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Effects of Prenatal Alcohol and Cigarette Exposure on
Offspring Substance Use in Multiplex, Alcohol-Dependent
Families

Jessica W. O’Brien and Shirley Y. Hill

Background: Prenatal exposures to alcohol, cigarettes, and other drugs of abuse are associated with
numerous adverse consequences for affected offspring, including increased risk for substance use and
abuse. However, maternal substance use during pregnancy appears to occur more often in those with a
family history of alcohol dependence. Utilizing a sample that is enriched for familial alcohol depen-
dence and includes controls selected for virtual absence of familial alcohol dependence could provide
important information on the relative contribution of familial risk and prenatal exposures to offspring
substance use.

Methods: A sample of multigenerational families specifically ascertained to be at either high or low
risk for developing alcohol dependence (AD) provided biological offspring for a longitudinal prospec-
tive study. High-risk families were selected based on the presence of 2 alcohol-dependent sisters. Low-
risk families were selected on the basis of minimal first and second-degree relatives with AD. High-risk
(HR = 99) and Low-risk offspring (LR = 110) were assessed annually during childhood and biennially
in young adulthood regarding their alcohol, drug, and cigarette use. At the first childhood visit, mothers
were interviewed concerning their prenatal use of substances.

Results: High-risk mothers were more likely to use alcohol, cigarettes, and other drugs during preg-
nancy than low-risk control mothers, and to consume these substances in greater quantities. Across the
sample, prenatal exposure to alcohol was associated with increased risk for both offspring cigarette use
and substance use disorders (SUD), and prenatal cigarette exposure was associated with increased risk
for offspring cigarette use. Controlling for risk status by examining patterns within the HR sample, pre-
natal cigarette exposure remained a specific predictor of offspring cigarette use, and prenatal alcohol
exposure was specifically associated with increased risk for offspring SUD.

Conclusions: Women with a family history of SUD are at increased risk for substance use during
pregnancy. Both familial loading for alcohol dependence and prenatal exposure to alcohol or cigarettes
are important risk factors in the development of offspring substance use. An inadequate assessment of
family history may obscure important interactions between familial risk and prenatal exposures on
offspring outcomes.

Key Words: Family History of Alcoholism, Prenatal Alcohol Exposure, Prenatal Cigarette
Exposure, Offspring Substance Use.

=
(=)
=
=T
(T
w
(o
o=
—
=T
o
=
(.
=
(o'
ekl
Q.
=
ekl
=
—
=T
—
—
T
=
L
—
O
L
@)
o
-
<

RENATAL EXPOSURES TO alcohol, cigarettes, and

other drugs of abuse are associated with numerous
adverse consequences for affected offspring, including
increased risk for substance use and abuse (Baer et al., 2003;
Ernst et al., 2001; Glantz and Chambers, 2006; Streissguth
et al., 2004). Animal studies have demonstrated physiologi-
cal effects of prenatal exposures that could plausibly contrib-
ute to offspring substance use disorders (SUD), including
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abnormalities of neural reward systems (Malanga and Ko-
sofsky, 2003). However, the causal effect of prenatal expo-
sures on human offspring is less clear as maternal substance
use during pregnancy frequently co-occurs with other envi-
ronmental and genetic risk factors (Wendell, 2013). Epidemi-
ological studies indicate that prenatal drug and alcohol
exposure are modest direct contributors to increased sub-
stance abuse vulnerability (Glantz and Chambers, 2006),
although some studies suggest that these associations are
accounted for by correlated risks such as socioeconomic sta-
tus (SES) or familial history of SUD (D’Onofrio et al., 2012;
Ellingson et al., 2012).

Research using animal models has documented plausible
neural pathways through which prenatal exposure to ciga-
rettes, alcohol, and other drugs could cause offspring sub-
stance use and abuse. Animals prenatally exposed to alcohol
show greater preference for alcohol and consume signifi-
cantly more alcohol than unexposed controls (Spear and
Molina, 2005), and animals prenatally exposed to nicotine
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show long-term alterations in the density of nicotinic acetyl-
choline receptors and demonstrate increased nicotine self-
administration (Slotkin, 2008). These prenatal exposures are
also associated with morphological and neurochemical alter-
ations of midbrain areas mediating reward, indicating that
the reward system and reward-driven behaviors may be
altered by intrauterine exposure in ways that predispose ani-
mals to increased self-administration of drugs (Lidow, 2003;
Malanga and Kosofsky, 2003). These studies provide evi-
dence that prenatal drug exposure, independent of familial
behavioral and environmental factors, can result in increased
behavior related to drug reinforcement.

Human studies on the effect of prenatal exposures on off-
spring substance use may be confounded by co-occurring
environmental and genetic risk factors for offspring sub-
stance use and problems. Mothers who continue to smoke,
drink, and use illicit substances during pregnancy have lower
levels of educational attainment, less annual income, higher
rates of antisocial behavior, and more substance use prob-
lems (Gilman et al., 2008; Smith et al., 1987; Wendell, 2013).
Given that offspring of substance-abusing parents are at
increased risk for SUD (Dawson and Grant, 1998; Grant,
1998; Hill et al., 2008, 2011), a family history of SUD may
be a particularly important factor to consider in the relation
between prenatal exposures and offspring substance use
problems.

Both a family history of alcoholism and prenatal exposure
to alcohol, cigarettes, and other drugs of abuse are associated
with an increased risk of drug and alcohol problems in ado-
lescence and adulthood (Baer et al., 1998, 2003; Hill et al.,
2008, 2011). However, disentangling the impact of these 2
factors on the etiology of SUD has proved challenging
because (i) maternal substance use during pregnancy fre-
quently co-occurs with disadvantaged prenatal care, lower
SES and familial risk for alcohol dependence or SUD (Wen-
dell, 2013), and (ii) mothers with SUD may be more likely to
use substances while pregnant (Smith et al., 1987; Hill et al.,
2000).

Previous studies examining the relation between prenatal
exposures and offspring SUD have used differing methodol-
ogies and have yielded contrasting results. Some studies
reporting an association between offspring substance use and
very heavy levels of prenatal alcohol and/or drug exposure
have not been able to assess a family history of alcohol
dependence because the severity of the mothers’ substance
abuse has led to their offspring being adopted away or reared
by others. Studies that have assessed family history of SUD
typically involve a more restricted range of drinking behavior
with no more than moderate levels of prenatal exposure.
Nevertheless, they indicate a relationship between prenatal
alcohol exposure and offspring alcohol-use problems in ado-
lescence and young adulthood (Baer et al., 1998, 2003; Yates
et al., 1998), and prenatal cigarette exposure with offspring
SUD (Brennan et al., 2002) that remain significant after
accounting for parental SUD. Reviews of such studies have
interpreted the relationship between prenatal exposures and
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offspring outcomes as causal because these associations are
robust to the use of statistical controls, including a family
history of substance use problems (Ernst et al., 2001; Glantz
and Chambers, 2006).

Family-based quasi-experimental designs are well-suited
to testing gene by environmental exposures of the type seen
where offspring outcome may be influenced by both genetic
factors and environmental prenatal exposure (D’Onofrio
et al., 2013). Comparisons of siblings with varying levels of
prenatal cigarette exposure have indicated that the relation-
ship between prenatal cigarette exposure and offspring sub-
stance use outcomes is not significantly linked, suggesting
that the association between prenatal exposure to cigarettes
and offspring substance use problems is more likely due to
familial background factors rather than a direct causal influ-
ence of prenatal exposure (D’Onofrio et al., 2012; Ellingson
et al., 2012). However, this approach has not been utilized to
study the effects of prenatal alcohol exposure.

Another method for disentangling the relation between
the direct, causal effects of prenatal exposures and indirect,
genetic effects on offspring outcomes is to use samples
enriched for a high familial density of alcohol dependence in
which offspring carry a much higher genetic risk for sub-
stance use problems. This design can provide information on
the link between prenatal exposures and offspring outcomes
among individuals with high genetic loading for SUD.
Accordingly, the current study sought to examine the relative
contribution of having a multiplex, familial history of alco-
hol dependence and prenatal exposure to alcohol and/or cig-
arettes on offspring smoking and drinking behavior. The
goals of the study were (i) to compare rates of maternal sub-
stance use in women varying in family density of alcohol
dependence; (i) to determine whether prenatal exposure to
alcohol and cigarettes would increase offspring use of these
substances; and (iii) to determine whether exposure to these
substances would increase the rate of offspring substance use
controlling for familial risk. The latter goal was carried out
by contrasting exposed and nonexposed offspring within the
high-risk sample. It was hypothesized that mothers from a
high-risk background would be more likely to consume alco-
hol and cigarettes during pregnancy, and among mothers
who continued to drink and/or smoke during pregnancy,
women from high-risk backgrounds would consume greater
quantities of these substances. Also, consistent with previous
studies, it was expected that prenatal exposures would be
associated with increased risk of offspring cigarette use and
substance use problems. Finally, it was hypothesized that
high-risk offspring prenatally exposed to cigarettes and/or
alcohol would have higher rates of both SUD and childhood
smoking than nonexposed high-risk youth.

MATERIALS AND METHODS
Participants

The present report is based on an analysis of data for 209 third
generation offspring who are part of an ongoing family study that
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selected families through their parents’ generation. The offspring
were evaluated during childhood and adolescence at approximately
annual intervals and biennially during young adulthood. A total of
99 high-risk offspring from maternal multiplex families were studied
(HR; 55 females and 44 males) along with 110 low-risk offspring
(LR; 50 females and 60 males). The study has ongoing approval
from the University of Pittsburgh Institutional Review Board. All
participants provided consent at each visit. Children provided assent
with parental consent.

Risk Group Status

The high-risk families were identified through a proband pair of
alcohol-dependent sisters. One member of the proband pair was in a
substance abuse treatment facility in the Pittsburgh area at the time of
recruitment. Both members of the proband pair were screened using
an in-person structured interview (Diagnostic Interview Schedule)
(DIS; Robins et al., 1981) to determine the presence of alcohol depen-
dence and other Axis I psychopathology. This ascertainment strategy
results in a high density of alcohol dependence (Fig. 1). The DIS was
also administered to all available first-degree relatives. Unavailable or
deceased relatives were diagnosed by family history report. Families
were excluded if the proband or her first-degree relatives met criteria
for primary recurrent major depression, bipolar disorder, primary
drug dependence (i.e., drug dependence preceded alcohol dependence
by 1 or more years) or schizophrenia. Available spouses were diag-
nosed using the same methods as members of the target families.

Selection of control families was based on availability of families
with children between the ages of 8 and 18. Each control family
was selected on basis of residence within a census track from which
a high-risk family had been selected with an attempt made to yoke
each control family to a high-risk family in the study. Random
phone calls were made to homes within the census track to deter-
mine whether the family had available children and were interested
in participating in the study. Those expressing an interest were sent
a letter of introduction. Parents were screened for the absence of
alcohol and drug dependence using the DIS, although other psy-
chopathology was free to vary. Diagnostic data were also collected
for all first-degree relatives using either an in-person DIS interview
or by obtaining multiple family history reports to ensure an
absence of a family history of alcohol dependence. All control fam-
ilies had a low density of familial alcohol dependence. Most low-
risk control families had an absence of alcohol or drug dependence
among all first-degree relatives. However, 3 low-risk mothers were
identified as having past alcohol abuse or dependence in late ado-
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lescence or early adulthood but had been free of any substance use
disorder for numerous years (i.e., >6) before study entry. In addi-
tion, 1 father who married into the target pedigree family had drug
dependence.

Evaluation of Prenatal Exposures

Each mother was administered a structured interview (Drinking
and Drug Use During Pregnancy) at the time her child was entered
into the follow-up study. The interview covered her alcohol, ciga-
rette, and other drug use during each of her pregnancies so that the
quantity and frequency of these substances could be determined.
The interview format was developed in our laboratory and was
designed to measure typical and maximal daily use by obtaining
information for each of several substances, noting the quantity per
occasion and the frequency of use. Daily use was multiplied by the
number of days in each trimester and accumulated for all 3 trimes-
ters, allowing for the total amount used throughout pregnancy to be
calculated. Because drug use involved varying quantities taken by
various routes (smoking, intravenous, and inhalation), no attempt
was made to analyze these data using quantity estimates. Rather,
the number of days any drug was used was calculated and used in
the analyses. If the mother had multiple children, she was queried
concerning each child separately.

Clinical Assessment of Children/Adolescents

Each child/adolescent and his/her parent were separately admin-
istered the Schedule for Affective Disorders and Schizophrenia (K-
SADS) (Chambers et al., 1985) by trained, Masters’ level clinical
interviewers and an advanced resident in child psychiatry at each
annual evaluation. Using DSM-III criteria that have been used
throughout the follow-up, K-SADS interviewers and the resident
independently provided diagnostic data. A best-estimate diagnosis
based on these 4 blinded interviews was completed in the presence
of a third clinician who facilitated discussion to resolve diagnostic
disagreements if needed. Offspring cigarette/tobacco use was also
assessed with the K-SADS at each annual evaluation. Young adult
assessments were conducted biennially using the Composite Inter-
national Diagnostic Interview (CIDI) (Janca et al., 1992) and
CIDI-Substance Abuse Module (CIDI-SAM) (Cottler et al., 1989).
Substance use disorders included alcohol abuse, alcohol depen-
dence, drug abuse, and drug dependence as assessed by DSM-III
(childhood) or DSM-1V (young adult) criteria(American Psychiatric
Association, 2000).
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Fig. 1. This pedigree illustrates the high density of alcohol dependence seen in the high-risk families in this study. Families were selected through
women in the second generation depicted here. Solid circles (females) or squares (males) indicated affected (alcohol dependence) status by the time of
the last follow-up. In this pedigree, “exposed” refers to prenatal alcohol exposure. Third generation offspring from this pedigree were first seen at an aver-
age age of 10.2 + 2.2 years and were 31.3 + 2.9 years of age at last follow-up.
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Socioeconomic Status

Socioeconomic status was determined at each annual evaluation
with the Hollingshead Four-Factor Index of SES (Hollingshead,
1975). An average of SES between the ages of 8 and 18 was used in
the current analyses.

RESULTS
Offspring Demographics

Demographic data were analyzed with Pearson’s chi-
square (categorical variables) or linear mixed models (contin-
uous variables) (Table 1). The HR and LR offspring did not
significantly differ in gender composition or length of follow-
up. HR offspring had a significantly earlier age of study entry,
(1, 207) = 12.95, p < 0.001, although age at last follow-up
was not significantly different. The HR group had statistically
significantly lower SES, F(1, 207) = 22.08, p < 0.001, than
LR controls, although this may not reflect meaningful differ-
ences because both groups fall within the same Hollingshead
SES social strata (medium size business, minor professional,
and technical). The success of the selection strategy used to
define the high and low-risk groups can be seen in the differ-
ing number of first and second-degree relatives with AD. HR
offspring had an average of 4.61 first- and second-degree
relatives with alcohol dependence, compared with an average
of 0.64 affected relatives in LR controls.

Maternal Substance Use During Pregnancy

Maternal substance use during pregnancy data were ana-
lyzed with Pearson’s chi-square (categorical variables) or lin-
ear mixed models (continuous variables) (Table 2). Maternal
report occurred at an average of 12.27 years postpartum.
Mothers with a family history of SUD were significantly

Table 1. Offspring Demographic Data

Low risk High risk
(n=110) (n=99)
N % N % P
Males 60 54.5 44 44.4 n.s.
M SD M SD

Age at study entry 13.25 5.0 11.18 3.0 <0.001
Age at last follow-up 23.05 5.6 22.1 6.5 n.s.
Length of follow-up 9.80 5.1 10.9 6.2 n.s.
SES? 49.13 11.7 41.2 12.0 <0.001
1st and 2nd degree 0.64 1.10 4.61 2.30 <0.001

relatives with AD®

@Socioeconomic status (SES) was determined with the Hollingshead
four-Factor Index of SES and averaged over childhood visits. The Hollings-
head Index categorizes SES into 5 social strata with strata | (unskilled
laborers, menial service workers) being the lowest and strata V (major
business and professional) the highest. Scores between 40 and 54 are
considered to be within strata IV (medium business, minor professional,
and technical).

PAlcohol Dependence.
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Table 2. Maternal Substance Use during Pregnancy
Low-risk High-risk
(n=110) (n=99)
N % N % P
Any substance use 32 29.4 82 82.8 <0.001
Alcohol use 22 20.2 59 59.6 <0.001
Cigarette use 16 145 63 63.6 <0.001
Drug use 1 0.9 30 30.3 <0.001
Poly substance use 6 18.8 48 58.5 <0.001
M SD M SD
Number of alcoholic 21.14 17.70 22922 387.91 0.014
drinks?®
Number of cigarettes® 1779.00 1539.77 3306.19 2752.10 0.036
Number of days of b - 87.80 10530 -
drug use®

#Means reflect total consumption across the duration of pregnancy.
®Drug use during pregnancy was only reported by 1 low-risk mother.

more likely to use any substance (alcohol, cigarettes, and/or
drugs) during pregnancy than LR control mothers
(> = 59.89, p < 0.001). The HR mothers consumed more
alcohol (y* = 33.90, p <0.001), cigarettes (> = 53.41,
p <0.001), and other drugs (;* = 35.64, p < 0.001) than
mothers from LR families (Fig. 2). Among women who used
substances during pregnancy, HR mothers reported consum-
ing greater amounts of alcohol, F(1, 79) = 6.28, p = 0.014,
and cigarettes, F(1, 77) = 4.54, p = 0.036, over the course of
pregnancy than LR mothers. High-risk mothers who drank
during pregnancy consumed an average of 6.03 drinks per
week across pregnancy, compared with an average of 0.56
drinks per week among low-risk mothers. High-risk mothers
who smoked cigarettes during pregnancy consumed an aver-
age of 4.35 packs per week across pregnancy, compared with
an average of 2.34 packs per week among low-risk mothers.
Because only 1 LR mother used other drugs during

100

Maternal Substance Use During Pregnancy
90 -
80 - M High-Risk
70 M Low-Risk
60 -
»
]
> 50 -
=
c
g a0
@
e 30 -
20
10
Alcohol Use Cigarette Use Drug Use Any
Substance
Use

Fig. 2. Mothers of high-risk offspring (n = 99) were significantly more
likely than low-risk mothers to use substances during pregnancy, including
alcohol, cigarettes, and other abusable drugs.
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pregnancy, we were unable to compare the number of days
of drug use between risk groups.

Maternal substance use during pregnancy data were also
analyzed by trimester. High-risk mothers were more likely to
use alcohol and cigarettes and to consume these substances
in greater quantities during each trimester (all p < 0.01).
High-risk mothers who drank during pregnancy consumed
an average of 12.71 drinks per week in the first trimester
(n = 57), 5.81 per week in the second trimester (n = 31), and
5.09 per week in the third trimester (n = 32). Low-risk moth-
ers who drank during pregnancy consumed an average of
1.60 drinks per week in the first trimester (n = 19), 0.44 per
week in the second trimester (n = 7), and 0.41 per week in
the third trimester (n = 8). High-risk mothers who smoked
cigarettes during pregnancy consumed an average of 5.24
packs per week in the first trimester (n = 60), 4.78 packs per
week in the second trimester (n = 54), and 4.71 packs per
week in the third trimester (n = 53). Low-risk mothers who
smoked cigarettes during pregnancy consumed an average of
3.46 packs per week in the first trimester (n = 15), 3.91 packs
per week in the second trimester (7 = 9), and 3.51 packs per
week in the third trimester (n = 8).

HR mothers were also more likely to use more than 1 sub-
stance than LR control mothers (3° = 14.62, p < 0.001).
Among HR mothers who used at least 1 substance during
pregnancy, 26.8% (n =22) used alcohol, cigarettes, and
other drugs, while 24.4% (n = 20) used both alcohol and cig-
arettes, 3.7% (n = 3) used both alcohol and other drugs, and
3.7% (n = 3) used both cigarettes and other drugs. Some
mothers reported using only 1 substance, with 17.1%
(n = 14) using only alcohol, 22% (n = 18) using cigarettes
only, and 2% (n = 2) using a single other drug during preg-
nancy. Among LR mothers who used at least 1 substance
during pregnancy, 3% (n = 1) used alcohol, cigarettes, and
other drugs, 15.6% (n = 5) used both alcohol and cigarettes,
50% (n = 16) only drank alcohol, and 31.3% (» = 10) only
smoked cigarettes.

For high-risk mothers who used drugs during pregnancy,
the majority reported use of marijuana (19.1%) or cocaine
(13.1%), with a small number using stimulants (3.0%), pre-
scription opioids (3.0%), or prescription sedatives (1.0%).
Eight of these mothers reported using more than | drug. In
addition, 1 low-risk mother reported cocaine use during
pregnancy. Because of the heterogeneity of maternal drug
use during pregnancy, it was not possible to assess the main
effect of these exposures. Prenatal drug exposure was used as
a covariate in subsequent analyses.

Prenatal Exposures and Offspring Outcomes

Separate Cox regression survival analyses were conducted
to assess the effects of prenatal exposure to alcohol or ciga-
rettes on offspring SUD or smoking outcome using relevant
covariates (SES, gender, and other prenatal exposures).To
determine the relative contribution of risk and prenatal expo-
sures to offspring substance use outcomes, survival analyses
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were conducted within the HR group in which offspring
share a similar genetic loading for SUD but varying prenatal
exposures. Given the collinearity between risk group status
and substance use during pregnancy (i.e., lower rates and
amounts of prenatal exposures among low-risk offspring), a
statistical interactive design between risk and prenatal expo-
sure could not be performed. Because offspring from multi-
plex, alcohol-dependent families are at increased risk for
both alcohol and drug use disorders (Hill et al., 2011), initial
analyses assessed the broader category of offspring SUD.
Significant relationships between prenatal exposures and
SUD were subsequently assessed separately by alcohol and
drug use disorders.

For each substance used during pregnancy, a median for
the entire group of mothers reporting any use was calculated.
The median split was then used to categorize each mother’s
use of that substance during pregnancy. A third group was
formed from those without any use. Across the entire sam-
ple, for mothers who drank during pregnancy, the median
number of drinks consumed was 48. Using the median split,
39 HR mothers (66%) were above the median compared
with only 1 (4.5%) of the LR mothers. The median number
of cigarettes used by HR and LR was 2,700, with 41% of
HR mothers reporting smoking in the range above the
median, compared with 31% of the LR mothers.

Prenatal Alcohol Exposure

Survival analysis revealed that offspring substance use dis-
order outcome was influenced by prenatal alcohol exposure
after controlling for SES, gender, prenatal cigarette expo-
sure, and prenatal exposure to other drugs (Wald = 10.12,
p =0.001) (Table 3a). Prenatal alcohol exposure influenced
both alcohol-use disorders (Wald = 14.64, p < 0.001) and
drug use disorders (Wald = 8.24, p = 0.004). Offspring ciga-
rette use by young adulthood was also influenced by prenatal
exposure to alcohol after controlling for SES, gender, prena-
tal cigarette exposure, and other drugs (Wald = 4.74,
p = 0.029) (Table 4a). Alcohol-exposed offspring had higher
rates and earlier ages of cigarette use and SUD (Figs 3 and
4). No covariates were significantly associated with offspring
substance use outcomes. To determine the appropriateness
of including offspring of mothers who had previously met
criteria for SUD, analyses were repeated excluding the off-
spring of 3 low-risk mothers. This analysis showed that inclu-
sion or exclusion of these 3 mothers did not alter the results
obtained for offspring outcomes.

Prenatal Cigarette Exposure

Offspring cigarette use, but not substance use disorder,
was influenced by prenatal use of cigarettes after controlling
for SES, gender, prenatal alcohol, or other drug exposure
(Wald = 8.04, p = 0.005) (Tables 3b and 4b). Cigarette-
exposed offspring had higher rates and earlier ages of ciga-
rette use (Fig. 5). Prenatal alcohol exposure was the only
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Table 3. Substance Use Disorder Outcome as a Function of (a) Prenatal
Alcohol Exposure (b) Prenatal Cigarette Exposure in Offspring with a
Family History of Alcohol Dependence versus Low-Risk Controls

Offspring with SUD [n (%)]

Prenatal alcohol Low-risk High-risk Overall
exposure? (n=109) (n=99) (n = 208)
(@)
None (n = 127) 10(11.5) 9 (22.5) 19 (15.0)
Low (n = 41) 5(23.8) 6 (30.0) 11 (26.8)
High (n = 40) b 23(59.0) 23(57.5)
Overall (n = 208) 15(13.7) 38(38.4) 53 (25.4)
Prenatal cigarette Low-risk High-risk Overall
exposure® (n=110) (n=99) (n = 209)
(b)
None (n = 130) 10 (10.6) 11 (30.6) 21(16.2)
Low (n = 48) 3(27.3) 12 (32.4) 15(31.3)
High (n = 31) 2 (40.0) 15 (57.7) 17 (54.8)
Overall (n = 209) 15(13.6) 38(38.4) 53 (25.4)

2Exposure level was determined by conducting a median split of total
number of alcoholic drinks consumed during pregnancy (median = 48
alcoholic drinks across pregnancy).

POnly 1 low-risk mother was above the median for number of drinks con-
sumed during pregnancy.

°Exposure level was determined by conducting a median split of total
number of cigarettes consumed during pregnancy (median = 2,700 ciga-
rettes across pregnancy).

Table 4. Cigarette Use as a Function of (a) Prenatal Alcohol Exposure (b)
Prenatal Cigarette Exposure in Offspring with a Family History of Alcohol
Dependence versus Low-Risk Controls

Offspring using cigarettes [n (%)]

Prenatal alcohol Low-risk High-risk Overall
exposure? (n=292) (n=98) (n=190)
(@)
None (n = 116) 10(13.2) 10 (25.0) 20(17.2)
Low (n = 35) 3(20.0) 9 (45.0) 12 (34.3)
High (n = 39) - 14 (36.8) 14 (35.9)
Overall (n = 190) 13(14.1) 33(33.7) 46 (24.6)
Prenatal cigarette Low-risk High-risk Overall
exposure® (n=93) (n=98) (n=191)
(b)
None (n = 117) 12(14.8) 9(25.0) 21(17.9)
Low (n = 44) 1(12.5) 10(27.8) 11(25.0)
High (n = 30) 1(25.0) 14 (53.8) 15(50.0)
Overall (n = 191) 14 (15.1) 33(33.7) 47 (24.6)

2Exposure level was determined by conducting a median split of total
number of alcoholic drinks consumed during pregnancy (median = 48
alcoholic drinks across pregnancy).

POnly 1 low-risk mother was above the median for number of drinks con-
sumed during pregnancy.

°Exposure level was determined by conducting a median split of total
number of cigarettes consumed during pregnancy (median = 2,700 ciga-
rettes across pregnancy).

significant covariate (Wald = 4.74, p = 0.029). Analyses
were repeated excluding the offspring of 3 low-risk mothers
who had previously met criteria for SUD. The significance of
results remained consistent.
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Offspring SUD Survival by Prenatal Alcohol Exposure Level
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Fig. 3. Across the sample, prenatal alcohol exposure was significantly
associated with offspring substance use disorders. Exposure level was
determined by conducting a median split of total number of alcoholic drinks
consumed during pregnancy (median = 48 alcoholic drinks across preg-
nancy).

Offspring Cigarette Smoking by Prenatal Alcohol Exposure Level
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Fig. 4. Across the sample, prenatal alcohol exposure was significantly
associated with offspring cigarette use in childhood and adolescence.
Exposure level was determined by conducting a median split of total num-
ber of alcoholic drinks consumed during pregnancy (median = 48 alcoholic
drinks across pregnancy).

Offspring Cigarette Smoking by Prenatal
Cigarette Exposure Level
1w r - o

0.9
0.8
0.7
0.6

0.5 =#=No Cig Exposure .

0.4
=i~ Low Cig Exposure &
03

0.2

Percent Survival

~#— High Cig Exposure

0.1

8 9 10 11 12 13 14 15 16 17 18
Age

Fig. 5. Across the sample, prenatal cigarette exposure was significantly
associated with offspring cigarette use in childhood and adolescence.
Exposure level was determined by conducting a median split of total num-
ber of cigarettes consumed during pregnancy (median = 2,700 cigarettes
across pregnancy).
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Analyses within the High- Risk Group. Prenatal Alcohol
Exposure

Among HR offspring, level of prenatal alcohol exposure
was significantly associated with offspring SUD outcomes
after controlling for SES, gender, prenatal cigarette expo-
sure, and prenatal exposure to other drugs (Wald = 5.54,
p = 0.019) (Fig. 6). Prenatal alcohol exposure influenced
both alcohol-use disorders (Wald = 8.61, p = 0.003) and
drug use disorders (Wald = 4.52, p = 0.03). However, prena-
tal alcohol exposure was not associated with offspring ciga-
rette use, and no covariates were significantly associated with
offspring substance use outcomes.

Analyses within the High- Risk Group: Prenatal Cigarette
Exposure

Among HR offspring, level of prenatal cigarette exposure
was associated with increased risk for cigarette use after con-
trolling for SES, gender, prenatal alcohol exposure, and pre-
natal exposure to other drugs (Wald =4.27, p = 0.039)
(Fig. 7). Prenatal cigarette exposure was not associated with
offspring SUD, and no covariates were significantly associ-
ated with offspring substance use outcomes.

DISCUSSION

The current study sought to characterize maternal sub-
stance use during pregnancy in a sample of women at high
familial risk for SUD in comparison to women with low
familial risk and to examine the relative contribution of pre-
natal exposure to alcohol or cigarettes and a family history
of alcohol dependence on offspring substance use outcomes.
Both high- and low-risk women decreased their substance
use across trimesters, a pattern previously reported in other
studies (Fried et al., 1985; Hill et al., 2000; Robles and Day,
1990). Women with a family history of SUD are significantly
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Fig. 6. Among offspring from multiplex, alcohol-dependent families,
prenatal alcohol exposure was significantly associated with offspring sub-
stance use disorders. Exposure level was determined by conducting a
median split of total number of alcoholic drinks consumed during preg-
nancy (median = 48 alcoholic drinks across pregnancy).
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Fig. 7. Among offspring from multiplex, alcohol-dependent families,
prenatal cigarette exposure was significantly associated with offspring cig-
arette use during childhood and adolescence. Exposure level was deter-
mined by conducting a median split of total number of cigarettes
consumed during pregnancy (median = 2,700 cigarettes across preg-
nancy).

more likely to use alcohol, cigarettes, and other drugs of
abuse during pregnancy and consume greater quantities of
these substances than women without a family history. This
finding has important implications for public health and
highlights the importance of obtaining information on family
history of SUD, as well as the mother’s pattern of substance
use prior to pregnancy recognition, to determine the relative
risk of maternal substance use during pregnancy.

Across high and low-risk participants, prenatal exposure
to either alcohol or cigarettes increased the risk of offspring
cigarette smoking, whereas prenatal alcohol exposure
increased the risk of SUD. Within the high-risk sample, spec-
ificity of type of prenatal exposures and offspring outcomes
was seen. Prenatal exposure to alcohol was associated with
increased rates of SUD including alcohol-use disorders, but
not cigarette smoking. Similarly, prenatal exposure to ciga-
rettes was associated with increased rates of cigarette smok-
ing, but not SUD. Thus, prenatal exposures increased the
risk for offspring substance use and abuse above and beyond
the effect of familial risk for SUD.

These findings are an important contribution to the extant
literature on the etiology of SUD by attempting to disentan-
gle the direct, teratogenic effects of prenatal alcohol, ciga-
rette, and drug exposures from the indirect effects of
associated familial background factors on offspring sub-
stance use outcomes. Although several studies examining the
relationship between offspring substance use and prenatal
exposure to alcohol and cigarettes have controlled for a fam-
ily history of substance use, the drastically different patterns
of substance use during pregnancy shown in our high-risk
sample indicate that these statistical procedures may not be
sufficient for separating direct, prenatal effects from inherited
familial factors that are associated with maternal substance
use during pregnancy. Furthermore, studies examining the
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association between prenatal cigarette exposure and off-
spring substance use have yielded contrasting results depend-
ing on their methodology. Those studies controlling for a
family history of SUD support a causal influence of prenatal
exposure on offspring substance use (Ernst et al., 2001;
Glantz and Chambers, 2006), whereas family-based, quasi-
experimental designs indicate that familial background fac-
tors explain this association (D’Onofrio et al., 2012; Elling-
son et al., 2012). Studies controlling for a family history of
SUD implicate a causal influence of prenatal alcohol expo-
sure on offspring substance use problems (Baer et al., 1998,
2003), but this association has not been examined within a
family-based research design. To our knowledge, neither the
effect of prenatal alcohol nor cigarette exposure in the con-
text of ultra-high familial risk has been examined. The assess-
ment of offspring outcomes in individuals with similarly high
genetic loading for SUD but varying prenatal exposures pro-
vides a unique opportunity to disentangle the impact of these
factors on offspring outcomes. Previous studies utilizing off-
spring at ultra-high familial risk for alcohol dependence have
yielded important findings on the association between prena-
tal exposures and adolescent psychiatric disorders (Hill
et al., 2000) and body mass index (BMI) (Hill et al., 2005).
The present results extend the previous observations by relat-
ing prenatal exposure and familial risk to offspring outcome
now that the sample has now reach young adulthood.

The current study has demonstrated more specific effects
of prenatal exposures within the high-risk offspring than
across the general sample, such that prenatal alcohol expo-
sure was associated with offspring alcohol problems, and
prenatal cigarette exposure was associated with offspring cig-
arette use. The specificity of prenatal exposure type and off-
spring alcohol or cigarette use is a novel finding. Previous
studies examining the effect of prenatal alcohol exposure on
offspring substance use outcomes find support for increases
in alcohol, nicotine, and other drug use (Pfinder et al., 2014;
Yates et al., 1998). Similarly, studies examining maternal
smoking during pregnancy also demonstrate increases in
both alcohol and tobacco use by affected offspring (Ernst
et al., 2001). However, evidence from animal research points
to plausible mechanisms by which prenatal exposures may
increase the risk that offspring use or abuse the substance of
exposure. Prenatal exposure to nicotine is associated with
increased numbers of nicotinic binding sites in the brain both
pre- and postnatally (Hellstrom-Lindahl and Nordberg,
2002), which may predispose the brain to the subsequent
addictive influence of nicotine consumed later in life. Simi-
larly, prenatal exposure to alcohol in rodents has been found
to increase offspring preference for alcohol in both infancy
and adulthood, although the specific mechanism accounting
for this relationship remains unclear (Abel et al., 1981; Bond
and Di Giusto, 1976; Chotro and Molina, 1990).

In addition to disentangling the relative contributions of
direct and indirect effects of prenatal exposures on offspring
outcomes, this study also has potential implications for iden-
tifying individuals who are at the highest risk for substance
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use and abuse. Although offspring of alcoholics are at
increased risk for early onset of drinking and development of
SUD, not all HR adolescents go on to develop drug or alco-
hol problems. The current findings indicate that individuals
from a high-risk background who are also prenatally
exposed to alcohol and/or cigarettes during pregnancy are
especially likely to use and abuse substances and may have
the greatest need for identification and intervention.

Study Limitations

Retrospective collection of data on maternal substance use
during pregnancy has been considered less accurate or precise
than concurrent reports by some investigators. However,
comparison of prospective and retrospective data for drink-
ing during pregnancy has shown retrospective data to be
valid (Griesler and Kandel, 1998). Furthermore, some evi-
dence suggests that retrospective report may actually be more
valid among women reporting heavy alcohol use (Czarnecki
et al., 1990). Women tend to report higher levels of alcohol
use during pregnancy retrospectively than concurrently (Ern-
hart et al., 1988; Jacobson et al., 1991), indicating that con-
currently reported alcohol consumption during pregnancy is
probably under-reported (Alvik et al., 2006). Furthermore,
retrospective reports acquired 14 years postpartum have
been shown to relate to significantly more birth and teen
outcomes than antenatal report (Hannigan et al., 2010).

A limitation of this study is that we were unable to assess
the direct effect of prenatal exposure to illicit drugs. Like alco-
hol and cigarettes, prenatal exposure to marijuana or cocaine
has been associated with increased rates of offspring use (Min-
nes et al., 2014; Porath and Fried, 2005; Richardson et al.,
2013). In the current study, patterns of maternal drug use
during pregnancy were heterogeneous with regard to the sub-
stance or substances consumed, the route of administration,
and the quantity and frequency of use. Therefore, it was not
possible to detect the singular effects of any particular drug.

Women who use substances during pregnancy may be more
likely to continue to drink, smoke, or use illicit drugs after the
birth of her child. Previous research informed by social
learning theory indicates that living with a parent with SUD
predicts offspring substance use, with 1 recent study demon-
strating that postnatal exposure to parental SUD increases
offspring substance use after controlling for a family history
of SUD (Yule et al., 2013). Furthermore, some evidence sug-
gests that current substance use may influence maternal report
of prenatal use (Ernhart et al.,1988). Although parental
updates of psychiatric diagnoses including substance use dis-
order was completed at each yearly offspring follow-up, quan-
tity and frequency of substance use by the parent was not
assessed, limiting the available information on parental
substance use during offspring childhood and adolescence.

Use of ultra-high-risk AD families can be viewed as either
a strength or weakness of our findings. On the positive side,
use of these families to assess the impact of prenatal sub-
stance use provides a unique opportunity to increase the
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familial/genetic susceptibility for SUD while examining the
specific drug use behaviors of women during their pregnan-
cies. However, it must be acknowledged that these families
are not representative of AD families in the general popula-
tion. Follow-up of offspring from these multiplex families
indicates an exceptionally high rate of AD and substance use
by young adulthood (Hill et al., 2008, 2011). Although these
families may not be representative of AD families in the gen-
eral population, the study of multiplex families provides an
efficient means for identifying risk factors that can then be
taken to population samples for replication.

This study compared maternal substance use during preg-
nancy between women at ultra-high familial risk for SUD
and women selected for an absence of familial risk for alco-
hol dependence and other SUD. In addition, this study
design allowed us to uniquely assess the relative contribu-
tions of prenatal exposures to drugs of abuse and a family
history of alcoholism on offspring substance use outcomes.
Our results indicate that women from families with a high
prevalence of SUD are more likely to continue to use and
abuse substances during pregnancy. Furthermore, high-risk
offspring who are exposed to alcohol and cigarettes in utero
are at especially high risk for early-onset cigarette smoking
and SUD. From a public health perspective, it is essential
that pregnant women be advised to abstain from both alco-
hol and cigarettes during pregnancy.
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