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SMOKING CESSATION AND ITS DETERMINANTS AMONG OLDER AMERICAN INDIANS:
THE STRONG HEART STUDY

Objective: To examine the relationship be-
tween sociodemographic, clinical, and smok-
ing history factors, and smoking cessation
among older American Indians.

Design: Nested cohort study of cigarette
smokers in the Strong Heart Study, a longitu-
dinal study of cardiovascular disease among
American Indians.

Setting: Thirteen American Indian tribes from
Arizona, Oklahoma, and North and South Da-
kota.

Participants: American Indian men and wom-
en (N5998), aged 45–74 years, who identified
themselves as smokers at the initial Strong
Heart Study examination.

Measurements and Main Results: Twenty-
one percent of smokers quit during the 4-year
follow-up period. Multivariate logistic regres-
sion was used to assess the relationship be-
tween baseline sociodemographic, clinical,
and smoking history factors, and smoking ces-
sation. Factors associated with smoking cessa-
tion included being65–74 years old (odds ratio
[OR] 2.1; 95% confidence interval [CI], 1.3 to
3.3), being examined at the Arizona regional
center (OR 2.2; 95% CI 1.3, 3.7), being non-
daily smokers (OR 5.4; 95% Cl 1.3, 18.5),
smoking fewer than 6 cigarettes daily(OR 2.8;
95% CI 1.3, 4.7), being a smoker for fewer
years(OR 2.0; 95% CI 1.0, 3.9), beginning to
smoke at an older age(17 years or older, OR
1.6; 95% CI 1.1, 2.4), and having a history of
diabetes (OR 1.7; 95% CI 1.2, 2.3). Factors not
associated with smoking cessation included
gender, level of education, childhood expo-
sure to tobacco smoking, and a history of car-
diovascular diseases, cancer, or respiratory dis-
eases.

Conclusion: Several determinants of smoking
cessation among older American Indians iden-
tified in this study may have important impli-
cations for designing appropriate interventions
for this special population. (Ethn Dis. 2004;14:
274–279.)
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INTRODUCTION

The World Health Organization has
identified smoking cessation as a cor-
nerstone for protecting the public’s
health,1,2 since smoking is the leading
cause of preventable death among in-
dustrialized populations.3,4 While smok-
ing rates have been declining within the
US general population, many American
Indians and Alaska Natives tribes and
communities are experiencing increasing
rates of smoking.5,6 Indeed, smoking
prevalence among older American In-
dians is the highest in the nation, with
rates of up to 45% in some communi-
ties—a rate nearly 20% greater than
that observed in the general US popu-
lation.7 The increase in smoking has
been accompanied by rising rates of
mortality from cardiovascular disease
and lung cancer, conditions which are
leading causes of death among Ameri-
can Indians and Alaska Natives.8,9 Since
health benefits experienced by older
smokers upon quitting are significant,
including improvements in circulation
and respiratory function, and a de-
creased risk of myocardial infarction and
stroke,10,11 smoking cessation is of con-
siderable importance to improving the
health of older American Indians.

A few studies have examined smok-
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ing cessation among younger American
Indians, but little is known about smok-
ing cessation and its determinants
among the older American Indian pop-
ulation.12,13 Studies in other elderly pop-
ulations have shown that income and
education are strong determinants of
smoking cessation.14,15 Studies have also
demonstrated that age at smoking ini-
tiation, daily amount of cigarette con-
sumption, duration of smoking, and the
presence of co-morbid diseases, are fac-
tors associated with smoking cessation
in older populations.16–18 The objective
of this study is to examine the relation-
ship of selected sociodemographic, clin-
ical, and smoking history factors to
smoking cessation, using data from the
Strong Heart Study, a study of cardio-
vascular disease and its risk factors
among American Indians.

SUBJECT AND METHODS

Data Source
Data for the present study were ob-

tained from the Strong Heart Study—a
longitudinal, population-based study ex-
amining cardiovascular disease among a
large and diverse cohort of American In-
dians. The study design, survey meth-
ods, and laboratory techniques of the
Strong Heart Study have been described
previously.19 Briefly, American Indians
aged 45 to 74 years from 13 tribes in 3
regional centers (Arizona, Oklahoma,
and South/North Dakota), were recruit-
ed for the baseline examination from
1989–1991. The participation rates of
all age-eligible tribal members were 72%
in the Arizona center, 62% in the
Oklahoma center, and 55% in the Da-
kota center. All participants provided
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written informed consent, under pro-
tocols approved by participating tribes
and the Indian Health Service Institu-
tional Review Boards.

Data used in the present study in-
cluded information on age, gender, ed-
ucation level, self-reported history of
cardiovascular disease (hypertension,
heart attack, stroke, or heart failure), di-
abetes, cancer, and respiratory disease
(asthma, chronic bronchitis, or emphy-
sema). Smoking status at baseline was
ascertained by asking participants
whether they had ever smoked more
than 100 cigarettes in their life, whether
they were current smokers at the time
of the initial examination, and if they
smoked cigarettes on a regular basis. If
participants answered ‘‘yes’’ to all 3
questions, they were classified as smok-
ers. Information regarding daily cigarette
consumption, years of smoking, age at
initiation of smoking, and childhood
exposure to environmental tobacco
smoke, was also obtained. All Strong
Heart Study participants were counseled
about the risks of smoking during the
initial medical examination.

The cohort was re-examined be-
tween 1993 and 1995, as part of the
Strong Heart Study second examination
(mean length of follow-up ;4 years).
The re-examination rate for the surviv-
ing cohort members was 88%. Smoking
status was ascertained again during the
second examination, using the same
smoking status questions asked at base-
line. Participants were classified as ex-

smokers if they were no longer current
smokers. Of 4,549 participants at base-
line, 1,533 were classified as smokers.
Of these, 149 (10%) died before the
second examination; 199 (13%) were
lost to follow-up, or refused to partici-
pate in the examination; and 139 (9%)
had incomplete sociodemographic,
smoking, or clinical information, and
were, therefore, excluded from the pre-
sent analysis. A total of 998 participants
(of which 14% were from the Arizona
center, 37% from the Oklahoma center,
and 49% from the Dakota center) were
included in this study of smoking ces-
sation.

Analyses
Descriptive analyses examined the

prevalence of smoking cessation accord-
ing to each of the individual sociode-
mographic, clinical, and smoking his-
tory baseline characteristics. Covariates
were grouped into logical categories,
based on demography, smoking charac-
teristics, and chronic disease history.
Differences in the prevalence of smok-
ing cessation by baseline characteristics
were assessed using chi-square tests. Sta-
tistical significance was set at the P,.05
level. Multivariate logistic regression was
used to obtain adjusted odds ratios
(OR) and 95% confidence intervals
(CI) of factors associated with smoking
cessation. Confidence intervals (CI) that
did not include unity were interpreted
as statistically significant. We examined
the data separately by age, gender, and
region, and found no evidence of dif-
ferent patterns of association between
baseline characteristics and smoking ces-
sation; this was confirmed by the ab-
sence of significant interaction terms be-
tween age, gender, or region, and the
other covariates in the multivariate lo-
gistic regression model. Data analyses
were performed using SPSS 11.5 soft-
ware.20

RESULTS

Of the surviving 998 baseline smok-
ers analyzed in this study, 212 (21%)

had quit by the time of the second ex-
amination. The prevalence of smoking
cessation at the second examination, as
well as the results of the univariate and
multivariate logistic regression of base-
line characteristics associated with
smoking cessation, are presented in Ta-
ble 1. Respondents in the older age stra-
tum were 2 times more likely to quit
smoking, compared to those in the
younger cohort. Compared to the other
regions, participants from the Arizona
regional center were twice as likely to
quit. Smoking cessation was also asso-
ciated with individuals who were non-
daily smokers, those consuming fewer
than 6 cigarettes a day, smoking 3 years
or less, and smoking initiation at age 17
years or older. Individuals with a history
of diabetes were also more likely to quit
smoking, compared to those without di-
abetes. Although in the crude analysis,
the association between smoking cessa-
tion and history of cardiovascular dis-
ease was significant, this relationship
was weak, and not statistically signifi-
cant, in the multivariate regression anal-
yses. Other factors not associated with
smoking cessation included gender, ed-
ucation level, childhood exposure to to-
bacco smoking, and history of cancer
and respiratory diseases.

DISCUSSION

Older American Indians have alarm-
ingly high rates of smoking, making
smoking cessation of vital importance to
the health of this population.5,7 This
study is the first to examine the influ-
ence of sociodemographic factors,
smoking patterns, and history of chron-
ic diseases on smoking cessation in older
American Indians. In this community-
based cohort study, the overall cessation
rate was 21%. This rate is high com-
pared to reported spontaneous quit
rates, or quit rates reported following
formal interventions among the general
population.21,22 Several significant deter-
minants of smoking cessation were
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Table 1. Characteristics associated with smoking cessation among 998 American
Indian Smokers: The Strong Heart Study

Baseline Characteristics
Ex-smokers

N (%)
Adjusted OR

(95% CI)§

Total 212 (21)

Gender
Male
Female

91 (20)
121 (22)

1.1 (0.8, 1.6)
1

Age
45–54 years old
55–64 years old
65–74 years old‡

78 (20)
76 (19)
58 (29)

1
0.9 (0.6, 1.4)
2.1 (1.3, 3.3)

Education
,9 years
9–12 years
.12 years

35 (20)
119 (21)
58 (22)

1
1.3 (0.8, 2.1)
1.7 (0.9, 2.9)

Regional centers
Dakota
Oklahoma
Arizona*

96 (20)
69 (19)
47 (33)

1
1.4 (0.9, 2.1)
2.2 (1.3, 3.7)

Daily cigarette consumption
Nondaily smokers (,1 cigarette/day)*
1–5 cigarettes*
6–20 cigarettes
More than 20 cigarettes

16 (46)
118 (31)
49 (16)
29 (11)

5.4 (1.3, 18.5)
2.8 (1.3, 4.7)
1.3 (0.6, 2.5)
1

Years of cigarette smoking
,4*
4–15
16–30
.30

23 (40)
49 (31)
66 (20)
74 (17)

2.0 (1.0, 3.9)
1.5 (.9, 2.5)
1.2 (0.8, 1.9)
1

Age of initiation
16 years old or less
17 years old or more†

56 (16)
156 (24)

1
1.6 (1.1, 2.4)

Childhood exposure to smoke
Parents or guardian smoked
Parents or guardian did not smoke

165 (21)
47 (24)

1
0.8 (0.5, 1.2)

History of chronic disease
CVD‡

No CVD 105 (25) 1.2 (0.9, 1.7)
Diabetes*

No diabetes
Cancer

No cancer
Respiratory

No respiratory

95 (29)
117 (17)
16 (25)

196 (21)
32 (18)

180 (22)

1.7 (1.2, 2.3)
1
1.4 (0.7, 2.7)
1
0.8 (0.5, 1.3)
1

* P,.001; † .001,P,.01; ‡ .01,P,.05.
§ OR5odds ratio, CI5confidence interval; each odds ratio is adjusted for all other variables in the model.

identified that both support and refute
the findings of others. Understanding
these determinants and their similarities
to, and differences from, those observed
in other populations, may inform and
improve the development of future in-
terventions and public policy decisions.

Of the demographic characteristics
examined, older age, but not gender or
education, was significantly associated
with smoking cessation. The observed
association between older age and ces-
sation is consistent with findings from
other population-based studies.23,24

While many studies have provided evi-
dence of gender differences in smoking
cessation,25,26 with men more likely to
quit smoking than women, we found no
such association after controlling for
other demographic factors, smoking
patterns, and clinical covariates. Fur-
thermore, in the general population, so-
cioeconomic factors, mainly high edu-
cational attainment, are strongly associ-
ated with smoking cessation.15 Some
studies have demonstrated that Ameri-
can Indians with higher levels of edu-
cation smoke more, compared to those
with less education.27 In contrast, we
observed a non-significant trend toward
higher cessation rates with increasing
education. There is a relatively narrow
range of education among the Strong
Heart Study participants. Follow-up
studies with larger numbers of partici-
pants, or among participants of younger
ages, may further clarify this association.

The striking association of the Ari-
zona regional center with cessation is in-
triguing. Of note, the baseline preva-
lence of smoking varies significantly be-
tween the Strong Heart Study region-
al centers (Dakota center549.2%;
Oklahoma center534.1%; Arizona cen-
ter521.3%).7 The mean number of cig-
arettes smoked per day among current
smokers at baseline examination also
varied significantly by center (Dakota
center513.2; Oklahoma center511.8;
Arizona center56.9).7 These large dif-
ferences in smoking patterns observed in
the regional centers may be due to sev-

eral factors, such as individual tribal
practices, beliefs, and behaviors toward
smoking, as well as to the use of tobacco
for ceremonial purposes, and the degree
of acculturation among the individual
tribes of the regional centers. In addi-

tion, it is unknown if tribal or local
smoking interventions or specific tobac-
co control policies that could effect
smoking cessation rates were available,
or selectively enacted, during the study
period at the Arizona center. Further-
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more, Behavioral Risk Factor Surveil-
lance System data show a temporal
trend in the reduction of cigarette
smoking over the period including SHS
Phases I and II (1989 to 1995).28,29 For
example, during this 6-year period, res-
idents of Arizona reduced their smoking
rates by 3.6% (26.5% to 22.9%), while
residents of South Dakota reduced their
rates by 0.6% (22.4% to 21.8%). Dur-
ing this period, many states made strong
efforts to promote cessation among their
populations. However, it should be not-
ed that BRSS is a telephone-based sur-
vey study, and based on previous stud-
ies, a large percentage of reservation-
dwelling American Indians were exclud-
ed because they lacked telephone
access.30,31 Finally, broader influences,
such as cultural and community norms,
as reflected by the lower prevalence of
smoking in the Arizona center, may in-
crease the pressure or desire to quit
smoking.

Several factors associated with smok-
ing cessation in the general population
were also observed in the Strong Heart
Study participants. For example, later
age of smoking initiation, lower daily
consumption of cigarettes (including
non-daily smokers), and few years of
smoking, are factors that predicted
smoking cessation. These findings are
consistent with those of other studies
that suggest smokers who begin smok-
ing at a later age, consume fewer ciga-
rettes, and smoke for fewer years, are
less dependent on nicotine, and can

more easily stop smoking.32 This finding
is notable, since the cohort is an older
population with smoking patterns that
differ from the majority culture. For ex-
ample, the daily average cigarette con-
sumption among active smokers in the
Strong Heart Study has been shown to
be much lower than that of the general
population (10.4 cigarettes/day vs 21.4
cigarettes/day).7 Finally, although smok-
ing cessation rates increase with longer
duration of smoking,32 presumably due
to the development of smoking-related
health complications, this association
was not observed in our study. Likewise,
childhood exposure to parental or
guardian smoking did not have an in-
dependent effect on cessation.

Of the chronic diseases examined in
this study, diabetes was the only one
strongly associated with smoking cessa-
tion. Recently, concerted efforts have
been made to educate American Indian
and Alaska Native tribes and commu-
nities about the devastating effects of di-
abetes and smoking. For example, most
Indian Health Service hospitals and
clinics have formal and, to varying de-
grees, comprehensive, diabetes care pro-
grams. Such efforts may increase smok-
ing cessation among individuals with di-
abetes. In contrast, having a history of
cardiovascular disease, respiratory diseas-
es, or cancer, was not associated with
smoking cessation, perhaps reflecting a
low perceived risk of smoking-related
complications. Studies in other popula-
tions have demonstrated that smokers
with cardiovascular diseases often do not
believe smoking increases their risk of
suffering a myocardial infarction.33 The
education of these high-risk groups re-
garding the long-term benefits of cessa-
tion should be a priority for healthcare
providers.

Several limitations should be noted
in the interpretation of our results. First,
although 13 American Indian tribes
from 3 distinct locations are represented
in this study, these results may only be
generalized to middle-aged and elderly
American Indians who live in tribal

communities. This study cannot address
the issue of smoking cessation among
urban American Indians and Alaska Na-
tives. Second, participants who either
died prior to the second examination, or
were lost to follow-up, were excluded
from the analyses. Such individuals may
have been more likely to continue
smoking than the cohort under study,
thereby inflating the cessation rate seen
in this study. A third limitation is that
self-report was used to ascertain smok-
ing status and history of chronic disease.
These self-report measures were not val-
idated through chart review, clinical
test, or formal questionnaire validation.
Previous studies have shown that self-
reporting of smoking status can intro-
duce bias toward a socially desirable re-
sponse.34–36 Finally, it is unknown if
study participants were involved in a
smoking cessation intervention between
the baseline and follow-up examina-
tions. Therefore, counseling or other in-
terventions may explain, in part, the
high spontaneous quit rate observed in
this study.

In conclusion, this study has provid-
ed information regarding possible deter-
minants of smoking cessation among
older American Indians. This study has
also demonstrated that these determi-
nants, as well as smoking patterns them-
selves, among Strong Heart Study par-
ticipants differ from those of the general
population. These unique characteristics
can be used to help tribal leaders, tribal
health departments, and the Indian
Health Services, develop and implement
tribal-specific and culturally sensitive
smoking interventions, prevention, and
control policies. The alarming rates of
smoking and smoking-related diseases
among older American Indians are likely
to continue to rise unless tribal efforts
are supported at both the federal and
state levels. For example, revenues from
the state tobacco settlement funds could
be used to help local communities de-
velop smoking education, prevention,
and cessation interventions for older
American Indians. However, since most
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tribes, especially their older members,
view tobacco as a sacred plant, and uti-
lize it for ceremonial purposes, a cultur-
ally appropriate approach will be re-
quired to effectively address the devas-
tating effects of cigarette smoking
among older American Indians.
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