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BACKGROUND: A hospital admission for a serious cardiac event offers a unique

opportunity for smoking cessation. Understanding the factors that predict and

enhance cessation among smoking cardiac inpatients is important for hospital

physicians and clinical staff.

STUDY OBJECTIVE: To determine factors that predict smoking cessation, relapse,

or continued smoking among posthospitalized cardiac patients who were smok-

ing at the time of admission.

SAMPLE: Patients hospitalized with acute coronary syndrome (ACS) were

recruited from 5 hospitals in Michigan to participate in a study assessing hospital

quality improvement plus at-home health behavior change counseling.

MEASUREMENTS: Patient interview data were collected shortly after discharge

and 3 and 8 months later to describe patient demographics, clinical characteris-

tics, tobacco use, and other behaviors. Multinomial logit regression was used to

predict smoking cessation, relapse, and continued smoking.

RESULTS: Of patients smoking at hospitalization who completed both follow-up

interviews, 56.8% (n 5 111) were not smoking at 8 months. A significant predic-

tor of successful cessation was higher household income (odds ratio [OR] 5 4.72;

P 5 0.003), while having other smokers in the household decreased the odds of

cessation (OR 5 0.20; P 5 0.001). History of depression increased the odds of

relapse (OR 5 6.38; P 5 0.002) and being a lighter smoker decreased the odds

(OR 5 0.16; P 5 0.026).

CONCLUSIONS: Although approximately one-half of the smokers in this study

reported successful cessation, interventions are still needed to assist all smokers

to successfully quit smoking after an ACS hospitalization. Our data suggest tar-

geting follow-up programs to include other family members and using specia-

lized methods for heavy smokers. Journal of Hospital Medicine 2009;4:E3–E9.
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Tobacco use in the United States is the chief avoidable cause
of death in the United States.1 The health benefits of smok-

ing cessation are widely known, including reductions in the risk
for lung cancer, chronic obstructive pulmonary disease, and
heart disease.2,3 Particularly for patients with symptomatic coro-
nary artery disease, smoking cessation reduces the risk of mor-
tality by 30% to 50%.4,5

Being hospitalized for a major cardiac event spurs many
smokers to stop smoking. Acute and chronic health events are
associated with a much lower likelihood of continued smoking,
both immediately and over time. Cessation rates among smokers
hospitalized for a cardiac condition, such as acute coronary syn-
drome (ACS), range from 31% without intervention to 60% with
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sustained intervention posthospitalization, at 1-
year follow-up.6–10

Various studies have examined predictors of
continued smoking among patients with heart dis-
ease. However, few studies have focused on prog-
nostic factors in patients hospitalized for their
heart condition, illustrating a gap in the literature.
Factors found to affect smoking cessation rates
have included: mood disorders, such as current or
history of depression,6,11–13 a high level of state-
anxiety,13 and hostility or tensions;12 severity of
disease, such as history of previous cardiac
event,6,9 history of smoking-related pulmonary
disease,6 severity of the cardiac disease,6,12 having
1 or more risk factors for coronary artery disease
other than smoking,14 or unstable angina;14

greater nicotine dependence or heavy smoking at
index hospitalization;6,9,14,15 and the presence of
other smokers in the home/work environment.16

Data from a recently completed randomized
controlled trial of a health behavior intervention
within the context of hospital quality improve-
ment provided the opportunity to study factors
predictive of successfully quitting smoking in hos-
pitalized cardiac patients. The description and
results of that trial, called the Heart After Hospi-
talization Recovery Program (HARP), are reported
elsewhere.17,18 In summary, the health behavior
intervention program studied in the trial was not
successful in improving the smoking cessation
rates above the control group receiving only the
hospital quality improvement (QI) approach.
Results of the QI intervention, the ACS Guidelines
Applied to Practice (GAP) program, showed gains
in survival that appeared to be due to better ad-
herence to guidelines, which included a patient
contract for behavior change.19,20 Therefore, the
purpose of this work is to describe all the pread-
mission smoking patients in the study, regardless
of trial group assignment, and examine predictive
factors for smoking cessation and relapse to
smoking after their hospital discharge for ACS.

PATIENTS AND METHODS
The institutional review boards of the authors’
university and each of the 5 participating hospitals
approved the HARP study.

Settings and Subjects
Patients were recruited from 5 hospitals located in
2 adjacent counties in a Midwestern state. The 2

counties were similar: each had 1 major city sur-
rounded by suburbs and outlying rural and farm-
ing areas, diverse populations with a minority
population higher than the state average (20% ver-
sus 14.5%), a high unemployment rate (above 8%),
and an industrial/manufacturing economic base.

Patient eligibility criteria included: admission
to 1 of 5 participating study hospitals, a documen-
ted serum troponin I level greater than the upper
limits of normal observed in each hospital, and a
working diagnosis of ACS. Exclusion criteria
included: discharge to any nonhome setting, pos-
session of any significant mental/cognitive impair-
ments, lack of a home telephone, or non-English
speaking. Trained nurse recruiters approached
hospitalized patients, providing information on
study participation and attempting to obtain con-
sent. Recruitment occurred between January 14,
2002 and April 13, 2003. A mean number of 2.29 �
standard deviation (SD) 1.82 contacts were made
with patients having elevated troponin levels to
determine their actual eligibility.

Measures
Interview data were collected from patients at the
following time points: shortly after hospital dis-
charge (baseline), and 3 and 8 months post-
discharge. Survey telephone calls lasted
approximately 30 to 40 minutes and were con-
ducted by trained survey researchers at the uni-
versity’s Institute for Public Policy and Social
Research. Surveyors were blinded to the group
assignment of the participants they were inter-
viewing.

At the baseline interview, conducted between
1 and 4 weeks after discharge from the hospital
(mean 14.11 � 9.6 days), patients answered ques-
tions of survey interviewers including demo-
graphic and background information, comorbid
conditions (Charlson comorbidity index [CCI]
method),21 history of depression, current depres-
sive symptoms (Center for Epidemiological Stu-
dies-Depression [CES-D] tool)22, and tobacco use.

Smoking status at the time of hospitalization
was established based on 2 sources of informa-
tion: the medical record chart audits, and the
baseline interview. The baseline interview asked
‘‘Have you ever smoked tobacco?’’ Respondents
answering ‘‘yes’’ were asked: ‘‘Do you smoke every
day, some days, or not at all?’’; ‘‘How many cigar-
ettes do you now smoke per day on average?’’;
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and ‘‘On average, when you smoked in the past 30
days, how many cigarettes did you smoke?’’
Respondents who reported that they quit smoking
were asked when they had quit. Comparing the
time between the baseline interview and the origi-
nal hospital admission, the research team could
establish who quit by the time of the baseline
interview, but had still been a smoker at the time
of hospitalization. Therefore, this group of patients
was considered smokers for the purpose of this
study; defined as smoking at the time of hospitali-
zation for this heart event. All other patients were
treated as nonsmokers. Smoking status at hospi-
talization was then confirmed with the hospital
medical record, which provided information on
whether the patient was a current, ever, or never
smoker, the years smoked, and the number of
packs currently smoked per day.

In the subsequent 3-month and 8-month
interviews, each patient’s reported smoking status
and frequency was reassessed through the items,
‘‘Have there been any changes in your tobacco
use in the past 3 months?’’ and ‘‘During the last
month, have you smoked everyday, some days, or
not at all?’’ If the patient reported current smok-
ing, then he/she was asked ‘‘On the average, when
you smoked during the past 30 days, about how
many cigarettes did you smoke a day?’’ If the
patient reported quitting, he/she was asked ‘‘How
long ago did you quit smoking?’’ Household smok-
ing was assessed by the question ‘‘In the past 30
days, has anyone, besides yourself, smoked cigar-
ettes, cigars, or pipes anywhere inside your
home?’’

Data Analysis
In addition to descriptive statistics characterizing
the analysis sample, the analysis relies on multi-
nomial logit regression models to predict who
among the smoking ACS patients discharged
would continue to smoke, would quit for the ob-
servation period, or would relapse.23,24 Multino-
mial logit regression represents an extension of
the more familiar binary logistic regression25

involving comparisons of all possible pairs of out-
comes. Specifically, instead of employing separate
logistic regression models to compare permanent
quitters to continuing smokers, relapsers to conti-
nuing smoker, and permanent quitters to relap-
sers, these comparisons are contrasts in the
multinomial model.

Thus, in addition to obtaining adjusted odds
ratio (OR)s that take account of the simultaneous
influence of all predictors, this analysis produces
overall goodness-of-fit indicators and multivariate
significance tests, which test whether coefficients
associated with a particular independent variable
have a simultaneous effect on the outcome across
all categories. For instance, a multinomial P-value
of less than 0.05 for a subject’s history of depres-
sion would indicate that such a history has a signif-
icant effect on whether or not subjects continue to
smoke, quit for good, or relapse. The specific ORs
and their associated significance levels then indi-
cate if and to what degree prior depression affects
each 2-way contrast (quitters versus smokers, relap-
sers versus smokers, quitters versus relapsers). The
analysis was conducted using the mlogit procedure
of the STATA, 9.0 software package.26

RESULTS
Subjects
Of 719 consenting patients, 166 (23.1%) were initi-
ally assessed to be smokers based on their medi-
cal record documentation. Smoking status at
hospitalization could not be verified and smoking
status after hospitalization could not be deter-
mined for 15 patients who did not participate in
any of the follow-up interviews, therefore they
were excluded. An additional 15 patients were
excluded because of the lack of a second follow-
up interview, which would have allowed us to
determine whether they quit smoking for at least
3 months or relapsed. Therefore, we include only
the 136 cases with generally complete interview
data in the current analysis. Table 1 depicts the
demographic, medical, and smoking-related char-
acteristics of these patients.

Significant Predictors of Cessation and Relapse
Of the 136 smokers who were interviewed at base-
line and completed the follow-up surveys, 45 con-
tinued to smoke at baseline and at subsequent
interviews in which they participated (33.1%) were
defined as continuing smokers. Sixty-five patients
quit smoking (quitters) and remained nonsmokers
for the time of observation—at least 1 more inter-
view wave or an additional 3 months (47.8% of
respondents). Twenty-six of the 136 (19.1%) were
relapsers. They reported quitting smoking shortly
after their hospitalization, but reported smoking
again at either the 3-month or 8-month interview.
Smoking again was defined as answering ‘‘every
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day or some days’’ to the question ‘‘During the
last month, have you smoked every day, some
days, or not at all?’’).

Table 2 shows the cross-tabulations and Table
3 shows the result from the multinominal regres-
sion analysis identifying significant predictors of
quitting and relapsing as compared to continued
smoking, relapsing versus quitting. Initially, the
model included patient age (continuous variable),
sex, years of education, race/ethnicity (other ver-
sus Caucasian) and insurance status (Medicare,
Medicaid, employer-based private insurance, other
private insurance, no insurance) among the pre-
dictor variables, but they were eliminated from
the model based on the nonsignificance of the
likelihood ratio chi square test associated with
each of them. In the final model, we retained only
significant predictor variables, except for 1: mem-
bership in the study groups (intervention group

with coaching, intervention group without coach-
ing, control group). To ease interpretation, the table
displays 3 columns of the adjusted ORs, comparing
all 2-way comparisons of outcomes. The third col-
umn, comparing relapsers and quitters, is techni-
cally redundant, as its ORs represent the ratios of
the other 2 columns, but the values may be of in-
terest to readers. The multinomial P-values in the
right-hand column confirm that, with the sole
exception of study group membership, every
remaining independent variable is a significant pre-
dictor of smoking status after hospital discharge.

As the data show, patients with higher house-
hold incomes have substantially higher odds of
quitting than low-income patients (OR 5 4.72; P
5 0.001); yet they also have greater odds of relap-
sing (OR 5 3.38; P 5 0.04). Patients with a his-
tory/past diagnosis of depression are not more
likely to quit than those without a depression his-
tory; however, they have larger odds of relapsing
back to smoking (ie, the OR for the comparison of
relapsers versus smokers (OR 5 2.66; P 5 0.05)
almost reaches the conventional significance level,
while the OR for the contrast of relapsers versus

TABLE 1
Demographic and Clinical Characteristics of Smoking HARP Patients
at Baseline Interview (Preintervention)

Variable Number or Mean 6 SD Percentage

Age (years) 53.32 � 9.52

Gender

Male 83 61

Female 53 39

White/nonwhite race

White 112 82.4

Nonwhite/multiracial/other 24 17.6

Marital status

Married 80 59.3

Divorced/separated/widowed 56 40.7

Work for pay or profit

Yes 71 52.2

No 64 47.1

Missing 1 0.7

Highest education

High-school diploma or less 79 58.1

Some college or more 57 41.9

Family income

Less than $15,000 per year 36 26.5

$15,000 or more per year 90 66.2

No information 10 7.4

Ejection fraction (EF)

EF � 35% 14 10.3

EF > 35% 110 80.9

Unmeasured 12 8.8

Number of comorbid conditions 1.79 � 1.81

Number of persons living in household 2.63 � 1.41

Past diagnosis of depression

Yes 40 29.4

No 96 70.6

NOTE: n 5 136.

TABLE 2
Cross-Tabulations Comparing Smokers to Successful Quitters and
Relapsers Among Post–Hospital Discharge Acute Coronary Syndrome
Patients Who Smoked When They Entered the Hospital

Independent Variables

Smokers

[n (%)]*

Relapsers

[n (%)]y
Quitters

[n (%)]{ P-Value§

Household income

<$15,000 21 (58) 6 (17) 9 (25)

$15,0001 22 (24) 19 (21) 59 (54) 0.003

Study group

QI only 22 (37) 13 (21) 25 (42)

QI-plus HARP (coached) 14 (27) 10 (20) 27 (53)

QI-plus HARP (not coached) 9 (36) 3 (12) 13 (52) 0.644

History of depression

No 30 (31) 12 (13) 54 (56)

Yes 14 (36) 14 ( 36) 11 (28) 0.002

Smokers in household

No 19 (23) 11 (14) 51 (63)

Yes 26 (47) 15 ( 27) 14 (25) 0.000

Intensity of smoking

Moderate/heavy 26 (29) 13 (15) 49 (56)

Light 19 (40) 13 ( 27) 16 (33) 0.034

NOTE: n 5 136; likelihood ratio v2 5 55.08; degrees of freedom 5 14; P < 0.0001.

* Smokers are defined as those who continued to smoke after the hospitalization.
y Relapsers are defined as those who quit smoking after hospitalization but had begun smoking again

by either the 3-month or 8-month interview.
{ Successful quitters are defined as those who quit smoking and remained quit for the observation

period.
§ Significance tests associated with multiple category predictors.
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quitters (OR 5 6.38; P 5 0.002) is significant and
of substantial magnitude. By comparison, the pre-
sence of other smokers in a patient’s household
both lowers the odds of becoming a successful
quitter (OR 5 0.20; P 5 0.001), and raises the
odds of relapsing after initial quitting (OR 5 4.74;
P 5 0.005). While lighter smokers (defined as <10
cigarettes a day) before hospitalization do not
appear to be more successful in quitting than hea-
vier smokers (defined as >20 cigarettes a day) (OR
5 1.29; P 5 0.62), they are less likely to relapse to
smoking if they quit (OR 5 0.16; P 5 0.03).

Specific results relating to the telephone coun-
seling intervention are found elsewhere.17,18 How-
ever, we did include in Table 2 the specific results
for the study groups to illustrate that the interven-
tion program was not a factor predicting cessa-
tion. Analysis of the data using intention-to-treat
(assuming all losses to follow-up were continuing
smokers) resulted in similar findings at the 8-
month follow-up (v2 5 2.635; degrees of freedom
[df] 5 2; P 5 0.268).

DISCUSSION
The smoking cessation rate of 56.8% (n 5 111;
only those with 8-month follow-up) in this study
population at 8 months compares favorably with
the range of 31% to 60% shown in earlier studies
of cardiac populations.6–10,27 Assuming more con-

servatively that the survey nonresponders were all
smokers yields a 46.3% quit rate (n 5 136; all
those with at least 1 follow-up), which is within
the range reported in the literature.

The intervention program was not a factor
predicting cessation. Most posthospital follow-up
counseling is associated with increased smoking
abstinence at follow-up.28,29 It is possible that the
GAP in-hospital QI initiative in these hospitals
contributed to improving the cessation of smokers
in both trial arms, thereby negating the effect of
the counseling-only option, although we did not
specifically study the effect of the GAP interven-
tion. It is also possible that we were underpow-
ered to detect a statistically significant difference
given our sample size of smokers.

Several characteristics were associated with
successful smoking cessation in posthospitalized
ACS patients. These included higher incomes, no
other smokers in the household, and being a
lighter smoker. We also found, however, that those
with a history of depression, and heavier smokers
also had higher rates of relapsing. As with previ-
ous research, our results support the evidence that
heavier smokers have greater difficulty quitting
smoking.6,9,14,15 Heavier smoking indicates a
greater nicotine addiction.27 However, 1 study of
smoking cessation of smokers at a tertiary referral,
cardiothoracic hospital found that smokers with
greater pack years (eg, number of years smoked at

TABLE 3
Multinomial Logistic Regression Comparing Smokers to Successful Quitters and Relapsers Among Post–Hospital Discharge Acute Coronary
Syndrome Patients Who Smoked When They Entered the Hospital

Independent Variables

Successful Quitters*

versus Smokersy OR (95% CI)

Relapsers{ versus

Smokersy OR (95% CI)

Relapsers{ versus

Successful Quitters* OR (95% CI)

Multinomial

P Value§

Household income ($15,000)k 0.007

$15,0001 4.72 (1.69-12.87) 3.38 (1.09-9.97) 1.72 (0.85-3.46) 0.005

Study group (intervention)k 0.56

QI-plus HARP (uncoached) 0.86 (0.24-3.05) 0.46 (0.10-2.65) 0.53 (0.26-1.09) 0.65

QI only 0.52 (0.19-1.39) 0.81 (0.28-2.70) 1.56 (0.85-2.84) 0.42

History of depression (yes) 0.42 (0.16-1.41) 2.66 (1.02-7.49) 6.38 (2.34-17.34) 0.007

Smokers in household (yes) 0.20 (0.08-0.55) 0.97 (0.32-2.61) 4.74 (1.57-14.24) 0.001
Intensity of smoking (moderate to heavy)k

Light 0.20 (0.04-0.99) 1.29 (0.44-3.56) 0.16 (0.05-0.57) 0.08

NOTE: n 5 136; likelihood ratio v2 5 55.08; degrees of freedom 5 14; P < 0.0001; Bolded items indicate significant relationships.

Abbreviations: CI, confidence interval; OR, adjusted odds ratio.

* Successful quitters are defined as those who quit smoking and remained quit for the observation period.
y Smokers are defined as those who continued to smoke after the hospitalization.
{ Relapsers are defined as those who quit smoking after hospitalization but had begun smoking again by either the 3-month or 8-month interview.
§ Significance tests associated with multiple category predictors.
k Reference category (comparison group in parentheses).
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an equivalent of 1 pack per day), had a higher
likelihood of abstinence at a 12-month follow-
up.30 More intense efforts are likely needed to
assist smokers with a more significant addiction.
Perhaps studies are needed to better understand
the physiological and genetic mechanisms of nico-
tine addiction and effective treatment options for
this group.

Our results also demonstrate that those with a
history of depression were more likely to relapse.
Several researchers have demonstrated that in
patients with a history of depression, return of
depressive symptoms upon a cessation attempt
may precipitate relapse.28,29 Current depressive
symptoms, as measured by the CES-D, were not
associated with decreased rates of quitting or
relapsing. After controlling for history of depres-
sion, the CES-D score was no longer a predictor of
quitting or relapsing in our data.

Similar to other studies, smokers in this study
who reported having other smokers in the house-
hold had a more difficult time both quitting and
remaining abstinent.16,31 A related controversy
concerns the efficacy of including (smoking and
nonsmoking) family members in interventions to
sustain longer-term abstinence. Including family
members has demonstrated efficacy in some
research,32–34 although the optimal means of
involving family members in smoking cessation
interventions has not yet been identified. Severity
of cardiac disease (as measured by ejection frac-
tion) and the presence of comorbid conditions
were not found to be associated with smoking
continuation or cessation. We did not find in this
sample of ACS patients that smoking cessation
rates increased with age during the follow-up sur-
vey time points.

There are several limitations to our study.
First, we did not biochemically validate self-
reported smoking cessation rates. However, it is
generally found that self-reports of cessation are
accurate in research studies.35 Also participants
may have incorrectly stated their quit rates due to
recall bias. We were unable to fully capture use of
smoking cessation pharmacotherapy (such as
bupropion or nicotine replacement), which may
have better explained success with cessation.
Unfortunately, this is also not usually captured in
the literature on studies of this nature. Last, since
this study enrolled only cardiac patients in 2 simi-
lar community populations, these results may not
be fully generalizable to other communities.

For smokers suffering from cardiac disease,
there are few better ways to prevent a second
heart event than quitting smoking. Judging from
these results, there still remain a great number of
hospitalized smokers who either choose to, or are
unable to, successfully quit smoking, even after
hospitalization for a serious cardiac event. Further
research is needed to understand what individual
motivating or household mechanisms may be best
considered when encouraging this group of smo-
kers to quit permanently.
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