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C

IGARETTE SMOKING IS THE

leading cause of preventable
mortality in the United States1
and a major risk factor for
cardiovascular disease (CVD). Smoking cessation substantially reduces the
risks of CVD2; however, quitting smoking is associated with a small number
of adverse health consequences, weight
gain being one of smokers’ major concerns.3 The mean postcessation weight
gain varies between 3 and 6 kg in North
America, happens within 6 months after smoking cessation, and persists over
time.3 Obesity is also a risk factor for
CVD. Vascular mortality increases 40%
for every 5-unit increase in body mass
index above 25.4 Weight gain following smoking cessation therefore might
attenuate the benefits of quitting smoking on CVD outcomes.
Among people with type 2 diabetes,
weight gain following smoking cessation has potential to be of greater conSee also pp 993 and 1032.
CME available online at
www.jamanetworkcme.com
and questions on p 1050.
Author Video Interview available at
www.jama.com.
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Importance Smoking cessation reduces the risks of cardiovascular disease (CVD), but
weight gain that follows quitting smoking may weaken the CVD benefit of quitting.
Objective To test the hypothesis that weight gain following smoking cessation does
not attenuate the benefits of smoking cessation among adults with and without diabetes.
Design, Setting, and Participants Prospective community-based cohort study using
data from the Framingham Offspring Study collected from 1984 through 2011. At
each 4-year examination, self-reported smoking status was assessed and categorized
as smoker, recent quitter (ⱕ4 years), long-term quitter (⬎4 years), and nonsmoker.
Pooled Cox proportional hazards models were used to estimate the association between quitting smoking and 6-year CVD events and to test whether 4-year change in
weight following smoking cessation modified the association between smoking cessation and CVD events.
Main Outcome Measure Incidence over 6 years of total CVD events, comprising
coronary heart disease, cerebrovascular events, peripheral artery disease, and congestive heart failure.
Results After a mean follow-up of 25 (SD, 9.6) years, 631 CVD events occurred among
3251 participants. Median 4-year weight gain was greater for recent quitters without
diabetes (2.7 kg [interquartile range {IQR}, ⫺0.5 to 6.4]) and with diabetes (3.6 kg
[IQR, ⫺1.4 to 8.2]) than for long-term quitters (0.9 kg [IQR, ⫺1.4 to 3.2] and 0.0 kg
[IQR, ⫺3.2 to 3.2], respectively, P⬍.001). Among participants without diabetes, ageand sex-adjusted incidence rate of CVD was 5.9 per 100 person-examinations (95%
CI, 4.9-7.1) in smokers, 3.2 per 100 person-examinations (95% CI, 2.1-4.5) in recent
quitters, 3.1 per 100 person-examinations (95% CI, 2.6-3.7) in long-term quitters,
and 2.4 per 100 person-examinations (95% CI, 2.0-3.0) in nonsmokers. After adjustment for CVD risk factors, compared with smokers, recent quitters had a hazard ratio
(HR) for CVD of 0.47 (95% CI, 0.23-0.94) and long-term quitters had an HR of 0.46
(95% CI, 0.34-0.63); these associations had only a minimal change after further adjustment for weight change. Among participants with diabetes, there were similar point
estimates that did not reach statistical significance.
Conclusions and Relevance In this community-based cohort, smoking cessation
was associated with a lower risk of CVD events among participants without diabetes,
and weight gain that occurred following smoking cessation did not modify this association. This supports a net cardiovascular benefit of smoking cessation, despite subsequent weight gain.
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cern because it is a risk factor for poor
diabetes control and increased risk of
morbidity and mortality.5 Weight control is a key factor in diabetes management to prevent microvascular and
CVD complications.6
The effect on CVD of potential
weight gain following smoking cessation is not well understood. One study
indirectly assessed the association of
weight gain following smoking cessation with CVD in Japanese men without diabetes and estimated that successful quitters had a 24% decreased
risk of coronary heart disease (CHD)
compared with smokers despite weight
gain, but that study did not measure actual CHD events.7 Among patients with
diabetes, studies have demonstrated the
CVD benefits of quitting smoking,8-10
but none have assessed the effect on
CVD of weight change following smoking cessation.
The aim of this study was to assess
the association between 4-year weight
gain following smoking cessation and
CVD event rate among adults with and
without diabetes. We tested the hypothesis that quitting smoking decreases CVD risk compared with continuing smoking, regardless of any
weight gain associated with smoking
cessation, in adults with and without
diabetes.
METHODS
Study Population
and Study Sample

We analyzed data from the Offspring
cohort of the Framingham Heart Study.
The Framingham Offspring cohort began in 1971 and enrolled 5124 children and spouses of children of the
original Framingham Heart Study
cohort. As previously described,11 participants of the Offspring cohort
underwent repeated examinations
approximately every 4 to 6 years. The
present study sample comprised 3251
adult participants free of CVD at the beginning of examination 3. The Boston
Medical Center institutional review
board approved the study. All participants provided written informed
consent.

Assessment of Diabetes, Smoking,
Weight, and Weight Change

At each examination, participants underwent a physical examination that included medical history and collection
of fasting blood samples for lipid profile and measurement of blood glucose levels. Participants were considered to have diabetes if they had fasting
plasma glucose levels of 126 mg/dL (7
mmol/L) or greater or if they were
treated with insulin or an oral hypoglycemic agent. In the Offspring study,
99% of the cases of diabetes are type 2
diabetes.12 Type 1 diabetes was not excluded from our analyses.
Participants were classified as current smokers, former smokers, and nonsmokers based on self-reported data at
each examination. Current cigarette
smoking was defined as regularly smoking cigarettes at any time during the prior
year. For former smokers, information
on the exact smoking cessation date and
therefore time since quitting was not
available. Therefore, we defined recent
quitters as participants who reported not
smoking at one examination and had reported smoking at the examination 4
years earlier (ie, who had quit for ⱕ4
years). We defined long-term quitters as
participants who reported not smoking
for 2 or more consecutive examinations after an examination at which they
had been a smoker (ie, who had quit for
⬎4 years).
For secondary analyses, we created
another smoking category differentiating sustained smokers (participants
who were smokers during the entire duration of the study), never smokers
(participants who were never smokers during the entire study), quitters
(smokers who had made a quit attempt and remained abstinent for the
rest of the study), and relapsers (participants who alternated between smoking and smoking cessation during the
study).
Participants were weighed in light
street clothes per standard protocol
using a calibrated scale, identically at
each examination.11 Height was measured at the baseline examination. Body
mass index was calculated as weight in
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kilograms divided by the square of
height in meters. Weight change was
calculated at each examination as
weight at the current examination minus weight at the previous examination, reflecting 4-year weight change.
At each examination, systolic blood
pressure was measured twice after the
participant had been sitting at least 5
minutes. The mean value was used for
the analyses. Information about alcohol consumption, medication, and family history of diabetes was collected and
updated at each examination.
CVD Outcomes

The primary outcome was total CVD
events. The Framingham Heart Study
defined CVD events as a composite of
CHD (coronary death, myocardial infarction, coronary insufficiency, and angina), cerebrovascular events (ischemic stroke, hemorrhagic stroke, and
transient ischemic attack), peripheral
arterial disease (intermittent claudication), and congestive heart failure.13 In
secondary analyses we considered a
more restrictive outcome of hard CHD,
defined as myocardial infarction and
coronary death only. Surveillance for
CVD consisted of regular examinations at the Framingham Heart Study
clinic and review of medical records
from outside physicians’ offices and
hospitalizations. A panel of 3 experienced investigators evaluated all pertinent medical records, including prevalent CVD risk factors, for suspected new
events. More details regarding the CVD
adjudication methods have been
described.14
Follow-up time was defined by the
time from the baseline examination until the first event date (for participants
who had an event) or was censored at
the last contact date (for participants
who did not have any event or were lost
to follow-up) or the date of death (for
participants who died of non-CVD
causes). There were 3251 participants
at examination 3 (1984-1987) and 2394
at examination 8 (2005-2008), meaning that 73.6% of participants had at
least 1 period of follow-up. Missing data
were excluded from analysis.
JAMA, March 13, 2013—Vol 309, No. 10 1015
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Statistical Analysis

The analyses began with the third examination (1984-1987) and extended
through December 31, 2011 (end of the
eighth examination). To have pools of
similar lengths, we pooled examinations 3 and 4 and examinations 5 and 6
and kept examinations 7 and 8 as separate pools; we thus obtained 4 pools of
a mean duration of 6 years (ranging from
5.2 to 7.0 years). We examined each
6-year examination pool as a follow-up
study and considered smoking status
(independent variable) at the beginning of each examination and CVD event
(dependent variable) during the 6-year
follow-up. At the beginning of each examination, participants who had developed a CVD outcome were removed
from the sample. We calculated mean
4-year weight change preceding the beginning of each examination to assess the
association with weight gain concomitant with or shortly following smoking
cessation.
We calculated age- and sexadjusted 6-year incidence rates of CVD
and corresponding 95% CIs. For each
period we estimated the likelihood of
a CVD event according to smoking status using Cox proportional hazards
models and pooled the results of each
model. At each examination, risk factors such as smoking status, weight,
blood pressure, and cholesterol level
were updated based on new information. Pooling Cox models of each study
period allowed consideration of changes
in those risk factors over the next period with updated exposures.
Preplanned analyses were conducted separately for study participants with and without diabetes, based
on the hypothesis that weight change
following smoking cessation might have
a different association with CVD events
depending on diabetes status. Hazard
ratios (HRs) for CVD were calculated
for recent quitters, long-term quitters,
and nonsmokers compared with smokers. Smokers were chosen as the reference group to assess the association between quitting smoking and CVD as
recommended by the 1990 Surgeon
General’s report.15
1016
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We built minimally adjusted models (adjusted only for age and sex) and
models adjusted for CVD risk factors
(age, sex, alcohol consumption, selfreported family history of diabetes,
high-density lipoprotein cholesterol
[HDL-C] and low-density lipoprotein
cholesterol [LDL-C] levels, triglyceride level, systolic blood pressure, baseline BMI, taking cholesterol-lowering
medication, and taking antihypertensive medication). The choice of the covariates included in the model adjusted for CVD risk factors was based
on a priori knowledge. To assess the
modification of weight change following smoking cessation on CVD risk, we
built a third model adding 4-year weight
change prior to the index examination to the CVD risk factor–adjusted
model. We verified the proportional
hazards assumption using graphical
methods and by including timedependent covariates in the models.
Secondary analyses used the more restrictive outcome of hard CHD. Minimally adjusted and CVD risk factor–
adjusted pooled Cox models assessed the
association between weight gain following smoking cessation and hard CHD.
We performed subgroup analyses by
amount of weight gain. For these analyses, given the lack of interaction by diabetes, we pooled participants with and
without diabetes to have more power and
avoid empty categories. We built 3
weight-change categories: participants
who lost weight, those who gained 0 to
5 kg, and those who gained 5 kg or more.
Exploratory analyses assessed the association between smoking cessation,
weight change, and incidence of high
blood pressure and hyperlipidemia. High
blood pressure was defined as diastolic
blood pressure 90 mm Hg or greater,
systolic blood pressure 140 mm Hg
or greater, or taking antihypertensive
drugs. Hypercholesterolemia was defined as LDL-C level greater than 160
mg/dL (4.1 mmol/L) or taking cholesterol-lowering medications. For these
analyses we used pooled logistic regression models with the same time intervals as the pooled Cox regression models. We examined each of the 4 pools as

a mini follow-up study and considered
smoking status at the beginning of each
examination and incidence of high blood
pressure or hyperlipidemia during the
6-year follow-up. Participants with high
blood pressure or hyperlipidemia were
removed from analyses at the beginning of each examination.
We considered a 2-sided P⬍.05 as statistically significant. For the comparison of weight change between the 4 different smoking categories we used the
Bonferroni method to adjust for multiple pairwise comparisons and defined
a corrected P value of .01 (4 pairwise
comparisons). We tested if there was an
interaction between smoking and diabetes by entering an interaction term in
the Cox models. The test for trend was
calculated by entering the smoking ordinal categories (1=smokers, 2=recent
quitters, 3=long-term quitters, 4=nonsmokers) as a continuous variable in the
Cox model. Statistical analyses were performed using SAS version 9.2 (SAS Institute Inc).
RESULTS
From the third examination, 3251 participants underwent follow-up over the
course of 4 examinations and contributed 11 148 person-examinations. Baseline characteristics of participants at the
beginning of each examination are reported in TABLE 1. Smoking prevalence decreased from 31% at the third
examination to 13% at the eighth examination.
Weight gain occurred over 4 years in
participants without and with diabetes (TABLE 2). Among participants without diabetes, recent quitters gained significantly more weight (median, 2.7 kg
[interquartile range {IQR}, ⫺0.5 to
6.4]) than long-term quitters (0.9 kg
[IQR, ⫺1.4 to 3.2]), smokers (0.9 kg
[IQR, ⫺1.8 to 4.5]), and nonsmokers
(1.4 kg [IQR, ⫺1.4 to 3.6]) (P⬍.001
for each pairwise comparison). Longterm quitters did not have a statistically significant difference in weight
gain compared with nonsmokers and
smokers, taking into account Bonferroni adjustment (P = .02 for both
comparisons). Among patients with
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diabetes, recent quitters also gained significantly more weight (3.6 kg [IQR,
⫺1.4 to 8.2]) than smokers (0.9 kg
[IQR, ⫺3.2 to 4.1]), long-term quitters (0.0 kg [IQR, ⫺3.2 to 3.2]), and
nonsmokers (0.5 kg [IQR, ⫺2.7 to 3.6])
(P ⬍ .001 for each pairwise comparison).
Median 4-year weight change prior
to each index examination according to
smoking status is shown in eFigure 1,
available at http://www.jama.com.
Among people without and with diabetes, there was no clear trend in weight
change over time for recent quitters
(P = .97 and P = .32 for trend, respectively). In contrast, among long-term
quitters, weight gain tended to decrease over time (P ⬍.001 and P = .01
for trend).
Diabetes incidence over time according to smoking status is shown in eFigure 2. Smokers had on average a higher
incidence of diabetes compared with
nonsmokers and long-term quitters. Recent quitters had a lower incidence at
the beginning of the study; incidence
became greater than that for smokers
at examinations 5 and 6 and decreased thereafter.
During follow-up, 631 CVD events
occurred in 11 148 person-examinations. Of these, 337 (53.4%) were CHD
events (T ABLE 3). In study participants without diabetes, age- and sexadjusted 6-year incidence rates of CVD
were higher among smokers, followed
by recent quitters, long-term quitters,
and nonsmokers (FIGURE). The same
pattern but with higher rates was observed among study participants with
diabetes. There was no evidence of interaction between smoking and diabetes on the risk of CVD (P = .12 for interaction).
The main results for the association
between smoking cessation and CVD
events are summarized in TABLE 4.
Among participants without diabetes, the
age- and sex-adjusted incidence rates
were lower for nonsmokers (2.43 per 100
person-examinations [95% CI, 1.953.03]), recent quitters (3.22 per 100 person-examinations [95% CI, 2.064.50]), and long-term quitters (3.06 per

100 person-examinations [95% CI, 2.563.67]), compared with smokers (5.89 per
100 person-examinations [95% CI, 4.867.11]). In the age- and sex-adjusted
model, compared with smokers, HRs for
CVD were 0.32 (95% CI, 0.22-0.45) for
nonsmokers, 0.50 (95% CI, 0.25-1.00)
for recent quitters, and 0.50 (95% CI,
0.37-0.68) for long-term quitters. Adjusting for CVD risk factors did not
change this association significantly.
Adding weight change to the model adjusted for CVD risk factors did not
modify the HRs of CVD for recent and
long-term quitters. There was an apparent dose-response relationship with
smoking and CVD risk (P ⬍ .001 for
trend across smoking categories).
Among participants with diabetes,
the age- and sex-adjusted incidence

rates were lower for nonsmokers (4.70
per 100 person-examinations [95% CI,
3.17-6.89]), recent quitters (6.11 per
100 person-examinations [95% CI,
2.89-12.37]), and long-term quitters
(6.53 per 100 person-examinations
[95% CI, 4.73-8.96]), compared with
smokers (7.03 per 100 personexaminations [95% CI, 4.54-10.63]). In
the model adjusted for CVD risk factors, the HR for CVD for nonsmokers
was 0.41 (95% CI, 0.19-0.86), for recent quitters 0.49 (95% CI, 0.112.16), and for long-term quitters 0.53
(95% CI, 0.27-1.06), compared with
smokers. Adjusting for CVD risk factors and weight change did not significantly change these estimates.
In secondary analyses restricting the
outcome to hard CHD, 160 events oc-

Table 1. Baseline Characteristics of Participants in the Framingham Offspring Cohort at Each
Examination
Examination
Characteristic
Follow-up, mean (SD), y
Age, mean (SD), y
Women, No. (%)
Weight, mean (SD), kg
BMI, mean (SD) a
Systolic blood pressure,
mean (SD), mm Hg
Lipids, mean (SD), mg/dL
HDL-C
Triglycerides
LDL-C
Fasting plasma glucose,
mean (SD), mg/dL
Family history of diabetes,
No. (%)
Alcohol consumption,
median (IQR), oz/wk
Taking cholesterol-lowering
medication, No. (%)
Taking antihypertensive
treatment, No. (%)
Diabetes prevalence,
No. (%)
Smoking status, No. (%)
Nonsmokers
Quit for ⱕ4 y
Quit for ⬎4 y
Current smokers

3 (1984-1987)
(n = 3251)
7.0 (1.0)
47.8 (10.0)
1679 (51.7)
74.8 (15.8)
26.1 (4.6)
123.3 (16.4)

5 (1991-1995)
(n = 3061)
6.8 (1.2)
54.1 (9.7)
1666 (54.4)
77.5 (16.8)
27.4 (5.0)
125.6 (18.5)

7 (1998-2001)
(n = 2442)
6.4 (1.2)
59.5 (9.0)
1392 (57.0)
78.8 (17.7)
28.0 (5.3)
125.4 (18.1)

8 (2005-2008)
(n = 2394)
5.2 (1.0)
65.5 (8.7)
1373 (57.3)
78.8 (17.9)
28.1 (5.4)
128.1 (16.9)

51.5 (14.8)
119.7 (115.9)
132.9 (35.8)
94.3 (21.5)

50.4 (15.1)
145.0 (105.4)
126.7 (33.0)
99.9 (27.7)

54.9 (17.0)
131.6 (81.2)
121.8 (32.3)
101.7 (22.8)

58.8 (18.3)
115.5 (66.1)
108.7 (30.3)
105.3 (22.0)

567 (17.4)

606 (19.8)

470 (19.3)

444 (18.5)

5.0 (0.0-11.0)

2.0 (0.0-7.0)

2.0 (0.0-8.0)

1.0 (0.0-7.0)

23 (0.7)

169 (5.5)

370 (15.2)

874 (36.6)

470 (14.5)

492 (16.1)

672 (27.5)

1049 (43.8)

370 (11.4)

349 (11.4)

244 (10.0)

320 (13.4)

1077 (33.1)
295 (9.1)
859 (26.4)
1020 (31.4)

1070 (35.0)
220 (7.2)
1216 (39.7)
555 (18.1)

882 (36.1)
91 (3.7)
1142 (46.8)
327 (13.4)

869 (36.3)
77 (3.2)
1147 (47.9)
301 (12.6)

Abbreviations: BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; IQR, interquartile range; LDL-C, lowdensity lipoprotein cholesterol.
SI conversion factors: To convert HDL-C and LDL-C values to mmol/L, multiply by 0.0259; triglycerides values to mmol/L,
multiply by 0.0113; glucose values to mmol/L, multiply by 0.0555.
a Calculated as weight in kilograms divided by height in meters squared.
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Table 2. Four-Year Weight Change for Participants
Mean (SD)
Former Smokers
Smokers
No diabetes
No. of participants
BMI at examination 3 a
Weight at examination 3, kg
4-y weight change, kg
Mean (SD) [95% CI] b
Median (IQR)
Diabetes
No. of participants
BMI at examination 3
Weight at examination 3, kg
4-y weight change, kg
Mean (SD) [95% CI] b
Median (IQR), kg

978
25.4 (4.2)
73.8 (15.7)

Recent Quitters
(ⱕ4 y)
205
26.5 (4.6)
77.3 (15.7)

1.2 (5.4) [0.9 to 1.4]
0.9 (⫺1.8 to 4.6)

3.0 (7.3) [2.4 to 3.7]
2.7 (⫺0.5 to 6.4)

Long-term Quitters
(⬎4 y)
676
25.9 (3.9)
74.3 (14.3)
0.9 (5.0) [0.7 to 1.0]
0.9 (⫺1.4 to 3.2)

Nonsmokers
920
25.4 (4.3)
71.4 (14.6)
1.2 (5.2) [1.0 to 1.4]
1.4 (⫺1.4 to 3.6)

148
28.7 (5.2)

31
29.8 (5.1)

118
29.1 (5.6)

148
30.3 (5.8)

84.2 (17.7)

88.3 (15.8)

85.8 (17.1)

84.2 (17.0)

0.0 (7.4) [⫺0.1 to 1.1]
0.9 (⫺3.2 to 4.1)

3.8 (7.6) [2.1 to 5.4]
3.6 (⫺1.4 to 8.2)

0.1 (6.4) [⫺0.5 to 0.6]
0.0 (⫺3.2 to 3.2)

0.5 (6.7) [⫺0.1to 1.1]
0.5 (⫺2.7 to 3.6)

Abbreviations: BMI, body mass index; IQR, interquartile range.
a Calculated as weight in kilograms divided by height in meters squared.
b Mean 4-year weight change was concomitant or shortly following smoking cessation for smokers who had been abstinent for 4 years or less and was 4 years or more after cessation
for smokers who had been abstinent for longer than 4 years.

Table 3. Cardiovascular Disease Events and
Coronary Heart Disease Events Counts
Outcome
Total CVD events
(n = 631 events)
Coronary heart disease
Cerebrovascular accident
Death from CVD
Peripheral artery disease
Heart failure
Hard CHD events
(n = 160 events)
Myocardial infarction
Coronary death

No. (%)

337 (53.4)
147 (23.3)
7 (1.1)
73 (11.6)
67 (10.6)

155 (96.9)
5 (3.1)

Abbreviation: CHD, coronary heart disease; CVD, cardiovascular disease.

curred during follow-up (Table 3).
Among participants without diabetes,
the age- and sex-adjusted incidence
rates were lower for recent quitters
(3.93 per 100 person-examinations
[95% CI, 1.12-12.28]) and long-term
quitters (2.32 per 100 personexaminations [95% CI, 1.18-4.55]),
compared with smokers (5.12 per 100
person-examinations [95% CI, 2.3310.75]). In the age- and sex-adjusted
model, compared with smokers, the
HRs for CHD were 0.63 (95% CI, 0.221.83) for recent quitters and 0.32 (95%
CI, 0.18-0.56) for long-term quitters
(TABLE 5). Adjusting for CVD risk fac1018
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tors and weight change did not change
this association significantly.
Among participants with diabetes, the
age- and sex-adjusted incidence rates
were lower for recent quitters (5.49 per
100 person-examinations [95% CI, 3.787.88]) and long-term quitters (4.84 per
100 person-examinations [95% CI, 4.065.77]), compared with smokers (9.30
per 100 person-examinations [95% CI,
7.67-11.22]). In the model adjusted for
CVD risk factors, the HR for CHD for
recent quitters was 0.40 (95% CI, 0.053.17) and for long-term quitters was 0.40
(95% CI, 0.16-1.02), compared with
smokers. Adjusting for CVD riskfactors and weight change did not significantly change these estimates.
Using the alternate smoking definition, among people without diabetes,
quitters had a significantly decreased
risk of CVD compared with sustained
smokers (HR, 0.46 [95% CI, 0.330.63]) in the model adjusted for CVD
risk factors (eTable 1). Among relapsers, the point estimate for the association was weaker (HR, 0.60 [95% CI,
0.35-1.04]) and not significant. Adjusting for weight change did not significantly modify these estimates. Among
people with diabetes the CVD risk
factor–adjusted HR of CVD events was

0.56 (95% CI, 0.28-1.11) for quitters
and 0.24 (95% CI, 0.03-1.84) for
relapsers, compared with sustained
smokers.
In subgroup analyses stratified by
amount of weight gain (eTable 2),
among participants who lost weight and
those who gained 0 to 5 kg, the CVD
risk factor–adjusted HRs of CVD were
significantly lower only for long-term
quitters compared with smokers (HR,
0.41 [95% CI, 0.27-0.63] for those who
lost weight and HR, 0.39 [95% CI, 0.250.61] for those who gained 0-5 kg).
Among participants who gained 5 kg
or more there were no statistically significant associations, although numbers of events in these categories were
small.
Exploratory analyses were performed to assess the association between smoking cessation and weight
gain with high blood pressure (eTable
3) and hyperlipidemia (eTable 4). No
statistically significant associations were
found for recent quitters or long-term
quitters among study participants with
or without diabetes.
COMMENT
Concerns have been raised about the
potential risks for CVD posed by weight

©2013 American Medical Association. All rights reserved.
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unambiguous conclusions, but suggested that at least among participants
who gained less than 5 kg there was a
CVD benefit associated with smoking
cessation.
The amount of weight gain following smoking cessation was comparable with that observed in other studies.3 Recent analyses of 3 different US
cohorts 18 showed that within each

4-year period participants gained a
mean of 1.52 kg, compared with a mean
4-year weight gain of 1.39 kg among
participants without diabetes in our
study. As observed in our study, weight
gain following smoking cessation was
observed in recent (ⱕ4 years) quitters
but decreased thereafter.
To our knowledge, only 1 study has
indirectly assessed the effect of weight

Figure. Age- and Sex-Adjusted 6-Year Incidence Rate of Cardiovascular Disease (CVD) for
Participants With and Without Diabetes
With diabetes
Without diabetes

14

6-y CVD Rate per 100
Person-Examinations

gain following smoking cessation.16,17
However, in this study, 4-year weight
gain associated with smoking cessation did not outweigh the benefits for
CVD risk associated with smoking cessation. Among participants without diabetes, recent quitters had an HR of 0.47
and long-term quitters an HR of 0.46
in models adjusted for CVD risk factors, compared with smokers. Among
participants with diabetes, there were
similar point estimates, although the
CVD risk reduction associated with
quitting smoking was not statistically
significant. We observed similar benefits associated with smoking cessation for total CVD and for fatal and nonfatal CHD, with the cessation benefits
not offset by weight gain. An alternate
smoking definition that takes into account smoking exposure over time suggested the possibility of a doseresponse relationship, with never
smokers having the lowest risk of CVD
compared with sustained smokers, followed by quitters and relapsers. Subgroup analyses by amount of weight
gain had small numbers of events in
many groups, limiting ability to draw

12
10
8
6
4
2
0
Smokers

No.
CVD events
With diabetes
Without diabetes

Quit for
≤4 y

Quit for Nonsmokers
>4 y

023
143

08
29

059
218

035
116

Person-examinations
0279
With diabetes
Without diabetes
1924

092
591

0603
3761

0506
3392

Error bars indicate 95% CIs.

Table 4. Association Between Smoking Cessation, Weight Change, and CVD Events a
Former Smokers
Smokers
No diabetes
No. of person-examinations
No. of CVD events
Age- and sex-adjusted IR of CVD
per 100 person-examinations (95% CI)
HR (95% CI)
Age- and sex-adjusted
Adjusted for CVD risk factors b
Adjusted for CVD risk factors
and weight change
Diabetes
No. of person-examinations
No. of CVD events
Age- and sex-adjusted IR of CVD
per 100 person-examinations (95% CI)
HR (95% CI)
Age- and sex-adjusted
Adjusted for CVD risk factors b
Adjusted for CVD risk factors
and weight change

Recent Quitters
(ⱕ4 y)

Long-term Quitters
(⬎4 y)

Nonsmokers

1924
143
5.89 (4.86-7.11)

591
29
3.22 (2.06-4.50)

3761
218
3.06 (2.56-3.67)

3392
116
2.43 (1.95-3.03)

1 [Reference]
1 [Reference]
1 [Reference]

0.50 (0.25-1.00)
0.47 (0.23-0.94)
0.49 (0.24-0.99)

0.50 (0.37-0.68)
0.46 (0.34-0.63)
0.46 (0.34-0.63)

0.32 (0.22-0.45)
0.30 (0.21-0.44)
0.31 (0.21-0.44)

279
23
7.03 (4.54-10.63)

1 [Reference]
1 [Reference]
1 [Reference]

92

603

506

8
6.11 (2.89-12.37)

59
6.53 (4.73-8.96)

35
4.70 (3.17-6.89)

0.49 (0.11-2.16)
0.49 (0.11-2.20)
0.49 (0.11-2.19)

0.53 (0.27-1.06)
0.56 (0.28-1.14)
0.57 (0.28-1.15)

0.41 (0.19-0.86)
0.49 (0.22-1.08)
0.49 (0.22-1.09)

Abbreviations: BMI, body mass index; CVD, cardiovascular disease; HR, hazard ratio; IR, incidence rate.
a Cardiovascular disease events comprise coronary heart disease, cerebrovascular events, peripheral artery disease, and congestive heart failure.
b Adjusted for age, sex, alcohol consumption, self-reported family history of diabetes, high-density lipoprotein cholesterol level, low-density lipoprotein cholesterol level, triglyceride
level, systolic blood pressure, baseline BMI, cholesterol-lowering treatment, and antihypertensive treatment.
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gain following smoking cessation on
CVD in people without diabetes. The
investigators followed up 1995 Japanese male workers for 4 years7 and
found that smokers who had successfully quit smoking for at least 6 months
gained weight and had a significant
worsening of their blood pressure and
levels of total cholesterol, triglycerides, and fasting blood glucose. In contrast, their HDL-C levels improved, and
combined with cessation of smoking,
successful quitters had a 24% decreased estimated risk of CHD (using
a prediction rule based on CHD risk factors) compared with smokers, despite
weight gain. Numerous studies have
shown the immediate benefits of smoking cessation on CHD, or on overall and
CVD mortality,19 but they did not take
into account the effect of weight change
following smoking cessation. Being able
to quantify the association of weight
gain after smoking cessation with actual CVD risk may allow for better
counseling of patients.
There is scant literature related to the
effects on CVD of smoking cessation in
populations with diabetes. Several stud-

ies have shown the benefits of quitting smoking for CHD and all-cause
mortality in people with diabetes,8,9,20
but none of these studies accounted for
potential weight gain subsequent to
smoking cessation in their analyses. In
our study, one possible reason for not
finding the same significant risk reductions in participants with diabetes as in
participants without diabetes is limited power, because point estimates for
participants with diabetes were similar to estimates for those without diabetes but not statistically significant.
There are multiple potential mechanisms of the decrease in risk in CVD
associated with smoking cessation.
Cigarette smoking has short- and longterm cardiovascular effects that are reversible shortly after cessation.21,22 Cigarette smoking increases heart rate and
myocardial contractility, induces arterial vasoconstriction, increases platelet aggregability, reduces oxygen delivery, and in the long term induces
endothelial injury and formation of atheroma.23 The increase in CVD risk associated with smoking is also mediated through cardiovascular risk factors

such as an increase in LDL-C and triglyceride levels, a decrease in HDL-C
levels, or an increase in levels of fasting blood glucose. Some of these cardiovascular risk factors, such as HDL-C
levels or insulin sensitivity, improve after smoking cessation, independent of
potential weight gain.24,25 People who
manage to quit smoking are also often
more health conscious than those continuing to smoke and might adopt a
healthier lifestyle.26
Strengths of this study include the
ability to examine adults with and without diabetes to assess the association between weight change following smoking cessation and CVD. Data on
smoking, diabetes, and CVD were collected rigorously at periodic examinations. Weight change was measured, not
self-reported, at each examination. We
adjusted for many CVD risk factors that
could act as confounders. Using pooled
Cox models accounted for timevarying covariates such as smoking status, weight, and weight change.
Limitations should also be considered. First, smoking status was selfreported, and there was no biochemi-

Table 5. Association Between Smoking Cessation, Weight Change, and CHD Events a
Former Smokers
Smokers
No diabetes
No. of person-examinations
No. of CHD events
Age- and sex-adjusted IR of CHD
per 100 person-examinations (95% CI)
HR (95% CI)
Age- and sex-adjusted
Adjusted for CVD risk factors b
Adjusted for CVD risk factors
and weight change
Diabetes
No. of person-examinations
No. of CHD events
Age- and sex-adjusted IR of CHD
per 100 person-examinations (95% CI)
HR (95% CI)
Age- and sex-adjusted
Adjusted for CVD risk factors b
Adjusted for CVD risk factors
and weight change

1924
48
5.12 (2.33-10.75)

1 [Reference]
1 [Reference]
1 [Reference]

279
10
9.30 (7.67-11.22)

1 [Reference]
1 [Reference]
1 [Reference]

Recent Quitters
(ⱕ4 y)

Long-term Quitters
(⬎4 y)

Nonsmokers

591
10
3.93 (1.12-12.28)

3761
45
2.32 (1.18-4.55)

3392
21
1.34 (0.06-3.24)

0.63 (0.22-1.83)
0.58 (0.20-1.68)
0.61 (0.21-1.78)

0.32 (0.18-0.56)
0.29 (0.16-0.52)
0.29 (0.16-0.52)

0.19 (0.09-0.38)
0.17 (0.08-0.36)
0.17 (0.08-0.36)

603
16

506
7

5.49 (3.78-7.88)

4.84 (4.06-5.77)

3.71 (2.99-4.60)

0.40 (0.05-3.17)
0.37 (0.05-3.01)
0.36 (0.04-2.97)

0.40 (0.16-1.02)
0.42 (0.16-1.10)
0.42 (0.16-1.10)

0.15 (0.04-0.52)
0.15 (0.04-0.57)
0.15 (0.04-0.57)

92
3

Abbreviations: CHD, coronary heart disease; BMI, body mass index; HR, hazard ratio; IR, incidence rate.
a Coronary heart disease events comprise coronary death and myocardial infarction.
b Adjusted for age, sex, alcohol consumption, self-reported family history of diabetes, high-density lipoprotein cholesterol level, low-density lipoprotein cholesterol level, triglyceride
level, systolic blood pressure, baseline BMI, cholesterol-lowering treatment, and antihypertensive treatment.
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cal verification. Exact time since
smoking cessation was not available in
the data set, and a variable for former
smokers was created based on their report of smoking at previous examinations. Smokers generally need several
attempts before successfully quitting,
so we might not have captured relapses between 2 examinations. Second, the choice of interval for the
pooled Cox models might be too large
to capture change in weight, but shorter
intervals were not possible because of
the design of the study. However, the
similarity in weight gain following
smoking cessation compared with other
US cohorts suggests that we correctly
captured weight change following
smoking cessation. A longer interval
might have allowed more CVD events
to be observed. However, the benefits
of quitting smoking occur rapidly, especially in the first 2 years after smoking cessation.15 Third, the Framingham Heart Study enrolled mostly white
participants, and these results might not
be generalizable to a multiethnic population.
In conclusion, among adults without diabetes, quitting smoking was associated with a lower risk of CVD compared with continuing smoking. There
were qualitatively similar lower risks
among participants with diabetes that
did not reach statistical significance,
possibly because of limited study power.
Weight gain that occurred following
smoking cessation was not associated
with a reduction in the benefits of quitting smoking on CVD risk among adults
without diabetes. This supports a net
cardiovascular benefit of smoking cessation, despite subsequent weight gain.
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