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Abstract

Little is known about the association between prenatal cocaine exposure and obesity. We tested
whether prenatal cocaine exposure increases the likelihood of obesity in 561 9-year-old term
children from the Maternal Lifestyle Study (MLS). Overall, 21.6% of children met criterion for
obesity (body mass index [BMI] > 95t percentile, age and sex-specific). While there was no
overall cocaine effect on obesity, multivariate logistic analysis revealed that children exposed to
cocaine but not alcohol were 4 times more likely to be obese (OR 4.11, Cl 2.04-9.76) than
children not exposed to either drug. No increase in obesity prevalence was found in children
exposed to alcohol but not cocaine (OR 1.08, CI .59-1.93) or both (OR 1.21, CI 0.66-2.22).
Alcohol exposure may attenuate the effect of cocaine exposure on obesity. Increased obesity
associated with cocaine but not alcohol exposure was first observed at 7 years. BMI was also
elevated from 3 to 9 years in children exposed to cocaine but not alcohol, due to increasing weight
but normal height. Prenatal exposure to cocaine may alter the neuroendocrine system and
metabolic processes resulting in increased weight gain and childhood obesity.
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1. Introduction

Studies of perinatal growth in children with prenatal cocaine exposure have generally
reported deficits in birth weight, length and head circumference [6,33,42] with increased
prevalence of small for gestational age [33,47] and rapid early weight gain [23,33]. Reports
of exposure effects on long term growth up to 10 years of age are inconsistent including no
effects [33,37], increased weight [23] and deficits in height but not weight gain [13,35]. The
1 study that tested and found no effects of cocaine exposure on obesity (> 95t percentile,
age and sex-specific) did not have enough power to adjust for confounding factors including
other drugs of abuse likely to co-occur [33]. Of the other drugs of abuse commonly used
with cocaine, increased obesity in children has only been reported with prenatal nicotine
exposure [14,32,43]. In other studies, the association of prenatal nicotine exposure and
standard growth parameters vary from increased body mass index (BMI) [20,28] to no
differences in weight or height [33,42]. Prenatal alcohol exposure, on the other hand, has
been is generally associated with long-term growth deficits [20,33,37]. No long term growth
deficits or increases have been associated with prenatal marijuana exposure [17,42]. In our
large sample, we found evidence that cocaine exposure was associated with increased BMI
and hypertension in 9-year-old term children[46] with adjustment for confounding factors.
The prevalence of obesity per se is not apparent by evaluation of BMI. Thus the current
study examines prenatal cocaine exposure and obesity directly in the context of other
prenatal exposures, early growth and behavioral factors, some of which are also associated
with prenatal cocaine exposure.

Obesity in children is a serious problem related to increased metabolic risk factors in
childhood [12,34] as well as increased likelihood of adult obesity, which is a key risk factor
for type 2 diabetes and cardiovascular disease, the leading causes of death, disease and
disability in the US [39,41]. The increased prevalence of childhood obesity from 1980 to
2004 is well-documented [38]. Recent analyses show no further overall increase in obesity
from 2003-2006. Relevant to this study, Black girls were more likely to be obese than White
girls, but no differences were found between Black and White boys [40]. Also alarming are
indicators that most children of all races identified as obese by the > 95™ percentile would
also meet the higher cutoff of > 97th percentile, suggesting that the heaviest children are
getting heavier [40]. Poverty which affects many minority children as well as children in the
current study has been associated with conditions that contribute to obesity in children as
young as 6 years such as high caloric diet, inadequate exercise and sedentary behavior
(excessive television watching) [54-56].

Early identification of children at risk for obesity is important to the development of
effective interventions with impact on current and long term public health. BMI and obesity
in middle childhood has been related to higher birth weight [22,48] and rapid early weight
gain during the first year [4,18,50], but not intrauterine growth retardation or small for
gestational age (SGA). Studies of children ages 6 and 9 years reported that children with
SGA continue to be smaller than children with normal weight [10,47]. On the other hand,
SGA has been associated with increased prevalence of hypertension at 6 years [47] as well
as obesity and metabolic syndrome in adults [48]. These findings have been explained as a
consequence of fetal programming that alters metabolic pathways [48]. Although original
studies on fetal programming focused on low birth weight as the precipitating condition, it is
generally accepted that low birth weight per se is not at the heart of these disorders, but a
proxy for other factors that influence intrauterine growth [30,57], one of which could be
prenatal cocaine exposure [30,57].

The mechanisms of action of cocaine have been well described in terms of neurochemical
and vasoconstrictive effects. However, there may be a “third pathophysiology” in which
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cocaine acts as an intrauterine stressor that alters fetal programming [30]. Stress hormones
such as catecholamines and glucocorticoids, which are elevated in the fetus exposed to
cocaine, can alter regulation of the neuroendocrine environment by acting on the
hypothalamic-pituitary-adrenal axis which results in an altered set point for physiologic and
metabolic outcomes including obesity [7]. As a stressor that alters the neuroendocrine
environment, prenatal cocaine exposure could reprogram metabolic pathways of the fetus
increasing the likelihood of rapid early weight gain and childhood obesity.

The goal of this study was to test the hypothesis that prenatal cocaine exposure is associated
with increased prevalence of obesity at 9 years of age.

2. Methods

2.1. Design

MLS subjects were recruited postpartum at 4 participating hospital sites from 1993 to 1995.
The study was approved by the institutional review board at each site. A Certificate of
Confidentiality issued by the National Institute on Drug Abuse assured confidentiality
regarding subjects’ drug use and the mother provided informed consent. The study was
conducted in 2 phases: an acute phase [8,9], which extended through hospital discharge, and
the longitudinal follow-up of a subset of subjects, which began at the 1-month visit (age
corrected for prematurity) [31]. Here we report obesity at 9 years from the longitudinal
phase.

The study definition of exposure was maternal report of any cocaine or opiate use during
pregnancy during a postpartum interview at recruitment and/or gas chromatography-mass
spectrometry (GC/MS) confirmation of presumptive positive screens for cocaine or opiate
metabolites [15,29]. Opiates were included because hospital reports indicated that many
cocaine users were also using opiates, however only 10% of cocaine users in MLS also used
opiates. “Unexposed” was defined as denial of prenatal cocaine and opiate use and a
negative enzyme-multiplied immunoassay technique (EMIT) screen for both drugs.
Complete details of eligibility are reported elsewhere [8,9]. A brief summary follows.
Maternal exclusion criteria included: Age <18 years; identified psychosis or history of
institutionalization for retardation or emotional problems; language barriers that prevented
her from giving informed consent or understanding the study; plans to move out of the
catchment area. Infant exclusion criteria included: Outborn birth; multiple gestation; birth
weight <501 grams; gestational age >42 weeks; unlikely to survive, chromosomal
abnormality or TORCH infection.

2.2. Subjects

There were 1,388 mother/infant dyads (658 in the exposed group and 730 in the unexposed
or comparison group) enrolled in the longitudinal study at the 1 month visit. The exposed
and unexposed groups were group matched within site on race/ethnicity, child’s sex, and
gestational age categories (<32 weeks, 33-36 weeks, and >36 weeks) [31]. Prenatal use of
alcohol, marijuana, and nicotine determined by maternal report during the hospital interview
was included as background drugs in both the exposed and unexposed groups.

MLS subjects were included in this study if the subject was term, > 37 weeks gestational
age at birth (n=811 of 1388 initially enrolled), and had weight and height measures at the 9-
year visit (n=561). As the focus of this study was childhood obesity, we selected children at
9 years of age to capture obesity status prior to increases in obesity associated with advanced
maturation [21]. At 9 years, Tanner Stage for boys was less than stage 3 in 99.7% and 100%
for pubic hair and genital growth, respectively, and for girls was 92.4% and 95.6% for pubic
hair and breast development, respectively. Preterm infants were excluded because their early
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growth trajectories differ from term infants and may be affected by medical status,
treatment, and type of feeding. The final sample had 238 children exposed to cocaine and
323 children not exposed to cocaine during pregnancy.

2.3. Procedures

2.3.1. Subject characteristics—Maternal and child characteristics were collected
postpartum at recruitment by maternal interview (race and ethnicity, maternal age, marital
status, any prenatal use of cocaine, opiates, alcohol, tobacco, and marijuana) and by medical
chart review (Medicaid recipient, birth weight, length, and head circumference, gestational
age, infant’s sex). At the 1-month visit, mothers reported quantity and frequency information
about use of legal and illegal drugs during pregnancy. Indicators of heavy use were derived
based on previous studies [25,31]: Heavy cocaine use was defined as > 3 days per week in
the first trimester. Calculated across pregnancy, heavy alcohol use was > 0.5 oz. of absolute
alcohol per day; heavy tobacco use was > 10 cigarettes per day; and heavy marijuana use
was > 0.5 joints per day. Some use was any use not meeting the criterion for heavy use. No
use was denial of use during pregnancy. The infrequent use of opiates during pregnancy did
not permit calculation of heavy use.

2.3.2. Environment—At the 1-month visit and every annual visit, the relationship of the
caretaker to the child was recorded (e.g., biological mother or other related or unrelated
adult), which provides information on the number of changes in caretakers, which is an
indicator of disrupted and unstable family and neighborhood environments. The caretaker
also reported educational level and occupation for the primary contributors to the household
from which was calculated the 5-group Hollingshead Index of Social Position or
socioeconomic status (SES) [11,27]. We dichotomized the SES groups into low (group 5)
versus middle to high (groups 1 to 4). At each annual visit, caretakers reported any physical
and sexual abuse to themselves during the previous year. Domestic violence was scored as 1
for any report of abuse occurring across the childhood years.

2.3.3. Early weight gain—SGA was defined as <10t percentile of birth weight for
gestational age and sex [5]. Early weight gain was calculated as weight (grams) increase per
month from birth to 1 year. For 91 cases with missing data, weights at adjacent visits, 8
months and 2 years, were used to estimate the 1-year weight. The mean for the actual weight
gain per month from birth to 1 year for non-missing cases is 544.84 (SD 94.07) versus
544.14 (SD 91.56) for the estimated value. For analysis we grouped the data into 100 g units
for ease of interpretation.

Prepregnancy BMI of the biological mother was based on maternal self report of height and
prepregnancy weight during the postpartum interview at recruitment then calculated
according to the Centers for Disease Control and Prevention (CDC) [1]. Maternal
prepregnancy BMI is a consistent predictor of birth weight and obesity in children [48]. Its
inclusion in the analysis accounts for familial influence (genetic and lifestyle effects) on
obesity.

2.3.4. Energy imbalance—There have been many studies examining the logical link
between obesity and sedentary behavior and/overeating, although evidence is inconsistent
across samples and methodologies [36]. In our study, we evaluated excessive TV watching,
a measure of sedentary behavior, and inadequate exercise. Exercise was measured by
caretaker report of the child’s number of hours of vigorous physical activity per day at age 7
years and days per week with more than 0.5 hour of regular exercise (e.g., sports, jog, swim)
at ages 8 and 9 years. Inadequate exercise was defined as less than % hour per day at 7, 8 or
9 years. TV watching was measured by caretaker report of the amount of time per day the
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child watches television at ages 7 to 9 years with excessive TV watching defined as greater
than 4 hours per day at 7, 8, or 9 years. Both these criteria are less stringent than national
recommendations as too few children met cutoffs. The American Association of Pediatrics
recommends < 2 hours daily of screen time [2] and the Office of Disease Prevention and
Health Promotion recommends 60 minutes daily of moderate to vigorous activity [3].

Caloric intake was calculated by the NutritionistPro software based on a 3-day diary of all
foods ingested. The diary was completed prior to the 9-year clinic visit by the child with
assistance of the parent. At the visit, nurses trained on the procedure reviewed the diary with
parent and child to clarify portion size (using props) and ingredients of reported food [16]
and entered the information into NutritionistPro. If the diary was not completed prior to the
clinic visit, a blank diary was sent home with the family and the nurse conducted a home
visit to obtain current information. In this study, we included the average calories per day as
our measure of caloric intake.

2.3.5 Obesity and growth—In MLS height and weight were obtained during a physical
exam by medical staff at 4 and 8 months then at each annual visit from 1 to 9 years. For
analysis of obesity in children ages 3 to 9 years, BMI was calculated [weight (kg)/height
(m)?] and the BMI percentiles by age and sex were derived from the CDC based on the 2000
growth charts [26]. Obesity was defined as BMI > 95th percentile [38]. A higher criterion
for obesity, BMI > 97t percentile, was also calculated to further describe the sample. In
children from birth to 2 years, weight-for-length percentiles by age and sex were derived
from the CDC. Obesity was defined as weight-for-length > 95th percentile. Growth analyses
used z-scores by age and sex for weight; stature (3-9 years) or length (0 to 2 years); and
BMI (3-9 years) or weight-for-length (birth to 2 years), which were also derived from the
CDC.

2.4. Statistical Methods

Unadjusted bivariate analysis was used to test for selective attrition by comparing children
who were included in the study versus those not included and to examine the association of
cocaine exposure with subject characteristics and behavioral risk factors. Chi square was
used for dichotomized variables and ANOVA was used for continuous variables. Logistic
regression (SAS 9.1.3) was used to determine covariates and for the final model of obesity at
age 9 years.

General linear mixed models (GLMM), specifically PROC GLIMMIX from SAS version
9.1.3, was used for longitudinal analyses of the prevalence of obesity as well as z-scores for
related growth parameters (BMI, weight, and height) at 12 age points from birth to 9 years.
GLMM are useful for modeling correlated or repeated measures data where the underlying
distribution is not necessarily normal. GLMM can accommodate both continuous and
categorical outcome variables. All available observations for the 561 children are included
in GLMM. Missing observations are not imputed nor are cases dropped due to missing
observations. The number of subjects contributing growth data at each age point are: Birth
n=538; 4 months n=464; 8 months n=454; 1 year n=437; 2 years n=451; 3 years n=447; 4
years n=443; 5 years n=439; 6 years n=468; 7 years n=481; 8 years n=520; 9 years n=561.
Specific a priori hypotheses were tested within the mixed model framework using estimable
linear combinations of the exposure effects from the primary analysis of obesity at 9 years.
Follow-up analyses targeting specific ages or intervals use all observations available at that
age point or interval. All GLMM models were adjusted for the prenatal and infancy
covariates used in the final model of obesity at 9 years.
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2.4.1 Determination of covariates and other predictors—Covariates were selected
in a 2-step process. The initial selection of covariates included all growth and behavioral risk
factors in Table 3 and site as well as variables in Table 2 that had been previously associated
with increased obesity including prenatal nicotine exposure, birth weight, female sex, and
SES or the potential for decreased obesity due to persistent growth deficits such as prenatal
alcohol exposure. SES at 1 month and 9 years were highly correlated (r = 0.655). We
selected the 9-year measure to represent the SES of the family during childhood. We
examined the other subject characteristics in Table 2 as possible confounding factors
between cocaine exposure and obesity if significantly associated with both cocaine exposure
and obesity but not highly correlated with a variable already selected above the cutoff, r >
0.60. The 2 possible confounded factors that were also highly correlated with another factor
hence not included were birth length, r = 0.75 with birth weight; maternal education, r=0.61
with SES.

In the second step, backward logistic regression was used to test the contribution of the
previously selected covariates as well as potential interactions between cocaine exposure
and the covariates. Variables unrelated to obesity at the p value > 0.10 were systematically
removed (beginning with the largest p value) and the analysis repeated with the variable
excluded. If results of the other variables and overall fit of the model remained largely
unchanged, the variable was excluded from further testing. If the interaction was significant,
the main effect of the covariate was maintained regardless of significant value. Variables
excluded by this process were birth weight, excessive TV watching, prenatal exposure to
tobacco, SES and site. The second step was repeated substituting heavy use (heavy, some,
no use) for any use (Y/N) of cocaine, alcohol, and tobacco during pregnancy.

In longitudinal analyses, covariates were selected from the final logistic model but were
limited to prenatal or infancy measures that that could be related to all age points including
SGA, early weight gain, maternal prepregnancy BMI, and gender.

2.4.2 Imputation of missing values—There were 11% missing values for caloric
intake. Rather than eliminating these subjects, we applied multiple imputations [44,45,52]
using SAS PROC MI and MIANALYZE. The results were very similar to analysis without
this measure included. Further, the results in the logistic model for caloric intake were the
same with and without imputation. Thus we present the final model from the imputed
dataset to retain the largest sample size.

3.1. Selective attrition

Comparison of the characteristics of the 561 subjects in this study to the 250 subjects
excluded due to missing follow-up at 9 years (Table 1) showed that included subjects were
more likely to be Black (P<0.001), single (P<0.01), low SES (P<0.01), and users of alcohol
during pregnancy (P<0.05). No differences in prenatal use including heavy use of cocaine,
opiates, tobacco or marijuana or indicators of poverty were observed (P>0.05), suggesting
that higher risk families remained in the study including cocaine-exposed children. Further,
there was no selective attrition due to infant characteristics (P>0.05) (Table 1). We also
examined selective attrition by cocaine exposure group. In both the exposed and not exposed
groups, included subjects were more likely to be Black (P<0.001, P=0.026, respectively)
and single (P=0.017, P=0.045, respectively). There were no selective attrition in either
group due to low SES (P=0.109, P=0.113, respectively) or to prenatal alcohol use (P=0.069,
P=0.237, respectively). However, in the exposed group, more heavy alcohol users were
included in the study (29% versus 17%, P=0.039).
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3.2. Univariate analysis by prenatal cocaine exposure and obesity

Table 2 shows separate univariate analyses of sample characteristics by cocaine exposure
and obesity at 9 years. Overall, the sample was predominantly single parent, Medicaid
recipients and minority (79% Black, 8% Hispanic versus 13% White). The 4 subjects who
reported mixed ancestry were too few to be tested as a separate group. They were included
with Hispanics as this group is also diverse in race as well as country of origin. There were
no differences in race by cocaine exposure or obesity.

Biological mothers in the cocaine exposure group were older (P<0.001), more likely to be
single (P<0.001), without a high school diploma or GED (P<0.01), Medicaid recipients
(P<0.01) and more likely to use alcohol, tobacco and marijuana including heavy use of these
drugs during pregnancy (all P’s <0.001). Infants with prenatal cocaine exposure were
lighter, shorter, and had a smaller head circumference at birth (all P’s<0.001). By 9 years,
37% of the children with cocaine exposure had experienced 2 or more changes in caretaker
with cocaine-exposed children experiencing multiple placements more than 4 times as often
as children who were not exposed (P<0.001). Cocaine-exposed children were more likely to
live in low SES households (P<0.01) than children who were not exposed. More domestic
violence was reported by caretakers in the exposed group than in the comparison group
(P<0.05). There were no differences between exposed and not exposed groups in race,
gestational age and sex (all Ps>0.05), which were the MLS matching criteria at enrollment.
Overall, 21.6% (n=121) of the children at age 9 years met criterion for obesity and the
percentage of children with obesity did not differ by cocaine exposure group (P>0.05).
Further, 83% (n=100) of obese children had a BMI > 97! percentile with no significant
difference by cocaine exposure group (P>.05). Mothers of children in the obese group were
more likely to have at least a high school education (P<0.01) and more likely to use opiates
during pregnancy (P<0.05). Further, children with obesity are less likely to be low SES
during early infancy (P<0.05). Obese children were heavier (P<0.01) and longer (P<0.05) at
birth than non obese children.

Table 3 shows univariate analysis of growth and behavioral risk factors for obesity by
cocaine exposure and obesity. Most of these factors have previously been reported including
early weight gain [49] and energy imbalance [36]. The selected risk factors provide a
context in which to determine whether prenatal cocaine exposure contributes new
information about the development of obesity and recognizes that multiple risk factors are
involved. Cocaine exposure was associated with rapid early weight gain (P<0.05), increased
likelihood of SGA (P<0.001) but lower maternal prepregnancy BMI (P<0.001) compared to
not exposed children. There was no association between cocaine exposure and inadequate
exercise, excessive TV watching, and caloric intake (all Ps>.05). Obesity was associated
with faster early weight gain (P<0.001), inadequate exercise (P<0.01), higher caloric intake
(P<0.05), higher maternal prepregnancy BMI (P<0.001), but less SGA (P<0.01) compared
to non obese children. Excessive TV watching was not associated with obesity (P >0.05).

3.3. Cocaine and obesity

While univariate analysis did not show significant differences in obesity by cocaine
exposure (Table 2), multiple logistical analysis revealed an interaction between cocaine and
alcohol exposures (P=0.017). The logistic regression was repeated replacing the interaction
with contrast tests between each combination of cocaine and alcohol exposure versus the
group with no exposure to either drug (Table 4). Children exposed to cocaine but not alcohol
(n=54) were 4 times more likely to be obese, but children exposed to cocaine and alcohol
(n=184) or exposed to alcohol but not cocaine (n=175) did not show increased obesity rates
over the group not exposed to cocaine or alcohol (n=148). There were also 2 effects of early
growth. Obesity was more likely with each 100 g increase in early weight gain but was two-
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thirds less likely if SGA at birth. There were 2 effects related to energy imbalance. Obesity
was twice as likely if the child did not exercise regularly and the odds of obesity increased
slightly with each additional 100 calories per day. Further, obesity was 1.7 times more likely
if the child was female versus male. Obesity was also more likely with each increase in
maternal BMI before pregnancy.

3.4. SGA, early weight gain and cocaine exposure

The inverse relationship between SGA and obesity could be an artifact of the inclusion of
early weight gain in the model. To test a potential ‘reversal paradox’ [53], we reanalyzed the
final model without early weight gain. SGA remained a significant inverse predictor of
obesity (P<0.001). The positive association of prenatal cocaine exposure with SGA and
early weight gain and their opposite effects on obesity suggests the possibility of an
interaction among these 3 factors. We added 2-way interactions including cocaine exposure
by SGA, cocaine exposure by early weight gain, early weight gain by SGA and a 3-way
interaction and found no statistically significant interaction effects. Thus, there were no
significant interactions observed that would identify specific subgroups of cocaine-exposed
children who were more vulnerable to obesity than others based on fetal and early growth.

3.5. Heavy cocaine exposure

To determine if heavy prenatal exposure to cocaine was associated with obesity, the original
logistic regression model was reanalyzed substituting measures of heavy cocaine exposure
for any exposure and heavy use of alcohol and tobacco for any exposure to these drugs.
There was no significant effect of heavy cocaine exposure on obesity (P =0.082). Compared
to no exposure, the parameter estimates for some and heavy exposure were similar (0.665
and 0.659, respectively). There was no significant effect for heavy alcohol use (P=0.739).
Due to small cell sizes, the interaction of heavy use of cocaine and alcohol could not be
tested.

3.6. Longitudinal analysis of obesity and growth

To examine the patterns of growth underlying obesity, we analyzed the prevalence of
obesity and z-scores for BMI, weight, and height at 12 age points from birth to 9 years,
adjusted for covariates from the prenatal period or infancy from the analysis of obesity at 9
years (section 3.3). All available growth data for the 561 participants are included in
longitudinal analyses of the 4 cocaine-by-alcohol exposure groups described in section 3.3.
(exposed to cocaine not alcohol; exposed to alcohol not cocaine; exposed to cocaine &
alcohol; not exposed to cocaine or alcohol). There were no group differences in the mean
number of visits from birth to 9 year (range from 9.82 visits in the group exposed to cocaine
and alcohol to 10.44 visits in the group not exposed to either drug, P=0.328). Overall 75%
cases had > 10 of 12 visits.

GLMM applied to analysis of growth parameters included 3 a priori group contrasts based
on the findings of obesity at 9 years, testing differences between (1) the group exposed to
cocaine not alcohol versus the group not exposed to either drug; (2) the group exposed to
alcohol not cocaine versus the group not exposed to either drug; (3) the group exposed to
cocaine and alcohol versus the group exposed to both alcohol and cocaine. Further, we
included a fourth contrast test comparing the group exposed to cocaine not alcohol versus
the 3 other groups combined. Specific age points or time intervals were tested for each
growth parameter.

Fig. 1 shows the prevalence of obesity by child age in the 4 cocaine-by-alcohol exposure
groups. To determine the age at which cocaine exposure is first associated with obesity, we
analyzed the prevalence of obesity from birth to 9 years by the 4 groups, adjusted for SGA,
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early weight gain, maternal prepregnancy BMI, and gender. Overall (n=561), there was a
significant effect for age (P<0.001), but not for group (P=0.070) or group contrasts (P
values range from 0.130 to 0.473). From birth to 6 years (range of n=437 to 538), the 4
groups did not differ in the prevalence of obesity (P values range from 0.736 at birth to
0.152 at 6 years). However by 7 years (n=481), children who were exposed to cocaine but
not alcohol were more likely to be obese than those not exposed to either drug (P<0.001) as
well as those in the other 3 groups combined (P<0.001), continuing the pattern at 8 years
(n=520, P=0.006, P=0.012), respectively), and 9 years (n=561, P<0.001 in both cases). No
other group contrasts were significant from 7 to 9 years (P values range from 0.198 to
0.810).

Z-scores by age and sex for BMI from birth to 9 years are shown in Fig. 2 for the 4 cocaine-
by-alcohol exposure groups. Overall, there was a significant effect for age (P<0.001) but not
for group (P=0.197). The group exposed to cocaine but not alcohol had higher BMI than the
group not exposed to cocaine or alcohol (P=0.047). No other group contrasts were
significant (P values from 0.390 to .910). Due to the bimodal curve shown in Fig. 2, we
conducted follow-up analyses of group differences from ages 4 to 8 months then from 3 to 9
years. There were no significant group contrasts (P values from 0.102 to 0.418) in the 4- to
8-month interval (n=545). Analysis of the 3- to- 9-year interval (n=561) showed higher BMI
in the group exposed to cocaine but not alcohol versus the group not exposed to either drug
(P=0.042) and the other 3 groups combined (P=0.044) with no other significant group
contrasts (P values from 0.431 to 0.609).

Z-scores by age and sex for weight from birth to 9 years are shown in Fig. 3 for the 4
groups. Overall, there was a significant effect for age (P<0.001), but not for group
(P=0.265) or group contrasts (P values from 0.056 to 0.717). Based on the observed
deviation between the groups by age 3 similar to BMI, we conducted follow-up analysis of
the 3- to- 9-year interval (n=561). There was a trend toward increased weight in the group
exposed to cocaine but not alcohol versus the group not exposed to cocaine or alcohol
(P=0.065) and the other 3 groups combined (P=0.064). Significance levels for other group
contrasts ranged from P=0.488 to P=0.899. Noting divergence in z-scores for weight at birth
by group, we tested group differences by age beginning at birth. At birth (n=538), the group
with cocaine and alcohol exposure had lower weight than the group with no exposure to
either drug (P=0.005). At 4 months (n=464), the group with cocaine and alcohol exposure
remained lower weight compared to the group not exposed to either drug (P=0.019). No
group contrasts were significant beginning at 8 months (P values from 0.123 to 0.983), with
the exception of 7 years (n=481), when the group exposed to cocaine but not alcohol was
heavier than the other 3 groups combined (P=0.037).

Z-scores by age and sex for height from birth to 9 years are shown in Fig. 4 for the 4 groups.
Overall, there was a significant effect for age (P<0.001) but not for group (P=0.499) or
group contrasts (P values from 0.202 to 0.802). Similar to weight, we tested group
differences by age beginning at birth. At birth (n=538), the group exposed to cocaine and
alcohol was shorter than the group not exposed to either drug (P<0.001). At 4 months
(n=464), the group exposed to cocaine and alcohol remained shorter than the group not
exposed to either drug (P<0.001). No group contrasts were significant beginning at 8 months
through 9 years of age (P values from 0.059 to 0.973).

A key predictor of obesity at 9 years is rapid weight gain from birth to 1 year. We examined
whether early weight gain continues to make a contribution to obesity from 2 to 9 years of
age. Overall, there was a significant effect for early weight gain on the prevalence of obesity
(P<0.001). Further, there was a significant interaction of age and weight gain on obesity
from 2 to 3 years (P=0.003), but not beyond (P=0.747). That is, the association between
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weight gain and the prevalence of obesity increased across the second and third year that
then remained stable from 4 to 9 years, neither increasing nor decreasing.

The longitudinal analyses were restricted to the 561 children who had obesity data at 9
years. Given the total full-term sample of 811 at birth, 250 additional children contributed
growth data to 1 or more of previous visits (ranging from 240 at birth to 60 at the 8-year
visit). To examine the impact of these cases, we calculated the difference in each growth
parameter between the total full-term sample less the study sample at each visit age from
birth to 8 years. The average difference across age was —0.55% (range —1.54% to 0.26%)
for obesity; —0.016 standard deviation unit (SD) (range —0.045 to 0.022) for BMI z-scores;
—0.19 SD (range —0.046 to 0.018) for weight z-scores; and —0.009 SD (range —0.038 to
0.020) for height z-scores. The age with the largest difference occurred at 1 year for obesity
and BMI, 3 years for height and 4 years for weight. Overall, there were small differences
between the full sample available at each age and the 561 in the study sample.

The longitudinal analyses were also restricted to the covariates from the final logistic model
of obesity at age 9 years further limited to measures from the prenatal or infancy period that
could apply to all age points. Prenatal exposures to tobacco and marijuana and SES had been
excluded from analysis of obesity at 9 years, but could contribute to the longitudinal models
of obesity as well as BMI, weight and height. Thus, we reanalyzed the longitudinal models
with these drugs and SES (measured at the 1-month visit) included. For tobacco and
marijuana exposure, we tested the main effect, the 2-way interaction with age, and 2 3-way
interactions with cocaine exposure and age and alcohol exposure and age for each drug. The
only finding was a significant tobacco-by-age interaction on height (P=0.008). Tobacco-
exposed children were shorter than those not exposed to tobacco at 4 months (n=464, mean
z-score —0.781, SE 0.10 versus mean z-score —0.51, SE 0.11, respectively, P=0.019) and 8
months (n=454, mean z-score —0.670, SE 0.10 versus mean z-score —0.405, SE 0.11,
respectively, P=0.023). There were no significant effects of tobacco exposure at birth
(P=0.141) or from ages 1 to 9 years (P values from 0.141 to 0.987). No other significant
main or interaction effects were found for either drug on growth measures (all P values >
0.05). Further, there were no significant 3-way interactions of cocaine, alcohol and tobacco
or cocaine, alcohol and marijuana on any growth measure (all P values > 0.05). SES was
also not significant in any growth model (P values > 0.05). In addition, we reanalyzed the
longitudinal models including opiate exposure. There were no significant main or interaction
effects with age for opiate exposure on any growth measure (all P values > 0.05).

4. Discussion

This is the first study to show a unique effect of prenatal cocaine exposure on obesity
adjusted for alcohol exposure and other factors. The association of cocaine exposure and
obesity was strongest in a subgroup of exposed children. Cocaine-exposed children were 4
times as likely to become obese at 9 years of age if they were not exposed to alcohol as well.
Prenatal exposure to cocaine and alcohol did not increase the prevalence of obesity
compared to exposure to neither drug or to alcohol alone. Others have found persistent
growth decrements associated with alcohol exposure [20,33,37] when cocaine and other
drugs of abuse are adjusted. But this is the first report of a subgroup of children who were
exposed to both cocaine and alcohol with findings that alcohol exposure may attenuate the
effect of cocaine exposure on obesity and growth. This also suggests that failure to show a
positive association between cocaine exposure and obesity may be in part be due to the
practice of using both drugs together during pregnancy and to samples smaller than the MLS
that may not permit analysis of interactions.
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Longitudinal analysis revealed increased prevalence of obesity in the group with prenatal
exposure to cocaine but not alcohol beginning at 7 years then continuing through 8 and 9
years, relative to the 3 other cocaine-by-alcohol exposure groups. Also found was increased
BMI from 3 to 9 years in children with cocaine but not alcohol exposure versus the other 3
groups with the mean BMI at approximately the 77t percentile (z-score 0.78) by 9 years.
The 3 other groups showed similar mean BMI levels around the 69t percentile (z-score
0.50) at 9 years. The mean weight increased from 1 to 9 years in all 4 groups. In the group
exposed to cocaine but not alcohol, the mean weight at 9 years was at the 73'd percentile (z-
score 0.60) compared to the 63'd to 66t percentiles (z-scores 0.30 to 0.40) in the other 3
groups. Unlike BMI, the increased weight associated with cocaine but not alcohol exposure
was not statistically significant from 3 to 9 years except for 7 years. Height, on the other
hand, was nearly identical for all 4 groups from 1 to 9 years, reaching the 50% percentile (z-
score 0) at 5 years then staying between the 42"d and 50t percentiles (z-scores —0.20 to 0)
until 9 years. A decrease in stature gain associated with cocaine exposure had been reported
[13,35], but similar to other studies [33,42] we did not find this effect. Taken together, the
increase in obesity associated with exposure to cocaine but no alcohol appears to be related
to increasing weight combined with small reductions in height percentiles albeit all close to
average in all 4 groups.

Childhood obesity has previously been linked to higher birth weight, rapid early weight gain
during early infancy [18] independent of birth weight [50], but not to SGA [10]. In our
study, early weight gain over the first year predicted obesity at 9 years, with 39 g/month
higher weight gain in obese than non-obese children. Further, longitudinal analyses showed
a continued association between early weight gain and obesity from 2 to 9. On the other
hand, SGA children were less likely to be obese than children who were appropriate for
gestational age, supporting the previously reported negative association with obesity in
mostly term children [19]. The possibility that the relationship between SGA and obesity is
reversed due to its association with early weight gain was not supported and persisted with
early weight gain excluded from the analysis. Our findings do not link SGA and early
weight gain to each other in the development of obesity at 9 years. The positive relationship
between SGA and obesity predicted by the fetal origins hypothesis may emerge in a longer
follow-up than 9 years as found in older adolescents and adults [48].

Although both early weight gain and SGA are associated with cocaine exposure, each makes
a unique contribution to the prevalence of obesity independent of cocaine exposure. This
pattern of effects is not consistent with catch-up growth due to in utero growth restriction
from cocaine exposure, but could be explained by the perspective of cocaine as an
intrauterine stressor that disrupts the neuroendocrine environment, which impacts pre- and
postnatal metabolic processes resulting in obesity [7].

Early weight gain in infants with SGA may reflect catch-up growth, that is, rapid weight
gain following growth restriction in utero, resulting in postnatal ‘catching up’ to a
normative, comparison sample or appropriate-for-age percentiles. This pattern has been
reported in infants exposed to cocaine and tobacco but not with alcohol exposures [33,37].
The reported ages when cocaine-exposed infants catch-up in weight range from 6 months to
2 years and in height from 1 to 7 years [13,33,35]. Due in part to adjustment for SGA and
early growth, our longitudinal analyses did not show the expected decrement in growth
associated with cocaine exposure when alcohol exposure was not involved. However, the
group exposed to both cocaine and alcohol had lower weight and height at birth and 4
months compared to the group not exposed to either drug, catching-up to the other groups by
8 months on both growth measures, which is within or close to the range reported for
children with cocaine exposure. Most cocaine-exposed children are also exposed to alcohol.
This is the first study to parse out the effects of cocaine and alcohol exposure. Our findings
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show early growth deficits with exposure to both drugs, but not with exposure to either
cocaine or alcohol alone. On the other hand, all cocaine-by-alcohol groups show a pattern of
increased weight by 4 months (range z-scores —0.28 to 0.20) while height remained less than
the 50t percentile (z-score 0) until 5 years, continuing between the 42" and 50t percentile
(z-scores —0.20 to Q) until 9 years.

Nicotine has been linked with increased risk of obesity. Our null findings of prenatal
tobacco exposure and obesity at 9 years were inconsistent with several other reports
[14,32,43]. To examine whether prenatal exposure to tobacco could impact earlier ages, we
reanalyzed the longitudinal models including tobacco exposure as well as the interaction of
tobacco and cocaine and alcohol. There was no association of tobacco exposure and
increased obesity, BMI or weight from birth to 9 years. The only effects were decreased
height at 4 and 8 months only. In other reports of increased obesity cited above, the studies
did not include cocaine as well as nicotine and the participants were not as disadvantaged as
MLS. This suggests that the impact of prenatal tobacco exposure on obesity may be less
salient in high risk samples with illicit drug use and greater poverty as found by Lumeng and
colleagues [33]. Similarly, we analyzed for prenatal marijuana effects, but found no
significant association with the 4 growth measures at any age.

Others have reported decreased BMI related to prenatal alcohol exposure [20,33]. However,
to our knowledge no one has examined the interaction of prenatal exposure to alcohol and
cocaine. The rate of obesity when exposed to both cocaine and alcohol was similar to
exposure to alcohol alone, suggesting that prenatal alcohol exposure may act to constrain
weight gain in children despite other drug exposures. It is also possible that the
neuroendocrine pathways that drive cocaine addiction also drive obesity. Eating is a
behavior, which is primarily regulated by neuroendocrine pathways. We can speculate that
families who are genetically predisposed to pure cocaine addiction (i.e. not cocaine and
alcohol addiction) may also be predisposed to “comfort food consumption” for the same
underlying neurobiological reasons. The observation that the group with cocaine but no
alcohol exposure does not diverge until about age 7 years (and not earlier) may reflect
greater autonomy in eating behavior that could be driven by affect due to underlying
neurobiology.

In our study, inadequate physical activity and high caloric intake, but not excessive TV
watching, were significant predictors of obesity. In children who were obese, 65% did not
meet the minimum criterion of more than 30 minutes of regular exercise compared to 52%
in those who were not obese. Even though the criterion for inadequate exercise in this study
was less stringent than the national recommendations of 60 minutes per day [51], the
majority of children met the study criterion. Further, children who were obese consumed
166 calories more per day on average than those who were not obese, which is a modest but
significant effect size. Surprisingly, excessive TV watching was not related to obesity in this
study with 63% of children in both the obese and non-obese groups exceeding the criterion
of 4 hours a day. A better discriminator of sedentary behavior was inadequate exercise.

This study has several limitations. The MLS was not designed to study obesity. Although
the MLS has an extensive protocol with health-related concerns and growth examined on
annual visits, the selection of predictor variables for this study was dependent on the existing
dataset. Our measures of exercise and TV watching were straightforward questions that
required the parent to recall and summarize across various contexts for amount and
frequency of exercise and TV watching. We also did not have multiple respondents
available to increase validity of these reports. Food diaries are difficult for both children and
parents. We attempted to standardize the interview and data collection process as much as
possible. Further, MLS recruited postpartum in order to enroll a community rather than a
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clinical sample of cocaine using mothers. It could be argued that self-report during
pregnancy is more reliable than postnatal recall. However retrospective report appears to be
as valid as prenatal report of cocaine use during pregnancy in terms of predicting outcomes
such as birth size [24]. As a subset of the MLS, the current study may not be representative
of the original MLS term cohort. However, we found few differences in demographic and
prenatal drug use variables and none in newborn growth measures between subjects
included in this study and those excluded due to missing the 9-year visit. Further, there was
minimal impact on growth measures from birth to 8 years when data from subjects who
missed the 9-year visit were included at the previous ages. Our focus on obesity adjusting
for other covariates including SGA and early weight gain may have contributed to the
failure to observe prenatal insult linked to catch-up growth in cocaine-exposed infants as
reported by others. Despite the large sample size of MLS, we were unable to test the
interaction of heavy use of cocaine and alcohol due to small cell sizes. Dose-response
analyses could have been more informative to clinical practice as well as public policy than
any use of these drugs. Further, classification in the alcohol use category had a large range
from 8% reporting 1 drink across pregnancy to 15% reporting 1 drink per day across
pregnancy.

Finally, we have not measured genetic influences in MLS and epigenetic mechanisms could
also explain associations between prenatal cocaine exposure and obesity. Our findings are
consistent with a fetal origins model of cocaine as a prenatal stressor affecting placental
gene expression, altering metabolic pathways, resulting in rapid postnatal early weight gain
and childhood obesity [30]. Others have reported epigenetic mechanisms (DNA
methylation), showing that cocaine reduces placental norepinephrine transporter gene
expression leading to increased circulating catecholamines and downregulation of a steroid
metabolic enzyme [11p-HSD-2] that protects the fetus from exposure to high levels of
maternal cortisol [30]. Such exposure could affect the fetal neuroendocrine system and alter
metabolic pathways leading to the development of later childhood obesity.

In summary, we have known for a long time that prenatal factors contribute to the origins of
childhood obesity. We present the first evidence that prenatal cocaine exposure is one of
those factors. But the findings must be understood in the context of alcohol exposure. Most
cocaine users are polydrug users of alcohol, tobacco and marijuana as well. Although all
these drugs have been associated with deficits in birth weight, height and head
circumference, infants exposed to cocaine, tobacco or marijuana will catch-up to non-
exposed peers, but alcohol-exposed infants do not catch-up. We find that cocaine exposure
quadruples the prevalence of obesity but only for the subset of children who are not also
alcohol-exposed. While providing a new direction for research on prenatal cocaine exposure,
the challenge is to elucidate the mechanisms and pathways that lead from prenatal cocaine
exposure to obesity in the context of alcohol exposure. One direction is to “drill down” and
investigate neuroendocrine, metabolic and epigenetic factors, which may have prenatal
origins and increased risk for obesity.
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Prevalence of Obesity by Child Age
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Fig. 1.

Lc?ngitudinal analysis of the prevalence of obesity (BMI >95!" percentile) from birth to 9
years by 4 cocaine-by-alcohol exposure groups, adjusted for SGA, early weight gain from
birth to 1 year, sex, and maternal prepregnancy BMI. ***P<0.001, **P<0.01 to P<0.05,
respectively, for significant differences between the group exposed to cocaine but not
alcohol versus the group not exposed to cocaine or alcohol and the other 3 groups combined.
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Z-scores for BMI by Child Age
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Longitudinal analysis of z-scores by age and sex for BMI from birth to 9 years by the 4
cocaine-by-alcohol exposure groups, adjusted for SGA, early weight gain from birth to 1
year, sex, and maternal prepregnancy BMI. *P<0.05 for significant differences between the
group exposed to cocaine but not alcohol versus the group not exposed to cocaine or alcohol
or the other 3 groups combined. Percentiles for age and sex from the CDC growth charts are
included on the right Y axis for reference.
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Z-scores for Weight by Child Age
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Longitudinal analysis of z-scores by age and sex for weight from birth to 9 years by the 4
cocaine-by-alcohol exposure groups, adjusted for SGA, early weight gain from birth to 1
year, sex, and maternal prepregnancy BMI. **P<0.01, *P<0.05 between the group exposed
to cocaine and alcohol versus the group not exposed to cocaine or alcohol. In the interval
from 3 to 9 years, there was a trend for increased weight in the group exposed to cocaine but
not alcohol versus the group not exposed to cocaine or alcohol and the other 3 groups.
Percentiles for age and sex from the CDC growth charts are included on the right Y axis for

reference.
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Fig. 4.
Longitudinal analysis of z-scores by age and sex for height from birth to 9 years by the 4
cocaine-by-alcohol exposure groups, adjusted for SGA, early weight gain from birth to 1
year, sex, and maternal prepregnancy BMI. ***P<0.001 between the group exposed to
cocaine and alcohol versus the group not exposed to cocaine or alcohol. Percentiles for age
and sex from the CDC growth charts are included on the right Y axis for reference.
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Table 1

Comparison of dyads included and not included in the study.

n(%) or Mean (SD) Included N=561

Not Included n=250

CHARACTERISTICS OF THE BIOLOGICAL MOTHER

Race
Black 442 (79%) " 160 (64%)
White 71 (13%) 65 (26%)
Hispanic/Other 48 (8%) 25 (10%)
Maternal age, yr 28.35 (5.88) 27.63 (5.75)
Single 461 (829%)"* 183 (73%)
< High school 218 (39%) 92 (37%)
Low SES at 1 month 129 (24%)" 40 (17%)
Medicaid recipient 462 (82%) 198 (79%)
Prenatal cocaine use 238 (42%) 103 (41%)
Heavy cocaine use (= 3 days/wk) 60 (11%) 32 (14%)
Prenatal opiate use 44 (8%) 28 (11%)
Prenatal alcohol use 359 (64%)* 141 (56%)
Heavy (=0.5 oz absolute alcohol/day) 75 (14%) 21 (9%)
Prenatal tobacco use 296 (53%) 138 (55%)
Heavy (=10 cigarettes/day) 126 (24%) 57 (25%)
Prenatal marijuana use 124 (22%) 60 (24%)
Heavy (=0.3 joints/day) 20 (4%) 11 (5%)
CHILD CHARACTERISTICS
Mean gestational age 38.95 (1.34) 38.98 (1.42)
Small for gestational age (SGA) 149 (27%) 59 (24%)
Birth weight (g) 3112 (531) 3125 (494)
Birth length (cm) 49.42 (2.80) 49.40 (2.74)
Birth head circumference (cm) 33.71 (1.56) 33.83 (1.53)
Female sex 253 (45%) 109 (44%)
—
p<.001,
o
p<.01,
*
p<.05
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Sample characteristics by cocaine exposure status and obesity.

Table 2

Page 23

n(%) or Mean (SD)

Exposed (n = 238)

Not Exposed (n = 323)

Obese (n=121)

Not Obese (n=440)

CHARACTERISTICS OF THE BIOLOGICAL MOTHER

Race
Black
White
Hispanic/Other
Maternal age, yr
Single
< High school

Medicaid recipient

195 (82%)
24 (10%)

19 (8%)
30.49 (5.13)"
215 (919%)™™"
110 (46%) ™

209 (88%) ™"

247 (76%)
47 (15%)
29 (9%)
26.78 (5.91)
246 (76%)
108 (34%)

253 (78%)

92 (76%)
19 (16%)
10 (8%)
28.4 (5.51)
99 (82%)

ok

33 (27%)
102 (84%)

350 (80%)
52 (12%)
38 (9%)

28.3 (5.98)

362 (82%)
185 (42%)

360 (82%)

Prenatal Cocaine Use - - 55 (45%) 183 (42%)
Heavy (=3 days/week) - - 14 (12%) 46 (11%)
Prenatal opiate use 23 (10%) 21 (7%) 16 (13%)* 28 (6%)
Prenatal alcohol use 184 (77%)* 175 (54%) 70 (58%) 289 (66%)
Heavy (0.5 0z abs. alc./day) 60 (29%)™** 15 (5%) 18 (16%) 57 (14%)
Prenatal tobacco use 200 (84%)*** 96 (30%) 67 (55%) 229 (52%)
Heavy (=10 cigarettes/day) 87 (43%)*** 39 (12%) 31 (27%) 95 (23%)
Prenatal marijuana use 93 (39%)*** 31 (10%) 22 (18%) 102 (23%)
Heavy (0.5 joints/day) 14 (79%)** 6 (2%) 1(1%) 19 (5%)
CHILD CHARACTERISTICS

Mean gestational age 38.86 (1.34) 39.02 (1.33) 39.0 (1.33) 38.9(1.33)
Birth weight (g) 2954 (500)"** 3228 (525) 3265 (537)™* 3070 (523)
Birth length (cm) 48.63 (2.81)* 50.00 (2.66) 49.97 (2.59)" 49.27 (2.84)
Birth head circum. (cm) 33.26 (1.62)"* 34.04 (1.43) 33.91 (1.58) 33.66 (1.55)
Female sex 109 (46%) 144 (45%) 59 (49%) 194 (44%)
Obesity at 9 years 55 (23%) 66 (20%) - -

BMI > 97t percentile 48 (20%) 52 (16%) 100 (83%) -

POSTNATAL ENVIRONMENTAL CHARACTERISTICS

>2 Caretaker changes
Low SES at 1 month
Low SES at 9 years

Domestic violence

87 (37%)™™"
62 (28%)
55 (23%) "

68 (29%) ™

26 (8%)
67 (21%)
41 (13%)

64(20%)

28 (24%)

*

17 (15%)
16 (13%)

30 (25%)

85 (19%)
112 (26%)
80 (18%)

102 (23%)

Fok

3
p<.001,

Fk

p<.01,

*
p<.05
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Table 3

Page 24

Growth and behavioral risk factors by cocaine exposure status and obesity (> 95™ percentile for age and sex)

at age 9 years.

n(%) or Mean (SD)

Exposed (n =238)  Not Exposed (n = 323)

Obese (n=121)

Not Obese (n=440)

574 (89.6)"
16 (13%)™"

79 (65%) ™"
76 (63%)

2367 (687)"

27.68 (7.28)""

535 (90.3)
133 (30%)
229 (52%)
270 (63%)
2202 (600)

24.62 (5.91)

Early weight gain (g/mo.) 554.82 (89.4)" 536.26 (92.3)
SGA 85 (36%) ™" 64 (20%)
Inadequate exercise 135 (57%) 173 (54%)
Excessive TV watching 149 (64%) 197 (63%)
Caloric intake (avg. per day) 2236 (577) 2240 (656)
Maternal prepregnancy BMI 23.49 (4.89)*** 26.56 (6.96)
KKk
p<.001,
*%
p<.01,
*
p<.05
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Table 4

Odds ratios for obesity at 9 years

Risk Factor

Odds Ratio (95t Confidence Interval)

Exposed to cocaine, not alcohol
Exposed to alcohol, not cocaine
Exposed to cocaine & alcohol
Early weight gain, per 100 g/mo.
SGA

Inadequate exercise

Caloric intake, per 100 calorie unit
Female sex

Prepregnancy maternal BMI per unit

411 (1.90-8.89)
1.08 (0.59-1.93)
1.21 (0.66-2.22)
1.75 (1.35-2.27)
0.35 (0.19-0.64)
1.98 (1.30-3.31)
1.10 (1.02-1.19)
1.78 (1.12-2.85)
1.08 (1.05-1.12)
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