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Abstract

Background: Schizophrenic patients have a lot higher smoking rates when compared to people in the 
general population. A variety of pharmaceutical cessation aids are available, which include nicotine replacement 
therapy (NRT), Bupropion SR, and Varenicline. Our objective was to assess which cessation medication would 
have lower risks in developing risk factors of cardiovascular diseases.

Methods: A population-based retrospective cohort study was conducted using the General Electric 
(GE) electronic medical record database (1995-2011). The cohort consisted of patients with a diagnosis of 
schizophrenia or schizoaffective disorder (ICD-9 code 295.00-295.99) and who had newly initiated use of any 
smoking cessation medication. We excluded our cohort who (1) were not prescribed atypical antipsychotics 
and (2) already had diagnosis of diabetes, hyperlipidemia or hypertension prior to index date. Follow up period 
was from 12 weeks onwards index date up to one year. The hazard ratio of developing cardiovascular risks was 
assessed using Cox proportional hazards regression model after controlling for other covariates.

Results: A total of 580 patients were included in our cohort. Among those, nearly half (n=276, 47.59%) 
developed one or more criteria of the metabolic syndromes. We found that smokers who were prescribed NRT 
were less likely to develop metabolic syndromes as compared to those who were prescribed Varenicline.

Conclusions: Physicians are advised to carefully weigh the risks against the benefi ts before prescribing 
cessation medications since risks for metabolic syndromes were found to be very high. Healthcare providers 
should monitor patients’ lab data regularly as this minority population is under higher risks.
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Introduction

Schizophrenic patients have a lot higher smoking prevalence as compared to the 
general population: 72% - 90% vs. 23% [1]. Previous studies have also shown they 
tend to be heavy smokers [2], to have higher dependence level and much lower 
cessation rates [3,4]. The high prevalence can be possibly due to self-medication effect 
as tobacco may be used to alleviate some of the symptoms in schizophrenia [5,6].

The available cessation pharmacotherapies include nicotine replacement therapy 
(NRT), Bupropion SR, and the most recent approved Varenicline [7,8]. Bupropion was 
originally approved by the FDA for treating depression under brand name Wellbutrin® 
in 1996 [9]. In the following year, FDA approved the same ingredients but under trade 
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name Zyban® for smoking cessation [3]. The FDA suggested dosage regimen is usually 
for 12 weeks for cessation pharmacotherapies [10].

Cardiovascular disease is an important cause of morbidity and mortality among 
tobacco users. The long-term cardiovascular beneϐits of smoking cessation are well 
established [11,12]. However, weight gain after quitting is commonly cited [13]. The 
average weight gain in people who sustained quitting for eight years was about 9kg. 
This weight gain can have health consequences, with the incidence of diabetes and 
hypertension being higher in smokers that quit smoking than those who continue with 
the habit [14-17].

This weight gain would be a bigger concern for schizophrenic patients as the 
antipsychotic medications they take also increase their risk of metabolic syndromes 
especially for second generation antipsychotics (SGAs) [18,19]. With the weight gain 
from smoking cessation and SGAs combined, risks of developing metabolic syndromes 
have to be evaluated.

Furthermore, different cessation medications have their own problems: NRT has 
shown to reduce sensitivity to insulin and may aggravate or precipitate diabetes 
[20]. Bupropion has been shown to inhibit enzyme CYP2D6, the enzyme metabolizes 
antipsychotics, and increases risks of developing metabolic side effects. [21]. From a 
systematic review, Varenicline was associated with a signiϐicantly increased risk of 
serious adverse cardiovascular events compared with placebo [11]. Varenicline label 
was even updated as requested by FDA in December, 2012: “Post marketing reports 
of myocardial infarction and cerebrovascular accidents including ischemic and 
hemorrhagic events have been reported [11].”

Our objective was to assess which cessation medication exposure would have lower 
risks in developing risk factors of cardiovascular diseases. This study is crucial as there 
is a need to evaluate how different smoking cessation strategies can modify these risks 
given the medication regimens schizophrenic patients already take.

Methods
Data source

The data used for this study were extracted from the General Electric Centricity 
Electronic Medical Record (GE EMR) database. The Centricity EMR database is used 
by more than 20,000 clinicians and contains longitudinal ambulatory electronic health 
data for more than 7.4 million patients, including demographics, vital signs, laboratory 
results, medication list entries, prescriptions, and diagnoses. What made GE EMR an 
appropriate tool for our analysis is that some forms of NRTs are OTCs and could not be 
captured in claims data. The protocol to linking the different ϐiles is detailed in ϐigure 1.

Study population

We included patients who were enrolled between 12/13/1995 to 10/31/2011. 
Patients aged less than 18 years old or those who received Wellbutrin® (Bupropion 
SR) for depression 6 months prior to index date were excluded. We identiϐied patients 
with a diagnosis of schizophrenia or schizoaffective disorder (ICD-9 code 295.00-
295.99) [22].

Numerous studies linked SGAs and not traditional antipsychotics to the 
development of metabolic syndromes in patients with schizophrenia [23], therefore, 
we only included those who had exposure of SGAs 6 months prior to index date in this 
cohort. Patient who already had diagnosis of diabetes, hyperlipidemia or hypertension 
prior to index date and who was prescribed more than one medication the same day as 
their index medication were excluded from the cohort.
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After identifying the population, we constructed a series of new-user cohort of 
patients who had newly initiated using smoking cessation medications. Only the ϐirst 
exposure (the ϐirst smoking cessation medication being prescribed during the study 
period) to each of the smoking cessation medication was examined so we could be 
sure the development of cardiovascular risks is not affected by the previous cessation 
product they took. The ϐirst day of being prescribed smoking cessation medication was 
deϐined as the index date. Cohort selection was presented in ϐigure 2.

Defi nitions of outcome - cardiovascular risks (elevated glucose, cholesterol, 
and blood pressure)

Cardiovascular disease is a long term outcome. Based on the National Cholesterol 
Education Program (NCEP), some identiϐied risk factors for developing cardiovascular 
disease include: (1) elevated fasting glucose (≧110 mg/dl), (2) elevated triglycerides 
(≧150 mg/dl), and (3) elevated blood pressure level (≧130/ ≧85 mm Hg) [24]. These 
metabolic syndromes can be assessed in a short term study. Previous cessation study 
requested participants come back for blood tests at week 12 and 52 [25]. Therefore, 
in our study, we examined patients’ diagnoses, medications, and their lab results 12 
weeks onwards index date up to one year. Patients were considered to have elevated 
glucose level if they have an ICD9 code 250 [26] or received an anti-diabetic agent or 
with fasting glucose blood test results ≧ 110 mg/dL [24,27]. Similarly, the elevation 
of cholesterol level were identiϐied by an ICD9 code 272 [28] or received an anti-
hyperlipidemia agent [23], or with a triglyceride level ≧150 mg/dl [24,29]. On the other 
hand, the elevation of blood pressure was identiϐied only by ICD9 codes 401 – 405 [26] 
or by blood pressure level ≧ 130/85 mmHg [24]. A prescription for antihypertensive 
was not considered as a reliable indicator because of the large number of secondary 
indications for these agents [23].

Figure 1: Linkage between GE data fi les.
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Statistical Analysis

Observation began 12 weeks after index day and continued until one year after the 
treatment exposure. At the end of one year window, patients would either develop 
the outcome or be censored. They were censored if they satisϐied any of the three 
conditions below: (1) the last day of index medication being prescribed, (2) switching 
over to (or adding on) another smoking cessation medication and (3) did not develop 
the outcome when they reached the one year follow up timeline. We ϐirst carried 
out descriptive statistics and chi-sq analyses to examine the associations between 
patients’ characteristics and the outcome. A Cox proportional hazards model were then 
constructed and we studied the factors associated with elevated glucose, cholesterol, 
and blood pressure level developed over the course of follow-up.

The primary outcome of interest in this Cox regression model was the cessation 
medication they received. Other potential confounders were included in Cox 
proportional hazards model as well, which included: age, race, gender, region (Midwest, 
Northeast, South, West), BMI (normal, over-weight or obese) [30], payment type 
(government or non-government insurance), specialty group (primary care, specialty 
care), nicotine addiction level, received smoking counseling, exposure to medications 
that might affect their smoking status (nortriptyline, buspirone, clonidine, naltrexone, 
mecamylamine, or rimonabant) and severity of mental disorder (having antipsychotic 
injections anytime one year before index date). Physical activities, diet, and family 
history of diabetes/hyperlipidemia/hypertension were not recorded in the data so 
those could be possible unmeasured confounding factors.

We tested proportional hazard assumptions using Schoenϐield test. Variables with 
p<0.2 in univariate Cox regression analysis were included in the multivariate Cox 
regression model. Demographic variables like age, gender or race were included in 
the multivariate model regardless of the signiϐicance levels in the univariate analysis. 
Hazard ratio (HR) and its 95% CI were used to present the results for the ϐinal Cox 
PH regression model. Interaction terms between the main predictor and other 
independent variables were tested as well.

Results
Cohort distribution

From the inception of GE data, we found 49,175 patients had at least one diagnosis 
of schizophrenia or schizoaffective disorder. About 10% of them got at least one 
cessation medication at any point. After applying more exclusion criteria, our cohort 
came down to a total of 580 patients. Please see Table 1 for detailed characteristics.

Figure 2: Cohort Selection Flowchart.
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Slightly more than half were of male gender (n=307, 52.93%), about forty percent 
were whites (n=238, 41.03%), and majority were with high nicotine addiction level 
(n=477, 82.24%). About half of the cohort (n=255, 43.97%) had a normal BMI as they 
did not have the diagnosis of diabetes, hypertension, or hyperlipidemia. Almost all of 
them had stable mental states as only 4.14% (n=24) of the cohort had antipsychotics 
in the injection form at any point 1 year prior to index date. The mean age of the cohort 
was 40.56 years old (± SD: 11.68). We did not include Bupropion because we only had 
10 individuals after applying the inclusion/exclusion criteria. This sample size was too 
low for conducting further analyses. NRT (n=413, 71.21%) was used more commonly 
compared to Varenicline (n=167, 28.79%). Most of the cessation medications were 
prescribed by their primary care physicians (n=562, 96.90%) and about forty percent 
of the patients had received smoking counseling from their healthcare providers 
anytime one year prior to index date (n=231, 39.83%).

Among the 580 patients, a total of 276 (47.59%) had elevated glucose/cholesterol/
blood pressure from week 12 up to one year after the cessation medication exposure. 
The association between all the independent variables and the outcome can also be 
found in table 1.

Table 1: Overall cohort frequency and numbers in developing elevated glucose/cholesterol/blood pressure during 
1-year follow up.

Characteristics Overall cohort 
Frequency (%)

Elevated glucose/cholesterol/blood 
pressure (n=276, 47.59%)

Number (%) Hazard ratio
p-values

Demographics
Sex

 Female
 Male 

273 (47.07)
307 (52.93)

117 (42.86)
159 (51.79)

0.0186*

Age (years) 0.7996
Race

 Blacks
 Whites

 All others

74 (12.76)
238 (41.03)
268 (46.21)

32 (43.24)
120 (50.42)
124 (46.27)

0.4721

Region 
 Midwest

 Northeast
 South
 West

191 (32.93)
190 (32.76)
90 (15.52)

109 (18.79)

93 (48.95)
94 (49.47)
41 (45.56)
47 (43.12)

0.6242

BMI
 Normal (BMI<25) 

 Overweight (25<=BMI<30) 
 Obesity (BMI>=30) 

255 (43.97)
123 (21.21)
202 (34.83)

109 (42.75)
54 (43.90)

113 (55.94)

0.0070*

Insurance
 Not Medicare/Medicaid
 Medicare or Medicaid

272 (48.75)
286 (51.25)

125 (45.96)
141 (49.30)

0.3764

Clinical factors
Comorbidty Index 0.0007*

Had antipsychotic injectables 1 year prior to index date
 No
 Yes

556 (95.86)
24 (4.14)

268 (48.20)
8 (33.33) 0.1565*

Smoking Cessation Related
Addicted to nicotine (# of cigarettes smoked per day ≥1)

 No
 Yes

103 (17.76)
477 (82.24)

44 (42.72)
232 (48.64)

0.3965

Cessation Medication
 Varenicline 

 NRT
167 (28.79)
413 (71.21)

90 (53.89)
186 (45.04)

0.0837*

Cessation Rx given by specialty care physician?
 No
 Yes

562 (96.90)
18 (3.10)

270 (48.04)
6 (33.33)

0.2499

Received any medication that might affect smoking 
status anytime 1 year prior to index date

 No
 Yes

541 (93.28)
39 (6.72)

262 (48.43)
14 (35.90)

0.2049

Smoking counseling received anytime one year prior to 
index date

 No
 Yes

349 (60.17)
231 (39.83)

169 (48.42)
107 (46.32)

0.6290

Total cohort=580; * p≤0.05
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Predictors for developing metabolic syndromes during 1-year follow up time 
period

All the independent variables in the model met Schoenϐield assumption and no 
interactions were found between the cessation medications and other independent 
variables using chunck test so there were no need for further adjustments. We 
found that those whose index mediation was NRT had lower risks in developing 
cardiovascular risk factors (HR=0.71, 95% CI=0.54 -0.94) compared to those who 
were prescribed Varenicline. Males (HR=1.47, 95% CI=1.14 -1.89), obese adults 
(HR=1.63, 95% CI=1.24 -2.15), and those with high comorbidity indices (HR=1.17, 
95% CI=1.08 -1.26) had higher risks in developing elevated glucose/cholesterol/blood 
pressure. Other signiϐicant characteristics that we found signiϐicantly affect metabolic 
syndromes included being male gender, obesity, and with higher comorbidity index. 
Please see table 2 for our multivariate PH regression results.

Discussion

This is the ϐirst study, to our knowledge, that examined the relationship between 
cessation medications and several metabolic syndromes among schizophrenic 

Table 2: Predictors for developing elevated glucose/cholesterol/blood pressure during 1-year follow up.

Characteristics
Elevated glucose/cholesterol/blood 

pressure (n=276, 47.59%)
Unadjusted HRs Adjusted HRs

Demographics
Sex

 Female
 Male 

Reference
1.34 (1.05-1.70)*

Reference
1.47 (1.14-1.89)*

Age (years) 1.01 (0.99-1.02) 1.01 (0.99-1.02)
Race

 Blacks
 Whites

 All others

Reference
1.21 (0.82-1.78)
1.05 (0.72-1.55)

Reference
1.26 (0.82-1.92)
1.05 (0.69-1.61)

Region 
 Midwest

 Northeast
 South
 West

Reference
1.03 (0.78-1.37)
0.89 (0.62-1.28)
0.84 (0.60-1.20)

Reference
0.98 (0.72-1.35)
0.79 (0.53-1.19)
0.76 (0.52-1.10)

BMI
 Normal (BMI<25) 

 Overweight (25<=BMI<30) 
 Obesity (BMI>=30) 

Reference
0.99 (0.72-1.38)
1.47 (1.13-1.91)*

Reference
0.98 (0.70-1.38)
1.63 (1.24-2.15)*

Insurance
 Not Medicare/Medicaid
 Medicare or Medicaid

Reference
1.12 (0.88-1.42)

Reference
1.11 (0.86-1.42)

Clinical factors
Comorbidty Index 1.13 (1.06-1.21)* 1.17 (1.08-1.26)*

Had antipsychotic injectables 1 year prior to index date
 No
 Yes

Reference
0.61 (0.30-1.22)

Reference
0.53 (0.26-1.07)

Smoking Cessation Related
Addicted to nicotine (# of cigarettes smoked per day ≥1)

 No
 Yes

Reference
1.15 (0.84-1.59)

Reference
1.09 (0.77-1.56)

Cessation Medication
 Varenicline 

 NRT
Reference

0.81 (0.63-1.03)
Reference

0.71 (0.54-0.94)*
Cessation Rx given by specialty care physician?

 No
 Yes

Reference
0.63 (0.28-1.40)

Reference
0.70 (0.31-1.59)

Received any medication that might affect smoking status anytime 1 
year prior to index date

 No
 Yes

Reference
0.71 (0.42-1.21)

Reference
0.74 (0.43-1.27)

Smoking counseling received anytime one year prior to index date
 No
 Yes

Reference
0.95 (0.74-1.20)

Reference
0.90 (0.70 -1.16)

* p≤0.05.
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patients. We found nearly half (n=276, 47.59%) of the 580 cohort developed one or 
more criteria of metabolic syndromes within just one year after cessation medication 
exposure. The rate of metabolic syndrome found in our study was extremely high and 
is in need of addressing. De Hert et al. [31] conducted a study among schizophrenic 
patients in 2006. They found that after the SGA exposure, 26.5% developed metabolic 
syndromes during 3.2 years of follow up. Our follow up timeline was one year only 
but the incidence rate was almost doubled than that in their study. This indicated that 
our cohort population is under higher risks and could be possibly due to side effects of 
both antipsychotics and cessation medications. We need to pay close attention because 
individuals with the metabolic syndrome have a 61% increased risk of cardiovascular 
disease compared to those without [32].

We found smokers who were prescribed NRT were less likely to develop 
cardiovascular risk factors as compared to those who were prescribed Varenicline 
(HR=0.71, 95% CI=0.54-0.94). This indicates that Varenicline might have some drug 
interactions with the antipsychotics patients were already taking. The mechanism 
behind Varenicline leading to cardiovascular risk is still unknown but its label was 
updated accordingly with warnings of elevated cardiovascular events. It’s not 
surprising that hazard ratios for NRTs were less in comparison to Varenicline since 
NRTs are mainly OTCs and are generally considered to be safer. Therefore, healthcare 
professionals are advised to carefully weigh the risks of Varenicline against the 
beneϐits before its use. Patients should contact their physicians if they experience any 
chest pain or shortness of breath symptoms when taking the medication. Physicians 
should also advise their patients to have their blood work done regularly so we could 
make sure their blood glucose levels and cholesterol levels are under good control. 
Life style should be adjusted if they were to ϐind some of the cardiovascular indicators 
exceed the normal ranges [33].

Several trials have demonstrated a lesser post cessation weight gain when using 
Bupropion among the general population [14,34]. Participants taking Bupropion were 
found to gain signiϐicantly less weight than those on placebo [14,35]. This indicated 
when schizophrenic patients are considering quitting, Bupropion might be a better 
option for those who have family histories of diabetes, hyperlipidemia or high blood 
pressure. Future studies should include more patients who tried to quit with Bupropion 
so it could be tested in this minority population.

We found higher levels of BMI and comorbidity index were more likely to develop 
cardiovascular risks. These ϐindings were expected because BMI is reported to be 
positively associated with hypertension and dyslipidemia, and obesity is associated 
with diabetes [36]. It is estimated that for every 1-kg increase in weight, the prevalence 
of diabetes increases by 9% [37]. Similarly, the prevalence of cardiovascular disease 
among people in the normal weight, overweight, and obese groups is 20%, 28%, and 
39%, respectively [38].

We also found males were more likely to develop elevated glucose/cholesterol/
blood pressure than females (HR=1.47, 95% CI=1.14-1.89). Sex differences in 
cardiovascular risks have been discussed in previous research and the ϐindings varied 
among studies. North American surveys indicate that cardiovascular diseases are 
more prevalent in men, with 8.4% of men vs. 5.6% of women in the U.S.; however, the 
incidence has been declining in men and remained stable in women. Possible reasons 
for gender association with cardiovascular disease include higher rates of overweight 
and cigarettes smoking for men; on the other hand, reasons for females include 
less physically activity and diminishing estrogen levels during premenopausal and 
menopausal phase. Adolescent girls and premenopausal women tend to have more 
favorable risk proϐiles with lower levels in cholesterol and glucose [39]. However, 
levels plateau in men and increase in women between ages 40 and 60 years [39]. This 
increase at menopause is thought to be partly the result of advancing age and declining 
levels of estrogen [39].
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Strengths and limitations

The limitations are mainly related to EMR data: (1) we could not track if patients 
picked up the medication at a pharmacy. Medication data were identiϐied by physician 
orders, which did not guarantee patients actually ϐilled the prescription. (2) We are 
not certain how compliant the patients were. Unlike chronic medications, cessation 
products are for a short term use, so compliance should not be a signiϐicant problem 
[40]. (3) Some important variables were with missing information, for example, the 
stop dates of medications were not recorded. With missing values, it is difϐicult to 
generalize our ϐindings. Furthermore, some possible confounders were not recorded 
in GE data like eating habits, physical activities, or family history for some diseases. (4) 
We might underestimate the percentage of those on NRT because majority of products 
are over the counter. Smokers might not mention that information to their doctors if 
not being asked; therefore, it would not be recorded in GE EMR.

Given the limitations above, the population distribution in GE is very similar with 
the US population and thus is representativeness of outpatient practice. It is also rich in 
clinical information including vital signs, laboratory results, medications/prescriptions, 
and diagnoses. With proper smoking cessation medications information (including 
NRT OTCs), it was considered an appropriate database for our research question. No 
studies have been conducted with this population examining the associations between 
cessation medications and cardiovascular risks. Our ϐindings are important to ϐill the 
gap in research as warnings were noticed for general populations and not to mention 
for this minority sub-group who are already under higher risks.

Conclusions
Individuals with metabolic syndromes have high risk of developing cardiovascular 

diseases in the future. In our study, we found nearly half (n=276, 47.59%) of the 580 
cohort developed one or more criteria of metabolic syndromes within just one year after 
the cessation medication. Bupropion was not included in this analysis because of low 
sample size and we found smokers who were prescribed NRT were less likely to develop 
metabolic syndromes as compared to those who were prescribed Varenicline. Since 
the rates of developing metabolic syndromes are so high, healthcare professionals 
are advised to carefully weigh the risks of cessation medications against the beneϐits 
before use. Other predictors we found that were associated with cardiovascular risks 
included being male gender, with higher levels of BMI and comorbidity index.
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