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ARTICLE INFO ABSTRACT

Fetal alcohol exposure can lead to severe birth and developmental defects. Determining which pregnant women
are most likely to drink is essential for targeting interventions. In National Survey on Drug Use and Health data
on pregnant women from 2002 to 2017 (N = 13,488), logistic regression was used to produce adjusted odds
ratios (aOR) indicating characteristics associated with two past-month outcomes: any alcohol use and binge
drinking. Risk factors were sociodemographic (age, race/ethnicity, marital status, education level, income) and
clinical (trimester, substance use, alcohol use disorder, major depression). Where associations differed by
pregnancy stage (trimester 1 vs. trimesters 2 and 3), association was evaluated by stage. Overall, higher risk for
any and binge drinking was observed among those with other substance use (aORs 2.9-25.9), alcohol use dis-
order (aORs 4.5-7.5), depression (aORs = 1.6), and unmarried women (aORs 1.6-3.2). For any drinking,
overall, higher risk was observed in adolescents (aOR = 1.5) and those with higher education (aOR = 1.4),
while lower risk was observed in those with lower income (aORs = 0.7). For binge drinking, associations dif-
fered by pregnancy stage. In trimester 1, lower risk was observed in middle ages (aOR = 0.4). In trimesters 2/3,
higher risk was observed in Blacks (aOR = 3.3) and those with lower income (aORs 3.5-3.9), while lower risk
was observed in those with higher education (aOR = 0.3). To prevent severe prenatal harm, health care pro-
viders should focus on women at higher risk for binge drinking during pregnancy: women with tobacco or drug
use, alcohol use disorder, or depression, and women who are unmarried, Black, or of lower socioeconomic status.
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1. Introduction

Alcohol is the leading preventable cause of birth and developmental
defects in the U.S. (Behnke and Smith, 2013; Williams and Smith,
2015). Prenatal exposure can lead to adverse consequences including
fetal alcohol spectrum disorders, characterized by cardiovascular and
skeletal defects, growth deficiencies, developmental delays, learning
disabilities and behavioral problems (Centers for Disease Control and
Prevention, 2018; Jones et al., 1973), and less severe neurodevelop-
mental problems, preterm birth, low birth weight, spontaneous abor-
tions, and criminal behavior (Behnke and Smith, 2013; Patra et al.,
2011; Blume, 1985; Sood et al., 2001; Streissguth et al., 1989;
O'Callaghan et al., 2007). While greater prenatal alcohol exposure, e.g.,
binge drinking, leads to more severe outcomes, even moderate or light
drinking may produce negative outcomes (Behnke and Smith, 2013;
Blume, 1985; Sood et al., 2001; Streissguth et al., 1989; O'Callaghan
et al., 2007; Flak et al., 2014; Sayal et al., 2007; May and Gossage,

2011; Maier and West, 2001). Since fetal exposure in early pregnancy,
even before pregnancy awareness, can cause significant damage (Floyd
et al., 2008), public health campaigns aim to reduce drinking among
women who are or might become pregnant (Williams and Smith, 2015;
Centers for Disease Control and Prevention, 2018; Floyd et al., 2008;
Centers for Disease Control and Prevention, n.d.; National Institute on
Alcohol Abuse and Alcoholism, 2012). Such campaigns in the U.S.
general population have shown some success (Seiler, 2016; Warren,
2015), with lower prevalence of drinking in pregnant women than in
non-pregnant women (Centers for Disease Control and Prevention,
2009; Zhao et al., 2012; Centers for Disease Control and Prevention,
2012; Tan et al., 2015; Slater et al., 2015; Oh et al., 2017; Havens et al.,
2009; Alshaarawy et al., 2016; Muhuri and Gfroerer, 2009; Brown
et al.,, 2016). Since 2002, drinking decreased in general population
pregnant women (Slater et al., 2015; Agrawal et al., 2019), and the
prevalence of newborns affected by prenatal alcohol use decreased
significantly (Pan and Yi, 2013; Robbins et al., 2006). Yet, the U.S.
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national goals of reducing any drinking to 1.7% and binge drinking to
0% in pregnant women by 2020 (Office of Disease Prevention and
Health Promotion, 2019) have not been met.

To design appropriately focused interventions to meet those goals,
determining which subgroups of general population pregnant women
are most likely to drink during pregnancy is an important public health
issue. Further, drinking is associated with pregnancy stage, with higher
prevalence of any use and binge drinking in the first trimester (early
pregnancy) than the second and third trimesters (middle/late preg-
nancy), when the prevalence of drinking is similar (Oh et al., 2017;
Havens et al., 2009; Muhuri and Gfroerer, 2009; Brown et al., 2016).
Because many women quit or reduce drinking after pregnancy re-
cognition (Ethen et al., 2009; Harrison and Sidebottom, 2009), risk
factors for drinking could also differ by pregnancy stage, with risk
factors in early pregnancy similar to those for non-pregnant women,
and different risk factors for drinking in middle/late pregnancy. No
previous study has investigated whether risk factors for drinking differ
by pregnancy stage.

Potential risk factors include sociodemographic variables associated
with alcohol use among all adults: age, race/ethnicity, marital status,
education level, and income (Grant et al., 2017; Keyes et al., 2009;
Hasin et al., 2007). In U.S. general population pregnant women from
the Behavioral Risk Factor Surveillance System surveys, studies span-
ning brief periods (1995-1999; 2001-2005; 2006-2010; 2011-2013)
showed higher risk for any drinking in ages 35-44, single women, and
college graduates (Centers for Disease Control and Prevention, 2009;
Centers for Disease Control and Prevention, 2012; Tan et al., 2015;
Centers for Disease Control and Prevention, 2002), and for binge
drinking in single women (Centers for Disease Control and Prevention,
2009; Centers for Disease Control and Prevention, 2012; Centers for
Disease Control and Prevention, 2002), with no significant effect of
race/ethnicity. However, the association of drinking and income was
not tested, the data are over 5years old, and the association of risk
factors with specific pregnancy stages (trimester) was not addressed.
Clinical factors associated with drinking during pregnancy in specific
populations (mostly prenatal clinics) include alcohol dependence, de-
pression and other substance use (Ethen et al., 2009; Harrison and
Sidebottom, 2009; Meschke et al., 2008; Leonardson et al., 2007; Flynn
et al., 2003), but little is known about these factors among U.S. general
population pregnant women. Using National Survey on Drug Use and
Health (NSDUH) 2002-2011 data, alcohol dependence was associated
with drinking and binge drinking during pregnancy (Alshaarawy et al.,
2016), suggesting that these women have a harder time stopping during
pregnancy. In another study using 2005-2014 NSDUH data, depression
was not associated with drinking in pregnant adolescent or adult
women, but risk for drinking was increased among pregnant tobacco
users (Oh et al., 2017). This study did not include binge drinking or
evaluate the association of drinking or binge drinking with use of
marijuana, cocaine, or other drugs. Assessing these substances sepa-
rately is important, as the contexts of tobacco, marijuana, and cocaine
vary substantially, with tobacco remaining prevalent and legal, the
legality of marijuana changing rapidly, and cocaine showing lower
prevalence but increasing (John and Wu, 2017; Kerridge et al., 2019)
and remaining strongly associated with alcohol use (Goldstein et al.,
2012). Since prenatal exposure to these substances also leads to adverse
consequences, associations would identify particularly high-risk preg-
nancies (Behnke and Smith, 2013; Floyd et al., 2008). Therefore, de-
termining the sociodemographic and clinical risk factors for drinking
during pregnancy, overall and by pregnancy stage, in up-to-date gen-
eral population data is needed to provide a better understanding of
which pregnant women are at increased risk for any drinking, and
especially for binge drinking, which can cause the most prenatal da-
mage.

Accordingly, in data on general population pregnant women from
the NSDUH (2002-2017), we investigated risk factors for past-month
alcohol use and binge drinking. First, we evaluated the association of
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drinking with sociodemographic (age; race/ethnicity; marital status;
education level; and income) and clinical factors (trimester; use of to-
bacco, marijuana, cocaine, any drug; alcohol use disorder; and de-
pression). We then determined if associations differed by pregnancy
stage (early versus middle/late). For each risk factor that showed a
differential association with the alcohol outcomes by pregnancy stage,
we evaluated the associations within each pregnancy stage.

2. Methods
2.1. Sample and procedures

The sample came from NSDUH surveys for years 2002-2017.
NSDUH surveys, sponsored by the Substance Abuse and Mental Health
Services Administration, provide annual cross-sectional nationally re-
presentative data on substance use in the U.S. population (National
Survey on Drug Use and Health, n.d.). The survey uses a multistage
probability sampling scheme to select households or non-institutional
group homes from the 50 states and the District of Columbia, followed
by selection of individuals aged =12years. Sampling weights were
used to adjust for non-response and oversampling of young adults,
Blacks, and Hispanics to correspond with population estimates from the
U.S. Census Bureau. Response rates ranged from 72 to 77% over the
years studied (Grucza et al., 2018).

The survey was administered by trained interviewers using com-
puter-assisted personal interviewing and audio computer-assisted self-
interviewing for sensitive topics (e.g., substance use) to maintain
privacy and confidentiality and encourage honest responses. Informed
consent was obtained from participants before the interview. Since de-
identified publicly available data were used, this study was exempt
from Institutional Review Board approval.

For each year, data were downloaded from the NSDUH public data
portal (Substance Abuse and Mental Health Data Archive, n.d.). Then,
datasets were concatenated, adding a variable indicating survey year.
Since the goal was to investigate alcohol use among pregnant women,
the sample was limited to those aged 15-44, following the World
Health Organization definition of reproductive age, as in another study
(Slater et al., 2015). Pregnant women were those who responded “yes”
to “are you currently pregnant.” Women aged 15-44 who were missing
information on pregnancy or trimester status were excluded
(n = 1880), leaving a sample of 13,488 pregnant women. < 1% of all
women aged 15-44 were missing pregnancy status, and the prevalence
of missing pregnancy information did not change over time
(B = —0.01; 95% confidence interval = —0.02, 0.01; p = 0.48).

2.2. Measures

2.2.1. Outcomes: past month alcohol use

To assess alcohol use, respondents were asked how long it was since
their last alcoholic drink; those who responded “within the past 30
days” were considered positive for any past-month use. Such re-
spondents were then asked how many days (in the past 30 days) they
had five or more (=5) drinks on the same occasion; those who re-
sponded “at least one day” were considered positive for binge drinking
in data through 2014. In 2015, binge drinking was re-defined as four or
more (=4) drinks per occasion, consistent with the National Institute
on Alcohol Abuse and Alcoholism (National Institutes of Health, 2004).
Therefore, for binge drinking, data were analyzed separately from 2002
to 2014 and 2015 to 2017.

2.2.2. Sociodemographic predictors

Sociodemographic risk factors included age (15-17; 18-20; 21-25;
26-34; 35-44), race/ethnicity (non-Hispanic White; non-Hispanic
Black; Hispanic; Other), education level (less than high school; high
school; at least some college), family income ($0-19,999; $20,000-
49,999; $50,000-74,999; =$75,000), and marital status (married;
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previously married; never married). While many NSDUH studies use an
age category of 18-25, we differentiated young adults at the legal
drinking age (21 years) and defined categories of 18-20 and 21-25,
because drinking patterns differ in those aged above and below 21 years
(Slater et al., 2015; White et al., 2015).

2.2.3. Clinical predictors

Trimester. The response to “How many months pregnant are you”
was used to create a variable indicating trimester (first, second, or third
3 months of pregnancy). < 1% of pregnant women were missing tri-
mester information (n = 125). For analysis of differential association by
pregnancy stage, we created a two-level variable, indicating early
(trimester 1) and middle/late (trimesters 2 and 3). Trimesters 2 and 3
were combined because outcome prevalence was similar, and to in-
crease power, particularly for binge drinking.

Past-year DSM-IV alcohol use disorders (dependence or abuse; AUD)
were diagnosed using DSM-IV definitions: dependence was positive if 3
or more dependence criteria were endorsed, and abuse was positive if 1
or more abuse criteria were endorsed in the absence of dependence. As
in previous studies (Grant et al., 2017; Dawson et al., 2015), re-
spondents positive for dependence or abuse were considered positive
for AUD, since AUD criteria reflect one underlying disorder (Hasin
et al., 2013; Shmulewitz et al., 2015).

Past-month substance use was queried for tobacco, marijuana, co-
caine, heroin, hallucinogens, methamphetamine, inhalants, and non-
medical use of prescription psychotherapeutics (opioid pain relievers,
stimulants, sedatives, and tranquilizers). We used 4 variables, in-
dicating past month use of tobacco, marijuana, cocaine, and any drug
(except alcohol or tobacco). Due to methodological changes in 2015,
the any drug use variable was pooled and analyzed from 2002 to 2014
and 2015 to 2017.

Past-year major depressive disorder (depression) was diagnosed
based on the DSM-IV criteria for a major depressive episode, requiring 5
or more of 9 symptoms to occur within a 2-week period, with at least 1
symptom being depressed mood or loss of interest or pleasure. The
depression variable was available since 2005.

2.3. Statistical analysis

All analyses were conducted using SUDAAN 11.0.1, using sample
weights to adjust for the complex survey design. Following procedures
used previously (Pacek et al., 2015; Carliner et al., 2017), sample
weights were divided by the number of concatenated datasets.

Prevalence of past-month drinking outcomes and sociodemographic
and clinical risk factors were calculated. Among all pregnant women,
for each outcome (alcohol use, binge drinking), one logistic regression
model was used to evaluate the association with the sociodemographic
risk factors (age, race/ethnicity, education level, income, and marital
status), also correcting for trimester and year. Similarly, for each out-
come, logistic regression was used to evaluate the association with each
of the clinical risk factors (trimester, past-month use of tobacco; mar-
ijuana; cocaine; any drug; past-year AUD; past-year depression), cor-
recting for the sociodemographic factors, trimester, and year. Results
are reported as adjusted odds ratios (aOR). To determine if association
differed by pregnancy stage, for each risk factor, the logistic regression
model was rerun with a term indicating interaction between the risk
factor and pregnancy stage. Where the interaction term was significant
(p-value < 0.05), association analyses were conducted by pregnancy
stage (early and middle/late). Analysis was carried out in data pooled
from 2002 to 2017 for any drinking and 2002 to 2014 for binge
drinking. For any drug use, data were pooled from 2002 to 2014; for
depression, data were pooled from 2005.

2.3.1. Exploratory analysis
We evaluated association of risk factors with the new definition of
binge drinking (=4 drinks per occasion), pooling data from 2015 to
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Table 1
Sample characteristics, pregnant women, ages 15-44, 2002-2017, NSDUH
(N = 13,488).

Characteristic n Prevalence of sample in each subgroup %
(SE)*
Sociodemographic variables
Age
15-17 823 2.8 (0.12)
18-20 2527 11.1 (0.34)
21-25 5922  25.2(0.49)
26-34 3420  47.4 (0.73)
35-44 796 13.6 (0.55)
Race
White 7421 58.1 (0.72)
Black 2157  14.1 (0.47)
Hispanic 2725 19.7 (0.58)
Other 1185 8.1 (0.43)
Education
< High school 3484 18.5 (0.40)
High school 4158 25.2 (0.52)
> High school 5846  56.3 (0.60)
Income
$0-$19,999 4210 23.3 (0.54)
$20,000-$49,999 5131 32.4 (0.65)
$50,000-$74,999 1972 17.4 (0.46)
=$75,000 2175 26.9 (0.65)
Marital status
Married 6378  60.5 (0.68)
Previously married 745 6.3 (0.34)
Never married 6365 33.2 (0.65)
Clinical variables
Trimester
First 4104  31.1 (0.69)
Second 4925 36.0 (0.67)
Third 4459  33.9 (0.69)
Past month substance use
Alcohol 1319 9.9 (0.41)
Binge drinking” 482 3.4 (0.21)
Tobacco 2871 16.0 (0.45)
Marijuana 810 4.2 (0.21)
Cocaine 45 0.3 (0.06)
Any drug”® 795 5.0 (0.26)
Past year disorder
Alcohol use disorder 969 5.8 (0.28)
Depression 829 6.6 (0.31)

@ Adjusted for complex survey design and weighted to represent prevalence
in the general population of pregnant women.

b Available through 2014 (n = 11,262).

¢ Use of marijuana, cocaine, heroin, hallucinogens, methamphetamine, in-
halants, or non-medical use of prescription psychotherapeutics (opioid pain
relievers, stimulants, sedatives, tranquilizers).

9 Available from 2005 (n = 10,787).

2017.

3. Results
3.1. Sample characteristics

Among pregnant women, over all years, the average prevalence of
past-month alcohol use was 9.9%, and 3.4% for past-month binge
drinking (Table 1). Among pregnant women, about three-quarters were
aged 21-34; about 60% were married and non-Hispanic White; about
half had income levels below $50,000 and greater than high school
education; about one-third were in each trimester; 16% used tobacco;
4% used marijuana; 0.3% used cocaine; 5% used any drug; 6% had an
AUD; and 7% had depression.

3.2. Any past-month drinking

3.2.1. Association with risk factors
Among all pregnant women, drinking risk was significantly
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Table 2
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Association of sociodemographic characteristics with any past-month drinking, NSDUH 2002-2017.

All pregnant women (n = 13,488)

Does association differ by pregnancy stage?®

Prevalence of drinking among the subgroup % (SE)"

0dds ratio (95% CI)" Wald Fgp, p-value

Age
15-17 13.0 (1.90)
18-20 8.4 (0.89)
21-25 9.1 (0.57)
26-34 9.8 (0.63)
35-44 11.9 (1.44)
Race
White 10.8 (0.50)
Black 11.4 (0.97)
Hispanic 7.0 (0.91)
Other 6.6 (1.26)
Education
< High school 8.0 (0.75)
High school 8.8 (0.73)
> High school 10.9 (0.62)
Income
$0-$19,999 8.8 (0.67)
$20,000-$49,999 8.8 (0.64)
$50,000-$74,999 9.9 (0.96)
>$75,000 12.0 (1.02)
Marital status
Married 8.2 (0.49)
Previously married 15.1 (1.74)
Never married 12.3 (0.82)

0.82(4), p = 0.52
1.53 (1.07, 2.19)
0.91 (0.76, 1.17)
Reference
1.09 (0.88, 1.35)
1.37 (0.99, 1.90)
0.14(3), p = 0.93
Reference
1.07 (0.85, 1.34)
0.61 (0.45, 0.82)
0.56 (0.36, 0.87)
0.56(), p = 0.57
Reference
1.13 (0.86, 1.48)
1.44 (1.11, 1.88)
0.09¢3), p = 0.97
0.69 (0.52, 0.91)
0.70 (0.52, 0.93)
0.80 (0.60, 1.06)
Reference
2.96(2), p = 0.06
Reference
2.09 (1.52, 2.85)
1.62 (1.30, 2.01)

@ Differential association was indicated by significant interaction between the risk factor and pregnancy stage (early [trimester 1] vs. middle/late [trimesters 2 and
3]) in logistic regression. Since no interaction was significant (all p-values > 0.05), results are not shown stratified by pregnancy stage.
b Adjusted for trimester, age, race/ethnicity, education, income, marital status, and year.

associated with age, race/ethnicity, education, income, marital status
(Table 2), and the clinical factors (Table 3). Lower risk was observed in
Hispanics (aOR = 0.6) and Other race/ethnicity (aOR = 0.6) as com-
pared to Whites, the lowest two income groups as compared to the
highest (aORs = 0.7), and among those in trimester 2 (aOR = 0.3) and
trimester 3 (aOR = 0.2) as compared to trimester 1. Higher risk was
observed in ages 15-17 as compared to ages 21-25 (aOR = 1.5), those
with greater than high school education as compared to less than high
school (aOR = 1.4), those previously (aOR = 2.1) and never
(aOR = 1.6) married as compared to currently married, and among
those with AUD (aOR = 4.5), depression (aOR = 1.6), and substance
use: tobacco (aOR =2.9), marijuana (aOR =7.1), cocaine
(aOR = 13.4), and any drug (aOR = 6.6).

3.2.2. Differences by pregnancy stage

Differences in association by pregnancy stage were observed for
marijuana use (interaction p-value = 0.035), with stronger association
in middle/late pregnancy (aOR = 11.5) than early pregnancy
(aOR = 5.3) (Table 3).

3.3. Past-month binge drinking

3.3.1. Association with risk factors

Among all pregnant women, risk for binge drinking was sig-
nificantly associated with race/ethnicity, marital status (Table 4), and
the clinical factors (Table 5). Lower risk was observed in Hispanics as
compared to Whites (aOR = 0.6), and in trimester 2 (aOR = 0.2) and
trimester 3 (aOR = 0.1) as compared to trimester 1. Higher risk was
observed in previously (aOR = 3.2) or never (aOR = 2.3) married as
compared to currently married, and among those with AUD
(aOR = 7.5), depression (aOR = 1.6), and substance use: tobacco
(aOR = 5.1), marijuana (aOR = 6.5), cocaine (aOR = 25.9), and any
drug (aOR = 7.5).

3.3.2. Differences by pregnancy stage
Differences in association by pregnancy stage were observed for age
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(interaction p-value = 0.014), race/ethnicity (interaction p = 0.001),
education (interaction p = 0.014), and income (interaction p = 0.013),
with significant association observed in one stage but not the other
(Table 4). In early pregnancy, lower risk was observed in ages 35-44
(aOR = 0.4) as compared to ages 21-25. In middle/late pregnancy,
lower risk was observed in Other race/ethnicity (aOR = 0.3) as com-
pared to Whites, and in those with greater than high school education
(aOR = 0.3) as compared to less than high school. Higher risk was
observed in Blacks (aOR = 3.3) as compared to Whites, and in the
lower two income groups (aORs 3.9, 3.5) as compared to the highest
group.

3.3.3. Exploratory association

Using the =4 threshold for binge drinking, pooling data from 2015
to 2017 showed results that were similar to the main results: higher risk
was associated with not being married, AUD, depression, and past-
month tobacco, marijuana, or any drug use; lower risk was associated
with trimester; and risk was not associated with age or education
(Supplemental Table 1). Differences were that lower risk was associated
with lower income, and the association with Hispanics was not sig-
nificant. Further, while the prevalence of binge drinking was expected
to increase with a lower threshold, ages 21-25 and the highest income
group show a relatively greater increase than other groups.

4. Discussion

This is the first study to evaluate sociodemographic and clinical risk
factors for drinking during pregnancy, overall and by pregnancy stage,
using 16 years of general U.S. population data. Findings provide im-
portant information to health practitioners and policy makers. Factors
associated with higher risk of any use or binge drinking were early
pregnancy, other substance use, AUD, depression, and being unmarried.
For any drinking, higher risk was associated with higher socioeconomic
status and adolescence. For binge drinking, in early pregnancy, lower
risk was associated with ages 35-44, while in middle/late pregnancy,
higher risk was associated with lower socioeconomic status and Black
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Table 5
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Association of clinical variables with past-month binge drinking, NSDUH, 2002-2014.

Pregnant women n = 11,262

Does association differ by pregnancy stage?®

Prevalence of binge drinking among the subgroup %" (SE)

0dds ratio” (95% CI) Wald Fqp, p-value

Trimester
First 7.7 (0.56)
Second 1.8 (0.24)
Third 0.9 (0.28)
Past year disorder
Alcohol use disorder
Yes 13.8 (1.66)
No 2.4 (0.19)
Depression®
Yes 4.6 (0.87)
No 3.0 (0.24)
Past month substance use
Tobacco
Yes 8.6 (0.89)
No 1.9 (0.20)
Marijuana
Yes 13.4 (1.50)
No 2.6 (0.21)
Cocaine?
Yes 42.8 (11.07)
No 3.4 (0.22)
Any drug®
Yes 14.1 (1.49)
No 2.4 (0.21)

Reference
0.21 (0.16, 0.28)
0.10 (0.05, 0.21)

0.06(1), p = 0.81
7.50 (5.39, 10.43)
Reference

0.301), p = 0.59
1.60 (1.04, 2.48)
Reference

1.154), p = 0.29
5.11 (3.71, 7.05)
Reference

1.06(1y, p = 0.31
6.53 (4.78, 8.91)
Reference

Not available
25.85 (9.67, 66.12)
Reference

0.6001, p = 0.44
7.54 (5.52, 10.29)
Reference

@ Differential association was indicated by significant interaction between the risk factor and pregnancy stage in logistic regression. Since no interaction was

significant (p > 0.05), results are not shown stratified by pregnancy stage.

b Adjusted for age, race/ethnicity, education, income, marital status, trimester, and year.
¢ For depression, n = 8561 because this variable was not available for 2002-2004.

4 Not adjusted for trimester due to lack of convergence.

¢ Use of marijuana, cocaine, heroin, hallucinogens, methamphetamine, inhalants, or non-medical use of prescription psychotherapeutics (opioid pain relievers,

stimulants, sedatives, or tranquilizers).

race/ethnicity.

Similar to previous studies (Oh et al., 2017; Havens et al., 2009;
Muhuri and Gfroerer, 2009; Brown et al., 2016), the highest risk was
observed in trimester 1, when alcohol use, especially binge drinking,
can cause significant damage (Floyd et al., 2008; Centers for Disease
Control and Prevention, n.d.). Women may drink before pregnancy
recognition, since most women are not aware of pregnancy before
4-6 weeks (Floyd et al., 2008; Centers for Disease Control and
Prevention, n.d.). Even after realizing they are pregnant, some women
may need time to reduce or quit drinking, while others may not get
early prenatal care or be fully aware of the dangers of prenatal alcohol
exposure. Reducing drinking in all women of reproductive age could
limit alcohol exposure in early pregnancy, but increases in drinking
have been observed in these women (Slater et al., 2015; White et al.,
2015). Although abstinence is recommended for women who may be-
come pregnant, these recommendations are often viewed as patronizing
and paternalistic (Seiler, 2016; Warren, 2015), and expecting young
adult women to never drink may be unrealistic. Rather, the standard of
care for reproductive age women should include pre-pregnancy health
counseling to discuss the harms of alcohol exposure and how to rea-
listically prevent or reduce such exposure (Moyer et al., 2013). Ad-
ditionally, for women who want to avoid pregnancy, having reliable,
accessible, and affordable contraception could prevent alcohol ex-
posure early in unintended pregnancies.

Clinical factors were consistently associated with any use and binge
drinking during pregnancy, suggesting that health care professionals
should focus on the issue of drinking during pregnancy with these at-
risk women and motivate change as needed. Women with alcohol use
disorders showed higher risk, similar to previous studies (Alshaarawy
et al.,, 2016; Ethen et al.,, 2009; Harrison and Sidebottom, 2009;
Meschke et al., 2008; Leonardson et al., 2007); these women may ex-
pose their fetuses to higher doses of alcohol, and might have difficulty
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cutting down or quitting drinking, warranting specialized treatment.
Increased risk was observed in women using other substances (e.g.,
tobacco, marijuana, cocaine), consistent with evidence of poly-
substance use among pregnant women in treatment for alcohol use
(Washio et al., 2017). These pregnancies may pose particularly high
prenatal risk, since other substances can also cause significant fetal
damage (Behnke and Smith, 2013). Yet, pregnant women may refrain
from discussing alcohol and drug use with their health providers, due to
stigma related to use or fear of punitive measures, such as mandatory
reporting of use to law enforcement agencies (Seiler, 2016; Drabble
et al., 2014). Health care providers should conduct these discussions in
a respectful manner. Further, policy makers should construct laws re-
garding substance use during pregnancy that protect both the mother
and baby, such as priority access to treatment, rather than punish the
mother (Seiler, 2016).

Analysis of sociodemographic risk factors identified effects common
for any use and binge drinking among all pregnant women, and showed
unique effects for binge drinking by pregnancy stage. Marital status
showed robust effects, with higher risk of any use and binge drinking
among unmarried pregnant women, as in previous studies (Centers for
Disease Control and Prevention, 2009; Zhao et al., 2012; Centers for
Disease Control and Prevention, 2012; Tan et al., 2015; Centers for
Disease Control and Prevention, 2002; Meschke et al.,, 2008;
Leonardson et al., 2007). This could be due to the lack of social support
engendered by marriage, suggesting that health care providers seeing
unmarried pregnant women should discuss the challenges of coping
with pregnancy and help them build support networks. For binge
drinking, in early pregnancy, women ages 35-44 showed lower risk,
similar to effects observed in non-pregnant (Centers for Disease Control
and Prevention, 2009; Centers for Disease Control and Prevention,
2012; Tan et al., 2015) and all women (White et al., 2015), suggesting
that risk in early pregnancy is somewhat similar to non-pregnancy. In
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middle/late pregnancy, higher risk was found in Black women and
women with lower socioeconomic status. These women may be less
likely to get adequate prenatal care (Melnikow and Alemagno, 1993;
Gadson et al., 2017), perhaps due to perceived discrimination, inability
to access providers who take public insurance, and difficulties with
transportation (Gadson et al., 2017; Roman et al., 2017; De Marco et al.,
2008; Slaughter-Acey et al., 2013). Home-visiting programs may par-
tially solve those problems and improve prenatal care among vulner-
able sub-populations (Gadson et al., 2017; Adler et al., 2017). Ad-
ditionally, low-income women may be less aware of the risks of
drinking during pregnancy (Dufour et al., 1994) and have insufficient
resources to cope with pregnancy. Health care providers should inform
pregnant women about assistance programs, e.g., the Women, Infants,
and Children (WIC) nutrition program, which provides supplemental
food and counseling to low-income pregnant women, potentially re-
ducing stress and drinking to cope with stress (Adler et al., 2017).
Conversely, risk for any drinking was increased in all pregnant women
with higher socioeconomic status, similar to previous studies (Centers
for Disease Control and Prevention, 2009; Zhao et al., 2012; Centers for
Disease Control and Prevention, 2012; Tan et al., 2015; Centers for
Disease Control and Prevention, 2002), consistent with effects among
all women (Centers for Disease Control and Prevention, 2009; Centers
for Disease Control and Prevention, 2012; Tan et al., 2015; White et al.,
2015). This may be due to changing social norms, leading to more
permissive attitudes towards drinking among such women (Keyes et al.,
2011). Additional studies should identify mechanisms driving the as-
sociations and the different effects for any drinking and binge drinking,
and replicate differential effects by pregnancy stage.

5. Limitations

Study limitations are noted. First, pregnancy status was based on
self-report, so women who were unaware of their pregnancy were de-
signated as non-pregnant. Information on alcohol and drug use was self-
reported, so there could be under-reporting of less socially-acceptable
behaviors. To mitigate this possibility, NSDUH uses self-administered
interviewing, which increases perception of confidentiality and en-
courages honest answers, and the substance use modules precede the
pregnancy questions. Second, drinking was assessed over the past
30 days, which does not capture drinking across the entire pregnancy or
the frequency of drinking. Third, while it may be informative to assess
pregnancy stage continuously (by month), those data were not avail-
able in the publicly downloadable NSDUH datasets. Fourth, in these
cross-sectional data, the direction of effect cannot be determined. Fifth,
data was pooled across years to increase power for outcomes with low
prevalence, which may mask relationships that change over time.
Studies using datasets enriched for coverage of drinking during preg-
nancy should assess whether the predictors of drinking remain con-
sistent over time. Sixth, until 2015, binge drinking was defined as =5
drinks per occasion, higher than the recommended threshold of =4
drinks (National Institutes of Health, 2004), and the data were not
available to apply the =4 threshold. Exploratory analysis from 2015 to
2017, when the =4 definition was used, suggested that most results
were robust to the threshold change (i.e., association was observed for
clinical risk factors and marital status), but ages 21-25 and higher in-
come showed relatively greater increased prevalence than other groups.
Further studies should determine if those differences are due to the
threshold change or to changes over time (before and after 2015).

6. Conclusion

Alcohol exposure during pregnancy, particularly binge drinking,
can cause a wide range of negative consequences in many areas: phy-
sical, psychological, neurodevelopmental, intellectual, and behavioral
(Behnke and Smith, 2013). While fetal alcohol exposure and correlated
negative outcomes are preventable, some pregnant women do drink;
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interventions are therefore needed to reduce drinking (Waterman et al.,
2013). Health care providers should screen all women of reproductive
age for alcohol use, inform them of the potential harms due to prenatal
alcohol use, and discuss ways to limit fetal exposure (Moyer et al.,
2013), either by limiting drinking (for women who could become
pregnant) or with contraception (for women who want to avoid preg-
nancy). For women with problematic alcohol or other substance use, or
other psychiatric disorders, health care providers should specifically
address the possibility of pregnancy and the dangers of prenatal sub-
stance exposure. During pregnancy, health care providers should ad-
dress alcohol use in a respectful, non-punitive manner, and encourage
women to get appropriate treatment. Specific attention should be paid
to women who may lack resources or social support to cope with
pregnancy, such as adolescents, unmarried women, or those with lower
socioeconomic status. Together these interventions may accomplish the
important public health goals of ensuring healthy mothers and children.
Supplementary data to this article can be found online at https://
doi.org/10.1016/j.ypmed.2019.04.027.
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