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Objectives: To examine the association between smoking cessation and risk of type 2
diabetes with emphasis on post-cessation weight gain.

Methods: In total, 8,951 participants from the China Health and Retirement Longitudinal
Study at the baseline (2011) were included. Diabetes incidence was accessed at the third
survey (2015). Current smokers were treated as the reference and odds ratios (OR) of type
2 diabetes for never smokers, recent, and long-term quitters were computed using
multivariable logistic regression. Stratified analysis was further conducted by weight
gain after smoking cessation.

Results: There were 712 cases of type 2 diabetes identified. Compared with current
smokers, the fully multivariable-adjusted ORs were 1.55 (1.02, 2.36) for recent quitters,
0.88 (0.61, 1.28) for long-term quitters, and 0.75 (0.59, 0.95) for never smokers. Stratified
analysis showed recent quitters with weight gain of >2.0 kg had a significantly higher odds
of type 2 diabetes [2.25 (1.02, 4.95)].

Conclusion: The present study of the Chinese population suggested recent quitters with
weight gain of >2.0 kg, compared with current smokers, had a significantly increased odds
of type 2 diabetes.
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INTRODUCTION

Cigarette smoking significantly increases the risk of various diseases [1]. Quitting smoking has been
shown to be associated with a decreased risk [2]. However, quitting smoking is usually associated
with a weight gain during the subsequent few years [3, 4], which raised the concern that weight gain
may attenuate the benefits on health. Our recent work examining the risk of CVD in relation to
smoking cessation provided evidence that smoking cessation, compared with continuous smoking,
was associated with a lower risk of CHD, stroke, total CVD, and all-cause mortality, which was
independent of post-cessation weight gain [5].

On the other hand, previous cohort studies showed that smoking quitters, compared with never
smokers, had an increased risk of developing type 2 diabetes. The risk was substantially high in recent
quitters (<5 years) and decreased as quitting years increased [6-8]. A recent US cohort study using
current smokers as the reference found that the recent quitters with post-cessation weight gain
greater than 5.0 kg had a 36% increase in the risk of type 2 diabetes, while recent quitters with no
weight gain did not have a significantly increased risk [9]. Post-cessation weight gain was therefore
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15,331 participants who responded
both wave 1 and wave 3 surveys

With a history of cardiovascular disease or
cancer (n = 2085)

13,246 participants without a history of
diabetes

With a history of diabetes (n = 1502)

11,744 participants

Body mass index <14 or > 40 kg/m2 or no data on
smoking status (n = 2793 )

8951 participants for analysis

FIGURE 1 | Flow chart of participant selection (JinHua, China. 2022).

considered to directly contribute to the increased risk. On the
contrary, a study conducted in Australia reported that weight gain
after smoking cessation did not significantly increase the risk of
type 2 diabetes [10]. However, a recent Korean study provided
evidence showing that smoking cessation without subsequent
weight gain was associated with a reduced risk of developing type
2 diabetes, but weight gain could attenuate this reduced risk [11].
However, there was no study conducted among Chinese
populations. Given the limited and inconsistent evidence at
present, we, therefore, aimed to examine the association
between smoking cessation and risk of type 2 diabetes among
a Chinese population with emphasis on post-cessation weight
gain, using current smoking as the reference.

METHODS

Participants

The China Health and Retirement Longitudinal Study (CHARLS)
is an ongoing and nationally representative longitudinal study
that enrolled Chinese residents over 45 years from 450
communities. The details regarding study design, setting, and

data collection have been previously described [12]. In brief, a
total of 17,708 respondents were enrolled in the baseline survey of
2011-2012 and followed up every 2 years. We first excluded
people who reported a history of heart disease, stroke, or
cancer at baseline. People with a history of diabetes at baseline
diagnosed by doctors, fasting blood glucose >126 mg/dl, or
HbAlc > 6.5% were excluded. We further excluded people
with an extreme body mass index (BMI) (i.e, <14 or >40 kg/
m?). Ultimately, a total of 8,951 participants were eligible for the
final analysis (Figure 1).

CHARLS has obtained Ethics approval from the Biomedical
Ethics Review Committee of Peking University (IRB00001052-
11015). All the participants have completed a written informed
consent.

Assessment of Smoking Status

In the first and 2-year surveys, each participant was first asked
whether they have ever smoked cigarettes. Those who answered
yes were further asked whether they still smoked or completely
quitted. Former smokers were also asked when they completely
quitted smoking. According to the self-reported smoking status in
the two surveys, we categorized the participants into four groups.
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Current smokers were defined as those reporting that they were
currently smoking in both surveys. Former smokers who quitted
smoking within 2 years were treated as recent quitters and those
who quitted smoking longer than 2 years were treated as long-
term quitters. Never smokers were defined as those reporting that
they never smoked in both surveys.

Assessment of Weight Change

We focused on short-term weight gain given that considerable
weight gain has been reported during the first few years after
smoking cessation. Therefore, the baseline assessment of weight
change was according to the baseline survey in 2011 and the
second survey in 2013. We further categorized the recent quitters
into two groups according to the weight change, which was
measured as the difference in body weight (kg) in both
surveys. Body weight was measured by trained staff in the
physical examinations.

Assessment of Diabetes

Diabetes incidence was determined if one or more of the
following criteria was met: 1) reporting a history of diabetes
diagnosed by doctors at the third survey in 2015, 2) fasting blood
glucose >126 mg/dl, or 3) HbAlc > 6.5%. Blood test was not
performed in the second survey, and the results of blood test in
the third survey were therefore used for assessment of diabetes
cases. Venous blood samples were measured for fasting blood
glucose and HbA1c by KingMed laboratory.

Covariates

Data on demographic features, socioeconomic status, personal
history of chronic diseases, mental health, physical function, and
lifestyles were obtained from a questionnaire. The BMI was
calculated as weight (kg)/height (m)>. The history of
hypertension and dyslipidemia were identified by self-report of
doctor diagnosis. The depressive symptoms were accessed using
the 10-item Center for Epidemiologic Studies Depression Scale,
with a score of 10 or higher was defined as having depressive
symptoms [13].

Statistical Analysis

Participants were divided into four groups according to self-
reported smoking status in the baseline survey: never smokers,
current smokers, recent quitters, and long-term quitters.
Distributions according to smoking status were calculated
using the Generalized Linear Model (GLM). Current smokers
were treated as the reference group and the odds ratios of type 2
diabetes for never smokers, recent, and long-term quitters were
computed using the multivariable logistic regression. Model 1
adjusted for age only. Model 2 further adjusted for sex, education
level (primary school or lower, middle school, high school, college
or higher), study area (urban or rural area), depressive symptoms
(yes or no), marital status (married, divorced, widow, or single),
history of hypertension (yes or no), history of hyperlipidemia (yes
or no), vigorous activity (yes or no), and drinking status (never
drinking, former drinking, less than once per month, and more
than once per month). Model 3 further adjusted for baseline BMI
(quintile). To examine whether weight change after smoking
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cessation modified the ORs among recent quitters, we further
conducted a subgroup analysis by weight change between the
baseline survey in 2011 and the second survey in 2013 (>2.0 kg or
<2.0 kg). We used 2.0 kg as the cut-off point as it has been shown
that the average weight gain after smoking cessation was around
2.0 kg among east Asians [14, 15]. All analyses were performed
with SAS software version 9.4. A p value <0.05 was considered
statistically significant.

RESULTS

Table 1, presents the baseline characteristics of participants
according to smoking status in 2011. Compared with current
smokers, recent and long-term quitters were more likely to have a
higher BMI, have a higher level of education, live in urban areas,
have a history of hypertension and dyslipidemia but less likely to
be current drinkers and have vigorous activity every day. Never
smokers were more likely to be women, have a higher BM, live in
the urban area, have a history of hypertension and dyslipidemia
but less likely to have a higher level of education, to be smokers,
and to have vigorous activity every day.

We identified 712 cases of type 2 diabetes among 8,951
participants based on self-report and blood tests at the third
survey in 2015 as shown in Table 2. Compared with current
smokers, the age-adjusted ORs of type 2 diabetes were 1.71 (1.13,
2.58) for recent quitters, 1.14 (0.79, 1.64) for long-term quitters,
and 1.15 (0.97, 1.37) for never smokers. After adjustment for
covariates in model 2, the ORs were somewhat attenuated. After
further adjustment for baseline BMI, the ORs were 1.55 (1.02,
2.36) for recent quitters, 0.88 (0.61, 1.28) for long-term quitters,
and 0.75 (0.59, 0.95) for never smokers.

For recent quitters, we further conducted stratified analysis by
weight gain (>2.0 kg or <2.0 kg) during the first 2 years of follow-
up. Compared with current smokers, recent quitters with weight
gain of >2.0 kg had a significant high odds of type 2 diabetes
[fully-adjusted OR = 2.25 (1.02, 4.95)], while recent quitter with
weight gain of <2.0 kg did not experience a significantly increased
odds [fully-adjusted OR = 1.40 (0.86, 2.26)].

DISCUSSION

The present study examined the post-cessation risk of developing
type 2 diabetes among the Chinese population. Compared with
current smokers, recent quitters (former smokers who quitted
smoking within 2 years) had a significantly increased odds of
developing type 2 diabetes while long-term quitters (those who
quitted smoking longer than 2years) did not experience a
significantly increased odds. Further stratified analysis by post-
cessation weight gain among recent quitters revealed a
significantly higher odds of type 2 diabetes among recent
quitters with weight gain of >2.0kg but not among recent
quitters with weight gain of <2.0 kg.

The main finding of our study that weight gain after smoking
cessation played an important role in the development of type 2
diabetes was consistent with that from a previous study involving
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TABLE 1 | Baseline characteristics of Chinese men and women by smoking status (JinHua, China. 2022).

Current smokers

Recent quitters Long-term quitters Never smokers

No. of participants 2,922 247 446 5,336
Age, year 58.8 (9.5) 59.5 (8.9) 62.3 (9.2) 58.3 (9.5)
BMI, kg/m? 22.2 (3.5) 22.9 (3.1) 23.8 (3.5) 23.5 (3.4)
Overweight, % 16.2 21.2 26.7 27.5
Obesity 1.7 2.8 4.2 4.8
Waist circumference, cm 81.9 83.7 86 83.9
Men, % 91.1 90.3 87.4 20.6
Higher school or higher education, % 1.2 14.6 12.3 8.4
Married, % 89.6 91.2 90.8 86.6
Living in urban area, % 29.6 32.1 35.7 34
History of hypertension, % 14.7 20.2 204 18.8
Dyslipidemia, % 4.4 5.7 8.6 5.8
Current drinker, % 58.7 57.3 51.3 19.1
Moderate activity every day, % 46.7 43.6 394 47
Vigorous activity every day, % 33.3 30.7 16.9 22
All values were means (SD) or percentage. Overweight: 25 < BMI< 29.9; Obesity: BMI >30.
TABLE 2 | Association between smoking cessation and risk of type 2 diabetes (JinHua, China. 2022).
Cases/participants Model 1 Model 2 Model 3
Current smokers 210/2,922 1.0 1.0 1.0
Never smokers 436/5,336 1.15(0.97, 1.37) 0.85 (0.67, 1.08) 0.75 (0.59, 0.95)
Recent quitters 29/247 1.71 (1.13, 2.58) 1.63 (1.08, 2.48) 1.55 (1.02, 2.36)
Weight gain < 2.0 kg 21/196 1.52 (0.94, 2.44) 1.48 (0.92, 2.40) 1.40 (0.86, 2.26)
Weight gain > 2.0 kg 8/51 2,51 (1.16, 5.42) 2.21 (1.01, 4.82) 2.25 (1.02, 4.95)
Long-term quitters 37/446 1.14 (0.79, 1.64) 1.04 (0.72, 1.51) 0.88 (0.61, 1.28)

Model 1: adjusted for age.

Model 2: further adjusted for sex, education level (primary school or lower, middle school, high school, college or higher), study area (urban or rural area), depressive symptoms (yes or no),
marital status (married, divorced, widow, or single), history of hypertension (yes or no), history of hyperiipidemia (yes or no), vigorous activity (yes or no), and drinking status (never drinking,

former drinking, less than once per month, and more than once per month).
Model 3: Model 2 + baseline BMI.

three cohorts in the United States, which found that compared
with current smokers, the hazard ratios (HR) were 1.36 (1.16,
1.58) among recent quitters with weight gain of 0.1-5.0 kg, but
1.08 (0.93, 1.26) among those without weight gain. Weight gain
could potentially modify the association between smoking
cessation and the risk of type 2 diabetes [9]. Nevertheless, data
from a national Australian household survey indicated that
quitters, either weight gain or not, did not significantly
increase the risk of type 2 diabetes in comparison with current
smokers [HRs = 0.75 (0.35, 1.59) and 0.72 (0.41, 1.27),
respectively] [10]. The discrepancy may relate to the
characteristics of study participants where the subjects of our
study and the US study were middle-aged and older people, while
the sample of Australian adults was aged 18 years or older. The
older might be at a higher risk of developing cardiometabolic
diseases due to age-related glucose dysregulation [16]. On the
contrary, a nationally representative database of nearly 100,000
Korean participants aged over 18 years has demonstrated that
smoking cessation with no weight gain was associated with a 14%
reduced risk of type 2 diabetes [HR = 0.86 (0.80, 0.93)] [11]. The
discrepant findings might be explained by the different ethnic
groups, the magnitude of weight gain, the selection of
confounders, or the length of follow-up. Further large-scale
studies with different ethnic populations are warranted to

assess the association between post-cessation weight gain and
the risk of type 2 diabetes.

Our study suggested that recent smoking quitters who gain
substantial weight after quitting were at an increased risk for type
2 diabetes than sustained smokers. Possible mechanisms
underlying our findings may be related to the joint chronic
effects of smoking and weight gain. There was still
deterioration of glucose metabolism changes and insulin
resistance after smoking abstinence than baseline long-term
smokers, and these alterations might be associated with or
contribute to weight gain after smoking cessation [17].

Evidence from a previous observational study also supported
that decreasing 10 cigarettes/d in men had a detrimental effect on
insulin (7%), glucose (0.11 mmol/L), triglycerides (8%), waist
circumference (0.97 cm), and BMI (0.31 kg/mz) increases over
3 years [18]. On the other hand, previous studies suggested that
body weight variability was an independent risk factor for
diabetes [19, 20]. Pani et al. reported that every 1-pound
(0.4 kg) increase in weight was associated with a 2% increased
odds of type 2 diabetes progression [21]. A cohort study in
Finnish male smokers indicated that compared with those of
weight change <4.0kg, weight gain and fluctuation were
associated with higher risk for type 2 diabetes for a weight
gain of at least >4.0kg, with multivariate RR = 1.77 (1.44,
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2.17) [22]. Data from a Korean population aged 30-59 years
suggested that the HR (95% CI) for incident diabetes for those of
weight gain >2.1 kg compared to the stable weight group was 1.24
(1.02, 1.49) over a 5-year follow-up [23]. Weight gain may lead to
the disruption of metabolism, such as decreased glucose tolerance
[24] and insulin resistance [25], which might amplify or prolong
the deterioration of glucose metabolism caused by smoking
cessation.

Numerous prior studies have found smoking cessation was
associated with a higher risk of type 2 diabetes compared with
non-smoking [6-8, 26-28]. For example, a large meta-analysis
indicated that compared with never smokers, the pooled relative
risk of type 2 diabetes was 1.54 (1.36, 174) for new quitters within
5 years, 1.18 (1.07, 1.29) for quitters of 5-9 years, and 1.11 (1.02,
1.20) for quitters at least 10 years [8]. Our study added evidence
on the health issues of smoking cessation rather than smoking
with regard to the risk of type 2 diabetes by using current smokers
as the reference group. This is the first study conducted in a
nationally representative Chinese population and the results from
our study highlight the importance of weight management for
smoking cessation in the prevention of type 2 diabetes among the
Chinese population.

Several limitations of this study must be addressed. First,
information on smoking status was gathered by self-reported
questionnaires, which might be subject to recall bias. Also, the
smoking status might change during the follow-up, which was
very likely to have biased the association toward the null
However, less than 10% of the recent or long-term quitters
restarted smoking in the first 2 years. Second, the length of
follow-up could be relatively short to observe the outcome of
chronic diseases, probably resulting in the underestimation of the
associations. Third, reverse causation might occur because
participants who quitted smoking were more likely to have
certain clinical symptoms or a high level of exposure to
tobacco. It is suggested that the reasons for smoking quitting
should be collected in detail in future studies. Fourth, this study
was conducted in the Chinese population, thus the
generalizability of our findings may be limited. Moreover,
pharmacotherapy treatment for smoking cessation was not
considered, which may theoretically decrease post-cessation
weight gain. Finally, residual confounding, including
measurement errors of covariates or other unmeasured risk
factors (e.g., occurrence of diabetes in family history or
gestational diabetes in personal history), remained alternative
explanations for the observed associations.

In conclusion, the present study of the Chinese population
suggested that recent quitters with weight gain of >2.0kg,
compared with current smokers, had a significantly increased
odds of type 2 diabetes. Our findings revealed that weight
management after smoking cessation was of great importance
for recent quitters in the prevention of type 2 diabetes.
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