gravity, maternal edu-
cation, pre-pregnancy body mass index, race, age, tobacco use, and alcohol use
during pregnancy; CI = confidence interval; BASC = Behavior Assessment
System for Children; SRS = Social Responsiveness Scale.
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by urinary concentrations of 8-iso-PGF2α, is associated with social
impairments at age 4 years. Inflammation in the third trimester of
pregnancy, as measured by urinary concentrations of PGF2α, is fur-
thermore associated with externalizing problems at age 4 years.
Moreover, our findings indicate that associations of maternal oxidative
stress and inflammation with child behavioral outcomes are evident
only among mothers with higher education levels.

The positive associations of prenatal 8-iso-PGF2α with childhood
ASD symptoms, which we identified in this study, are consistent with
previous research reporting cross-sectional associations between in-
creased levels of oxidative stress in individuals with ASD (Chauhan and
Chauhan, 2006; James et al., 2006; Osredkar et al., 2019). Our and
previous findings, therefore, suggest that oxidative stress may con-
tribute to the development of ASD. Levels of oxidative stress may be
generated in response to internal (Harwell, 2007; James et al., 2006;
Rossignol and Frye, 2012) or external (e.g., environmental pollution,
metabolism of xenobiotics) sources, which have previously been asso-
ciated with an increased risk for ASD (Mandy and Lai, 2016). Future
studies will need to investigate whether oxidative stress is the me-
chanism underlying the associations between environmental stressors
and increased risk for ASD.

Immune dysregulation and inflammation have been implicated in
several psychiatric disorders, including schizophrenia (Doorduin et al.,
2009), bipolar disorder (Rao et al., 2010), and depression (Dobos et al.,
2010). Here, we found that urinary concentrations of an oxidative stress
biomarker linked to inflammation mechanisms, PGF2α, were positively
associated with behavioral problems, indexing ADHD symptoms, at age
4 years. These findings are in line with an increasing amount of evi-
dence supporting the role of inflammation in the pathophysiology of
ADHD (Dunn et al., 2019). Several early risk factors that have been
proposed for ADHD, including prenatal exposure to maternal infection,
pollutants, alcohol, tobacco and maternal obesity, all share an increased
maternal inflammatory profile, raising the possibility that inflammation
during prenatal development may play a contributing role in the pa-
thophysiology of ADHD (Costenbader and Karlson, 2006; Shankar et al.,
2011; Terasaki and Schwarz, 2016).

In our study, associations between prenatal exposure to oxidative
stress and child behavioral problems were modified by maternal level of
education. These effect modifications may be attributable to structural
(e.g., poverty, neighborhood deprivation, pollution) and/or individual-
level (e.g., health behaviors, genetics) stressors, which are typically
inversely associated with educational attainment (Oates and Schechter,
2016; Stormacq et al., 2019). Thus, our results could indicate that
structural and individual-level stressors may be more important for
child behavioral outcomes in the children born to less educated mo-
thers, and are thus dwarfing the more nuanced differences in outcomes
that would be attributable to oxidative stress (Machlin et al., 2020;
Sharp et al., 2019).

Our findings must be interpreted in light of a number of limitations.
Firstly, no clinical assessments were carried out to establish childhood
behavioral problems. However, the SRS (Constantino, 2013) and BASC
(Jarratt et al., 2005; Ostrander et al., 1998; Reynolds, 2010) have good
temporal stability, reliability, as well as discriminate and concurrent
validity. The parent-rated SRS exhibits substantial agreement with the
Autism Diagnostic Interview-Revised (ADI-R), a widely recognized gold
standard for establishing a research diagnosis of ASD (Constantino
et al., 2003), and the parent-rated BASC exhibits substantial agreement
with the Child Behavior Checklist (Doyle et al., 1997). Secondly, bio-
markers of oxidative stress were measured in a single urine specimen

collected in the third trimester of pregnancy. While urinary 8-iso-
PGF2α has been shown to be relatively stable throughout pregnancy
(Ferguson et al., 2017), our findings may not be generalizable to other
timepoints during pregnancy. Lastly, there was loss to follow-up and
our sample of less educated mothers was small. The findings, therefore,
requiring replication in a large, diverse sample, with urine specimens
collected at multiple timepoints during pregnancy.

Despite these limitations, this study has many strengths. The oxi-
dative stress measure 8-iso-PGF2α is one of the best biomarkers of
oxidative stress, including during human pregnancy (Ferguson et al.,
2017; Roberts and Morrow, 2000). 8-iso-PGF2α concentration is not
significantly affected by differences in dietary lipid intake of partici-
pants (Gopaul et al., 2000; Richelle et al., 1999). Moreover, the use of
8-iso-PGF2α is preferred over other biomarkers of oxidative stress such
as malondialdehyde (MDA) or 8-hydroxydeoxyguanosine (8-OHdG).
MDA is produced from reactions other than lipid peroxidation and has
low stability due to rapid enzyme degradation and its high tendency to
react with other proteins (Khoubnasabjafari et al., 2015). Quantifica-
tion of 8-OHdG can differ substantially based on analytic method, and
significant variability due to factors such as urine composition and
sampling timepoint have been noted (Barregard et al., 2013). In con-
trast, F2-isoprostanes are chemically stable over time, specific to per-
oxidation, and reliable (Montuschi et al., 2004). Lastly, measuring
concentrations in urine rather than in plasma allowed us to avoid au-
toxidation during storage, which can be a concern with plasma mea-
surements (Morrow et al., 1990).

5. Conclusion

In the first study to investigate the association between prenatal
exposure to oxidative stress and longer-term childhood behavioral
problems, we observed that levels of urinary biomarkers of oxidative
stress in the third trimester of pregnancy were associated with beha-
vioral problems in the child at age 4. Specifically, prenatal exposure to
oxidative stress (8-iso-PGF2α) was associated with greater social im-
pairments, indexing ASD symptoms, at 4 years of age. Moreover, pre-
natal exposure to inflammation (PGF2α) was associated with greater
externalizing problems, indexing ADHD symptoms, at 4 years of age.
These associations were modified by maternal education. In less edu-
cated mothers, these associations were not present, while in more
educated mothers these associations persisted. Future research on this
topic should examine factors that could explain the lack of association
in the less educated mothers, and investigate the mechanisms under-
lying the associations in more educated mothers.
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Appendix A. . Interquartile ranges (IQR)

See Table A1.
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Table A1
Distributions of oxidative stress biomarkers measured in the third trimester of pregnancy.

Biomarker Minimum 25th Percentile Mean 75th Percentile Maximum IQR

8-iso-PGF2α 0.01 0.41 1.15 1.52 6.60 1.11
2,3-dinor-5,6-dihydro-15-F2T-isoprostane 0.11 0.32 0.71 0.94 6.05 0.62
PGF2α 0.05 0.99 2.63 3.47 15.62 2.48

IQR = Interquartile Range.

Table B1
Correlation matrix of the outcome, predictor and confounding variables.

NB: Higher education is coded as having higher numerical values. White ethnicity is coded as having lower numerical values while Non-white ethnicity is coded as
having higher numerical values.

Table C1
Crude, adjusted and stratified percent difference (95% CIs) in BASC internalizing problems and Behavioral Symptom Index (BSI) scores in association
with IQR increase in third trimester oxidative stress biomarker levels.

Crude model
(95% CI)†

Adjusted model
(95% CI)‡

8-iso-PGF2α BASC
Internalizing

−0.26
(−3.34; 3.05)

−0.42
(−3.82; 3.11)

BASC BSI 3.32**
(1.58; 6.61)

3.23*
(0.02; 6.55)

2,3-dinor-5,6-dihydro-15-
F2T-isoprostane

BASC
Internalizing

−1.07
(−4.82; 2.72)

−1.46
(−5.56; 2.83)

BASC BSI 1.51
(−2.02; 5.17)

0.92
(−2.92; 4.91)

PGF2α BASC
Internalizing

0.88
(−1.74; 3.70)

1.10
(−1.73; 4.00)

BASC BSI 2.67*
(0.13; 5.28)

3.27*
(0.65; 5.95)

Signif. Codes: ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05; †Adjusted for gestational age and specific gravity; ‡Adjusted for gestational age, specific gravity, maternal
education, pre-pregnancy BMI, race, maternal age, tobacco use and alcohol use during pregnancy; CI = confidence interval; BASC = Behavior
Assessment System for Children; BSI = Behavioral Symptom Index, BMI = body mass index
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Appendix B. . Correlation table

See Table B1.

Appendix C. . Analysis of other BASC subscales

See Table C1.

Appendix D. . Analysis of the covariate nutrional supplements

See Table D1.

Appendix E. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.bbi.2020.08.029.
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