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INTRODUCTION

Tobacco use and obesity remain the primary and secondary 
leading cause of mortality and morbidity in the United States 
(US), with an estimated 480,000 annual deaths between 2005 
and 2014 attributable to smoking and an annual 400,000 
deaths caused by obesity [1,2]. In the US, it was estimated that 
approximately 9 million smokers were also obese in the 2002 
US National Health Interview Survey [3].

There are several challenges to quitting smoking; in the 
short-term after smoking cessation, withdrawal symptoms can 
occur including impatience, anger, difficulty concentrating, 
depression, anxiety, insomnia, and restlessness. These symptoms 
usually peak within the first week and last 2-4 weeks [4].The 
greatest risk of relapse following smoking cessation is when 
withdrawal symptoms peak in the first few weeks. Relapse is a 
significant concern after smoking cessation as it leads to failure 
of the cessation attempt [4,5]. Those who maintain abstinence 
for the first 2 weeks are more likely to be abstinent 6 months 
later [6]. Although withdrawal symptoms may reduce and 

confidence in remaining abstinent may increase for those who 
maintain abstinence for the first few weeks, abstainers continue 
to relapse for months, even years following the quit attempts [5].

Abstinence rate is the primary measure for evaluating the 
success of smoking cessation [7]. Evidence shows that all the 
Food Drug Administration (FDA)-approved smoking cessation 
medications have higher abstinence rates compared to placebo 
for short-term and long-term use [8]. In addition, varenicline has 
a higher abstinence rate as compared to bupropion or nicotine 
replacement therapy (NRT) [8]. The adjusted risk ratio (RR) of 
continuous abstinence at 52 weeks is 1.3-2.3 times higher using 
varenicline than that of bupropion (RR: 1.36, 95% confidence 
intervals [CI]: 0.99-1.86; RR: 1.57, 95% CI: 1.14-2.17; RR: 2.27, 
95% CI: 1.02-5.03) and NRT (RR: 1.31, 95% CI: 1.01-1.71) 
[9-12].

While varenicline is reported to have a higher abstinence 
rate compared to bupropion and placebo among smokers of 
all weight levels, several trials have demonstrated a lesser 
post-cessation weight gain when using bupropion compared 
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to varenicline or placebo [13,14].Varenicline does not seem 
to have a significant effect on post-cessation weight gain 
at the end of treatment and bupropion has been shown to 
attenuate post-cessation weight gain [9-11]. As a considerable 
concern among obese smokers, post-cessation weight gain 
may potentially influence the abstinence rate among such a 
population. Obese smokers gain most weight following quitting 
smoking, while obese smokers continuing smoking habits 
are likely to remain stable or lose weight [15]. Hence, obese 
quitters have the greatest need for interventions to ameliorate 
weight gain [15].

Despite the fact that several pharmacotherapies have been 
evaluated to be effective (measured by continuous abstinence 
rate), it is not clear which smoking cessation strategy is 
more effective in terms of providing a higher abstinence rate 
following cessation among obese smokers. Therefore, the 
primary objective of the study was to compare the abstinence 
rates of FDA-approved smoking cessation medication 
strategies during (a) 3-month, (b) 6-month, and (c) 12-month 
follow-up period among obese smokers. Knowledge gained 
from this study will provide additional information on the 
effectiveness and benefit of smoking cessation medications 
among obese adult smokers. That will aid both policy-makers 
and clinicians in optimizing drug regimens to treat this high-
risk population.

MATERIALS AND METHODS

Study Design and Data Sources

This study was a retrospective cohort study using General 
Electric (GE) health-care clinical data, which is a real-world 
observational, daily-updated clinical data, rich in information 
of millions of patients in the ambulatory primary care setting 
in the US. GE health-care clinical data have the results of body 
mass index (BMI) and smoking status that are not commonly 
available in other databases. The uniqueness and the features of 
the GE health-care clinical data mentioned above make it the 
optimal clinical database to be used for conducting this study.

The G-power 3.1.4 statistical software was used for sample size 
calculation with a 0.05 α-level, 80% power. A medium effect size 
for abstinence rate of 0.30 (that is, 1.30 odds ratio [OR]), with 
a binominal distribution, two-tails z-test for multiple logistic 
regression model would need a number of 3677 observations. 
Based on the preliminary analysis, the differences with a small 
to medium effect size can be detected using GE database.

Study Population

Inclusion criteria

The study cohort was identified using the following inclusion 
criteria: (1) Obese, (2) aged 18 years or older, (3) patients’ 
records being documented at least once in the GE health-care 
clinical data in the US between January 2006 and December 

2011, and (4) were prescribed at least one smoking cessation 
medication (bupropion hydrochloride or varenicline tartrate).

The index date was defined as the first day of being prescribed 
smoking cessation medication. Wash-out period was defined 
as not being prescribed any smoking cessation medication 
6 months before the index date [16]. New users were defined 
as being prescribed at least one smoking cessation medication 
between July 1st, 2006 and September 30th, 2011 (3-month 
follow-up), or June 30th, 2011 (6-month follow-up), or December 
31st, 2010 (12-month follow-up), while not being prescribed any 
smoking cessation medication during wash-out period.

Exclusion criteria

Patients were excluded if they were: (1) Missing data on smoking 
status at baseline and follow-up and (2) being prescribed any 
of the smoking cessation medication under study during the 
6 months of pre-index period.

The cohort consisted of obese smokers newly initiating the 
use of at least one of the FDA-approved smoking cessation 
medications (bupropion vs. varenicline).

Measures

The outcome variable was abstinence from smoking versus 
not at 3-, 6-, and 12-month follow-up time. Abstinence was 
defined as being reported as “not current” or “former” smoker 
at any point of the follow-up period; being reported as “current” 
smoker throughout the follow-up period was categorized as 
non-abstinence. Once identified as being abstinent, abstinence 
status was sustained until throughout the follow-up. The 
abstinence rate was assessed as number of abstinent smokers 
divided by overall obese smokers for each medication strategy.

The outcome measure – abstinence rate – was followed up by 
three different timelines: 3 months (end of active treatment 
effect), 6 months (sustained effect, short term), and 12 months 
(sustained effect, long-term) after the index date. The reason 
for taking three different follow-up time periods was that 
smoking cessation medications are usually required for a 
3-month treatment; thus, monitoring the status of smoking 
3 months after the treatment can help understand the end of 
the treatment effect of the smoking cessation medications. On 
the other hand, smoking cessation medication may also have 
a short-term and long-term effect on influencing the decision 
of smoking. 6-month and 12-month follow-up time periods are 
acceptable for assessing the short-term and long-term effect of 
smoking cessation medications on abstinence rates [17].

The BMI is a simple index of weight-for-height that is commonly 
used to classify underweight, overweight, and obesity in adults. 
It was defined as the weight in kilograms divided by the square of 
height in meters (kg/m2) and was rounded to the nearest tenth.

Obesity was classified according to BMI by the World Health 
Organization (WHO). Individuals whose BMI is greater than 
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30 are classified as obese, while those whose BMI is greater than 
40 are classified as morbid obese [18].

Smoking status was classified as never smoked, formerly smoked, 
not currently smoking, and currently smoking, which are dummy 
variables of smoking status in GE health-care clinical data. Never 
smoker was defined as an individual who has not smoked 100 
or more cigarettes during his/her lifetime; former smoker or not 
current smoker was defined as an individual who has smoked 
at least 100 cigarettes during his/her lifetime but not currently 
smoke; current smoker was defined as an individual who has 
smoked at least 100 cigarettes during his/her lifetime and still 
regularly smokes every day or periodically.

Statistical Analyses

Descriptive analyses were conducted to assess the frequency 
distribution of sample demographic characteristics at baseline. 
Student t-tests were conducted among obese smokers for 
continuous variables while chi-square tests were conducted 
for categorical variables. Univariate analyses of participant 
characteristics were carried out with the three outcome variables, 
and results were presented as unadjusted OR with 95% CI. Three 
multivariate logistic regression models were carried out to assess 
the association between the outcome variable (abstinence vs. 
not) and independent variables after assessing multicollinearity 
and interaction. Multivariate logistic regression model results 
were presented as adjusted ORs with 95% CI and were reported 
in the results section. The major independent variable was the 
type of smoking cessation medication prescribed (bupropion 
and varenicline). Other patient characteristics identified as 
independent variables and potential confounders for the analysis 
included the following: Age (categorized as 18-40/41 - 64/≥65), 
sex (female/male), race (white/non-white), region (Midwest/
Northeast/South/West), payment type (commercial/government/
self-paid), specialty group (primary care/specialty care), BMI at 
baseline, comorbidities (smoking attributed diseases including 
hypertension, hyperlipidemia, lung cancer, stroke, chronic 
obstructive pulmonary disease [COPD], and acute myocardial 
infarction), NRT use (using NRT between index date and follow-
up), weight counseling (no/yes), smoking counseling (no/yes), 
weight control medications (including medications which may 
cause weight reduction and weight gain, respectively), smoke 
cigarette every day (no/yes), alcohol dependence (no/yes), and 
alcohol consumption (no/yes). Backward elimination was used 
to arrive at the final models that included smoking cessation 
medication and any significant variable (P < 0.20).

Considering that missing value might have an impact on the 
model’s fit, missing value analyses using multiple imputation 
method were performed after assuming that these values of 
covariate variables were missing at random [19]. The imputed 
models were then compared with the multivariate logistic 
regression models which missing values of covariate variables were 
considered as incomplete cases and deleted from the analyses.

All statistical analyses were performed using SAS version 9.3 
(SAS Institute, Cary, NC) statistical package at a priori 
significance level of 0.05.

RESULTS

Baseline Sample Characteristics

A total number of 4,219,784 obese individuals and 18,458,810 
smokers were identified between July 2006 and December 2011 
using GE health-care data, reaching out 1,765,748 obese smokers. 
With a total number of 281,602 smoking cessation medication 
users identified, the total sample consisted of 87,065 obese 
smokers utilizing at least one FDA-approved smoking cessation 
medication from July 2006 to December 2011. Based on the 
abstinence rate defined above, number of individuals who were 
considered abstinence was 18,256 at 3 months follow-up, 22,904 
at 6 months follow-up, and 30,715 at 12 months follow-up. 
Figure 1 shows the schematic diagram for study cohort.

The mean age of the cohort was 45.41 years (±standard deviation 
[SD]: 12.19), while the mean BMI was 35.36 (±SD: 5.43). An 
overall abstinence rate at each follow-up was 17.01% (n = 3106), 
20.58% (n = 4714), and 22.86% (n = 7021), respectively. In 
terms of follow-up at 3 months, the abstinence rate was 16.90% 
(n = 2958) for obese smokers who were prescribed varenicline, 
while 19.65% (n = 148) for those who were prescribed bupropion 
(P < 0.05); in terms of follow-up at 6 months, the abstinence rate 
was 20.51% (n = 4506) for those who were prescribed varenicline, 
while 22.39% (n = 208) for those who were prescribed bupropion 
(P = 0.16); in terms of follow-up at 12 months, the abstinence rate 
was 22.86% (n = 6,730) for those who were prescribed varenicline, 
while 22.86% (n = 291) for those who were prescribed bupropion 
(P = 0.28). There was a statistically significant difference of age 
group, region, NRT use for abstinence at all three follow-up 
times (P < 0.05). There was a statistically significant difference 
of specialty group for abstinence at 6 months; and payment type, 
alcohol dependence, and smoking counseling for abstinence at 
12 months (P < 0.05). Table 1 summarizes the results of patients’ 
characteristics and chi-square tests with the three outcome 
variables. Smoking cessation medication type and BMI value at 
baseline were multi-imputed. Results from multiple imputation 
missing value analyses showed consistent results compared to the 
baseline models (data not shown).

Obese Individuals
N=4,219,784

Smokers
N=18,458,810

Smoking medication users
N=281,602

Obese Adult Smokers with Smoking Cessation Medication
N=87,065

Obese smokers
N=1,765,748

Abstinence
3-month N=18,256
6-month N=22,904
12-month N=30,715

Figure 1: Schematic diagram for study cohort
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Logistic Regression Analyses

Table 2 summarizes the results of univariate logistic 
regression and multivariate logistic regression of abstinence 

rate at each follow-up period. Multicollinearity analysis 
and interaction assessment showed that there was no 
multicollinearity or interaction among the independent 
variables.

Table 1: Baseline characteristics for abstinence among obese adult smokers who were prescribed any smoking cessation medication 
at 3-, 6-, and 12-month follow-up period
Variables Abstinence at 3 months

(17.01%, n=3106)
P value Abstinence at 6 months

(20.58%, n=4714)
P value Abstinence at 12 months

(22.86%, n=7021)
P value

Varenicline 
(16.90%, 
n=2958)

Bupropion 
(19.65%, 
n=148)

Varenicline 
(20.51%, 
n=4506)

Bupropion
(22.39%, 
n=208)

Varenicline
(22.86%, 
n=6730)

Bupropion
(24.15%, 
n=291)

Age (±SD) 43.50 (11.96) 44.35 (12.88) 0.00** 43.93 (12.10) 44.56 (13.09) 0.00** 44.30 (12.17) 44.89 (13.19) 0.00***
Baseline BMI (±SD) 35.45 (5.41) 35.75 (5.55) 0.37 35.51 (5.48) 35.67 (5.48) 0.98 35.51 (5.52) 35.74 (5.57) 0.73
Weight change (±SD) 1.18 (16.75) 0.23 (25.90) 0.00*** 2.14 (18.14) 0.22 (25.32) 0.00*** 3.12 (20.89) 1.47 (17.50) 0.00***
Gender

Female 49.67 59.76 0.00*** 50.63 59.10 0.00*** 51.90 59.17 0.00***
Male 50.33 40.24 49.37 40.90 48.10 40.83

Age group
18-39 39.16 37.72 0.04* 37.92 37.57 0.02* 36.82 36.27 0.00**
40-64 56.48 56.04 57.22 55.54 58.03 56.18
≥65 4.35 6.24 4.86 6.89 5.14 7.55

Race
White 39.92 39.97 0.98 40.90 40.80 0.95 42.30 41.58 0.62
Non-white 60.08 60.03 59.10 59.20 57.70 58.42

Region
Midwest 26.38 27.79 0.03* 25.91 27.69 0.04* 25.97 29.40 0.00**
Northeast 21.51 16.89 22.35 18.32 23.00 18.27
South 31.69 34.04 31.41 32.87 31.19 32.39
West 20.41 21.28 20.33 21.12 19.85 19.93

Payment type
Commercial 71.54 68.60 0.40 70.03 66.95 0.35 69.21 63.59 0.01**
Medicare/paid 21.86 23.48 23.40 25.73 24.33 27.66
Self-paid 6.61 7.92 6.58 7.32 6.46 8.75

Specialty group
Primary care 89.37 87.71 0.25 90.45 87.80 0.03* 91.44 90.03 0.17
Specialty care 10.63 12.29 9.55 12.20 8.56 9.97

Hypertension
No 87.16 85.39 0.16 87.04 84.50 0.02* 87.27 85.64 0.10
Yes 12.84 14.61 12.96 15.50 12.73 14.36

Depression
No 93.81 92.30 0.09 93.58 92.25 0.11 93.44 92.03 0.05
Yes 6.19 7.70 6.42 7.75 6.56 7.97

Weight-reduction drug
No 92.17 90.70 0.14 91.82 90.53 0.16 91.44 90.54 0.27
Yes 7.83 9.30 8.18 9.47 8.56 9.46

Alcohol dependence
No 51.82 54.45 0.16 53.54 56.19 0.11 55.52 44.48 0.04*
Yes 48.18 45.55 46.46 43.81 58.51 41.49

Smoking counseling
No 52.89 55.78 0.12 54.00 57.16 0.06 55.68 59.00 0.02*
Yes 47.11 44.22 46.00 42.84 44.32 41.00

Smoke cigarette every 
day

No 46.64 46.75 0.95 48.72 49.41 0.68 51.32 51.95 0.67
Yes 53.36 53.25 51.28 50.59 48.68 48.05

NRT
No 98.20 92.03 0.00*** 97.48 90.96 0.00*** 96.51 89.05 0.00***
Yes 1.80 7.97 2.52 9.04 3.49 10.95

Abstinence at 
follow-up months 
(i.e., 3/6/12)

No 83.10 80.35 0.05* 79.49 77.61 0.16 77.19 75.85 0.28
Yes 16.90 19.65 20.51 22.39 22.81 24.15

*Significance level α is<0.05; **Significance level α is<0.01; ***Significance level α is<0.001. SD: Standard deviation, BMI: Body mass index, 
NRT: Nicotine replacement treatment
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Obese smokers aged between 40 and 64 years (OR: 1.10, 95% CI: 
1.01-1.20 in model 2; OR: 1.16, 95% CI: 1.05-1.28 in model 3) 
and 65 years or older (OR: 1.58, 95% CI: 1.21-2.06 in model 
1; OR: 2.02, 95% CI: 1.70-2.39 in model 2; OR: 1.79, 95% CI: 
1.46-2.20 in model 3) were more likely to be abstinent than 
those who were aged between 18 and 39 years old. Non-white 
(OR: 0.86, 95% CI: 0.76-0.96 in model 1; OR: 0.88, 95% CI: 
0.81-0.95 in model 2; OR: 0.86, 95% CI: 0.78-0.94 in model 3) 
were less likely to be abstinent than white. Obese smokers who 
were from the Northeast (OR: 1.21, 95% CI: 1.01-1.45 in model 
1; OR: 1.37, 95% CI: 1.22-1.54 in model 2; OR: 1.30, 95% CI: 
1.15-1.48 in model 3), Southern (OR: 1.20, 95% CI: 1.07-1.33 
in model 2), and Western US (OR: 1.34, 95% CI: 1.12-1.60 in 
model 1; OR: 1.56, 95% CI: 1.39-1.75 in model 2; OR: 1.44, 
95% CI: 1.24-1.66 in model 3) were more likely to be abstinent 
than those who were from Midwest. Obese smokers who were 
diagnosed with hypertension (OR: 1.25, 95% CI: 1.06-1.47 in 
model 1; OR: 1.14, 95% CI: 1.02-1.28 in model 2) were more 

likely to be abstinent than those who were not. In contrast, obese 
smokers who were diagnosed with alcohol dependence were less 
likely to be abstinent than those who did not (OR: 0.64, 95% CI: 
0.57-0.72 in model 1; OR: 0.68, 95% CI: 0.63-0.74 in model 2; 
OR: 0.77, 95% CI: 0.70-0.85 in model 3). Obese smokers who 
were prescribed weight influencing medications which may 
cause weight reduction were more likely to be abstinent than 
those who did not (OR: 1.51, 95% CI: 1.25-1.83 in model 1; 
OR: 1.36, 95% CI: 1.20-1.55 in model 2; OR: 1.50, 95% CI: 
1.30-1.73 in model 3). Obese smokers who were offered smoking 
counseling were less likely to be abstinent than those who 
were not (OR: 0.50, 95% CI: 0.45-0.57 in model 1; OR: 0.52, 
95% CI: 0.48-0.57 in model 2; OR: 0.59, 95% CI: 0.54-0.65 in 
model 3). Obese smokers who were identified to smoke at least 
one cigarette per day were less likely to be abstinent than those 
who were not (OR: 0.83, 95% CI: 0.74-0.93 in model 1; OR: 
0.81, 95% CI: 0.75-0.87 in model 2; OR: 0.89 95% CI: 0.81-0.97 
in model 3). In addition, each unit increase of BMI at baseline 

Table 2: Logistic regression models for abstinence among obese adult smokers who were prescribed any smoking cessation medication 
at 3-, 6-, and 12-month follow-up period
Variables Model 1: Abstinence at 3 months Model 2: Abstinence at 6 months Model 3: Abstinence at 12 months

Unadjusted OR 
(95% CI)

Adjusted OR 
(95% CI)

Unadjusted OR 
(95% CI)

Adjusted OR 
(95% CI)

Unadjusted OR 
(95% CI)

Adjusted OR 
(95% CI)

Smoking cessation medication
Varenicline 1 1 1
Bupropion 1.20 (1.00-1.45) 1.12 (0.96-1.31) 1.08 (0.94-1.23)

Age group
18-39 1 1 1 1 1 1
40-64 1.25 (1.15-1.36) 1.03 (0.91-1.17) 1.26 (1.18-1.35) 1.10 (1.01-1.20) 1.27 (1.20-1.34) 1.16 (1.05-1.28)
≥65 2.28 (1.93-2.69) 1.58 (1.21-2.06) 2.48 (2.17-2.84) 2.02 (1.70-2.39) 2.35 (2.11-2.63) 1.79 (1.46-2.20)

Race
White 1 1 1 1 1 1
Non-white 0.87 (0.81-0. 94) 0.86 (0.76-0.96) 0.87 (0.81-0.92) 0.88 (0.81-0.95) 0.87 (0.83-0.92) 0.86 (0.78-0.94)

Region
Midwest 1 1 1 1 1 1
Northeast 1.10 (0.98-1.24) 1.21 (1.01-1.45) 1.26 (1.15-1.39) 1.37 (1.22-1.54) 1.23 (1.14-1.33) 1.30 (1.15-1.48)
South 1.07 (0.97-1.19) 1.07 (0.91-1.25) 1.15 (1.05-1.26) 1.20 (1.07-1.33) 1.13 (1.05-1.21) 1.11 (0.98-1.26)
West 1.40 (1.25-1.56) 1.34 (1.12-1.60) 1.49 (1.35-1.63) 1.56 (1.39-1.75) 1.39 (1.28-1.50) 1.44 (1.24-1.66)

Payment type
Commercial 1 1 1 1
Medicare/paid 1.22 (1.07-1.39) 1.26 (1.13-1.39) 1.14 (1.05-1.24) 0.97 (0.86-1.08)
Self-paid 0.80 (0.63-1.02) 0.75 (0.62-0.92) 0.72 (0.61-0.85) 0.71 (0.58-0.86)

Specialty group
Primary care 1 1 1 1
Specialty care 1.78 (1.55-2.04) 1.36 (1.15-1.61) 1.38 (1.22-1.56) 1.34 (1.20-1.50)

Hypertension
No 1 1 1 1 1
Yes 1.14 (1.02-1.28) 1.25 (1.06-1.47) 1.12 (1.02-1.23) 1.14 (1.02-1.28) 1.06 (0.98-1.15)

Alcohol dependence
No 1 1 1 1 1 1
Yes 0.57 (0.53-0. 62) 0.64 (0.57-0.72) 0.65 (0.61-0.69) 0.68 (0.63-0.74) 0.72 (0.68-0.76) 0.77 (0.70-0.85)

Weight-reduction drug
No 1 1 1 1 1 1
Yes 1.50 (1.32-1.71) 1.51 (1.25-1.83) 1.33 (1.20-1.49) 1.36 (1.20-1.55) 1.20 (1.10-1.32) 1.50 (1.30-1.73)

Smoking counseling
No 1 1 1 1 1 1
Yes 0.43 (0.39-0.46) 0.50 (0.45-0.57) 0.48 (0.45-0.52) 0.52 (0.48-0.57) 0.55 (0.52-0.58) 0.59 (0.54-0.65)

Smoke cigarette every day
No 1 1 1 1 1 1
Yes 0.68 (0.63-0.73) 0.83 (0.74-0.93) 0.70 (0.65-0.74) 0.81 (0.75-0.87) 0.74 (0.70-0.78) 0.89 (0.81-0.97)

Base BMI value 1.02 (1.01-1.02) 1.02 (1.01-1.03) 1.02 (1.01-1.02) 1.02 (1.01-1.02) 1.01 (1.00-1.02) 1.02 (1.01-1.02)

OR: Odds ratio, 95% CI: 95% Confidence interval, AMI: Acute myocardial infarction, BMI: Body mass index. Some adjusted ORs in multivariate 
logistic regression models were missing due to the use of backward elimination, which removed those covariates that were not statistically significant
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resulted in 2% more likelihood to be abstinent (OR: 1.02, 95% 
CI: 1.01-1.03 in model 1; OR: 1.02, 95% CI: 1.01-1.02 in model 
2; OR: 1.02, 95% CI: 1.01-1.02 in model 3).

Some associations were found only in one model out of the 
three models: Obese smokers who received a specialty care were 
more likely to be abstinent than those who received a primary 
care (OR: 1.36, 95% CI: 1.15-1.61 in model 1). Obese smokers 
who paid insurance out of pocket were less likely to be abstinent 
than those who had a commercial insurance (OR: 0.71, 95% 
CI: 0.58-0.86 in model 3).

DISCUSSION

An overall abstinence rate between approximately 18% and 23% 
from 3- to 12-month follow-up following smoking cessation 
medication intervention was documented among obese smokers 
in this study. For obese smokers who were prescribed varenicline, 
abstinence rate increased from nearly 17% at 3-month follow-up 
to nearly 23% at 12-month follow-up, whereas for those who 
were prescribed bupropion, abstinence rates increased from 
nearly 21% at 3-month follow-up to 25% at 12-month follow-up. 
Our finding is consistent with the study conducted by Chatkin 
et al. (2004), which found an estimated continuous abstinence 
rate of 23.2% at 12-month follow-up among a Brazilian cohort 
of non-obese smokers [20]. As compared to the clinical trial 
conducted by Jorenby et al. (2006), the 12-month follow-up 
abstinence rate of our study is similar for varenicline while 
10% more for bupropion [10].To be noted, however, a study 
conducted by Jorenby et al. (2006) was a clinical study with 
small sample size, general population of obese and non-obese 
participants.

Previous literature has consistently reported that varenicline 
had a higher abstinence rate as compared to bupropion with 
an adjusted RR ranged between 1.3 and 2.3 at 1-year follow-
up [9-11,21-23]. This study found that obese smokers who 
were prescribed bupropion had a statistically significant higher 
abstinence rate than those who were prescribed varenicline at 
3-month follow-up while there is no statistically significant 
difference at 6-month and 12-month follow-up. This finding is 
expected; a possible explanation for this improved abstinence 
with bupropion at 3 months follow-up could be related to less 
post-cessation weight gain for bupropion users compared to 
varenicline or placebo users [13,14].Meanwhile, long-term 
(e.g., 12 months) weight gain following smoking cessation 
intervention was not well documented [24]. Varenicline is not 
reported to decrease post-cessation weight gain, although a 
higher abstinence rate was reported by clinical trials conducted 
with participants of all weight levels [9-11]. Weight gain 
has been recognized as a distinguishing feature of nicotine 
withdrawal [4]. Weight gain is one of the major cited reasons 
for continuity of smoking and relapse after smoking cessation, 
especially among women [25,26]. As bupropion is reported to 
significantly attenuate post-cessation weight gain, it might 
be a better choice among obese smokers and might affect 
the abstinence rate among such population. Our finding is 
consistent with the study conducted by Jiménez Ruiz et al. 
(2012), which found no statistically significant differences on 

continuous abstinence rate up to 6 months between COPD 
smokers who were prescribed varenicline and who were 
prescribed bupropion [27]. Our study results varied from the 
latest Cochrane meta-analyses, which have found that both 
varenicline and bupropion improved smoking cessation rate; 
the pooled relative risk for continuous abstinence at 12-month 
follow-up for varenicline versus bupropion was 1.52 (95% 
CI: 1.22-1.88), analyzing from 3 clinical trials with a total of 
1622 participants [8].This, however, was based on participants 
of all weight levels, while our study included only obese smokers 
expected to gain most weight gain following cessation [15].

In this study, we found that there was no significant difference of 
abstinence from smoking at any of the follow-up times between 
bupropion and varenicline after adjusting for covariates. This 
finding was unexpected. Previous studies indicated that both 
varenicline and bupropion were effective in helping quitting 
smoking up to 1-year follow-up [8]; however, the adjusted results 
showed in this study indicated that there is no statistically 
significant difference of using varenicline and bupropion for 
smoking cessation at different follow-up times. It is important 
to note that studies included in the previous systematic review 
were all clinical trials, and independent cohort observational 
studies in smokers with varying comorbidities are needed. 
In addition, the cohorts of all the selected studies included 
individuals with various weights; hence, different populations 
may result in different abstinence rates. Our study suggests an 
improved abstinence with bupropion among obese smokers 
and the significant advantage of varenicline disappeared when 
only obese smokers were examined. In addition, we found 
the following demographic characteristics of the cohort were 
significant predictors of successful abstinence from smoking: 
age, race, region, payment type, and specialty group.

Our finding that age was a predictor of abstinence is consistent 
with the study conducted by Dale et al. (1997), which found 
that older age was more likely to be abstinent than smokers at 
younger age [28]. Older aged smokers tend to be concerned more 
about their health than younger aged smokers [29], particularly 
among obese smokers, who might have more health problems 
due to cigarette smoking and obesity.

We found that both race and region were significant predictors 
of abstinence from smoking. Non-whites were less likely to 
be abstinence than whites among obese smokers who were 
prescribed smoking cessation medications. Cokkinides et al. 
(2008) concluded that there were racial and ethnic disparities 
in receiving smoking-cessation interventions [30]. Our study 
shows that minorities receiving smoking cessation medications 
also showed lower abstinence. Both the geographic variation 
and racial disparity affecting simultaneously the abstinence rate 
among obese smokers, highlight the importance of exploring 
and understanding the underlying causes of disparities within 
and across regions [31].

In terms of insurance status, only obese smokers who were self-
payers had less likelihood of being abstinent than those who had 
commercial insurance for the 12 months outcome. This finding 
might be because self-pay patients may not want to continue 
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to pay for the medication. Our finding is consistent with the 
study conducted by Bouvy et al. (2003), who found that having 
health insurance was associated with tobacco abstinence at 
3 months follow-up [32]; furthermore, private insurance status 
was associated with a higher successful abstinence rate [33].

Those who were offered specialty care were more likely to be 
abstinent than those who were offered a primary care for the 
3 months outcome. Specialists may be more influential in 
convincing patients. This finding was similar with the study 
conducted by Brose et al. (2011), which found that specialist 
clinics settings were more successful in terms of effective 
smoking cessation intervention than primary care [34]. Obese 
smokers who were diagnosed with hypertension were more 
likely to be abstinent than those who were not. This finding 
is reasonable as hypertension is related to cigarette smoking; 
therefore, stopping smoking maybe necessary to improve 
the health status of obese smokers. In addition, the higher 
the BMI of the obese smokers, the more they were likely to 
be abstinent from smoking. This is possibly related to the 
concern that the health condition tends to worsen with a 
higher BMI.

Obese smokers who were also alcohol dependent were less likely 
to be abstinent from smoking; consistent with previous reports 
showing that smoking cessation failure is highly correlated 
with alcohol consumption [35]. The co-occurrence of cigarette 
smoking and alcohol consumption has been well documented 
and was well known among the public [36,37]. Individuals who 
are smokers are more likely to be alcoholics at the same time 
than non-smokers; moreover, smokers tend to consume alcohol 
more frequently and heavily than non-smokers [36-38]. On 
the other hand, more than 60% of alcohol dependents are also 
cigarette smokers [37], and approximately 80% of these alcohol 
dependents are heavy smokers [39].

Obese smokers who were prescribed weight influencing 
medications which may cause weight reduction were more likely 
to be abstinent than those who did not. An obese smoker’s 
health is expected to be of high concern to physicians, and 
patients are usually advised to stop smoking and lose weight. 
Weight-concerned smokers may prefer taking weight control 
drugs along with quitting smoking. By taking weight control 
drugs along with cessation, obese smokers might be able to have 
more control of post-cessation weight gain. Thus, they might 
be more inclined to continue with cessation, as the increased 
weight might cause relapse after smoking cessation [25,26].

Obese smokers who were offered smoking counseling were 
less likely to be abstinent from smoking than those who were 
not. This result was not expected. Possible explanation could 
be that obese smokers who were offered smoking counseling 
were more addicted to nicotine. Although smoking counseling 
was offered, it is not easy to stop smoking by counseling only. 
Previous studies showed that smoking cessation interventions 
with both pharmacological and behavioral intervention are 
more effective than pharmacological or behavioral interventions 
only [40]. However, our finding is not consistent with most of 
the studies which stated that smoking cessation is more likely 

to be successful when smoking counseling is offered. Another 
plausible explanation is that discussing potential weight gain 
in counseling might have deterred patients from a successful 
cessation.

Obese smokers who smoked at least one cigarette per day were 
less likely to be abstinent from smoking compared to those 
who did not. As one of the factors associated with nicotine 
dependence, the group of obese smokers who smoked at least 
one cigarette per day were more likely to be smokers with high-
level nicotine dependence, thus had more difficulty stopping 
smoking. Our study was consistent with the finding from another 
study, which found that smokers who had smoking history were 
less likely to be abstinence in a long-term period [41].

Strengths and Limitations

There are certain limitations in this study. This observational 
cohort study limits us from drawing a causal relationship of 
identified predictors of successful abstinence at different 
follow-up times. Other limitations in this study are mainly 
related to using electronic medical record (EMR) data. Data 
for smoking and obesity may not be completely recorded, and 
the diagnosis codes in the EMR data may not match those in 
the administrative claims data. Furthermore, prescription data 
were identified by physician orders, which did not guarantee 
that the patients actually filled the prescription and persistence 
cannot be accounted for. Some confounders such as eating 
habits and education cannot be controlled for in the analysis 
as this information is lacking.

Although these foregoing deficiencies may belie the precision 
of the finding, the overall research perspective provided by 
the database, due to its sample size and representativeness 
of outpatient practice, and availability of BMI and smoking 
information, serves as an important strength. Our study has 
other strengths: the follow-up times was from 3 to 12 months. 
It was suggested that for longitudinal studies, 3-month follow-
up may be a reasonable period to assess the intermediate 
success of smoking cessation while the optimal estimate of 
success smoking cessation rate is the 12-month continuous 
abstinence rate, for 12-month data are available for many 
interventions [17].

Future Study

The study compared the effectiveness of the available 
prescription cessation medications among a high-risk population 
of obese smokers. Future research should take the findings 
into consideration to help obese smokers achieve successful 
cessation and provide an improvement to the future health of 
the American society.

CONCLUSIONS

An overall abstinence rate of 17-23% from 3- to 12-month 
follow-up was found among obese smokers. While many 
studies reported better abstinence with varenicline compared 
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to bupropion, we found no such difference among obese 
smokers after adjusting for other covariates. This might be 
related to the antiobesity effects of bupropion. Predictors 
identified in this study included: age, race, region, payment 
type, specialty group, morbidities including hypertension, 
alcohol dependence, weight influencing medications, which 
may cause weight reduction, smoking counseling, smoke 
cigarette every day, and BMI value at baseline, whereas smoking 
cessation medications were not found to be a significant 
predictor of abstinence from smoking at any follow-up time. 
Predictors identified in this study should be considered when 
designing smoking cessation interventions among the high-risk 
population of obese smokers.
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