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Pregnancy
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Hitsman, PhD, and Karestan C. Koenen, PhD

We investigated the relative im-
portance of sociodemographic fac-
tors and psychiatric disorders for
smoking among 453 pregnant women
in the National Epidemiological Sur-
vey on Alcohol and Related Condi-
tions. Women with less than a high
school education and those with cur-
rent-year nicotine dependence had
the highest risk of smoking (90.5%),
compared with women with a college
degree and without nicotine depen-
dence (3.9%). More effective and ac-
cessible interventions for nicotine
dependence among pregnant smok-
ers are needed. (Am J Public Health.
2008;98:448–453. doi:10.2105/AJPH.
2006.102772)

Maternal smoking during pregnancy increases
the risk of birth complications1–3 and has long-
term developmental consequences for child
development, including deficits in general
intelligence, academic skills, and cognitive



March 2008, Vol 98, No. 3 | American Journal of Public Health Gilman et al. | Peer Reviewed | Research and Practice | 449

 RESEARCH AND PRACTICE 

functioning.4–7 As social inequalities in smok-
ing have increased over time,8,9 maternal
smoking during pregnancy has become con-
centrated among women with lower levels of
education (e.g., more than 20% among
women without a high school degree).10–14 In
part, the relationship between education and
continued smoking is attributable to nicotine
dependence, which remains the most promi-
nent obstacle to smoking cessation15–19 and
is associated with lower education.20

Smoking during pregnancy may also be re-
lated to worse maternal mental health.21–25

However, this evidence is not entirely consis-
tent26–28 and is based predominantly on clini-
cal samples with above-average rates of psy-
chopathology. In the general population,
mood, anxiety, and substance-use disorders
predict smoking initiation and persist-
ence,29,30 which suggests that treatment of
maternal mental disorders (e.g., antidepres-
sant pharmacotherapy or cognitive behavioral
mood management) may promote smoking
cessation and reduce fetal exposure to to-
bacco.24,25,31 However, whether the focus
of treatment should be on aspects of smoking
behavior; symptoms of nicotine depen-
dence32–34; symptoms of concomitant mood,
anxiety, or substance disorders; or a combina-
tion of these remains unresolved. We exam-
ined the independent associations of educa-
tional attainment, nicotine dependence, and
common psychiatric disorders with maternal
smoking during pregnancy.

METHODS

We used data from the National Epidemio-
logical Survey on Alcohol and Related Condi-
tions (NESARC; available at http://niaaa.
census.gov), a representative household sur-
vey of the US population fielded in 2001 and
2002 by the National Institute on Alcohol
Abuse and Alcoholism.35 The final response
rate was 81.2%, which resulted in a sample
size of 43093 participants. Sampling weights
adjusted for selection and response probabili-
ties.35,36 Our study included 453 female
NESARC participants aged 18 to 50 years
who were pregnant at the time of interview.

Smoking during pregnancy was coded
positive if participants reported having
smoked cigarettes during the 24 hours that

preceded the interview. Socioeconomic and
demographic factors included in the analyses
were tertiles of age, self-reported race/ethnicity,
educational attainment, marital status, em-
ployment status, and family income. Psychiat-
ric disorders were assessed with the Alcohol
Use Disorder and Associated Disabilities In-
terview Schedule-IV,37 a structured interview
that yields Diagnostic and Statistical Manual of
Mental Disorders, Revised Fourth Edition, diag-
noses of psychopathology.38–40 We analyzed
2 classes of psychopathology: current-year
mood or anxiety disorders (major depression,
dysthymia, bipolar disorder, panic disorder,
social phobia, specific phobia, generalized
anxiety disorder) and current-year substance-
use disorders (alcohol or drug abuse and 
dependence). We also investigated 2 aspects
of smoking history that have previously been
associated with maternal smoking during
pregnancy: onset of daily smoking by age 14
years41 and heavy smoking, defined as smok-
ing at least 1 pack of cigarettes per day in the
year preceding the interview.42

We used Poisson regression with robust
error variance to obtain prevalence ratios for
smoking during pregnancy, which indicated
the relative increase or decrease in the proba-
bility of smoking compared with the refer-
ence level of each covariate.43,44 We esti-
mated 4 models: 1 for socioeconomic and
demographic covariates, 1 that added indica-
tors of psychiatric disorders, and 2 models
that added nicotine dependence and partici-
pants’ smoking history. The third model was
estimated among participants who reported
a lifetime history of daily smoking, and the
fourth model was estimated among partici-
pants who smoked in the 12 months prior
to the interview. Analyses were conducted
with the LOGLINK procedure in SUDAAN
(Research Triangle Institute, Research Trian-
gle Park, NC). Unweighted sample sizes are
presented along with corresponding weighted
percentages.

RESULTS

Characteristics of the 453 pregnant
women in the NESARC are presented in the
first column of Table 1; 12.3% (n=50) re-
ported smoking within the previous 24
hours. The second column in Table 1 shows

the prevalence of smoking for each category
of risk factors. Smoking was more prevalent
among participants with a less than high-
school education, Whites and Blacks com-
pared with other racial/ethnic groups, and
those who were unmarried, unemployed,
and had lower household income. Smoking
was also more likely among women who met
diagnostic criteria for a current-year mood
or anxiety disorder, current-year alcohol or
substance use disorder, and current-year
nicotine dependence. Among lifetime daily
smokers, the prevalence of smoking during
pregnancy was markedly higher among indi-
viduals with current-year nicotine depen-
dence, early smoking onset, and heavy 
cigarette consumption.

When analyzed together, only race/ethnicity,
a less than high school education, and marital
status were significantly associated with smok-
ing (model 1). The strongest effect was for
educational attainment: compared with those
who had some college education or more, the
risk of smoking was 7.87 times higher (95%
confidence interval [CI]=3.20, 19.38) among
women with a less than high school education
and 2.80 times higher (95% CI=1.07, 7.36)
among women with a general equivalency
diploma or high school degree.

When psychiatric and substance-use disor-
ders were added to the model (model 2), the
following risk factors were significantly associ-
ated with smoking during pregnancy: educa-
tion (less than high school and general equiv-
alency diploma or high school compared with
some college), race/ethnicity (other compared
with White), marital status (unmarried), and a
current-year alcohol or substance disorder.
Notably, there was no significant association
between mood or anxiety disorders and
smoking during pregnancy. The next regres-
sion model was estimated among the 122
NESARC participants who were or had been
daily smokers (model 3). In this analysis, less
than high school education, current-year nico-
tine dependence, and a history of early onset
smoking were associated with elevated risks
of smoking during pregnancy. In the final re-
gression model (model 4), the sample was fur-
ther restricted to participants who smoked in
the 12 months prior to interview (n=92);
this restriction was done to isolate the risk of
continued smoking into pregnancy. Prevalence
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TABLE 1—Risk Factors for Maternal Smoking During Pregnancy: National Epidemiologic Survey 
on Alcohol and Related Conditions, 2001–2002

Regression Analyses of Smoking During Pregnancya

Sample Distribution,b Prevalence of Smoking Model 1, Model 2, Model 3,d Model 4,e

% (No.)c DuringPregnancy, % (No.)c PR (95% CI) PR (95% CI) PR (95% CI) PR (95% CI)

Demographic factors

Age, y

18–23 28.1 (131) 16.7 (20) 0.86 (0.31, 2.38) 0.80 (0.28, 2.30) 1.16 (0.63, 2.16) 1.14 (0.62, 2.11)

24–30 39.6 (172) 15.1 (20) 1.64 (0.74, 3.66) 1.47 (0.66, 3.30) 1.64 (0.98, 2.75) 1.54 (0.92, 2.57)

≥ 31 (Reference) 32.2 (150) 5.2 (10) 1.00 1.00 1.00 1.00

Race/ethnicity

Black 14.3 (93) 15.6 (13) 0.52 (0.28, 0.96) 0.58 (0.32, 1.05) 1.26 (0.82, 1.95) 1.27 (0.86, 1.89)

Other 26.3 (154) 2.4 (4) 0.11 (0.03, 0.38) 0.12 (0.03, 0.42) 0.46 (0.14, 1.52) 0.48 (0.15, 1.55)

White (Reference) 59.4 (206) 16.0 (33) 1.00 1.00 1.00 1.00

Educational attainment

Less than high school 15.4 (82) 36.0 (18) 7.87 (3.20, 19.38) 8.67 (3.45, 21.81) 2.16 (1.25, 3.73) 1.99 (1.22, 3.25)

GED or high school degree 29.1 (139) 15.2 (22) 2.80 (1.07, 7.36) 2.93 (1.14, 7.52) 1.17 (0.69, 1.96) 1.13 (0.68, 1.90)

Some college or more (Reference) 55.5 (232) 4.3 (10) 1.00 1.00 1.00 1.00

Marital status

Not married 18.8 (117) 29.8 (27) 2.52 (1.43, 4.45) 2.28 (1.32, 3.95) 1.46 (0.95, 2.24) 1.36 (0.94, 1.96)

Married (Reference) 81.2 (336) 8.3 (23) 1.00 1.00 1.00 1.00

Employment status

Unemployed, student, not in labor force 5.1 (22) 39.3 (7) 0.95 (0.55, 1.65) 0.93 (0.52, 1.67) 0.77 (0.51, 1.16) 0.79 (0.54, 1.15)

Employed (Reference) 94.9 (431) 10.9 (43) 1.00 1.00 1.00 1.00

Household income 

< 150% of the US poverty level 31.6 (153) 18.7 (28) 1.91 (0.92, 3.93) 1.84 (0.93, 3.65) 1.28 (0.90, 1.83) 1.27 (0.92, 1.76)

< Median income ($40 000) 23.3 (117) 13.4 (12) 1.45 (0.61, 3.42) 1.27 (0.52, 3.11) 1.11 (0.66, 1.87) 1.11 (0.67, 1.85)

≥ Median income ($40 000) (Reference) 45.2 (183) 7.4 (10) 1.00 1.00 1.00 1.00

Psychiatric and substance disorders

Mood or anxiety disorder (current year)

Yes 18.0 (89) 22.1 (16) 1.18 (0.67, 2.06) 0.67 (0.41, 1.07) 0.69 (0.43, 1.10)

No (Reference) 82.0 (364) 10.2 (34) 1.00 1.00 1.00

Alcohol or substance disorder (current year)

Yes 3.7 (17) 42.1 (7) 2.74 (1.32, 5.69) 0.98 (0.65, 1.47) 0.98 (0.66, 1.46)

No (Reference) 96.3 (436) 11.2 (43) 1.00 1.00 1.00

Nicotine dependence (current year)

Yes 4.68 (1.96, 11.16) 2.63 (1.25, 5.54)

No (Reference) 1.00 1.00

Smoking history (among lifetime daily smokers)

Onset of daily smoking by age 14 years

Yes NA 71.0 (17) 1.51 (0.99, 2.30) 1.62 (1.06, 2.46)

No (Reference) NA 40.0 (32) 1.00 1.00

Smoke ≥ 1 pack/day (current year)

Yes NA 64.3 (21) 1.00 (0.65, 1.52) 0.93 (0.63, 1.37)

No (Reference) NA 32.2 (28) 1.00 1.00

Notes. PR =prevalence ratio; CI = confidence interval; GED = general equivalency diploma; NA = not applicable.
aResults from Poisson regression models. Regression coefficients, when exponentiated, are interpreted as prevalence ratios.
bSample of 453 pregnant women; number who smoked today = 50 (weighted percent = 12.3).
cWeighted percentages and actual sample sizes are given.
dEstimated among the sample of 122 lifetime daily smokers.
eEstimated among the sample of 92 current-year smokers.
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Note. Among 122 lifetime daily smokers.

FIGURE 1—Women who smoked during pregnancy, by nicotine dependence and educational
attainment: National Epidemiologic Survey on Alcohol and Related Conditions, 2001–2002.

ratios were 1.99 for less than high school ed-
ucation, 2.63 for nicotine dependence, and
1.62 for early onset smoking.

The combined influences of education and
nicotine dependence on maternal smoking
during pregnancy among lifetime daily smok-
ers are illustrated in Figure 1. Despite the
relatively small number of participants in
each category, the graph demonstrates a
marked gradient in risk for smoking during
pregnancy among those with less than a high
school education as well as nicotine depen-
dence in the current year (90.5%) compared

with individuals with some college education
and without nicotine dependence (3.9%).

DISCUSSION

Our major findings were that less than high
school educational attainment and current-
year nicotine dependence were significant pre-
dictors of smoking during pregnancy. Mood,
anxiety, and other substance-use disorders
were not related to maternal smoking during
pregnancy when education and nicotine de-
pendence were accounted for, nor were other

aspects of socioeconomic status. Consistent
with prior studies, we found that early onset
of daily smoking was also related to smoking
during pregnancy.41 The higher likelihood of
smoking among individuals with lower educa-
tion compared with those with higher levels
of education is consistent with a large body of
evidence on inequalities in smoking as well as
with research showing that women with lower
educational attainment are less likely to quit
when they become pregnant than women
with higher levels of education.12,28,45,46

Women with lower levels of education may
have limited access to smoking cessation pro-
grams, and the programs available to them
may be less effective.47,48 Lower educational
attainment is also associated with younger
age at smoking initiation49,50; cessation may
therefore be more difficult to achieve because
of a longer duration of smoking history and
more severe nicotine dependence.51–53

Our results suggest that nicotine depen-
dence may be the most important mental
health barrier to smoking cessation among
pregnant women. The association between
maternal smoking during pregnancy and
mental health problems was attributable en-
tirely to nicotine dependence. The absence
of a significant association between mood or
anxiety disorders and smoking during preg-
nancy would appear to contradict prior
studies that reported such an association,
particularly with depression.22–24,54–57 How-
ever, few of these prior studies included a
measure of nicotine dependence. The find-
ings of those that did26,27 are consistent with
our findings. Nicotine dependence is highly
correlated with depression in epidemiologi-
cal samples, including the NESARC29 and
National Comorbidity Survey,30 and may
explain the depression–smoking relationship
found in prior studies. However, because
our study was cross-sectional, the temporal
relationships among depression, nicotine
dependence, and smoking could not be
established.

Limitations of this study include the ab-
sence of data on number of weeks gestation
and the 24-hour definition of smoking dur-
ing pregnancy as opposed to an assessment
that covered the entire period of gestation.
However, results were identical when smok-
ing in the month prior to the interview was
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used as the definition (data not shown);
this time period likely precedes knowledge
of pregnancy status for some women. The
use of self-reports of smoking may have
led to an underestimation of smoking.
However, the rate of maternal smoking
during pregnancy in the NESARC was
comparable to that observed in other na-
tional studies.10,11,13,58,59 In addition, self-re-
ported smoking is highly concordant with
smoking status determined by salivary coti-
nine among pregnant women.60

Smoking cessation programs that target
nicotine dependence have demonstrated effi-
cacy among pregnant women.61,62 In addition
to intensive psychosocial interventions, nico-
tine replacement therapy is advocated for use
among pregnant smokers,63 as are other
pharmacologic therapies.33,64 Pharmacother-
apy that uses the lowest effective doses possi-
ble (especially for nicotine-replacement ther-
apy) should be considered for pregnant
women unable to quit through intensive psy-
chosocial interventions, particularly if the
benefits of potential quitting outweigh the
risks of pharmacotherapy.18 Improvement in
access to and effectiveness of cessation treat-
ments for pregnant smokers may bring about
reductions in in-utero exposure to cigarettes
among infants of low socioeconomic status.
More broadly, efforts to prevent the develop-
ment of nicotine dependence, particularly
among individuals with lower levels of edu-
cation, are needed to reduce inequalities in
tobacco-related diseases.49
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