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Abstract

Objective—Assess the relative effects of a variety of illicit and licit drugs on risk for adverse
birth outcomes.

Methods—We used data from two large prospective investigations, and a novel analytic method,
recursive partitioning class analysis to identify risk factors associated with preterm birth and
delivering a small for gestational age infant.

Results—Compared to cocaine and opiate non-users, cocaine users were 3.53 times as likely
(95% ClI: 1.65-7.56; p=0.001) and opiate users 2.86 times as likely (95% CI: 1.11-7.36; p=0.03)
to deliver preterm. The odds of delivering a small for gestational age infant for women who
smoked more than two cigarettes daily was 3.74, (95% CI: 2.47-5.65; p<0.0001) compared to
women who smoked two or less cigarettes daily and had one previous child. Similarly, less
educated, nulliparous women who smoked two or fewer cigarettes daily were 4.12 times as likely
(95% CI: 2.04-8.34; p<0.0001) to have a small for gestational age infant.

Conclusions—Among our covariates, prenatal cocaine and opiate use are the predominant risk
factors for preterm birth; while tobacco use was the primary risk factor predicting small for
gestational age at delivery. Multi-substance use did not substantially increase risk of adverse birth
outcomes over these risk factors.
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Introduction

Children born to women who use hazardous substances in pregnancy are at increased risk of
a variety of adverse birth outcomes. Tobacco exposure is strongly associated with reduced
fetal growth [1-3]. Alcohol is a known teratogen linked to fetal alcohol syndrome [4] and
low birth weight [5].
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Data on illicit drug use are less consistent. Some [6,7] but not all [8,9] studies of marijuana
use in pregnancy, report associations with low birth weight and shorter gestations. Cocaine
[10,11] and opiate [12,13] use has been repeatedly linked with low birth weight, intrauterine
growth restriction, and preterm birth, but not all studies agree [1,8]. Incremental risks
resulting from multi-substance use have received little attention with varied findings;
limiting the work is the fact that most results are derived from retrospective cohorts [12,14].

Of note, women who use hazardous substances in pregnancy frequently have other risk
factors for poor birth outcomes, although these variables are infrequently included in studies
of drug exposure. In particular, there has been a concern that the effects attributed to cocaine
are instead due to poor health habits and use of nicotine cigarettes [15]. Zhang and Bracken
analyzed a full spectrum of risk factors to determine the leading cause of small for
gestational age and preterm birth, but data on substances only included cigarettes, alcohol
and marijuana [16].

We hypothesized that in utero exposure to hazardous substances would constitute primary
risks for many of the adverse birth outcomes in infants of substance using mothers. To test
this we used data from two comprehensive, prospective cohort studies and recursive
partitioning analysis to characterize the effects of in utero hazardous substance exposure on
preterm birth (PTB) and small for gestational age (SGA) infant, in a pregnant population
that included multi-substance users.

We used data from two comprehensive, multicenter, prospective studies, the Psychosocial
Research to Improve Drug Treatment in Pregnancy study (PRIDE-P) and the Pink and Blue
study, both of which are described elsewhere in detail [17,18]. Both studies took place at the
same time and although recruitment for the Pink and Blue study was more extensive, all
subjects screened for the PRIDE-P study were simultaneously considered for Pink and Blue.
The PRIDE-P study is composed primarily of hazardous substance users and the Pink and
Blue study had a substantial number of participants who used tobacco only or used no
hazardous substances. Data collection instruments in both studies were similar. Human
Subjects Boards approved and monitored safety of study procedures for all subjects.

Psychosocial Research to Improve Drug Treatment in Pregnancy (PRIDE-P) Study

Women were eligible to participate in the integrated obstetrical/substance abuse treatment
program if they were at least 16 years of age, fluent in English or Spanish, were less than 29
completed weeks gestation at the time of screening, and were planning on delivering at
either Yale-New Haven Hospital in New Haven, Connecticut or Bridgeport Hospital in
Bridgeport, Connecticut. They must have self-reported use of alcohol or an illicit drug, other
than opiates, within the 28 days prior to being screened for the study, or scored at least a 3
on the modified TWEAK. Women were ineligible if they were already engaged in substance
use treatment, were using nicotine or an opiate as their only substance, had plans to relocate,
were not competent to or were unwilling to provide consent, were an imminent danger to
themselves or their fetus or required inpatient treatment.

Subjects were recruited from three local prenatal clinics affiliated with the Yale School of
Medicine. Women who consented to be screened completed a health questionnaire that
included demographic information, the Patient Health Questionnaire-2 (PHQ-2), the 4 P’s,
the modified TWEAK, and a substance abuse calendar that documented use of cigarettes,
alcohol, marijuana, cocaine, opiates and “other” within the previous 28 days. The TWEAK
was designed to screen pregnant women for hazardous alcohol use and it was modified in
this study to assess use of a range of hazardous substances in pregnancy [19]. For women
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who were potentially eligible, research staff explained the study, risks and benefits and
obtained written, informed consent before enrollment.

Enrollees completed a comprehensive, computerized intake assessment that included past
and present pregnancy events and complications, the Addictions Severity Index, the
Inventory of Depressive Symptomatology, the MINI Neuropsychiatric Interview, and the
modified TWEAK. Research staff assessed subjects during each of their subsequent prenatal
visits after intake assessment. There was no limit on the number of encounters, but subjects
were encouraged to attend at least 6 sessions. At each encounter a substance use calendar
was completed. In addition urine toxicology and alcohol breath tests were obtained.

We screened 2684 women for study eligibility, of which 283 (10%) were eligible and 188
enrolled in the study. Of enrolled women, 1 miscarried, 5 had twins and 4 women were lost
to follow up for a final sample of /=178 participants with a singleton live birth.

Pink and Blue study

Women were eligible for the Pink and Blue study if they were at least 18 years of age, fluent
in English or Spanish, were less than 17 weeks gestation at the time of screening and
intended to deliver at a participating hospital. Requirements also included a positive screen
for major depressive disorder (MDD), posttraumatic stress disorder (PTSD), or treatment for
MDD within the prior five years. We randomly selected one of every three women who had
neither a diagnosis of, nor treatment for MDD or PTSD in the last five years to participate as
controls for comparison. Women were ineligible if they had a multi-fetal pregnancy,
intended to terminate pregnancy, required insulin for diabetes, had plans to relocate, or were
unwilling to provide consent.

Women were recruited from a total of 137 clinicians’ offices or hospital-based clinics in
Connecticut and Western Massachusetts. Research staff approached pregnant women
receiving care at the participating clinics as they waited for their prenatal visit to invite
participation. Women who were willing were subsequently screened over the phone after
informed consent was obtained.

Women who remained eligible completed a face-to-face interview prior to 17 weeks
gestation, and a phone interview at 28 (+2) weeks gestation and at 8 (+4) weeks postpartum.
During the interviews, subjects were administered the depression and anxiety modules of the
World Mental Health Composite International Diagnostic Interview (WMH-CIDI), adjusted
to assess illness in 28-day intervals across pregnancy. Information was collected on
antidepressant and pharmacotherapy prior to pregnancy and monthly during pregnancy in
addition to data about alcohol, drug use, race, ethnicity, socioeconomic status and medical
complications.

We screened 9525 women, including 1905 (20%) who were eligible and had a history of
MDD in the last five years, or were taking antidepressant medication. Another 4533 (48%)
were eligible and did not have any of the stipulated exposures, of which 1612 (36%) were
randomly selected to participate in the comparison group. Of the 3517 potentially eligible
women, 2,793 were interviewed. Of enrolled women, 12 women terminated pregnancy, 75
miscarried, 7 had a stillborn infant, 8 had twins and 37 were lost to follow up. The 24
women who participated in both PRIDE-P and Pink and Blue were excluded from the Pink
and Blue cohort, for a final sample of /= 2630 women with a singleton gestation.

Exposure and Outcome Assessment

Trained staff members who were blind to data collected in the corresponding studies
reviewed hospital and outpatient medical records for maternal and neonatal birth outcomes.
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Information regarding prenatal care, labor and delivery, mental health, substance abuse and
newborn infant data was collected.

Preterm birth (PTB) was defined as delivery of an infant before 37 completed weeks of
gestation. Small for gestational age (SGA) was defined as birth weight less than 10th
percentile for gestation accounting for race and gender. Gravidity was defined as the total
number of times a women was pregnant and parity as the number of live births.

Statistical Analyses

Results

Recursive partitioning class analysis is a technique whereby the sample is split into
subgroups that maximally differ based on the specified outcome [16]. This nonparametric
method finds the predictor, or for continuous variables the cut point(s) on that predictor, that
maximizes differences between groups and uses it to split the sample into two to three
subgroups called nodes. More concretely, the first split of the sample is based on the
strongest predictor of the outcome. This process is repeated for each resulting node until the
split results in subgroups that are either too small to further split, or do not differ
significantly based on the outcome. We used a minimum node size of 25 or 1% of the
sample [20]. The result is a set of terminal nodes or “tree”, effectively a division of the
sample into relevant subgroups.

We constructed trees for two outcomes, PTB and SGA. We used the same potential risk
factors for each outcome with the exception that the algorithm we used to calculate SGA
included race whereas the definition for PTB did not. These factors included: marital status,
race/ethnicity, age, education, gravidity, parity, body mass index (BMI), smoking in
pregnancy, passive smoking, alcohol use, alcohol abuse, marijuana, cocaine, narcotics, and
other drug use, number of daily cigarettes, number of drugs used in pregnancy, and an
additional indicator for PRIDE-P/Pink and Blue cohort.

We conducted logistic regression analyses to obtain unadjusted and adjusted odds ratio
estimates, associated 95% confidence intervals (CIs) and p values for the resulting
subgroups. For each outcome, we chose the subgroup with the greatest number of study
participants to be the reference group. Adjusted analysis for PTB and SGA accounted for the
same potential confounding variables determined a priori. However, to avoid over
controlling, factors were removed from the analysis if they were already used to determine
risk subgroup. For PTB, we included marital status, education, gravidity and BMI while for
SGA we included age, marital status, race/ethnicity and BMI. History of PTB was not
included in the analysis because it was unknown whether prior PTBs were the result of
substance use; if so controlling for prior PTB would result in over adjusting for substance
use. We were unable to analyze other causes of PTB such as sexually transmitted disease
because data quality between cohorts was not comparable.

Fisher’s exact test for categorical variables and the Wilcoxon rank sum test for continuous
variables were used to compare demographic variables across cohorts. SPSS AnswerTree
3.1 was used for the recursive partitioning class analysis and SAS 9.1.3 was used for other
analyses.

Patient characteristics, birth outcomes and exposures for each analytic cohort are shown in
Table I. Women participating in the PRIDE-P study had worse birth outcomes (15% PTB
and 15% SGA) compared to women participating in the Pink and Blue study (8% PTB, 8%
SGA). On average, women in PRIDE-P were younger, less educated, and more overweight.
Women in PRIDE-P were also more likely to be smokers (69%), alcohol abusers (22%), and
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marijuana (51%), cocaine (16%), opiate (10%) and other drug users (11%), as compared to
participants in the Pink and Blue study. Among PRIDE-P participants 12% did not use drugs
in pregnancy, while 60% used multiple drugs, including nicotine cigarettes and alcohol. In
comparison, 76% of Pink and Blue participants did not use drugs, and 6% were poly-
substance users.

The tree analysis for risk factors associated with PTB is shown in Figure 1. Within each
node, we show the number of women in the group and the proportion of those women who
delivered preterm (in parentheses). The analysis resulted in 3 risk groups (nodes 2, 3, and 4).
The primary split was based on cocaine use in pregnancy. The node for cocaine non-users
was further split based on opiate use. The nodes for cocaine users (node 2) and cocaine
nonusers, opiate users (node 4) were too small to split again. The node for nonusers of both
cocaine and opiates (node 3) did not split again. It is interesting to note that none of the
splits were based upon maternal risk factors associated with PTB or number of substances
used. Cocaine users had the highest rate of PTB (node 2, 29%), followed by cocaine
nonusers, opiate users (node 4,23%). Cocaine and opiate nonusers (8%) had the lowest PTB
rates.

Unadjusted and adjusted odds ratios for PTB risk subgroups are shown in Table II.
Compared to non-users of cocaine and opiates, cocaine users were 3.53 times as likely to
have a PTB (95% CI: 1.65-7.56; p=0.001), after adjusting for confounding factors. Opiate
users who did not use cocaine had 2.86 times the odds (95% CI: 1.11-7.36; p= 0.03) of
having PTB compared to non-users. Overall, 20% of preterm births occurred at 32 weeks or
before defined as very preterm birth. Among the cocaine users subgroup, 6 of 11 (55%)
were very preterm births.

The tree analysis for SGA, a four-subgroup (nodes 2, 4, 5, and 6) classification, is shown in
Figure 2. The first split was based on number of cigarettes smoked, where a cut point of 2
cigarettes per day maximized differences in SGA. The node for nonsmokers or women who
smoked 2 or fewer cigarettes per day further split on parity, and the node representing
nulliparous women split again based on education. Again we should note that the subgroup
of women who smoked more than 2 cigarettes per day (node 2) did not split further, and
none of the splits were based upon other substances used or number of substances used.
Women who smoked more than 2 cigarettes per day, (node 2, 19%) and less educated,
nulliparous women who smoked 2 or fewer cigarettes per day (node 5, 23%) had the highest
SGA rates.

Table I11 shows unadjusted and adjusted odds ratios for SGA births across tree-based risk
groups. Women who smoked more than 2 cigarettes per day had 3.74 times the odds (95%
Cl: 2.47-5.65; p<0.0001) of having an SGA infant compared to women with at least 1
child who smoked 2 or fewer cigarettes per day. Similarly, among women who smoked 2 or
fewer cigarettes per day, less educated, nulliparous women were 4.12 times as likely (95%
Cl: 2.04-8.34; p<0.0001) to have an SGA infant compared to women with at least one
child.

Discussion

We found cocaine use and opiate use were most predictive of PTB. The well-established risk
factor of tobacco use eclipsed other licit and illicit drugs as a predictor of an SGA infant.
Uneducated, nulliparous women were also at high risk to deliver an SGA infant. Although
these positive associations are not novel, we have systematically eliminated other drugs and
characteristics as leading predictors of PTB and SGA. Number of drugs used, passive
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smoking, alcohol use and abuse, marijuana use, narcotics use, other drug use, gravidity,
BMI, and marital status were less potent factors for both outcomes.

Despite a relatively small number of cocaine and opiate users in our sample, we found
cocaine and opiate use to be the primary risk factors for PTB, which speaks to the strength
of these associations. Our findings are consistent with a recent study by Almario et al. that
included opiate addicted women who used other drugs and found that both opiate and
cocaine use were predictive of PTB [12], Other [10-12, 21] but not all previous work [8] has
shown prenatal cocaine and opiate use to be associated with PTB. We extend prior findings
by including other potential risk factors for PTB in our model. It is alarming that women in
our cohort who used cocaine and opiates had a rate of PTB (28.9%, 23% respectively) that is
more than twice the national average in 2006 (12.8%) [22].

We did not find tobacco to be linked with PTB, but others uncommonly find this [2,22].
Opiates have been connected with PTB in prior work [12,23]. Notably, in a report of opiate
addicted women who used other drugs, cocaine was the only additional substance that
predicted PTB [12]. Furthermore, the rate of PTB among Pink and Blue participants (8%) is
not a population estimate for the rate of PTB in Connecticut. The lower rate of PTB among
this group may be attributable to participation bias given that patients entered the study
voluntarily.

We found that women who smoked more than two cigarettes per day have the highest rates
of delivering an SGA infant. Such results are consistent with the literature [1-3], however
we show that even in the setting of illicit drug and alcohol use cigarette smoking is the
predominant risk factor for SGA. Previous studies have found a dose effect relationship
between smoking and SGA [3], and it may be more accurate to model cigarette consumption
as a continuous variable. However a tree-type approach required a 2-3 level categorization
to recursively assess risk. The CHAID (Chi-square Automatic Interaction Detector)
algorithm did not choose a third level, although this may be intuitive, to discourage model
over fitting.

The effect of cocaine use on fetal growth is reported more consistently than for other illicit
substances and alcohol [1]; however, most studies do not account for the effects of smoking
[10,25]. We did not show an association between cocaine use and SGA, which may be
because we accounted for the effects of cigarette smoking among cocaine users.

Level of education, which was used as a proxy for socioeconomic status, and parity were
also identified as risk factors for SGA. We found less educated, nulliparous women to be of
high risk. Similarly Jansen and collegues [26], found that less educated women were at
increased risk of delivering an SGA infant. These findings highlight the importance of
controlling for associated risk factors in analyses of drug use in pregnancy.

Other studies have identified race as a predictor of PTB and SGA [26, 27]. Zhang and
Bracken found race to be the primary risk factor for both PTB and SGA; however, their
potential risk factors did not include cocaine nor opiate use. After accounting for these
factors, we did not find race to be a significant risk factor for PTB. For SGA our results
were more consistent, as they found smoking to be the second-leading risk factor after race
[16].

A unique component of our study was the ability to prospectively explore associations
between multi-substance use in pregnancy and birth outcomes. Such investigations are
scarce and inconclusive [12,14]. We did not find that the number of drugs used was
associated with PTB or SGA, particularly when compared to individual drugs. Our analysis
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on the various combinations of drugs was admittedly limited in power by the low frequency
of each unique combination.

This study has several advantages. First, data were derived from two large, comprehensive,
prospective cohorts that provided a range of exposures. Second, trained staff, blind to drug
exposure, extracted birth outcomes from medical records. Third, we used a statistical
technique that allowed us to evaluate the independent effects of specific substances, possible
interactions in multiple-substance users and a comprehensive set of potentially confounding
variables on PTB and SGA.

Our study also has limitations. A major limitation was the use of self-report data given that
woman under report the use of hazardous substances during pregnancy [28], While the
PRIDE-P study collected urine analyses on drug use, we employed self-report in our
analyses to render data from the two cohorts more similar. Previous analyses with the
PRIDE-P cohort found that self-report was comparable to findings documented through
urine analyses (Yonkers et al., in Press). Also, the use of two cohorts and the fact that
women who used drugs and alcohol were predominantly in the PRIDE-P cohort is a
limitation. Because we targeted specific exposures (drug users in PRIDE-P and depressed
women in the Pink and Blue study) and considered a relatively small number of women
screened for participation (10% in PRIDE and 68% in PAB), these cohorts do not represent
the general population. Furthermore, women in the PRIDE-P cohort were part of a treatment
program; however, preliminary analysis shows that the program did not have substantial
efficacy. Finally, unlike the self-poisoning model [29], which is able to determine the effect
of high doses of hazardous substances we evaluated participants who enrolled voluntarily
and may not have included women with more severe drug use conditions.

In summary, among the broad range of substances studied, we found that cocaine and opiate
use in pregnancy are the predominant risk factors for PTB. Likewise, the major risk factor
for SGA in this group was tobacco use. Finally, multi-substance use did not substantially
increase risk of adverse birth outcomes over these risk factors. These strong findings should
provide further impetus for mothers to seek treatment and clinicians to actively encourage
substance use treatment in pregnancy given the increased risk of infant morbidity and
mortality associated with such adverse outcomes [30].
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Classification tree for assessing a women’s likelihood of preterm birth (PTB). Ovals indicate
decision nodes, while rectangles indicate terminal nodes. The number of women and
preterm birth rate (in parentheses) are displayed within each node.
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Classification tree for assessing a woman’s likelihood for small for gestation age (SGA).
Ovals indicate decision nodes, while rectangles indicate terminal nodes. The number of
women and SGA rate (in parentheses) are displayed within each node.
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Characteristics, outcomes and exposures of the combined and individual cohorts.
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Combined Cohorts (N = 2808)

PRIDE-P (N = 178)

Pink and Blue (N = 2630)

Char acteristic/Outcome/Exposure N (%) N (%) N (%) P value
Preterm birth 249 (9) 27 (15) 222 (8) 0.004
Small for Gestational Age (SGA) 242 (9) 25 (15) 217 (8) 0.0063
Marital status <0.0001

Married/cohabiting 2363 (85) 63 (35) 2300 (87)

Divorced/separated/widowed 74 (3) 10 (6) 64 (2)

Never married 371 (13) 105 (59) 266 (10)
Race/ethnicity <0.0001

White 1990 (71) 41 (23) 1949 (74)

Black 280 (10) 94 (53) 186 (7)

Hispanic 415 (15) 39 (22) 376 (14)

Other 122 (4) 3(2) 119 (5)
Smoked in pregnancy 493 (18) 123 (69) 370 (14) <0.0001
Passive smoking 608 (22) 117 (66) 491 (19) <0.0001
Alcohol use in pregnancy 1336 (48) 96 (54) 1240 (47) 0.09
Alcohol abuse in pregnancy 334 (12) 40 (22) 294 (11) <0.0001
Marijuana use in pregnancy 197 (7) 90 (51) 107 (4) <0.0001
Cocaine use in pregnancy 38 (1) 29 (16) 9 (<1) <0.0001
Opiates use in pregnancy 40 (1) 18 (10) 22 (1) <0.0001
Other drug use in pregnancy 24 (1) 19 (11) 5(<1) <0.0001

Mean (SD) Mean (SD) Mean (SD)

Age 30.62 (5.91) 25.03 (5.86) 30.99 (5.72) <0.0001
Education (years) 15.12 (2.85) 11.86 (1.67) 15.34 (2.78) <0.0001
Gravidity ™ 258 (1.62) 3.19 (2.66) 254 (1.52) 0.01
Parity * 0.87 (0.98) 1.14 (1.40) 0.85 (0.94) 0.07
BMI 26.05 (6.41) 28.15 (8.32) 25.91 (6.23) 0.001
Number of daily cigarettes 0.77 (2.56) 3.10 (4.62) 0.61 (2.27) <0.0001
Number of drugs used in pregnancy 0.40 (0.76) 1.79 (1.13) 0.31(0.62) <0.0001

*
Gravidity: Total number of times a woman has been pregnant.

*:

*
Parity: Number of live births.
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