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Abstract

Objective—To assess the relationships of prenatal and childhood smoke exposure with specific
neurodevelopmental and behavioral problems during early childhood.

Study design—A subsample (h = 386) of mother—child dyads from the Newborn Epigenetic
Study (NEST) prebirth cohort participated in the study. Cotinine concentrations were used to
objectively measure prenatal and childhood smoke exposure when youth were aged 3-13 years.
Multivariable regression models were used to estimate associations of prenatal and childhood
cotinine concentrations with performance on the National Institutes of Health (NIH) Toolbox and
attention-deficit/hyperactivity disorder and behavioral symptoms, measured using the Behavior
Assessment System for Children, 2nd edition (BASC-2).

Results—After adjusting for confounders, childhood cotinine concentrations were associated
with poorer cognitive performance on tasks measuring cognitive flexibility (B = 1.29; £=.03),
episodic memory (B = 0.97; P=.02), receptive language development (B = 0.58; £=.01), and
inhibitory control and attention (B = 1.59; £=.006). Although childhood cotinine concentration
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was associated with higher levels of attention problems (B = 0.83; £=.004) on the BASC-2, after
adjustment for confounders, the association is nonsignificant. Although associations for maternal
cotinine concentrations were null, an interaction was detected between prenatal and childhood
cotinine concentrations on the NIH Toolbox Picture Vocabulary Task (P=.02).

Conclusions—Our findings suggest that childhood tobacco smoke exposure may lead to poorer
attention regulation and language acquisition, complex visual processing ability, and attention

problems.

INTRODUCTION

Attention-deficit/hyperactivity disorder (ADHD) is associated with social, emotional,
cognitive, and academic impairments and negative outcomes that can persist into
adulthood.1=3 Children with language impairments also have difficulties establishing social
relationships and maintaining employment in adulthood.* Additionally, children’s cognitive
ability in preschool and early childhood is associated with adult educational attainment.>

Tobacco smoke is a well-known teratogen, and studies have found significant associations
between prenatal and childhood secondhand smoke (SHS) exposure and cognitive and
behavioral outcomes in children.5-16 However, not all studies have found a clear link
between prenatal maternal smoking and childhood SHS exposure and cognitive and
behavioral outcomes.1~20 Some evidence suggests that compared with prenatal smoke
exposure, childhood SHS exposure may lead to poorer cognitive and behavioral outcomes,
such as impaired nonverbal reasoning, receptive vocabulary deficits, and elevated behavioral
difficulties.17-2! Trasti et al found that once maternal education was adjusted for in
multivariable models, children of mothers who smoked during pregnancy did not have
worse cognitive functioning compared with children of mothers who did not smoke during
pregnancy.® However, others have found that neither prenatal nor early childhood SHS
exposure were associated with behavioral problems, yet significant associations were found
between prenatal and early childhood SHS exposure and deficits in executive functioning.2?

The aims of the current study were to examine independent associations between prenatal
smoke exposure, measured via maternal plasma cotinine concentration collected during
pregnancy, and childhood SHS exposure, measured via child saliva cotinine concentration,
on children’s neurodevelopment and behavioral functioning. We hypothesized that both
maternal prenatal cotinine and childhood cotinine concentration would be related to poorer
cognitive outcomes in children—especially those linked to the executive functions of
inhibitory control, attention, and cognitive flexibility. We also hypothesized that both
maternal prenatal cotinine and childhood cotinine concentration would be related to higher
levels of parent-rated behavioral problems—especially ADHD symptoms.

METHODS

Participants were part of the Newborn Epigenetic Study (NEST). NEST is a prebirth cohort
study based in the southeastern US that was initiated in 2005. The Duke University Health
Institutional Review Board approved the studies involving these participants, and written
informed consent was obtained from all mothers. Participant identification and enroliment
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procedures have been described in greater detail previously.2324 In brief, 2595 pregnant
women were recruited from prenatal clinics serving Duke University Hospital and Durham
Regional Hospital Obstetrics facilities between April 2005 and June 2011. Eligibility criteria
were age3 18 years, pregnant, and intention to use 1 of the 2 obstetrics facilities for the index
pregnancy, to enable access to labor and birth outcome data. At enrollment, maternal blood
specimens were collected, along with survey data on health, nutrition, stress, and lifestyle
behaviors.

Women were recontacted to participate in a follow-up study between 2013 and 2019. To

be eligible for the follow up study, women had to speak English and children had to be at
least 3 years old to allow for cognitive testing with the National Institutes of Health (NIH)
Toolbox. The current study includes data from 386 mother—child pairs who participated in
the follow-up study. There were more Hispanic children, more mothers with a high school
education and fewer mothers with a college degree, more underweight births, and more
early births among the original cohort compared with the mother—child pairs included in the
current study. There were no between-group differences in prenatal cotinine concentration
and infant sex.

Eligible mothers were initially contacted via letters mailed from the study team and/or
were recruited during a well child clinic visit. Mothers who agreed to participate were
scheduled for a laboratory visit that included completing survey measures on their child’s
health and behaviors, an 1Q test, and assessment of executive functions. During the visit,
children provided saliva samples for cotinine analyses, and like the mothers, completed an
1Q assessment and a test of executive functions. Trained staff members administered the 1Q
tests and test of executive functions.

MEASURES

Tobacco Smoke Exposure

Tobacco smoke exposure was estimated objectively using cotinine, a metabolite of nicotine.
Prenatal smoke exposure was estimated using maternal plasma blood samples that had

been collected during pregnancy (mean, 20.7 weeks of gestation; SD, 12.9 weeks). Early
childhood smoke exposure was estimated using children’s saliva samples that had been
collected during their clinic visits. Children were asked to spit into a vial until approximately
5 mL of saliva was collected. Children who had difficulty producing saliva were asked

to chew a parafilm to aid saliva production. In children who had difficulty spitting, an
absorbent sponge tip was used to aid saliva collection.

Concentrations of cotinine were measured in plasma and saliva samples by liquid
chromatography-tandem mass spectrometry. The system consists of a TSQ Quantum Access
MAX triple-stage quadrupole mass spectrometer, coupled with Accela 1250 pump and
Accela Open Autosampler. For plasma analysis, we spiked ds-cotinine into 200-mL samples
and then added 1 mL of methanol and vortexed the mixture thoroughly. After centrifugation
at 16 000 g for 10 minutes, the supernatant was transferred to a centrifuge tube and
evaporated to dryness under ultrapure nitrogen gas. The residual was reconstituted with 200
mL of acetonitrile/water (15:85) for instrumental analysis. For saliva analysis, we spiked ds-
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cotinine into 100-mL samples and then added 50 mL of acetonitrile/methanol (80:20). After
a 10-minute vortex and 30-minute centrifugation, the supernatant was used for instrumental

analysis. We used a Phenomenex Luna 3m C18 (50 2 mm) column using an isocratic mobile
phase elution at a flow rate of 200 mL/minute for chromatographic separation. The ion pairs
of 177/98 m/z and 180/80 m/z were used to monitor cotinine and ds-cotinine concentrations,
respectively. The detection limit of cotinine is 0.075 ng/mL for plasma and 0.024 ng/mL for
saliva.

Cognitive and Executive Functioning

The NIH Toolbox Cognition Battery was used to assess child cognitive functioning.2® The
Toolbox was administered in the laboratory by trained study staff. The Cognition Composite
score as well as the following subscales were included: Flanker Inhibitory Control and
Attention Test (FICA), Dimensional Change Card Sort Test (DCCS), Picture Sequence
Memory Test (PSM), and Picture Vocabulary Test (PV). The FICA, DCCS, PSM, and

PV subscales assess inhibitory control and attention, cognitive flexibility episodic memory,
and receptive vocabulary (a proxy for language development), respectively. In addition to
producing scores for each cognitive domain, a composite score was calculated from these
subtest scores. The instrument was validated in a diverse sample and found to demonstrate
good test—retest and convergent validity.2> Of note, the battery was administered via a laptop
from December 2013 to January 2016 (n = 246) and then on an iPad from February 2016 to
February 2020 (n = 138) once NIH Toolbox transitioned away from the web-based platform.
Revised formulas provided by NIH Toolbox for comparison across platforms were used

to calculate domain scores. According to guidelines provided by NIH Toolbox, raw scores
were used in all comparisons as standardized scores were not available because we used
both laptop and computer administration.

Maternal Intelligence

Maternal intelligence was assessed via the Wechsler Abbreviated Scale of Intelligence
(WASI-11).26 The WASI-II provides a composite 1Q score derived from 4 subtests: Block
Design, Vocabulary, Matrix Reasoning, and Similarities. The WASI Il was administered by
study staff trained and supervised by a PhD-level clinical psychologist.

ADHD Symptoms and Self-Regulation

The Behavior Assessment System for Children, 2nd edition (BASC-2), Parent Rating Scales
was used to assess ADHD related symptoms.2’ There are several clinically relevant sub
scales as well as composite scores, and the measure has been shown to discriminate well
between children with ADHD and healthy controls.28 The current analyses included the
BASC-2 Hyperactivity and Attention Problems subscales, reported as standardized T-scores
(mean, 50; SD, 10).

Other Measures

Trained personnel abstracted parturition data from medical records after delivery, including
birth weight, gestation period (in weeks), and infant sex. Other characteristics, such as
maternal race, highest education, and prepregnancy body mass index were obtained from
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maternal self-report on a survey that was completed at enroliment during pregnancy. For
both mothers and children, age was calculated by subtracting their birth date from the date
of their follow-up visit. Given the heritability of ADHD, we also controlled for mothers’
ADHD symptoms by including mothers’ scores on the ADHD Symptoms Total subscale
from the Conners Adult ADHD Rating Scales (CAARS).2°

Statistical Analyses

RESULTS

To be included in the current analyses, participants had to have had cotinine assayed from
prenatal maternal blood samples and childhood saliva samples, outcome data from the
NIH Toolbox, ratings from the BASC-2 assessment, and data on covariates potentially
related to the outcomes. Because cotinine concentrations were right-skewed, a natural log
transformation was used to normalize the data prior to conducting analyses; for cotinine
values equal to 0, 0.0001 was added only to those values prior to transformation.

Three multivariable linear regression models were conducted for each outcome variable,
which included the NIH Toolbox Cognitive Composite score and the 4 subdomains (FICA,
DCCS, PSM and PV), and each of the BASC-2 subscales (Attention Problems and
Hyperactivity). Child’s age and sex and mother’s race were included to account for the
unstandardized NIH Toolbox scores. The first model included log-transformed prenatal and
childhood cotinine values (un adjusted model). The second model included log-transformed
prenatal cotinine and childhood cotinine values and covariates (fully adjusted model). The
covariates were selected by constructing a directed acyclic graph, which uses graphics to
determine which variables to include in models to minimize bias (Figure 1).30 The selected
covariates from the directed acyclic graph included mother’s race, age, education, 1Q,
CAARS ADHD symptoms, and child’s sex, age, gestation period, and birth weight. A third
model tested for an interaction between log-transformed prenatal and childhood cotinine
values, including the covariates (fully adjusted model plus interaction term). Cotinine
concentration was analyzed as a continuous variable in all models. Listwise deletion was
used for all regression models. All analyses were conducted using R version 4.0.2 (R
Foundation for Statistical Computing).

Characteristics of the study participants are presented in Table I, along with cotinine
concentration cutoff scores recommended by Benowitz et al.3! The geometric means for
prenatal cotinine and childhood cotinine concentration were 0.96 and 0.24, respectively. The
average maternal age at delivery was 28.3 years (SD, 5.7). The age range of children was 3
to 13, with an average age of 6.0 years (SD, 2.4). A majority of the sample self-identified

as Black/African American (59.8%), and 33.4%, 2.8%, and 3.9% self-reported as White,
Hispanic, and “other,” respectively. At the time of study enrollment, 39% of the mothers
had a college degree, and the average family income reported by mothers was $63 259.47.
Table Il displays means and SDs of children’s scores on the NIH Toolbox task and BASC-2
assessment.

We also examined how prenatal and childhood cotinine concentration varied by the different
demographic variables included in the models. Conducting t tests, ANOVA, and correlation
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analyses as appropriate, several between-group differences emerged. Children with Black/
African American mothers had higher prenatal and childhood cotinine concentrations.
Children whose mothers had college degrees had lower prenatal and childhood cotinine
concentrations compared with children whose mothers had less education. Children with
older mothers had lower prenatal and childhood cotinine concentrations compared with
children with younger mothers. Children whose mothers scored higher on the WASI-11
had lower prenatal and childhood cotinine concentrations compared with children whose
mothers scored lower on the WASI-II.

Table I11 presents results from the 5 sets of regression models for the NIH Toolbox subscale
scores. Prenatal cotinine concentration was associated with better inhibitory control (B =
1.61; P =.02) and attention and cognitive ability (B = 1.37; P =.02) in the unadjusted
models, but when the covariates were included in the fully adjusted models, prenatal
cotinine concentration was not associated with any of the NIH Toolbox scores. Childhood
cotinine concentration was associated with poorer cognitive performance overall (B = 2.34;
P <.001) and on tasks measuring inhibitory control and attention (B = 1.59; P = .006),
cognitive flexibility (B = 1.29; P = .03), episodic memory (B = 0.97; P = .02), and receptive
language development (B = 0.58; P = .01).

In the third model, there was a significant interaction between prenatal cotinine and
childhood cotinine (P = .02) for the task measuring language development (PV task). SAS
software (SAS Institute) was used to graphically interpret the interaction, and simple slope
analyses were performed using the R package interactions. As can be seen in Figure 2,
children with the highest concentrations of prenatal and childhood cotinine performed the
worst on the PV task. Simple slope analyses were conducted by holding childhood cotinine
concentration at the mean, 1 SD below the mean, and 1 SD above the mean. None of the
slopes were statistically significant: 1 SD below the mean, B = 0.90, P = .06; at the mean, B
=0.29, P =.29; 1 SD above the mean, B =0.33, P =.19.

Table IV presents results from the 2 sets of regression models for the BASC-2 assessment
scores. Prenatal cotinine concentration was not associated with any behavioral problems

in any models. Greater childhood cotinine concentration was related to higher levels of
attention problems (B = 0.83; P =.004) in the unadjusted model but not in the fully adjusted
models. Childhood cotinine concentration was not associated with hyperactivity in any of
the models.

DISCUSSION

The findings suggest that childhood SHS exposure, but not prenatal maternal smoking,
contributes to children’s task performance on measures of cognitive and executive
functioning and maternal report of attention problems. Domains of functioning that were
significantly related to SHS exposure during childhood included impaired abilities related

to inhibitory control and attention, episodic memory, language development, and cognitive
flexibility. Child attention problems were associated with higher levels of childhood cotinine
concentrations, but this finding became nonsignificant once adjusted for covariates.
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Prenatal smoke exposure was not significantly associated with any of the
neurodevelopmental or behavioral outcomes once the models are adjusted for covariates.

In both cases in which prenatal smoke exposure was associated with the neurodevelopmental
outcomes, the associations were in the opposite hypothesized direction. Why prenatal
cotinine concentrations were associated with better FICA and DCCS task performance in
the unadjusted models is unclear; however, the associations become nonsignificant once
the covariates were included. There was a significant interaction between prenatal and

SHS smoke exposure predicting performance on a task assessing receptive vocabulary.
Results suggested that children exposed to smoke prenatally and after birth could be at
heightened risk for language-related impairments. However, given that all the simple slopes
were nonsignificant, the interaction should be interpreted with caution.

The strength of the associations between prenatal and childhood smoke exposure and

the neurodevelopmental and behavioral outcomes was also considered. To interpret the
log-transformed cotinine values, the b coefficient can by multiplied by log(1.x), with x being
the percent increase in the independent variable. For example, a 10% increase in cotinine
concentration is associated with a 0.22 decrease in cognitive composite score based on the
current findings. Although a 0.22 decrease in the NIH Toolbox cognitive composite score
might not significantly impact a child’s overall cognitive ability, higher percent increases in
cotinine concentration may lead to impairment in cognition.

In the epidemiologic literature, the relationship of smoke exposure with child
neurodevelopment and behavioral difficulties is difficult to parse out. The data are
complicated by various factors, including when smoke exposure is assessed (prenatally,
early childhood, or both), how exposure is assessed (self-report vs measured in a biological
sample), the time during development when assessments are conducted (infancy, early
childhood vs later childhood), and the type of assessments performed (fine/gross motor,
cognitive performance, behavioral ratings). A strength of this study is its inclusion of
biological assessments of both prenatal and childhood SHS exposure, along with measured
assessments of executive functioning domains and behavior. The findings are consistent
with a study in which investigators found that prenatal smoke exposure was not as strong

a predictor of children’s verbal abilities and behavioral difficulties (mean age, 5 years) as
childhood SHS exposure.1’ In that study, prenatal cotinine assays were used to confirm
maternal reports of smoking, and SHS during childhood was based on the mother’s report of
her own smoking at the time. Moore et al found similar results; prenatal smoke exposure (as
assessed by prenatal urinary cotinine) was related to poorer performance by children on the
NIH Toolbox Flanker sub scale measuring inattention and inhibitory control, but this effect
was null after adjusting for postnatal smoke exposure (assessed by maternal self-report).32
To our knowledge, the current study is unique in its assessment of both prenatal and early
childhood SHS exposure using biological assays at both time points.

Smoking during pregnancy is a well-known risk factor for an array of negative health
outcomes for pregnant women and offspring33; ongoing efforts to support limiting smoke
exposure during pregnancy are vitally important. However, the present results consistently
indicate that early childhood smoke exposure may be a more specific risk factor for poorer
neurodevelopmental and behavioral outcomes. It may be that SHS has a more significant
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impact on brain development during early childhood, as the brain experiences its most

rapid growth between birth and age 1-2 years and continues to grow rapidly up to age 6
years.34-36 SHS exposure in early childhood also may have a greater effect on cognitive

and attentional abilities compared with other aspects of neurodevelopment that may be
more greatly impacted by prenatal exposure, such as early infant motor and temperament
out comes. For example, Moore et al found associations between prenatal cotinine with
both motor and inhibitory control in 4- to 6-year-old children, but the association between
prenatal cotinine and inhibitory control became nonsignificant when postnatal exposure was
included in their model.32 Furthermore, pregnant women have been found to clear cotinine
at an accelerated pace compared with nonpregnant women,37:38 which also might have
impacted prenatal cotinine concentrations in the current study. Nevertheless, these findings
add to the literature by highlighting childhood SHS exposure as a specific risk factor for
negative neurodevelopmental outcomes, underscoring that the detrimental effects of smoking
on child development do not stop at birth.

This study has several strengths. We used cotinine concentration as the main method

for assessing both prenatal and childhood smoke exposure. Using this objective,
continuous measurement helps reduce any bias associated with self-reports.3940 The
cotinine test used has high sensitivity, allowing for the detection of even low cotinine
concentrations. This study also used assessments providing information on a range of
neurodevelopmental abilities. Many studies have relied solely on maternal report of their
child’s neurodevelopment functioning and behavior. The use of standardized assessments
helps overcome this potential bias. This study used the NIH Toolbox to assess child
functioning in relation to prenatal and childhood exposure to tobacco smoke. Thus, this
instrument may be a useful add-on to studies examining prenatal exposures to toxins and
later childhood cognitive capacities. Our analyses also accounted for a number of potential
confounding variables, including maternal cognitive functioning and ADHD symptoms.

Our findings should be interpreted in the context of some important limitations. The
half-life of cotinine in both saliva and plasma is estimated to be 14-15 hours.*! Cotinine

is metabolized faster in pregnant individuals (approximately 8 hours), although it is still
dangerous to the developing fetus.37:38 Thus, prenatal cotinine samples may underestimate
of the true level of smoke exposure experienced by women during pregnancy in the current
sample. The lack of standardized timing of collection of blood and saliva samples during
pregnancy and childhood is also a potential weakness of the cotinine measurements. The
sample participating in the follow-up was not fully representative of the sample source,
because the original cohort included a greater representation of children of Hispanic origin,
more mothers with only a high school degree, and fewer mothers with a college degree.
The study team faced some challenges with recruiting for the follow-up study from the
sample of women in the larger cohort, owing in part to the lengthy laboratory visits required
for the follow-up study. However, maternal smoking and cotinine concentration during
pregnancy were unrelated to participation in the follow-up study, suggesting that there
likely is minimal selection bias with respect to the level of exposure. Furthermore, although
we included a broad set of variables to minimize confounding, the potential for residual
confounding remains. Although we controlled for age to account for variability, there

still could be age related effects that warrant further research. Developmentally, children

J Pedliatr. Author manuscript; available in PMC 2024 March 25.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Fuemmeler et al.

Page 9

can vary considerably in this age range, and the negative impacts of tobacco exposure
may vary as a function of age, especially as children approach adolescence. Additionally,
there are potential confounding variables associated with child smoke exposure that
were not accounted for, such as marijuana smoke exposure, poverty,*2 and neighborhood
characteristics.3

Our present findings contribute to the growing evidence that childhood smoke exposure
can have deleterious effects on children’s cognitive development, specifically as it relates
to inhibitory control, attention, and early language development. Many women in the US
are aware of the importance of stopping smoking in pregnancy; however, it is estimated
that 50%-80% of women will resume smoking within the first year after birth.#4:4> These
findings underscore that limiting smoke exposure even after the prenatal period is essential
for optimal neurodevelopmental functioning. Continued studies to help identify possible
mechanisms and methods for determining the developmental timing and level of exposure
more precisely are needed. For example, assays of deciduous teeth may be helpful in
clarifying the level and totality of exposure over development.¢ These more precise
measurements may be needed to determine to what degree of smoke exposure over what
period of time correlates to neurodevelopmental and behavioral outcomes.
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Figure 1.

Child Neurodevelopment
and Behavioral Outcomes

Directed acyclic graph (DAG) of the associations between prenatal and childhood smoke
exposure and neurodevelopmental and behavioral outcomes. DAG with covariates included

in the multivariable regression models.
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Figure 2.
Surface plot displaying interaction between prenatal and childhood cotinine concentration

(with PV as the outcome). Children with the highest prenatal and childhood cotinine
concentrations performed worst on the PV task (A). Children with no prenatal exposure but
the highest childhood exposure (D) and no prenatal and childhood exposure (B) performed
better but children with the highest prenatal exposure and no childhood exposure performed
best (C).
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Table I.
Characteristics of the sample (N = 386)
Characteristics Values
Categorical variables, n (%)
Maternal race/ethnicity
White 129 (33.4)
Black/African American 231 (59.8)
Hispanic 11 (2.8)
Other 15 (3.9)
Maternal education
Less than high school 55 (14.6)
High school diploma/GED 94 (24.9)
Some college 81 (21.5)
College graduate 147 (39.0)
Child sex
Male 186 (48.2)
Female 200 (51.8)
Prenatal cotinine concentration (ng/mL)
Nonsmoker (<1) 213 (61.6)
SHS exposure (1-2.99) 65 (18.8)
Active smoker/high SHS exposure (=3) 68 (19.7)
Childhood cotinine concentration (ng/mL)
Nonsmoker (<1) 261 (73.7)
SHS exposure (=1) 93 (26.3)
Continuous variables, mean + SD
Maternal age at delivery, y 28.3+5.7
Maternal 1Q 95.68 +17.7
Mother CAARS ADHD symptoms total score 10.88 £8.32
Gestation period, wk 39.03+1.8

Birth weight, g 3229.60 + 542.9
Child age at follow-up study, y 6.0+24
Prenatal cotinine concentration, ng/mL 14.90 +48.31
Childhood cotinine concentration, ng/mL 1.03+2.01

GED, General Educational Development.
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Table Il.

Mean values and SDs for children’s cognitive performance on the NIH toolbox and BASC-2 Scores

Variables Construct N Mean + SD Range
NIH Toolbox
Cognitive Composite Overall cognitive capacity 364 79.08 +28.70 24-190.58
Flanker Attention/inhibitory control 379  60.02 + 26.30 21.05-117
Dimensional Card Sort Flexibility 377 63.93+22.80 32.37-119
Picture Sequence Memory Episodic memory 369 80.84+14.91 49.61-125.19
Picture Vocabulary Receptive vocabulary 380 67.43+12.16 33.77-112
BASC-2 (PRS) Scales
BASC AP T-score (composite)  Attention problems 369 51.98+10.39 31-85
BASC HY T-score (composite)  Hyperactivity 367 49.29+8.32 31-101
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Regression analyses examining cotinine on NIH Toolbox performance with both prenatal and childhood

Table Ill.

cotinine
Parameters B 95% ClI P value
Cognitive composite
Unadjusted model
Prenatal cotinine 1.22 -0.10 to 2.55 .07
Childhood cotinine 292 *** -4291t0-155 <001
Fully adjusted model
Prenatal cotinine 0.71 -0.57 t0 1.99 .27
Childhood cotinine _934™** -3.69t0-098 <001
Fully adjusted model plus interaction term
Prenatal cotinine and childhood cotinine interaction -0.40 -1.14t00.34 .29
Flanker (inhibitory control and attention)
Unadajusted model
Prenatal cotinine 1617 0.25-2.97 .02
Childhood cotinine _256™** -396t0-117 <001
Fully adjusted model
Prenatal cotinine 0.30 -0.76 t0 1.36 .58
Childhood cotinine —159%* -—2.71t0-0.47 .006
Fully adjusted model plus interaction term
Prenatal cotinine and childhood cotinine interaction -0.30 -0.91100.31 .33
Dimensional Card Sort (cognitive flexibility)
Unadjusted model
Prenatal cotinine 1.37% 0.20-2.54 .02
Childhood cotinine —187** —3.081t0-0.67 .002
Fully adjusted model
Prenatal cotinine 0.77 -0.3210 1.85 .16
Childhood cotinine _129* —243t0-014 .03
Fully adjusted model plus interaction term
Prenatal cotinine and childhood cotinine interaction 0.06 -0.54 to 0.65 .85
Picture Sequence Memory (episodic memory)
Unadjusted model
Prenatal cotinine 0.15 -0.64 to 0.94 .70
Childhood cotinine ~197¥* -279t0-116 <001
Fully adjusted model
Prenatal cotinine 0.09 -0.66 to 0.85 81
Childhood cotinine —097% ~Ll77t0-0.17 .02
Fully adjusted model plus interaction term
Prenatal cotinine and childhood cotinine interaction -0.27 -0.71t0 0.17 22
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Parameters B 95% ClI P value
Picture Vocabulary (language development)
Unadjusted model
Prenatal cotinine 0.20 -0.36t0 0.76 49
Childhood cotinine —137** -195t0-080 <.001
Fully adjusted model
Prenatal cotinine -0.06 -0.50to 0.38 .79
Childhood cotinine 0587% -1.05t0-0.11 01
Fully adjusted model plus interaction term
Prenatal cotinine and childhood cotinine interaction —029% —0.5410-0.04 .02

Page 18

Fully adjusted models control for mother race, mother age, mother education, mother 1Q, and mother CAARS ADHD Symptoms Total score and

child sex, age, birth weight, and gestation period.

*
P < .05;

*:

A
P<.01;

Aok

*
P <.001.
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Table IV.

Regression analyses examining cotinine on BASC-2 assessment with both prenatal and childhood cotinine

Parameters B 95% ClI P value

Attention problems

Unadjusted model
Prenatal cotinine 021 -0.34t00.76 46
Childhood cotinine 0.83% 0.27-1.40 .004
Fully adjusted model
Prenatal cotinine 0.22 -0.35t00.80 45
Childhood cotinine 049 -0.12to1.11 A1

Fully adjusted model plus interaction term

Prenatal cotinine and childhood cotinine interaction -0.20 —0.53t00.13 24

Hyperactivity
Unadjusted model
Prenatal cotinine 0.08 -0.481t00.64 .78
Childhood cotinine 056 -0.01t01.13 .06
Fully adjusted model
Prenatal cotinine 0.10 -0.49t00.69 .73
Childhood cotinine 049 -0.13t01.12 12

Fully adjusted model plus interaction term

Prenatal cotinine and childhood cotinine interaction —0.07 —0.41to 0.26 .67

Fully adjusted models control for mother’s race, age, education, 1Q, and CAARS ADHD symptoms total score and child’s sex, age, birth weight
and gestation period.

*
P <.01.
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