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Abstract
Although African Americans (AA) smoke fewer average cigarettes per day (CPD) than European
Americans (EA), they carry a disproportionate tobacco related morbidity and mortality burden.

Objective—To evaluate ethnic differences in markers of nicotine addiction, including rates of
lifetime nicotine dependence (ND) symptoms, current smoking and smoking during pregnancy
across different levels of peak lifetime cigarette consumption.

Methods—Data from 237 EA (N=118) and AA (N=119) mothers participating in the Missouri
Family Study (2003-2005), an ethnically diverse family study of offspring outcomes in high and low
risk families, were used to contrast prevalence of ND symptoms and other smoking behaviors
between EA and AA women at low (1-10 CPD), moderate (11-19 CPD), and high (≥ 20 CPD) levels
of lifetime peak daily cigarette consumption.

Results—Compared with EA smokers, AAs had lower lifetime prevalence of DSM-IV ND (68%
v. 54%, p<.05), consumed fewer CPD during their heaviest lifetime consumption (18% EA v. 58%
AA smoked ≤ 10 CPD, p<.0001), but did not differ in overall rates of smoking during pregnancy or
current smoking. However, stratifying by categories of peak lifetime daily cigarette use, AA mothers
who smoked ≤ 10 CPD reported greater lifetime ND symptoms and current smoking than their EA
counterparts. In addition, nearly two-thirds of AA mothers in this smoking category smoked during
pregnancy and 30% smoked throughout an entire pregnancy. The respective prevalence estimates in
EA mothers were 38% and 0%.

Conclusions—Stratifying the sample into categories of lifetime peak daily cigarette use revealed
significant ethnic/racial differences in smoking prevalence during pregnancy that were obscured in
overall analysis. Substantial public health risks warranting clinical attention exist among light
smokers, particularly AA women.
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Introduction
Historically, the majority of cigarette-smoking behavior research and tobacco-control efforts
has focused on non-Hispanic white heavy smokers to the exclusion of minority and “light”
smokers (defined here—and consistent with other literature—as smoking ≤ 10 cigarettes per
day; CPD).1, 2 However, research in low-quantity (or “light,” as the term is used here) smoking
populations, including adolescents, women, and ethnic minorities, has documented substantial
prevalence of nicotine dependence (ND) symptoms.3-6 Additionally, “non-dependent” and
light smokers remain at risk for ND symptomatology and smoking-related health
consequences, indicating these groups, despite being clinically understudied, have significant
public health relevance.

Despite higher rates of light smoking (average ≤ 10 CPD) and later onset of smoking initiation,
African American (AA) men and women suffer greater smoking-related morbidity and
mortality than other US ethnic groups.7, 8 Suggested reasons for these health disparities include
preference for high-tar/nicotine and mentholated cigarettes, deeper tobacco inhalation, and
slower nicotine metabolism in AA smokers compared with other ethnic groups.9-12 There may
also be a failure by healthcare professionals to identify light smoking as a serious problem.
Supporting this idea, researchers found light smokers verbalize high levels of motivation to
quit, yet are less likely than heavy smokers to be asked by physicians about smoking or referred
for cessation programs.13-15 This practice would disproportionately affect AA smokers.

Another group with high prevalence of light smoking and particular vulnerability to smoking’s
negative health consequences include female smokers of childbearing age.16 Even with
substantial public health efforts to educate women about the hazards to them and their offspring
of smoking during pregnancy,17-22 over 11% of all women giving birth continue to smoke.16

Cigarette smoking is considered the largest modifiable risk factor for perinatal morbidity and
mortality in the US and other developed countries and most clinicians agree that continued
smoking during pregnancy may demonstrate greater dependence severity.1, 23, 24 The degree
to which smoking during pregnancy is captured by ND definitions as a marker of addiction,
however, may not be consistent across ethnic groups or cigarette consumption. For instance,
AA and European American (EA) low-income pregnant smokers report comparable quit rates
despite AA women having shorter smoking duration, lower smoking quantities, and less ND
as measured by the Fagerström Test on Nicotine Dependence (FTND)25 compared to EA.26

The FTND, relying in part on quantity smoked, may underestimate ND in AA, calling into
question the validity of ND measurements among light smokers and minorities.5 Thus, the
extent to which current ND constructs, including DSM-IV diagnosis, adequately assess
problematic cigarette use in light smokers or across racial/ethnic groups remains unclear.

Our aim in this population-based study, designed specifically to be informative about
differences between AA and EA families, was to examine covariation of smoking-related
problems, including ND symptoms and smoking during pregnancy, across different levels of
peak daily cigarette consumption with particular focus on light smokers, and the degree to
which this pattern might differ between AA and EA women.

Methods
Study design

The Missouri Family Study (MOFAM) is a longitudinal general population ethnically diverse
family study of offspring outcomes in low risk and high risk families classified based on the
absence or presence, respectively, of paternal alcohol problems, variously defined by maternal
report or record evidence of DUI’s. State birth record data were used to select families with an
index child born in birth years to be aged 13, 15, 17 or 19 at the baseline interview, plus at least
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one other child born to the same parents. Telephone screening interview with mothers
confirmed the offspring were full siblings and determined the family’s risk status. Between
2003 and 2005, 79% of mothers contacted were successfully screened and of these, 71% of
families who were invited to participate were enrolled. Risk status was not associated with rate
of participation. AA families were oversampled.

To date, 472 families have been enrolled in MOFAM: 217 EA families (66 low risk and 151
high risk) and 255 AA families (126 low risk and 129 high risk). Recruitment is ongoing with
a total goal of 750 families. This report is a secondary analysis of data currently collected. This
study was approved by the Washington University School of Medicine HRPO and informed
consent was obtained from all participants. Only data from mothers were analyzed for this
report.

Sample
Of the 472 mothers, 1 was excluded due to incomplete data, 105 had never tried cigarettes, and
129 did not meet the conventional definition of smoker27 of having smoked 100 or more
cigarettes across the lifetime, leaving data from 237 (118 EA, 86.4% from high risk families;
119 AA, 56.3% from high risk families) mothers for analysis.

Study assessments
Each mother was administered a comprehensive structured diagnostic interview adapted for
telephone use from the Semi-Structured Assessment of the Genetics of Alcoholism (SSAGA).
28, 29

Questions about smoking behaviors during pregnancy were derived from the perinatal section
of the parent version of the Child-SSAGA based on the Diagnostic Interview for Children and
Adolescents (DICA).30, 31 Smoking behaviors during pregnancy were obtained independent
of the smoking section.

Measurements and variables
ND was defined using the two most common operationalizations: (1) diagnostic lifetime DSM-
IV dependence defined as reporting at least 3 of 7 dependence symptoms clustering together
within any 12-month period; and (2) a modification of the Heaviness of Smoking Index (HSI),
32 a 2-item subscale of the FTND that measures time in minutes to first cigarette after
awakening (≤ 5, 6-30, 31-60, > 60 minutes) and the quantity of cigarettes smoked per day (CPD
1-5, 6-10, 11-19, ≥ 20; this CPD measure was modified from original HSI to allow greater
characterization of low-level smokers) during the heaviest lifetime smoking period. Tolerance,
one of 7 DSM-IV criteria, was operationalized as either smoking 20+ cigarettes daily in lifetime
or reporting a need to smoke more or stronger types to feel satisfied. Individuals met the
tolerance criterion by endorsing either. Other smoking behaviors associated with risk for
persistence in the smoking habit and with difficulty quitting smoking included: (1) lifetime
daily smoking, defined as smoking “every day”; and (2) current smoking, defined as any
smoking in the past month.

We investigated smoking behaviors during each pregnancy (up to 3). “Any smoking in
pregnancy” was defined as reporting ever smoking in any pregnancy, including before
knowledge of the pregnancy (N=178; 75.1% of smokers). A mother also reported during which
trimester(s) she smoked. Nested within the “any smoking” group, a mother who reported
smoking throughout all 3 trimesters of any pregnancy (N=108; 60.7% reporting “any
smoking”) was categorized as “smoking throughout pregnancy.” Thus, though mothers
reported on their smoking behaviors during up to three pregnancies, these datapoints were
considered in aggregate, with the highest risk behavior identified in any one pregnancy
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determining group classification. 59 mothers (24.9%) reported no smoking during any
pregnancy.

Our analysis also included additional sample descriptors: age, family risk type (low or high),
current household income, level of education (less than high school v. high school or greater),
receipt of prenatal care (in all pregnancies v. not), and maternal DSM-IV major depression,
alcohol dependence and childhood conduct disorder, psychiatric disorders that are highly
comorbid with ND.33-35

Statistical analyses
Demographics, smoking characteristics, and other descriptors were compared between AA and
EA mothers using χ2 tests for categorical variables, one-way ANOVAs for continuous
measures, and the Wilcoxon-Mann-Whitney test for three ordinal measures (current household
income, time in minutes to first cigarette after awakening during lifetime heaviest smoking
period, CPD during lifetime heaviest smoking period) using SAS 9.1.3 for Windows.36 An
ordered logistic regression using CPD as the outcome variable was performed in STATA37 to
examine main and interaction effects of race and family-risk type.

To examine ethnic differences in smoking behaviors while controlling for daily consumption,
we compared the lifetime prevalence of smoking behaviors within 3 levels of CPD (1-10,
11-19, ≥ 20) based on sample size considerations and commonly used definitions of light (≤
10 CPD) and heavy (≥ 20 CPD) smoking. Where sample size was sufficient, differences in the
lowest ascertained group of cigarette consumption (1-5 CPD) were also investigated.

Results
Demographics

Table 1 displays demographics and frequencies of smoking behaviors for EA (N=118) and AA
(N=119) mothers. The high rates of lifetime depression, alcohol dependence and childhood
conduct disorder are expected given the high-risk sample design. AA women reported
significantly lower income and an older age at initiation of weekly smoking, while EA women
were more likely to be from a high-risk family type (Table 1). We examined main and
interaction effects of race and family risk type on CPD during lifetime heaviest smoking period:
being either EA (OR 4.2, CI 2.5-7.0; p<.001) or from high risk families (OR 2.0; CI 1.2-3.5,
p<.01) both increased the likelihood of heavier smoking without an interaction (results not
shown in table).

Nicotine dependence symptoms and smoking-related behaviors
Lifetime prevalence of DSM-IV ND was lower among AA women and there were sharp
differences in CPD (Table 1). Tolerance, consistent with its reliance upon quantity smoked,
was significantly lower in AA compared with EA women. Despite consuming fewer cigarettes
and having lower prevalence of DSM-IV ND than EA women, however, AA women were
more likely to report wanting to cut down or having difficulty doing so, and were equally likely
to have a short time to first cigarette after waking up, to be lifetime daily smokers or current
smokers, and to report any smoking in pregnancy as well as smoking throughout pregnancy.

Effects of race and quantity smoked upon smoking behaviors
The patterns of ethnic/racial differences in ND measures and other smoking behaviors were
different when the sample was stratified into smoking categories based on daily cigarette
consumption during the heaviest smoking period in one’s life. At the lowest level of CPD
(1-10), AA women were significantly more likely than their EA counterparts to report daily or
current smoking, shorter time to the first cigarette after waking up, and engaging in any smoking
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or smoking throughout a pregnancy (Table 2). No differences were observed in the overall
analysis presented in Table 1 or at the heaviest CPD smoking category. As previously
mentioned, the tolerance criterion was operationalized to include both smoking quantity
(history of 20+ CPD) and reports of needing to smoke more or stronger types of cigarettes.
Thus, once controlling for CPD, Table 2 demonstrates a greater proportion of AA women
smoking 1-10 CPD reported tolerance compared to EA women in the same CPD category, a
reversal of the effect observed in the overall analysis. No racial/ethnic differences in the
prevalence of tolerance were seen in the moderate and heavy CPD categories. Notably, in
both EA and AA mothers who smoked at the lowest levels of CPD, rates of current and daily
smoking, ND and ND symptoms, and smoking during pregnancy were substantial. Further
analysis (data not shown in table) of a very low cigarette consumption category (1-5 CPD)
revealed 57% of AA women (18% EA) smoked during any pregnancy, 30% smoked throughout
pregnancy (0% EA) and 70% (27% EA) were still smoking at interview (all p<.05).

In the heaviest smoking category, no differences were observed between EA and AA women
on any smoking measure.

Discussion
This study highlights significant at-risk smoking-related problems and behaviors among
females and, in particular, African American (AA) women who smoke 10 or fewer cigarettes
per day (CPD), with difficulty cutting down, current smoking, and smoking during pregnancy
most prominent. Our finding of greater low-quantity smoking among AA women is consistent
with other reports.3-5 However, there has been less consistency in documented findings
regarding rates of lifetime and current nicotine dependence (ND) with some studies3, 4, 26 but
not all9 reporting lower rates of ND in AAs. Such inconsistencies likely reflect differences in
assessment. For example, measurements using cotinine levels may differ from those relying
on reports of quantity smoked (e.g., the Heaviness of Smoking Index (HSI), DSM-IV tolerance
criterion). In a multiethnic adolescent sample, AAs’ lower rates of meeting criteria for ND
compared to European American (EA) youth stemmed from smoking less, rather than reporting
fewer symptoms at the same quantity smoked.3 Similarly, our results in an adult female sample
suggest the overall lower probability of AA mothers meeting ND criteria is attributable to
differences in quantity smoked. Indeed, as Table 1 illustrates, the only DSM-IV ND symptom
varying by ethnicity in the appropriate direction was the tolerance measure (largely influenced
by quantity smoked), yet the mean number of DSM-IV symptoms did not differ across groups.
The HSI likewise relies upon cigarette quantity as a marker of addiction. Yet, once stratified
on the basis of quantity, ethnic differences in prevalence rates of smoking behaviors were
unmasked. In the lowest level of smoking (1-10 CPD during lifetime heaviest smoking period)
where 58% of AAs were grouped, AA women reported significantly more dependence
problems and had higher mean number of DSM-IV ND symptoms. Thus, our results highlight
the serious limitations of current ND criteria that rely on quantity of cigarettes smoked.
Notably, however, among both AA and EA women smoking 1-10 CPD, rates of some ND
symptoms were substantial as were rates of current smoking and any smoking during
pregnancy.

Our results also suggest that, irrespective of ND diagnosis, female light smokers remain at risk
for serious problems related to tobacco use, with 57% EA and 85% AA reporting difficulty
quitting, 38% EA and 64% AA still smoking at the time of interview, and 38% EA and 64%
AA with any smoking during pregnancy. This last finding is especially striking: low levels of
peak lifetime consumption did not preclude the high-risk behavior of smoking during
pregnancy or smoking throughout pregnancy, chiefly among AAs. AAs are, in general, at
increased risk for poor perinatal outcomes, including low birth weight, prematurity, and infant
mortality, even controlling for age, income and education.38 And, while evidence appears
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strong for a dose-response relationship between smoking and certain perinatal outcomes,18 it
is plausible that this relationship differs quantitatively in AAs, who metabolize nicotine more
slowly and maintain higher cotinine levels per cigarette smoked.11, 12 Research has highlighted
the disparity of higher rates of smoking-related problems per level smoked, lower rates of
identification/referral by healthcare providers, and higher overall smoking-related health
burden despite lower levels of smoking in AAs.1, 39 Our results add further evidence supporting
increased research in these understudied groups. Furthermore, given the extremely high rates
of prenatal care received in our sample, the potential for prevention and intervention appears
obvious.

Study Limitations
There are several limitations to our study. First, our study was limited to middle aged Midwest
mothers and may not be generalizable to all female smokers. The high-risk ascertainment
strategy may also not generalize to the general population and findings for AA families may
not apply to other light smoking minority populations. Second, data collection is currently
ongoing and results may vary somewhat in the full sample. Third, our data relied on
retrospective reporting of pregnancy-related behaviors, some occurring many years earlier.
While under-reporting of this stigmatized behavior might be expected, over 75% of smokers
in our sample admitted to any smoking during pregnancy, suggesting that under-reporting is
unlikely to be substantial. Further data from twins who were asked to report on both their own
and their co-twin’s smoking behaviors during pregnancies occurring one to two decades earlier
revealed good reliability and minimal under-reporting.40 Fourth, our study may have excluded
potential confounders to explain the higher rates of smoking in pregnancy despite lower
cigarette consumption in AA women. For example, we did not assess perceptions of smoking
risk during pregnancy. Women with lower perceived risk to the pregnancy have less motivation
for and greater difficulty with smoking cessation.41 If such attitudes were more prevalent
among the AA women, it may account for our findings, yet the extremely high rates of wanting/
attempting to cut down that we found in AA light smokers suggest low identification of
smoking as a serious problem was not common.

Conclusions
This study highlights problems associated with light smoking and finds these problems
augmented in African American mothers. Given the known health risks of in-utero nicotine
exposure and subsequent second hand smoke exposure in children, our findings bolster the
entreaty for identification, prevention, and treatment of tobacco use and smoking-related
morbidity among light smoking and minority populations. While many light smokers do not
meet criteria for DSM-IV nicotine dependence, this should not diminish the call for better
understanding of the addiction process associated with light smoking and its differential impact
across ethnic groups or the amount of clinical attention from which such women (and their
children) might benefit. Finally, our results suggest that future diagnostic criteria may need to
take into consideration variations among subgroups, including adolescents, elderly individuals
and, as indicated here, racial/ethnic groups.
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Table 1

Demographic and smoking characteristics of mothers who have smoked 100 or more cigarettes lifetime, using
Missouri Family Study data (2003-2005)

Note. SD, standard deviation; n.s., not statistically significant; ND, nicotine dependence.
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