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Smoking and obesity are the 2 major causes of
mortality and morbidity in the United States.1,2

Although smoking is the leading preventable
cause of death, resulting in approximately
440000 deaths each year,3 obesity is a growing
epidemic and is the second leading cause of
preventable death, resulting in more than
300000 deaths annually.4,5 Whereas smoking
rates have declined from their peak in the1960s,
obesity rates have been steadily climbing each
year, and obesity is expected to soon eclipse
smoking as the most preventable cause of mor-
tality in the United States.1

The relationship between smoking and
weight is complex, and the mechanisms by
which smoking influences weight are not fully
understood. Smoking affects weight by in-
creasing metabolic rate and decreasing caloric
absorption, which is thought to help suppress
appetite.6 Sympathoadrenal activation by nico-
tine is thought to be primarily responsible for the
metabolic effect of smoking.7 Smoking is also
associated with increased energy expenditure.8

Smoking a single cigarette also decreases caloric
consumption by 3% within 20 minutes.9

Compared with light smokers and non-
smokers, heavy smokers tend to have greater
body weight, which likely reflects a clustering
of risk behaviors (i.e., little physical activity and
poor diet) and increased insulin resistance and
accumulation of abdominal fat.6,10,11 Overall,
smokers tend to be less physically active than
nonsmokers, which may confound explanations
of weight differences between smokers and
nonsmokers.12

Most studies on weight and smoking have
reported postcessation weight gain. Smoking
cessation has been associated with approxi-
mately 10 pounds of weight gain after 1 year
of abstinence,13 suggesting that health benefits
from smoking cessation may be mitigated to
some degree by increased health risks associated
with weight gain.14 To prevent or reduce weight
gain, those administering cessation programs

are recommended to integrate follow-up
support for weight control, provide regular
body weight measurement, provide recom-
mendations for dietary change, and encourage
increased physical activity.14 Despite concerns
about weight, few studies have systematically
investigated weight gain following smoking
cessation, particularly with underserved popula-
tions such as prisoners.

Correctional populations especially are vul-
nerable to the negative health consequences of
smoking. Smoking rates are 3 to 4 times higher
among correctional populations than among
the general population, and smoking is nor-
mative within the correctional environment.15–17

Smoking prevalence is 70% to 80% among male
and female prisoners,15–20 while almost half
(46%) of adolescents in juvenile justice are daily
smokers.21 This compared to about 21% of
adults in the general population who are current
smokers.22 However, in the research literature,
the emphasis on smoking prevalence, prevention,
cessation, and policies is much greater among
other populations than it is among criminal
justice populations—despite the human, health,
and economic costs that occur in prison and in
the community.20,23

In addition to the larger prevalence of
smoking in prisons, there is less access to
interventions for smoking cessation in correc-
tional facilities. Lack of resources amplifies the
negative health risks associated with smoking,
such as heart, circulatory, and respiratory
problems. Over the past 2 decades, correctional
facilities in the United States have implemented
tobacco-control policies ranging from restric-
tions on indoor smoking to complete tobacco
bans.24 Tobacco restrictions and bans have not
succeeded in suppressing smoking, and reduced
access to programs and materials that might
increase long-term smoking cessation have par-
alleled them.16,17,24,25

We recently conducted a randomized con-
trolled trial of smoking cessation with women
prisoners and found 7-day point prevalence
cessation rates comparable to those seen in
community smoking cessation interventions.15

The intervention combined nicotine replacement
with a 10-week group therapy intervention.26

The community-tested intervention was modi-
fied for the prison environment and included
a discussion of weight gain and weekly moni-
toring of weight during the intervention and
follow-up assessments.15 Point prevalence quit
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rates for intervention participants were 18% at
end of treatment, 17% at 3-month follow-up,
14% at 6-month follow-up, and 12% at 12-
month follow-up, compared with less than 1%
at these same time points for control partici-
pants.15 We examined differences in weight
change over time for (1) women in the
intervention condition compared with women
in the control condition and (2) women in
the intervention condition who quit smoking
compared with those who continued to
smoke. To our knowledge, ours is the first
study to conduct such a trial among women
prisoners.

METHODS

We enrolled participants if they were aged18
years or older, smoked at least 5 cigarettes per
day, were housed in the general prison popula-
tion (e.g., not held in segregation), and desired
smoking cessation treatment. We excluded po-
tential participants if they had severe acute
mental illness (e.g., current suicidal ideation or
intent, active psychosis) or mental retardation
such that they could not provide informed
consent or participate in group therapy, had
a known allergy to nicotine replacement
patches, had less than 1 year remaining to serve
on their sentence, or were non-English speaking.
We admitted participants with other disabil-
ities (e.g., illiteracy, visual impairment) into the
study, and the study research assistant assisted
them in completing survey instruments.

A total of 364 women provided written
informed consent, 360 completed the baseline
assessment, and 250 started the intervention,
with 71 starting immediately after the baseline
assessment and 179 starting after a 6-month
wait-list period. The control sample was com-
posed of 289 participants, 179 of whom
crossed over to the active intervention after
6 months15 (Figure1). We excluded1participant
from the current analyses because of a baseline
weight value that was skewed and we believed
to be mistakenly recorded; this left a sample
of 249 women who participated in the inter-
vention.

Demographic characteristics are presented
in Table 1 for control-only participants
(n=110), intervention-only participants
(n=71), and crossover participants who served
as both intervention and control participants

(n=249). There were no differences in base-
line characteristics between control-only and
intervention-only participants or between con-
trol-only and intervention participants (includ-
ing wait-list controls). Overall, the women in
our sample were generally young (mean
age=34.0 69.0 years), and the sample was
almost evenly split between White (45.3%)
and Black (44.6%) race/ethnicity. About one
third had less than a high school education,
one third had obtained a high school diploma
or general equivalency diploma, and one
third had more than a high school education.
Nearly half (46%) had never been married,
nearly one third were divorced or separated,
and only a small number (15%) were married
at the time of the study. The most common
charges were the following: larceny or rob-
bery (33.4%), homicide (17.2%), drug-related
crime (e.g., possession, distribution, prescrip-
tion forgery; 16.2%), assault (13.3%), and

parole or probation violation (8.3%); other
crimes (e.g., arson, child abuse) accounted for
2.6% of the population, and data were miss-
ing in 9% of the cases. The mean duration
of sentence was 9.9 years, and 31 women
were serving a life sentence, defined as 50
years or more.

Procedures

Study procedures have been described else-
where.15 We conducted the study at a medium–
maximum security prison housing women of-
fenders in the southeastern United States.
We enrolled the participants between June 2004
and June 2006. We distributed flyers in the
housing units at the prison, along with formal
announcements for opportunities to enroll in the
study. Participants completed contact informa-
tion and placed this information in a locked box
accessible only to research staff. Study staff
conducted recruitment and informed consent

FIGURE 1—Study flow for Project STOP (Smoking Treatment of Prisoners): southeastern

United States, 2005–2007.
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procedures in a confidential room in the prison
medical building.

After providing written informed consent,
participants completed baseline demographic
and smoking information questionnaires.
Expired air carbon monoxide (CO) concentra-
tion in parts per million was measured by
a Vitalograph BreathCO monitor (Vitalograph,
Inc, Lenexa, KS). A CO reading of 3 parts per
million or higher, which was the optimal
cutoff indicated in a previous investigation of
smoking and nonsmoking women prisoners,27

was used to indicate current smoking. We
measured height at baseline and weight at all
subsequent study contacts. During the group
intervention, we collected weekly measures
of daily smoking, concentrations of expired CO,
and weight.

Intervention Description

We modified the behavioral intervention
for the prison environment (from the Mood
Management Training to Prevent Smoking
Relapse program)26 and focused on mood
management skills including standard behavioral
interventions for smoking cessation. The inter-
vention also included discussions of weight gain
and techniques to reduce gain during cessation,
such as increasing physical activity and decreas-
ing caloric intake. Although the intervention did
not have any sessions devoted exclusively to
weight concerns associated with quitting smok-
ing, we weighed participants at every contact and
provided them with feedback on their weight.
This feedback included suggestions for making
healthier choices, even within limited cafeteria
and commissary options.

We modified the 10-session group interven-
tion for the unique environment that women
prisoners encounter, and we included exam-
ples of smoking triggers encountered in prison
and acceptable coping strategies that could be
used in the prison environment. A full de-
scription of the intervention and modifications
was reported previously.15 The pharmacother-
apy adjunct was the use of NicoDerm CQ
(GlaxoSmithKline, Brentford, Middlesex, United
Kingdom) patches while following the manufac-
turer’s suggested dosing regimen. Participants
started nicotine replacement during the third
week of the intervention, and we asked them to
quit smoking the same day they started the
nicotine replacement.

Participants attended10 weekly sessions and
completed assessments at the end of treatment
(week 10) and at 3-, 6-, and 12-month follow-
up. Participants who started on 21-mg nicotine
patches had an additional medication check-
in the week after the end of treatment assess-
ment so we could refill medication and assess
for side effects.

Data Analysis

The first comparison was between women in
the control-only condition and women in the
intervention-only condition (excluding women
who participated as controls and crossed over
to the intervention condition after the 6-month
wait-list period).

Thus, we included only women whom we
randomized to the intervention immediately
after baseline or who completed only the
control period. We examined baseline factors
using means and standard deviations. We used
repeated measure analysis of covariance
(ANCOVA) to assess the relationship between
weight changes over time and treatment. Time
points included in the model were the follow-
ing:10 weeks (end of treatment), 3 months, and
6 months. (Women in the control condition
completed only 6 months of follow-up.) We
included baseline weight as a covariate to
account for different starting weights. After
assessing a variety of options using the Akaike
Information Criteria, we chose the unstruc-
tured covariance structure for the model. We
determined whether weight change differed
over time between the 2 groups on the basis of
the interaction between treatment group and
time; we deemed a P value of < .05 significant.

TABLE 1—Demographic Characteristics at Baseline, by Treatment Group: Project STOP,

Southeastern United States, 2005–2007

Demographic Characteristics

Control Only (n = 110),

Mean (SD) or No. (%)

Intervention Only (n = 71),

Mean (SD) or No. (%)

Intervention + Wait-List Crossover

(n = 250), Mean (SD) or No. (%)

Age, y 34.1 (8.1) 35.6 (8.4) 33.8 (9.0)

Weight, lbs 169.1 (39.4) 180.8 (45.3) 169.9 (41.1)

Body mass index, kg/m2 28.4 (6.8) 29.9 (6.8) 28.3 (6.5)

No. children 2.3 (1.6) 2.2 (1.6) 2.2 (1.6)

Age, y, at first cigarette 14.5 (5.6) 13.7 (5.2) 13.7 (4.9)

Age, y, became daily smoker 16.5 (5.4) 16.7 (5.4) 16.2 (4.9)

No. cigarettes/d 14.0 (8.6) 16.2 (7.9) 16.5 (8.7)

No. cigarettes yesterday 13.9 (9.6) 14.9 (8.3) 14.5 (8.6)

CO concentration, ppm 13.1 (8.0) 13.5 (8.0) 14.4 (8.4)

Duration of smoking, y 19.3 (9.4) 22.0 (8.7) 20.1 (9.9)

No. quit attempts 3.2 (4.8) 1.7 (2.2) 2.4 (2.8)

Duration last quit attempt, mo 38.9 (58.8) 32.8 (58.2) 29.3 (53.3)

Race

Black 53 (49%) 34 (48%) 119 (48%)

White 47 (44%) 30 (42%) 110 (44%)

Other 8 (7%) 7 (10%) 21 (8%)

Education

< High school 33 (31%) 16 (23%) 67 (28%)

High school graduate 40 (38%) 30 (43%) 100 (42%)

> High school 32 (31%) 23 (33%) 73 (30%)

Marital status

Single 49 (46%) 29 (43%) 115 (48%)

Married 22 (21%) 9 (13%) 37 (15%)

Divorced 29 (27%) 26 (38%) 74 (31%)

Widowed 7 (7%) 4 (6%) 15 (6%)

Notes: CO = carbon monoxide; ppm = parts per million; STOP = Smoking Treatment of Prisoners.
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The second comparison was between
women in the intervention condition who quit
smoking and women in the intervention con-
dition who continued to smoke. At each time
point (3 months, 6 months, and12 months), we
compared baseline factors for women who had
quit smoking versus women who continued
to smoke. We used repeated measures
ANCOVA to assess the relationship between
weight change over time and quit status at each
of these time points. We assessed weekly
measurements of weight beginning with the
intervention, and we included baseline weight
in the model to account for different starting
weights. We deemed the unstructured covari-
ance structure most appropriate for these
models. We determined whether weight
change differed over time by quit status on the
basis of the interaction between quit status
and time. We deemed a P value of < .05 sig-
nificant. We analyzed the data with SAS ver-
sion 9.1.3 (SAS Institute, Cary, NC).

RESULTS

The first comparison was between women in
the control-only condition and women in the
intervention-only condition (excluding women
who participated as controls and crossed over
to the intervention condition after the 6-month
wait-list period). We found that at week 10,
those in the intervention had lost 1.5 pounds
(SD=5.0), whereas those in the control group
had lost 2.4 pounds (SD=7.7; Cohen
d=0.130). At week 12 (3 month follow-up),
the weight loss was similar between the 2
groups: those in the intervention had lost 3.5
pounds (SD=6.1), whereas those in the control
group had lost 3.4 pounds (SD=9.5; Cohen
d=–0.012). At 24 weeks (6 month follow-up),
the weight loss in the intervention group was
larger than that in the control group (mean
loss 6SD=5.8 615.5 vs 4.1 612.5, respec-
tively; Cohen d=–0.120). The results from the
repeated measures ANCOVA indicate that
there is no significant difference in weight
change between these groups over time
(P=.89).

The second comparison was between
women in the intervention condition who quit
smoking and women in the intervention con-
dition who continued to smoke. Table 2 pres-
ents demographic data for all women in the

intervention condition, comparing those who
had a sustained quit at 3, 6, and12 months with
those who were still smoking at each time point.
The results from our preliminary univariate
analyses showed no significant differences in
demographic characteristics between smokers
and nonsmokers at any time point (for all,
P>.05), with the exception that women who
had quit at 12 months had fewer children than
did those who continued to smoke (mean
6SD=1.5 61.4 and 2.3 61.6, respectively;
P=.009).

Figure 2 presents changes in weight in
pounds for each week of the trial for interven-
tion participants who had quit or who contin-
ued to smoke at 3-, 6-, and 12-month follow-
ups. Panel 1 presents means and standard
deviations of the change in weight by quit
status at 3 months. Results from the repeated
measures ANCOVA indicate a significant dif-
ference in weight change between these groups
over time (P=.014). However, although weight
decreased over time for women who contin-
ued smoking, the decrease was not significantly
different from zero (P=.082). Similarly, al-
though weight increased over time for women
who quit smoking, the increase was not signif-
icantly different from zero (P=.065).

Panel 2 in Figure 2 presents changes in
weight by quit status at 6 months. Results from
the repeated measures ANCOVA indicate that
the change in weight over time differs by quit
status at 6 months (P£ .001), with weight de-
creasing significantly over time for women who
continued to smoke (P=.035) and increasing
significantly over time for women who had quit
at 6 months (P=.009). Overall, at 6 months,
there was a weight gain greater than 6 pounds
among abstainers compared with an almost
3-pound weight loss among smokers.

Panel 3 in Figure 2 presents changes in weight
by quit status at12 months. There is a significant
interaction between time and quit status, in-
dicating that the change in weight over time
differs by quit status at 12 months (P£ .001). As
with the 6-month quit status, weight decreased
significantly over time for women who contin-
ued to smoke at 12 months (P=.014). By con-
trast, for women who had quit smoking at 12
months, weight change did not differ signifi-
cantly from zero (P=.066). By the 12-month
follow-up, women in the intervention group who
had maintained smoking abstinence reversed

the trend of weight gain and returned to their
3-month weight gain levels, resulting in about
a 4-pound weight gain by 12 months.

DISCUSSION

This study is the first, to our knowledge, to
examine weight changes over time among
women prisoners who completed an in-prison
smoking cessation intervention. Consistent
with findings from previous studies that have
demonstrated weight gain following smoking
cessation,6,14 our data suggest that incarcerated
women who quit smoking gain weight whereas
women who continue to smoke are more likely
to lose weight. Although changes in weight over
time were not apparent when comparing in-
tervention-only participants with control-only
participants, postintervention changes in weight
differed for women who quit smoking versus
women who continued to smoke. As expected,
those who maintained abstinence from smoking
saw a notable increase in weight after complet-
ing the intervention. However, 1 year after the
end of the intervention, successful quitters saw
their weight begin to return to 3-month post-
cessation levels despite significant increases at
the 6-month follow-up. Although we do not
know if women who quit smoking ever return to
their baseline (smoking) weight, the findings of
this study generally support the previously
documented tendency for weight gain after
smoking cessation to dissipate over time.6,14

Although this is the first study, to our
knowledge, to examine weight change after
smoking cessation in prisoners, it is logical to
assume that the negative health consequences
associated with quitting smoking will also in-
clude postcessation weight changes. Increased
weight following smoking cessation is even
more likely when additional factors, such as
limited food options (e.g., those provided by
commissaries and prisons), limit possibilities for
dietary changes.

The replication of findings from larger clin-
ical trials in our sample of women prisoners has
important implications, most notably that
women smokers in prison experience similar
weight change patterns as do women smokers
in the general population. Given the pervasive
health risks associated with both smoking and
obesity, documenting the relationship between
smoking cessation and weight gain in women
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prisoners provides a basis for developing an
intervention to target weight gain in future
trials of smoking cessation with incarcerated
populations.

Our findings contribute to a growing body of
literature that encourages the exploration of
therapeutic approaches to reduce or prevent
weight gain after smoking cessation.14 Com-
bining smoking and weight interventions may
result in greater willingness to quit smoking and
greater success rates among individuals who
attempt to stop smoking. This study also provides
additional evidence that immediate weight gain
after smoking cessation is generally short term,
with a general trend toward returning to within
a few pounds of baseline weight within a year of
smoking abstinence. Emphasizing the short-term
nature of weight increase may affect a smoker’s

decision to quit, particularly among women
smokers. Increasing smokers’ awareness about
what to expect after cessation, coupled with
improved interventions to prevent or reduce
weight gain, may help address this critical barrier
to smoking cessation in women.

Study Limitations

This study has several limitations that may
decrease the generalizability of the findings.
First, with the exception of women who have
funds or the ability to purchase or barter for
food items available in the prison commissary,
incarcerated women have less control over
the content or quantity of their diet than do
women in the general population. In addition,
incarcerated women have less control over
exercise opportunities. Thus, the process of

weight gain—and the process of limiting
weight gain—after smoking cessation may dif-
fer in important ways from that of nonincar-
cerated women. We do not know whether the
response to interventions observed in this
population will hold true outside an institu-
tional setting.

Second, we examined only women pris-
oners, and we do not know how these results
would apply to men prisoners involved in
a smoking cessation intervention. Although
both men and women gain weight after quit-
ting smoking, women tend to gain more
than do men.28 Paradoxically, postcessation
weight gain is more likely to result in smoking
relapse for men than for women,29 which
is unexpected given that women are more
likely to express concern over weight gain, are

TABLE 2—Demographic Characteristics at Baseline, by Quit Status at 3, 6, and 12 Months Among the Intervention Group (N=249):

Project STOP, Southeastern United States, 2005–2007

Demographic Characteristics

3-Month Status 6-Month Status 12-Month Status

Smoker (n = 207),

Mean (SD) or No. (%)

Quit (n = 42),

Mean (SD) or No. (%)

Smoker (n = 214),

Mean (SD) or No. (%)

Quit (n = 35),

Mean (SD) or No. (%)

Smoker (n = 220),

Mean (SD) or No. (%)

Quit (n = 29),

Mean (SD) or No. (%)

Age, y 33.6 (9.0) 34.6 (9.2) 33.9 (9.0) 33.1 (9.2) 33.8 (9.0) 34.0 (9.6)

Weight, lbs 170.4 (42.1) 167.5 (37.0) 171.0 (42.5) 163.1 (31.4) 170.6 (42.1) 164.5 (33.4)

Body mass index, kg/m2 28.2 (6.6) 28.5 (6.2) 28.3 (6.7) 28.0 (5.7) 28.3 (6.6) 28.3 (6.1)

No. children 2.3 (1.6) 1.8 (1.6) 2.3 (1.6) 1.6 (1.6) 2.3 (1.6) 1.5 (1.4)

Age, y, at first cigarette 13.7 (4.6) 13.7 (5.8) 13.5 (4.4) 14.8 (6.9) 13.7 (4.9) 13.3 (4.1)

Age, y, became daily smoker 16.1 (4.3) 16.8 (5.6) 15.9 (4.6) 17.9 (6.5) 16.1 (5.0) 16.6 (4.4)

No. cigarettes/d 16.4 (8.6) 16.8 (5.6) 16.6 (8.8) 15.2 (8.3) 16.5 (8.8) 15.9 (8.3)

No. cigarettes yesterday 14.5 (8.6) 14.6 (8.8) 14.7 (8.7) 12.9 (7.9) 14.6 (8.7) 13.8 (7.9)

CO concentration, ppm 14.8 (8.5) 12.2 (7.7) 14.5 (8.5) 13.6 (8.0) 14.4 (8.5) 13.8 (8.1)

Duration of smoking, y 20.0 (9.5) 21.0 (11.6) 20.4 (9.6) 18.7 (11.5) 20.1 (9.8) 20.8 (10.1)

No. quit attempts 2.3 (2.6) 2.8 (3.6) 2.4 (2.8) 2.4 (2.8) 2.4 (2.8) 2.4 (3.0)

Duration last quit attempt, mo 29.6 (55.7) 27.9 (41.4) 29.4 (54.1) 28.6 (46.1) 28.8 (53.5) 34.9 (54.7)

Race

Black 99 (48%) 20 (48%) 102 (47%) 17 (49%) 103 (47%) 16 (55%)

White 90 (43%) 20 (48%) 94 (44%) 16 (46%) 97 (44%) 13 (45%)

Other 19 (9%) 2 (5%) 19 (9%) 2 (6%) 21 (10%) 0 (0%)

Education

< High school 58 (29%) 9 (22%) 60 (29%) 7 (21%) 63 (30%) 4 (14%)

High school graduate 85 (43%) 15 (37%) 85 (41%) 15 (44%) 85 (40%) 15 (54%)

> High school 56 (28%) 17 (42%) 61 (30%) 12 (35%) 64 (30%) 9 (32%)

Marital status

Single 94 (47%) 21 (51%) 95 (45%) 21 (62%) 97 (46%) 18 (64%)

Married 31 (16%) 6 (15%) 32 (15%) 5 (15%) 34 (16%) 3 (11%)

Divorced 63 (32%) 11 (27%) 67 (32%) 7 (21%) 68 (32%) 6 (24%)

Widow 12 (6%) 3 (7%) 14 (7%) 1 (3%) 14 (7%) 1 (4%)

Notes: CO = carbon monoxide; ppm = parts per million; STOP = Smoking Treatment of Prisoners.
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more likely to continue smoking to control
weight, and more often report that they would
resume smoking if postcessation weight gain
occurred.30–32

A final limitation relates to available
data. We did not ask participants about

a number of factors that could also contrib-
ute to weight change, such as diabetes,
thyroid conditions, or other health problems.
In future studies, it would be useful to collect
more health background information and
to also collect a fasting blood sample for an

analysis of serum lipids and other health
indicators.

Conclusions

Prison populations continue to grow at an
alarming rate and, on any given day, about 1%
of the general population in the United States is
maintained in a correctional institution.33

Given that most correctional systems have al-
ready banned smoking or are in the process of
implementing complete smoking bans,25 appro-
priately adapted cessation interventions are ur-
gently needed.34 Previous studies have demon-
strated that implementing smoking bans without
providing smoking cessation treatment results in
poor compliance with smoking bans, continued
smoking, and the growth of a contraband in-
dustry within the correctional system.16,17 Para-
doxically, the implementation of smoking bans is
associated with reduced availability of smoking
cessation programs and materials in correctional
settings.25

Researchers have examined the efficacy of
an intervention that combines smoking ces-
sation and weight control in the general
population and found no increased cessation
benefits. However, incorporating weight gain
prevention into smoking cessation is attrac-
tive to many smokers who are contemplating
quitting.35 We have demonstrated that
a community-tested smoking cessation inter-
vention can be successfully tailored to a cor-
rectional setting. Interventions for preventing
or reducing weight gain after smoking cessa-
tion must be fit to the unique circumstances
of incarceration, with the recognition that
incarcerated women have less control over
diet and exercise than do women in the
general population. Providing a smoking ces-
sation intervention that addresses postcessa-
tion weight gain within the constraints of
institutionalization may improve the attrac-
tiveness of cessation programs to incarcerated
women and reduce the high rate of smoking
among incarcerated individuals. j
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