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Abstract

Background: Smoking is an important risk factor for various metabolic and cardiovascular disorders, and smoking cessa®
reduces the risk of these conditions. However, weight gain is commonly observed when individuals quit smoking, which often
leads to hesitation in pursuing smoking cessation. Weight gain increases the risk of metabolic syndrome (MS). However, previous
studies that investigated the relationship between smoking cessation and MS have yielded inconsistent results. Therefore, we
conducted a meta-analysis to evaluate the association between smoking cessation and MS.

Methods: Medline, Embase, Cochrane Library and CINAHL databases, were comprehensively searched from inception to April
2023, to identify relevant studies examining the relationship between smoking cessation and MS, comparing such relationship to
that with active smoking. The methodological quality of the selected studies was assessed using the Newcastle-Ottawa Quality
Assessment Scale. A random-effects model was used for meta-analysis.

Results: Of 495 identified studies, 24 were reviewed. The risk of selection bias was identified in all the studies. The overall
analysis of 14 studies, including data of combined results for both men and women, revealed an increased risk of MS among
ex-smokers compared with that among active smokers (pooled relative risk [RR] 1.18, 95% confidence interval [Cl]: 1.08-1.29).
From the selected studies, 13 studies analyzing men were extracted for subgroup analysis. Among men, no significant difference
in the risk of developing MS was observed between ex-smokers and smokers (pooled RR: 1.05, 95% Cl: 0.95-1.17). In men, the
risk of MS increased if the cessation period was <15 years in men (pooled RR 1.26, 95% Cl: 1.01-1.56) and slightly decreased if
the cessation period was > 15 years (RR 0.84, 95% CI: 0.70-1.00) in ex-smokers compared with that in current smokers.
Conclusion: An increased risk of MS was observed in the early stages of smoking cessation compared with current smoking.
As the longer duration of smoking cessation, the risk of MS becomes less significant.

Abbreviations: Cl = confidence interval, CVD = cardiovascular disease, DM = diabetes mellitus, MS = metabolic syndrome,
NCEP Ill = National Cholesterol Education Program’s Third Report of the Expert Panel on Detection, Evaluation, and Treatment
of High Blood Cholesterol in Adults, NOS = Newcastle-Ottawa Quality Assessment Scale, OR = odds ratio, PRISMA = Preferred
Reporting Items for Systematic Reviews and Meta-Analyses, RR = relative risk.
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1. Introduction However, many individuals hesitate to quit smoking because
of the potential weight gain that often occurs after quitting,
which often leads them to resume smoking. After quitting smok-
ing, weight gain of approximately 4 to 5Skg per year generally
occurs, and glucose and lipid metabolism worsens.®! As weight
gain might be also related to some components of MS, whether
weight change associated with smoking cessation counteracts the
cardiometabolic benefits of smoking cessation is unclear. When
considering glycemic control, the risk of new-onset diabetes
continues to increase in the first few years after smoking cessa-
tion compared to never smokers.” However, smoking cessation
did not lead to a long-term increase in glycated hemoglobin and

Metabolic syndrome (MS) is a multifaceted concept comprising
central obesity, dyslipidemia, high blood pressure, and insulin
resistance, and it is also associated with the risk of type 2 diabe-
tes mellitus (T2DM) and cardiovascular disease (CVD).!! There
are various factors that increase the risk of MS, and smoking
is known to be one of them. Smoking reduces insulin sensitiv-
ity and enhances cardiovascular risk factors.?! Several studies
have demonstrated that smoking is associated with metabolic
abnormalities and increases the risk of MS.3# Therefore, quit-
ting smoking is crucial for the long-term reduction of CVD risk.
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may reduce vascular complications in diabetes owing its favor-
able impact on lipid profile.®!

Previous studies on smoking cessation and MS have reported
inconsistent results regarding the duration of smoking abstinence.
Recently, Song et al®! have reported that smoking cessation within
3 months is associated with an increased risk of developing MS.
According to a study analyzed by Shin et al using data from the
Korea National Health and Nutrition Examination Survey, the
risk of MS increased among former smokers who quit smoking
for <20 years and the increased risk for MS was no longer present
for smokers who quit smoking for >20 years.'”! As such, previous
studies have demonstrated that the duration of smoking cessation
was very diverse, and definitions of MS and individual baseline
information of the study population were different. This may
have led to the inconsistent results.

This study aimed to comprehensively assess the risk for MS
in ex-smokers and current smokers. By analyzing the risk, this
study underscores the importance of lifestyle management and
precautions at the initiation of smoking cessation and actively
promotes smoking cessation.

2. Methods

2.1. Literature search

We searched for articles published up to April 30, 2023 in
PubMed, Cochrane Library, EMBASE, and CINAHL databases
using keywords (smoking cessation or quitting smoking), (MS or
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syndrome X), and other MeSH words. Only articles published
in English were included in the search. A detailed search strategy
using the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) flow chart is shown in Figure 1. This
meta-analysis followed the PRISMAI! and Meta-analysis of
Observational Studies in Epidemiology guidelines.!"! This study
had been registered in PROSPERO (CRD42024533922).

2.2. Inclusion and exclusion criteria

Studies were included in the meta-analysis if they met the fol-
lowing criteria: primary observational studies including pro-
spective or retrospective cohort studies, case-control studies,
and cross-sectional studies on the relationship between smok-
ing cessation, quitting smoking, and MS; human studies; stud-
ies involving prevalence of metabolic syndrome; and in case of
overlap between studies, a study with a large number of subjects
or a recently conducted study was selected.

Meanwhile, the exclusion criteria were as follows: studies
involving only smoking without mention of smoking cessation;
in vitro studies; studies in which only simple weight gain or
components of MS were mentioned; abstracts, review articles,
letters, and case reports; and studies for which the incidence or
prevalence of MS was not reported.

2.3. Data extraction and study identification

Two researchers independently reviewed the articles. In case
where there were discrepancies, reviewers discussed to reach the

Records identified from other
sources (e.g., manual search,
citations pear-searching) (n=3)

Duplicates excluded (n=142)

Studied not relevant (n=176)

Reviews and Meta-analyses (n=67)
Conference abstracts (n=54)

Citations excluded for

=
2 Overall identified studies from
E database searching (n=492)
R CINAHL 48 Embase 184
ks Cochrane 134 PubMed 126
—
Titles and Abstracts screened
(n=353)
o
=
=
5
2 Citations identified for further
review (n=56)
—
I
E 24 articles were included in
2 the final analysis

Figure 1. Flow diagram of the process for study selection.

Outcomes was a component of
the metabolic syndrome, not
the metabolic syndrome (n=17)
No data of ex-smokers (n=7)
No full texts (n=3)

No prevalence of metabolic
syndrome (n=5)
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Table 1
(Continued)

Quality assessment
(Newcastle-Ottawa scale)

Mean age = SD or

Definition of metabolic

Sample size (total no.

median age (range)

Cessation period

Duration

syndrome
Modified NCEP-ATP Il

Modified IDF

of study participants)

Population based  Men 5,809
Population based All 17,656

Participants

Design

Country

Study

401069

NA
NA

4yrs
NA

South Korea  Prospective cohort study
South Korea  Case-control study

Kim et alt®
Oh et al*4

[ee]

NA

Men 7,093

Women 10,563

Population based  All 1,041

55.7+83

2.6yrs

2.6yrs

Modified IDF

South Korea  Retrospective cohort study

Park et ali®

Men 997
Women 44

Population based  All 808

M32.0 +3.2

NA

NA

Modified NCEP-ATP |l

South Korea  Cross-sectional study

Kim et al*®

F29.8 +3.1

Men 398

Women 410

Population based All 6,099,717

Population based  All 600

437 +13.0

NA
6yrs

2yrs
6yrs

Modified IDF

IDF

South Korea  Cohort study

Finland

Park et all*”

500+45

Cohort study

Suutari-Jaasko et alt®

Men 281

Women 319

Chinese Joint Committee for Developing Chinese Guidelines on Prevention and

Japan Society for the Study of Obesity, JCDCG

male, NA = not applicable, NCEP-ATP Il = National Cholesterol Education Program’s Adult Treatment Panel Ill, SD = standard deviation, WHO guidelines

International Diabetes Federation, JASSO

female, IDF

American Heart Association/National Heart Lung and Blood Institute criteria, F

AHA/NHLBL

World Health Organization-West Pacific Region Guidelines.

treatment of Dyslipidemia in Adults definition, M
*We used modified NCEP ATP Ill'in this study.
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final decision. The following data were extracted: title, authors,
journal name, year of publication, country, study design, study
objective, diagnostic methods for MS, smoking cessation period,
and sex.

2.4. Quality assessment

The quality of the selected studies was appraised using the
Newcastle-Ottawa Quality Assessment Scale (NOS).!'3! The
NOS consists of 8 items that evaluate 3 dimensions (selection,
0-4 stars; comparability, 0-2 stars; and exposure for case-
control studies or outcome for cohort studies, 0-3 stars). In this
study, we presented the number of stars in each dimension for
each study.

2.5. Ethical statement

Ethical approval was not necessary, because data from previ-
ously published studies in which informed consent was obtained
by primary investigators were retrieved and analyzed in this
study.

2.6. Statistical analyses

Risk ratios (RR) with corresponding 95% confidence intervals
(CI) were calculated for the pooled data estimates. A 2-sided P
value < .05 was considered statistically significant. We conducted
a y? test of heterogeneity and calculated inconsistency index (I?)
statistics.' A value of I of 0% to 25% represents insignifi-
cant heterogeneity, 26% to 50% represents low heterogeneity,
51% to 75% represents moderate heterogeneity, and >75% rep-
resents high heterogeneity. If significant heterogeneity existed
among articles, a random-effects model was selected. Otherwise,
a fixed effects model was used for the analysis. The presence of
publication bias was evaluated using Egger test and Begg fun-
nel plot.l"1 Egger test is a regression method that uses the stan-
dardized estimate of the treatment effect as a dependent variable
and its precision as an independent variable. In the Egger test,
P < .05 indicates the presence of publication bias.['*! All statis-
tical analyses were performed using Review Manager (RevMan
V), which is a software provided by the Cochrane Collaboration
and IBM SPSS statistics (version 29.0.1.0)

3. Results

3.1. Overview of study selection

Out of a total of 495 studies, 24 were chosen for review. From
the pool of 24 studies that were reviewed, 14 studies included
data of combined result for both men and women, which were
incorporated into the overall analysis. Additionally, 13 studies
provided data to be included in the pooled analysis of men. The
details of the literature search were presented in a flow diagram
(Fig. 1).

3.2. Summary of studies

The characteristics of the eligible studies are summarized
in Table 1. Of the 24 articles included in the study, 13 were
cross-sectional studies,!'%17-22:25.27-29.31,361 1) were cohort
studies,[319:23.24.26,32,33,35,37.38] 1 was a randomized controlled
trial (RCT),” and 1 was a case-control study.** Regarding
region, 15 studies in Asia, 4 in Europe, 3 in Middle East, and
2 in America were conducted. The diagnosis of Metabolic
syndrome was based on the National Cholesterol Education
Program’s Third Report of the Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in
Adults (NCEP-ATP III)P! criteria, and it was used in 13 of
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the studies. The International Diabetes Federation (IDF)
criteria®! were used in 6 studies. The Japan Society for the
Study of Obesity (JASSO) criterial*!! for MS was used in 2.
World Health Organization (WHO) — West Pacific Region
Guidelines and American Heart Association/National Heart,
Lung and Blood Institute (AHA/NHLBL) criteria were used
in each study. Of the 24 studies included in the research,
13 studies focused only on men, and the remaining studies
mostly included men as well. Because in men and women,
there is a significant difference in the average smoking rates
of the 2 groups, and the reporting rates for smoking status

www.md-journal.com

are different, there are limitations in examining both groups
together and analyzing the results. Therefore, we divided
the results into men and women and subgroup analysis was
conducted in men. And detailed additional analysis was per-
formed according to the smoking cessation period.

3.3. Smoking cessation and risk of MS

In the overall analysis of the 14 selected studies, including data
from the combined results of both men and women, smoking

Ex-smoker Smoker Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Wada T (2007) 898 5824 922 7634 12.3% 1.28[1.17 ,1.39] -
Hishida A (2009) 33 558 152 5314 4.1% 2.07 [1.43, 2.98] ei—
Wan CJ (2010) 6 17 9 26 1.0% 1.02[0.44 , 2.34] —_—
Calo W (2013) 89 161 62 171 6.8% 1.52[1.20, 1.94] —_—
Kim S (2016) 444 1131 183 504 10.5% 1.08 [0.94 , 1.24] do
Udo T (2016) 58 145 32 66 4.9% 0.82[0.60, 1.13] ——
Heggen E (2017) 35 78 16 30 3.4% 0.84[0.56 , 1.27] S|
Saffar S (2018) 398 976 227 864 10.5% 1.55[1.36, 1.78] ——
Solak | (2018) 13 74 6 74 0.9% 2.17[0.87 , 5.39] e ——
Park MB (2020) 197 421 238 620 10.2% 1.22[1.06 , 1.41] i
Oh SS (2020) 1293 3713 893 2568 12.9% 1.00 [0.93 , 1.07] +
Kim SW (2021) 15 110 21 12 1.8% 0.73[0.40 , 1.34] —l
Park S (2021) 54702 657987 101714 1338808 13.9% 1.09[1.08, 1.11] -
Suutari-Jaasko A (2022) 157 249 28 45 6.7% 1.01[0.79, 1.30] "
Total (95% Cl) 671444 1356836 100.0% 1.18 [1.08 , 1.29] ’
Total events: 58338 104503
Heterogeneity: Tau® = 0.01; Chi* = 74.23, df = 13 (P < 0.00001); I* = 82% 02 o5 1 4 3
Test for overall effect: Z = 3.61 (P = 0.0003)
Test for subgroup differences: Not applicable

Figure 2. Relative risks of metabolic syndrome for ex-smokers compared with smokers.
Ex-smoker Smoker Risk ratio Risk ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 85% CI M-H, Random, 95% ClI
Park HS (2004) 96 620 414 2659 8.5% 0.99[0.81, 1.22] ——
Tonstad S (2005) 104 320 78 250 7.5% 1.04 [0.82, 1.38] ——
Nakanishi N (2005) 143 585 353 1494 9.4% 1.03[0.87, 1.23) —,—
Wannamethee SG (2006) 454 1686 119 405 9.3% 0.92[0.77 , 1.09] —
Chen CC (2008) 100 259 143 334 8.6% 0.90[0.74 , 1.10] —t
Hishida A (2009) 32 496 145 4972 5.0% 221[1.53, 3.21] S —
Al-Daghri NM (2009) 24 35 31 55 58% 1.22[0.88 , 1.68] i P
Kim BJ (2009) 85 496 179 1292 7.7% 1.24[0.88, 1.57] S——_—
Wan CJ (2010) 6 17 9 25 1.5% 0.98[0.43, 2.25) I
Zhu'Y (2011) 23 95 86 375 4.5% 1.06 [0.71, 1.58] e
Shin HS (2018) 713 2079 803 2732 11.3% 1.17 [1.07 ,1.27] -
Kim K (2019) 335 2795 172 1325 9.3% 0.92[0.78 , 1.10] —t
Oh SS (2020) 1154 3095 781 1820 11.6% 0.87 [0.81,0.93] -
Total (95% ClI) 12578 17738 100.0% 1.05[0.95, 1.17]
Total events: 3269 3313 r
Heterogeneity: Tau® = 0.02; Chi = 54.10, df = 12 (P < 0.00001); I = 78% 02 o5 1 2 :

Test for overall effect: Z =0.94 (P = 0.35)
Test for subgroup differences: Not applicable

Figure 3. Relative risks of metabolic syndrome for ex-smokers compared with smokers in men.
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cessation was associated with an increased risk of MS (Fig. 2,
pooled RR = 1.18,95% CI: 1.08-1.29). High heterogeneity was
observed across studies (P < .001, I* = 82%).

3.4. Subgroup analyses

We performed the pooled estimation for ex-smokers com-
pared with smokers in men. Among ex-smokers com-
pared to smokers, there was no significant evidence of an
increased risk of MS in men (Fig. 3, Pooled RR = 1.05, 95%
CL:0.95-1.17).

In the stratified analysis based on the duration of smok-
ing cessation, smoking cessation was associated with an

Medicine

increased risk of MS among men if the cessation period
was <15 years (Fig. 4, pooled RR =1.26, 95% CI: 1.01-
1.56). However, if the cessation period was >15 years, the
risk of MS in ex-smokers showed no statistical significance
compared to smokers among men (Fig. 4, RR = 0.84, 95%
CI: 0.70-1.00).

3.5. Evaluation for publication bias

Egger test was performed to assess publication bias and revealed
no publication bias (#=1.911, P =.08). In the analysis that tar-
geted only men, no publication bias was observed (¢ = 0.343,
P =.739). A funnel plot is presented in Figure 5.

Ex-smoker Smoker Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.21«15Yrs
Nakanishi N (2005) 143 585 353 1494 251% 1.03[0.87 , 1.23] -
Wannamethee SG (2006) 179 567 119 405 23.9% 1.07 [0.89, 1.30] i
Hishida A (2009) 32 496 145 4972 15.7% 2.21[1.53, 3.21] —_—
Kim BJ (2009) 85 496 179 1292 21.8% 1.24[0.98 , 1.57] .
Zhu'Y (2011) 18 62 86 375 13.5% 1.27[0.82, 1.95) ) —
Subtotal (95% CI) 2206 8538 100.0% 1.26 [1.01, 1.56] ‘
Total events: 457 882
Heterogeneity: Tau? = 0.04; Chi* = 14.40, df = 4 (P = 0.006); I?=72%
Test for overall effect: Z=2.09 (P = 0.04)
1.2.2,15Yrs
Wannamethee SG (2006) 275 1119 119 405 100.0% 0.84[0.70, 1.00] .{
Subtotal (95% Cl) 1119 405 100.0% 0.84 [0.70, 1.00] ®
Total events: 275 119
Heterogeneity: Not applicable
Test for overall effect: Z = 1.92 (P = 0.06)
Test for subgroup differences: Chi* = 8.02, df = 1 (P = 0.005), I* = 87.5% 0f2 0?5 1 2 5

Figure 4. Relative risks of metabolic syndrome for ex-smokers with smokers according to smoking cessation period in men (short term vs. long term).
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Figure 5. Funnel plot of the relative risks of metabolic syndrome for ex-smokers compared with smokers.
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4. Discussion

This study analyzed 24 selected research papers to investigate the
relationship between smoking cessation and the risk of MS. The
overall findings of the combined results for both men and women
suggest that smoking cessation is linked to an increased risk of MS
compared to current smoking. However, upon pooled estimation
of male ex-smokers compared with current smokers, no signifi-
cant association between smoking cessation and MS was observed.
Further analysis, considering the duration of smoking cessation,
showed that men who had quit smoking for <15 years exhibited
an increased risk of MS. Interestingly, for those with a smoking
cessation period of >15 years, the risk of MS among ex-smokers
was not significant compared to that among male current smokers.

Wada et al have reported that the risk of MS in ex-smokers
gradually decreased over time. The risk of MS in <5 years
was the highest among all investigated periods (odds ratio
[OR] = 1.36). After 5 years, the OR gradually decreased in 6
to 10 years (OR =1.28), 11 to 20 years (OR =1.19), and in
the 21 years over (OR = 1.0). Due to the given data constraints,
this study categorized the timeframe based on a 15-year span.
However, even in previous research, the risk of MS became
statistically insignificant after >20 years of smoking cessation
adjusted for past smoking amount.''”! The short-term adverse
effects on metabolic parameters observed after quitting smok-
ing may gradually improve with prolonged abstinence. The
potential for long-term benefits, including reduced risk of MS,
provides an encouraging message for individuals who have suc-
cessfully quit smoking.

This study could not include a pooled analysis owing to the
lack of sufficient data, and an association between the risk of
MS and the pre-cessation smoking period among quitters was
reported in previous studies. One retrospective study revealed
that smoking < 20 cigarettes per day did not affect MS for any of
the durations investigated. However, individuals smoking > 20
cigarettes per day have demonstrated significant development in
MS for over 10 years.!?"!

A meta-analysis focusing on active smoking and MS risk
was previously conducted. Based on data from 13 prospective
cohort studies, active smokers had an increased risk of MS by
approximately 26% compared to nonsmokers, especially 34%
in male smokers and 19% in male ex-smokers, indicating that
smokers had a higher risk of MS than ex-smokers.** Unlike the
previous study, this study has reported that when analyzing the
MS risk among ex-smokers compared to smokers, ex-smokers
had an increased risk of MS in the early stages of smoking ces-
sation. Although, no significance in men was observed, the risk
increased if the cessation period was <135 years.

The increased risk of MS following smoking cessation can
be attributed to several factors. First, weight gain is commonly
accompanied by smoking cessation, which likely contributes to
the observed association. Weight gain can lead to alterations in
insulin sensitivity and lipid metabolism, both of which are key
components of MS. The potential for increased weight, wors-
ened glucose and lipid metabolism and subsequent metabolic
disturbances have been reported in previous studies.*>*! In the
study conducted by Kim et al, ?* involving a cohort of 4542
men without MS at baseline, the OR for developing MS among
ex-smokers was 2.09 for the stable weight group and 2.31
for the weight gain group, when compared to never smokers
during the 3-year follow-up. Since only one study focused on
weight change, a subgroup analysis could not be conducted in
our study. According to this study, the ORs for MS were 1.90
(95% CI: 1.43-2.52) in quitters with weight gain, 0.77 (95%
CI: 0.60-1.00) in quitters without weight change, and 0.40
(95% CI: 0.28-0.57) in quitters with weight loss compared
with continual smokers.33! Therefore, the increase in MS risk
among ex-smokers underscores the importance of addressing
weight management strategies during the smoking cessation
period.

www.md-journal.com

The importance of MS should be considered in relation to
increased long-term CVD risk. MS is major contributing fac-
tor to the risk of CVD.*J Many previous studies have focused
on the combined impact of smoking and MS on CVD, sug-
gesting that smoking itself may trigger MS.¢I A large-scale
nationwide cohort study analyzed the CVD prognosis of peo-
ple with MS status (MS-free, MS-recovery, MS-developed,
and MS-chronic) according to smoking status. The risk of
incident CVD was the highest for smokers, followed by ex-
smokers and nonsmokers for every MS status. In ex-smokers,
the risk of CVD varied according to their MS status, with
the highest risk observed in the MS-chronic group, followed
by the MS-developed, MS-recovery, and MS-free groups.l*”!
In another study analyzing data from the Framingham Heart
Study, smoking cessation reduced CVD risk within 5 years
compared to current smokers among heavy smokers (220
pack-years). However, after 5 years, the CVD risk for former
smokers was significantly higher than that for never smok-
ers.*”l Therefore, managing metabolic risk factors by quitting
smoking is an appropriate lifestyle modification strategy to
reduce the risk of CVD.

This meta-analysis has several limitations. First, the defini-
tion of MS was not the same for each study included in the
analysis. This could introduce bias into the estimated risks asso-
ciated with smoking. Depending on the race or characteristics
of the study participants, the criteria were modified to better
estimate the MS risks. For example, Asian studies have com-
monly modified waist circumference thresholds for better align-
ment with Asian populations. In this study, 58 % of the included
studies adapted the NCEP III criteria or modified versions to
define MS. Second, significant proportion of the included stud-
ies were cross-sectional (50%), and the lack of well-designed
RCTs or prospective studies resulted in the incomprehensiveness
of the current analysis. Each study had slight variations in the
study design, subjects, duration of smoking cessation, follow-up
period, and adjustment factors. This resulted in significant het-
erogeneity among studies. Third, some studies did not consider
factors such as weight change?*333! or the amount of smok-
ing?"! before cessation, which has had an impact on the analysis
Furthermore, only 41% of the studies have reported the dura-
tion of smoking cessation,3:10:19-21:23.2426.3032.35.38] g the varying
timeframes across different studies make it challenging to inte-
grate the findings. Of the 5 studies involving women,!!7:18:22:23.34]
available data on the prevalence of MS based on smoking status
are scarce, thus making it difficult to include it in the analysis.

Nevertheless, this study is meaningful, as it is the first
meta-analysis to directly compare the risk of developing MS
between smokers and ex-smokers. Many studies have focused
on the association between smoking and the risk of MS or other
metabolic abnormalities, and it has been commonly observed
that ex-smokers have a lower risk compared to smokers.
However, when directly comparing smokers and ex-smokers,
significant point of interest in the early stages of smoking ces-
sation, ex-smokers have an increased risk of MS compared to
smokers. Although, no significant evidence of an increased the
risk of MS was reported in men, the risk of MS increases if the
cessation period was <15 years. As MS is also associated with
the risk of DM and CVD, the intermediary stage leading to such
diseases, this study aimed to emphasize the importance of life-
style management and precautions at the initiation of smoking
cessation, as well as to actively promote smoking cessation.

5. Conclusion

In the early stages of smoking cessation, an increased risk
of MS compared to active smoking. As the longer the dura-
tion of smoking cessation, the risk of MS becomes less sig-
nificant. Therefore, smoking cessation should be initiated
immediately.
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