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Background/Aims: Smoking is considered a risk factor for the development of nonalcoholic fatty 
liver disease (NAFLD). However, the association of a weight change after a change in smoking 
status and the risk of NAFLD remains undetermined.
Methods: This study used the Korean National Health Insurance Service-National Sample Co-
hort. Based on the first (2009 to 2010) and second (2011 to 2012) health examination periods, 
139,180 adults aged at least 40 years were divided into nonsmoking, smoking cessation, smok-
ing relapse, and sustained smoking groups. NAFLD was operationally defined using the fatty liver 
index. The adjusted odds ratio (aOR) and 95% confidence interval (CI) were calculated using 
multivariable-adjusted logistic regression.
Results: Compared to nonsmoking with no body mass index (BMI) change, the risk of NAFLD was 
significantly increased among subjects with BMI gain and nonsmoking (aOR, 4.07; 95% CI, 3.77 
to 4.39), smoking cessation (aOR, 5.52; 95% CI, 4.12 to 7.40), smoking relapse (aOR, 7.51; 95% 
CI, 4.81 to 11.72), and sustained smoking (aOR, 6.65; 95% CI, 5.33 to 8.29), whereas the risk of 
NAFLD was reduced among participants with BMI loss in all smoking status groups. In addition, 
smoking cessation (aOR, 1.76; 95% CI, 1.35 to 2.29) and sustained smoking (aOR, 1.64; 95% CI, 
1.39 to 1.94) were associated with higher risk of NAFLD among participants with no BMI change. 
The liver enzyme levels were higher among participants with smoking cessation and BMI gain.
Conclusions: Monitoring and management of weight change after a change in smoking status 
may be a promising approach to reducing NAFLD. (Gut Liver 2023;17:150-158)
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is the most 
common chronic liver disease with an estimated preva-
lence of 25% globally.1 NAFLD has been considered poten-
tially progressive to liver cirrhosis, liver failure, or hepato-
cellular carcinoma.2 However, accumulating evidence has 
suggested its associations with extrahepatic diseases, in-
cluding metabolic syndrome and cardiovascular disease.3,4 
Considering the increasing prevalence of NAFLD and 
its extrahepatic complications, it is crucial to determine 
modifiable risk factors for the development of preventive 

strategies.
Cigarette smoking is the leading modifiable risk factor for 

the development of premature morbidity and mortality.5 It 
has been found to be a risk factor for the progression of liver 
diseases, such as alcoholic liver disease and chronic hepa-
titis virus, and hepatocellular carcinoma.6 In NAFLD, ciga-
rette smoking was found associated with increased risk of 
NAFLD.7,8 However, these studies were limited by evaluating 
smoking status only without consideration of subsequent 
weight change. We hypothesized that weight change after 
change in smoking status could be more definitive in evalu-
ating risk of NAFLD. A better understanding of change in 
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smoking status and subsequent weight change may provide 
new insights into NAFLD preventive strategies and support 
identify individuals at high risk of NAFLD.

Therefore, we evaluated change in smoking status and 
subsequent weight change in a large-scale cohort study of 
adult participants who received biennial health screening. 
We also evaluated whether change in smoking status and 
subsequent weight change increases liver enzymes, includ-
ing aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), and γ-glutamyl transferase (γ-GT).

MATERIALS AND METHODS

1. Study population
The National Health Insurance Service (NHIS) of Korea 

provides obligatory health insurance for all Korean citizens 
that covers almost all types of healthcare, and the health 
examination is carried out biennially for all participants 
aged at least 40 years.9 The NHIS-National Sample Cohort 
is a random sampling of the NHIS database with intent to 
represent Korean citizens, which includes data regarding 
sociodemographic characteristics, medical history, hospital 
visit and admission, serologic characteristics, pharmaceuti-
cal prescriptions, and lifestyle questionnaires. From 2002 
NHIS database, 1,025,340 participants were randomly ex-
tracted in the NHIS-National Sample Cohort.

In this study, participants who received health examina-
tions in both two periods (2009–2010 and 2011–2012) were 
selected for the evaluation on change in smoking status and 

body mass index (BMI; n=296,033) (Fig. 1). We excluded 
participants with any type of alcohol consumption in both 
2009–2010 and 2011–2012 periods (n=131,145), hepatitis vi-
rus infection (n=710; defined using the International Classi-
fication of Diseases 10th revision code of B18), and NAFLD 
in the first health examination (2009–2010; n=13,420). In 
addition, participants with missing information regarding 
key variables, including BMI, waist circumference, blood 
pressure, fasting serum glucose, total cholesterol, triglyc-
eride, ALT, AST, γ-GT, creatinine, moderate-to-vigorous 
physical activity (MVPA), walking, and smoking status, 
were excluded. Finally, 139,180 participants with complete 
information composed the analytic cohort. This study was 
approved by the Institutional Review Board of Seoul Na-
tional University Hospital (IRB number: E-2108-136-1246). 
The requisite for informed consent was waived because the 
NHIS-National Sample Cohort is anonymized according to 
the strict confidentiality guidelines.

2. Change in smoking status and weight change
All participants were classified into following four 

groups: sustained smoker, current smoker in the first health 
examination (2009–2010) and current smoker in the second 
health examination (2011–2012), smoking relapser, non-
smoker in the first health examination (2009–2010) and cur-
rent smoker in the second health examination (2011–2012), 
smoking cessation, current smoker in the first health exami-
nation (2009–2010) and non-smoker in the second health 
examination (2011–2012), and non-smoker, no smoking in 
both first and second health examinations.

296,033 Participants who received health examinations
on two periods (2009 2010 and 2011 2012)

139,180 Analytic cohort

145,275 Excluded due to
131,145 Alcohol consumption in two periods

710 Hepatitis virus infection
13,420 NAFLD before the index date

11,578 Excluded due to missing information
163 Body mass index
96 Waist circumference
25 Blood pressure
2 Fasting serum glucose

33 Total cholesterol
615 Triglyceride
32 Alanine aminotransferase
5 Aspartate aminotransferase

5 -Glutamyl transpeptidase
14 Creatinine

4,305 Moderate-to-vigorous physical activity
447 Walking

5,836 Smoking

�

Fig. 1.Fig. 1. Flow diagram for inclusion of 
the study population.
NAFLD, nonalcoholic fatty liver dis-
ease. 
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Change in BMI greater than +1.0 kg/m2 in the second 
health examination (2011–2012) compared to the first 
health examination (2009–2010) was considered as BMI 
gain. Change in BMI ranging between –1.0 kg/m2 and 
+1.0 kg/m2 in the second health examination (2011–2012) 
compared to the first health examination (2009–2010) 
was considered as no BMI change. BMI loss of more than 
1.0 kg/m2 in the second health examination (2011–2012) 
compared to the first health examination (2009–2010) was 
considered as BMI loss.

3. Definition of NAFLD
The presence of NAFLD was operationally defined us-

ing the fatty liver index (FLI), which as calculated as fol-
lows:10

FLI=1/(1+exp[–x])–1×100,
x=0.953×loge(serum triglycerides)+0.139×(BMI) 

+0.718×loge(γ–GT)+0.053×(waist circumference)–15.745.

FLI ≥60 was defined as NAFLD. The FLI is accepted 
an alternative to imaging studies in a number of practice 
guidelines.11 In Korean population, the FLI for diagnosis of 
NAFLD was validated with an area under curve of 0.87 in 
receiver operating characteristic curves.12

4. Key variables
The following key variables were selected for the ad-

justed analyses: age (continuous; years), sex (categorical; 
men and women), household income (categorical; upper 
half and lower half), BMI (continuous; kg/m2), hyperten-
sion (categorical; yes and no), diabetes mellitus (categorical; 
yes and no), dyslipidemia (categorical; yes and no), MVPA 
(categorical; none, 1–4 times/week, and ≥5 times/week), 
and Charlson comorbidity index (CCI; continuous). In 
addition, the participants were stratified according to the 
following variables for subgroup analyses: MVPA (none, 
1–4 times/week, and ≥5 times/week), walking (none, 1–4 
times/week, and ≥5 times/week), type 2 diabetes mellitus 
(yes and no), and CCI (0, 1, and ≥2). Hypertension, dia-
betes mellitus, and dyslipidemia were defined using the 
ICD-10 codes of I10 with antihypertensive medication use, 
E10-14 with antidiabetic medication use, and E78 with an-
tidyslipidemic medication use, respectively.

5. Statistical analysis
The primary outcome was NAFLD, which was defined 

using the FLI in 2011–2012. Continuous and categorical 
variables were presented as median (interquartile range) 
and number (%), respectively. Logistic regression model 
was adopted to estimate odds ratio (OR) and 95% con-
fidence interval (CI) of NAFLD based on the smoking 

status and subsequent BMI change. The effects of joint 
categories of the change in smoking status and BMI change 
were calculated by comparing the category groups with a 
reference group that is consisted of sustained smokers. We 
conducted multivariable model after adjustments for age, 
sex, household income, BMI, hypertension, diabetes mel-
litus, dyslipidemia, MVPA, and CCI. Adjusted ORs (aOR) 
are calculated after adjustments for age and sex (model 
1), and for all key variables (model 2). Sensitivity analy-
sis was performed using hepatic steatosis index-defined 
NAFLD (>36), which was calculated as follows: 8×ALT/
AST+BMI+2 (if women) +2 (if diabetes mellitus).13 Sec-
ondary analysis was carried out by stratifying participants 
according to pack-years (0, <10, 10–19.9, and ≥20) to de-
fined the association of weight change in each pack-years 
group with risk of NAFLD. Household income was evalu-
ated basing on the insurance premium. We used Interna-
tional Classification of Diseases (10th revision) codes to 
calculate the CCI. Adjusted mean liver enzyme levels were 
calculated using linear regression analysis after adjust-
ments for age, sex, household income, BMI, hypertension, 
diabetes mellitus, dyslipidemia, MVPA, and CCI. A p-val-
ue of less than 0.05 was considered statistically significant. 
All data mining and statistical analyses were carried out 
using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).

RESULTS

Table 1 shows the descriptive characteristics of the 
study participants. There were 39,271 men (28.2%) and 
99,909 women (71.8%) with a median age of 57 (inter-
quartile range, 52 to 67 years). The median BMI and waist 
circumference were 23.5 kg/m2 and 80 cm, respectively. 
Non-smoker, smoking cessation, smoking relapser, and 
sustained smoker groups included 128,569, 2,437, 1,512, 
and 6,662 participants, respectively. The CCI was 0, 1, and 
≥2 in 26,719 (19.2%), 38,268 (27.5%), and 74,193 (53.3%) 
participants, respectively. The median BMI was 23.5, 23.1, 
23.4, and 23.0 kg/m2 in non-smoker, smoking cessation, 
smoking relapser, and sustained smoker groups, respec-
tively.

Table 2 depicts the association of change in smoking 
status and BMI change with NAFLD. Compared with non-
smoker with no BMI change, non-smoker with BMI gain 
(aOR, 4.07; 95% CI, 3.77 to 4.39), smoking cessation with 
no BMI change (aOR, 1.76; 95% CI, 1.35 to 2.29), smoking 
cessation with BMI gain (aOR, 5.52; 95% CI, 4.12 to 7.40), 
smoking relapser with BMI gain (aOR, 7.51; 95% CI, 4.81 
to 11.72), sustained smoker with no BMI change (aOR, 
1.64; 95% CI, 1.39 to 1.94), and sustained smoker with 
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Table 2.Table 2. Association of Change in BMI and Smoking Status with Nonalcoholic Fatty Liver Disease

Variable No. of cases (%) OR (95% CI) p-value aOR (95% CI)* p-value aOR (95% CI)† p-value

Non-smoker
    No BMI change (n=85,929)‡ 2,099 (2.4) 1.00 (reference) 1.00 (reference) 1.00 (reference)
    BMI gain (n=20,809)§ 1,503 (7.2) 3.11 (2.91–3.33) <0.001 3.16 (2.95–3.39) <0.001 4.07 (3.77–4.39) <0.001
    BMI loss (n=21,831)‖ 201 (0.9) 0.37 (0.32–0.43) <0.001 0.37 (0.32–0.43) <0.001 0.19 (0.16–0.22) <0.001
Smoking cessation
    No BMI change (n=1,423)‡ 69 (4.8) 2.04 (1.59–2.60) <0.001 1.47 (1.15–1.88) 0.003 1.76 (1.35–2.29) <0.001
    BMI gain (n=682)§ 62 (9.1) 3.99 (3.07–5.20) <0.001 2.85 (2.18–3.73) <0.001 5.52 (4.12–7.40) <0.001
    BMI loss (n=332)‖ 7 (2.1) 0.86 (0.41–1.82) 0.694 0.62 (0.29–1.32) 0.217 0.40 (0.17–0.91) 0.028
Smoking relapser
    No BMI change (n=960)‡ 33 (3.4) 1.42 (1.00–2.02) 0.049 1.03 (0.72–1.47) 0.870 1.17 (0.81–1.69) 0.416
    BMI gain (n=225)§ 28 (12.4) 5.68 (3.81–8.45) <0.001 4.25 (2.85–6.35) <0.001 7.51 (4.81–11.72) <0.001
    BMI loss (n=327)‖ 1 (0.3) 0.12 (0.02–0.87) 0.036 0.09 (0.01–0.63) 0.015 0.06 (0.01–0.45) 0.006
Sustained smoker
    No BMI change (n=4,527)‡ 192 (4.2) 1.77 (1.52–2.06) <0.001 1.23 (1.05–1.44) 0.009 1.64 (1.39–1.94) <0.001
    BMI gain (n=1,075)§ 123 (11.4) 5.16 (4.26–6.26) <0.001 3.64 (2.99–4.43) <0.001 6.65 (5.33–8.29) <0.001
    BMI loss (n=1,060)‖ 17 (1.6) 0.65 (0.40–1.05) 0.080 0.46 (0.28–0.74) 0.001 0.34 (0.21–0.56) <0.001

Adjusted odds ratio (aOR) calculated using logistic regression.
BMI, body mass index; OR, odds ratio; CI, confidence interval.
*Adjusted for age and sex; †Adjusted for age, sex, household income, BMI, hypertension, diabetes mellitus, dyslipidemia, moderate-to-vigorous 
physical activity, and Charlson comorbidity index; ‡With change in BMI ranging between –1.0 kg/m2 and +1.0 kg/m2 in the second health examina-
tion (2011–2012) compared to the first health examination (2009–2010); §With change in BMI greater than +1.0 kg/m2 in the second health exami-
nation (2011–2012) compared to the first health examination (2009–2010); ‖With BMI loss of more than 1.0 kg/m2 in the second health examination 
(2011–2012) compared to the first health examination (2009–2010).

Table 1.Table 1. Baseline Characteristics of the Participants

Characteristic
Overall participant 

(n=139,180)
Non-smoker
(n=128,569)

Smoking cessation 
(n=2,437)

Smoking relapser
(n=1,512)

Sustained smoker 
(n=6,662)

Age, yr 57 (52–67) 57 (52–67) 59 (52–69) 58 (51–68) 56 (51–66)
Female sex 99,909 (71.8) 98,697 (76.8) 267 (17.7) 396 (16.2) 549 (8.2)
Household income, upper half 86,248 (62.0) 79,832 (62.1) 1,491 (61.2) 922 (61.0) 4,003 (60.1)
Body mass index, kg/m2 23.5 (21.8–25.3) 23.5 (21.8–25.3) 23.1 (21.3–24.8) 23.4 (21.6–25.1) 23.0 (21.2–24.7)
Waist circumference, cm 80 (74–85) 79 (74–85) 82 (77–87) 82 (78–87) 82 (77–86)
Systolic blood pressure, mm Hg 121 (112–132) 121 (112–132) 120 (110–130) 120 (110–130) 120 (110–130)
Fasting serum glucose, mg/dL 94 (87–103) 94 (87–103) 94 (86–105) 95 (87–105) 94 (86–105)
Total cholesterol, mg/dL 198 (175–224) 199 (175–224) 195 (172–220) 196 (172–219) 196 (173–222)
Triglyceride, mg/dL 108 (78–149) 107 (77–148) 117 (85–162) 121 (87–165) 120 (88–164)
Aspartate aminotransferase, IU/L 23 (19–27) 23 (19–27) 22 (19–27) 23 (19–27) 22 (18–26)
Alanine aminotransferase, IU/L 19 (15–26) 19 (15–26) 20 (16–27) 21 (16–29) 20 (15–28)
γ-Glutamyl transferase, IU/L 19 (14–26) 18 (14–26) 23 (17–32) 24 (18–33) 24 (18–33)
Creatinine, mg/dL 0.8 (0.7–1.0) 0.8 (0.7–1.0) 1.0 (0.8–1.1) 1.0 (0.8–1.1) 1.0 (0.9–1.1)
Moderate-to-vigorous physical activity
    None 76,140 (54.7) 70,461 (54.8) 1,258 (51.6) 922 (61.0) 3,499 (52.5)
    1–4 times/wk 56,032 (40.3) 51,611 (40.1) 1,041 (42.7) 536 (35.4) 2,844 (42.7)
    ≥5 times/wk 7,008 (5.0) 6,497 (5.1) 138 (5.7) 54 (3.6) 319 (4.8)
Walking
    None 48,916 (35.1) 44,904 (34.9) 877 (36.0) 690 (45.6) 2,445 (36.7)
    1–4 times/wk 52,351 (37.6) 48,404 (37.6) 910 (37.3) 517 (34.2) 2,520 (37.8)
    ≥5 times/wk 37,913 (27.2) 35,261 (27.4) 650 (26.7) 305 (20.2) 1,697 (25.5)
Hypertension 51,343 (36.9) 48,332 (37.6) 792 (32.5) 464 (30.7) 1,755 (26.3)
Diabetes mellitus 13,562 (9.7) 12,319 (9.6) 297 (12.2) 179 (11.8) 767 (11.5)
Dyslipidemia 29,337 (21.1) 27,556 (21.4) 415 (17.0) 292 (19.3) 1,074 (16.1)
Charlson comorbidity index
    0 26,719 (19.2) 24,142 (18.8) 552 (22.7) 331 (21.9) 1,694 (25.4)
    1 38,268 (27.5) 35,211 (27.4) 708 (29.1) 432 (28.6) 1,917 (28.8)
    ≥2 74,193 (53.3) 69,216 (53.8) 1,177 (48.3) 749 (49.5) 3,051 (45.8)

Data are presented as median (interquartile range) or number (%).
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BMI gain (aOR, 6.65; 95% CI, 5.33 to 8.29) revealed higher 
risk of NAFLD, whereas BMI loss was found to be associ-
ated with lower risk of NAFLD in all smoking groups.

When stratified participants according to the pack-
years, BMI gain showed a significant association with 
higher risk of NAFLD, whereas BMI loss was associated 
with lower risk of NAFLD, except for <10 pack-years com-
pared to no BMI change in 0 pack-years group (Supple-
mentary Table 1). In addition, ≥20 pack-years was found 
significantly unfavorable in participants with no BMI 
change (aOR, 1.77; 95% CI, 1.50 to 2.09). When defined 
NAFLD using hepatic steatosis index, the results were gen-
erally similar to the FLI-defined NAFLD, except for smok-
ing relapser with no BMI change group that was found to 
be associated with higher hepatic steatosis index-defined 
NAFLD but not FLI-defined NAFLD (Supplementary 
Table 2).

In subgroup analyses, BMI gain and BMI loss were as-
sociated with higher and lower NAFLD risk compared to 
no BMI change among sustained smokers in all stratified 
subgroups, except for MVPA ≥5 times/week that showed 
no significant difference (Table 3). Participants with smok-
ing cessation and no BMI change showed not significantly 
different NAFLD risk compared to sustained smokers with 
no BMI change. Moreover, smoking cessation and BMI 
gain had higher NAFLD risk compared to sustained smok-
ers with no BMI change, except for those with MVPA ≥5 

times/week and diabetes mellitus that showed no differ-
ence. In addition, BMI gain and loss were associated with 
higher and lower risk of NAFLD compared to no BMI 
change among non-smokers, respectively (Supplementary 
Table 3). As for smoking relapsers, most subgroups showed 
higher risk of NAFLD in BMI gain compared to non-
smoker with no BMI change.

Liver enzyme levels also significantly varied among 
change in smoking status and subsequent BMI change 
categories (Table 4). Multivariable-adjusted AST was 26.3 
IU/L (highest) in non-smoker with BMI gain, followed by 
smoking cessation with BMI gain, and smoking relapser 
with BMI gain. Multivariable-adjusted ALT was highest in 
smoking cessation with BMI gain (28.3 IU/L), followed by 
smoking relapser with BMI gain, non-smoker with BMI 
gain, and sustained smoker with BMI gain. As for the mul-
tivariable-adjusted γ-GT, the level was highest in smoking 
cessation with BMI gain (32.4 IU/L), followed by smoking 
relapser with BMI gain, smoking cessation with BMI loss, 
and sustained smoker with BMI gain.

DISCUSSION

Based on the nationally representative database that 
contains health screening data linked to clinical informa-
tion of more than 150,000 Korean population, we identi-

Table 3.Table 3. Stratified Analyses of the Association of Change in BMI and Smoking Status with Nonalcoholic Fatty Liver Disease among Sustained 
Smokers and Quitters

Variable
Sustained smoker Smoking cessation p for  

interactionNo BMI change* BMI gain† BMI loss‡ No BMI change* BMI gain† BMI loss‡

MVPA 0.897
    None 1.00 (reference) 4.46 (3.09–6.44)¶ 0.14 (0.06–0.34)¶ 1.18 (0.77–1.82) 3.88 (2.47–6.11)¶ 0.83 (0.36–1.92)
    1–4 times/wk 1.00 (reference) 3.42 (2.31–5.07)¶ 0.33 (0.16–0.65)‖ 0.93 (0.60–1.45) 2.90 (1.75–4.80)¶ NA
    ≥5 times/wk 1.00 (reference) 4.63 (1.32–16.19)§ 0.16 (0.02–1.46) 1.68 (0.49–5.73) 2.17 (0.55–8.56) NA
Walking 0.442
    None 1.00 (reference) 4.87 (3.16–7.51)¶ 0.12 (0.04–0.37)¶ 1.07 (0.63–1.82) 3.24 (1.86–5.64)¶ 0.76 (0.28–2.07)
    1–4 times/wk 1.00 (reference) 2.82 (1.83–4.33)¶ 0.33 (0.16–0.68)‖ 0.93 (0.58–1.49) 3.47 (2.06–5.85)¶ 0.19 (0.04–0.80)§

    ≥5 times/wk 1.00 (reference) 5.48 (3.20–9.39)¶ 0.22 (0.08–0.64)‖ 1.34 (0.74–2.42) 3.65 (1.89–7.05)¶ NA
Diabetes mellitus 0.546
    Yes 1.00 (reference) 3.21 (1.53–6.74)‖ 0.20 (0.06–0.67)‖ 1.33 (0.65–2.71) 1.27 (0.40–4.00) NA
    No 1.00 (reference) 4.09 (3.09–5.41)¶ 0.23 (0.13–0.40)¶ 1.03 (0.74–1.44) 3.65 (2.59–5.13)¶ 0.37 (0.16–0.85)§

CCI 0.363
    0 1.00 (reference) 3.22 (1.87–5.57)¶ 0.11 (0.03–0.47)‖ 1.27 (0.69–2.34) 3.51 (1.86–6.64)¶ NA
    1 1.00 (reference) 4.41 (2.75–7.10)¶ 0.14 (0.04–0.50)‖ 0.92 (0.52–1.63) 5.06 (2.90–8.82)¶ 0.40 (0.10–1.58)
    ≥2 1.00 (reference) 4.02 (2.74–5.90)¶ 0.31 (0.17–0.59)¶ 1.08 (0.71–1.66) 2.23 (1.32–3.76)‖  0.26 (0.09–0.74)§

Data are adjusted odds ratio (95% confidence interval) after adjustments for age, sex, household income, body mass index (BMI), hypertension, 
diabetes mellitus, dyslipidemia, moderate-to-vigorous physical activity (MVPA), and Charlson comorbidity index (CCI).
NA, not applicable.
*With change in BMI ranging between –1.0 kg/m2 and +1.0 kg/m2 in the second health examination (2011–2012) compared to the first health ex-
amination (2009–2010); †With change in BMI greater than +1.0 kg/m2 in the second health examination (2011–2012) compared to the first health 
examination (2009–2010); ‡With BMI loss of more than 1.0 kg/m2 in the second health examination (2011–2012) compared to the first health exami-
nation (2009–2010); §p<0.05; ‖p<0.01; ¶p<0.001.
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fied that BMI change after change in smoking status is 
strongly associated with risk of NAFLD. Quitter with BMI 
gain had higher risk of NAFLD, whereas quitter with BMI 
loss was associated with a reduced risk of NAFLD. The 
change in FLI was largest and smallest among quitters 
with BMI gain and quitters with BMI loss, respectively. 
Although some studies suggested that smoking cessation 
is important in prevention of NAFLD, our study highlights 
that weight management after change in smoking status 
may be more important to reduce the disease burden of 
NAFLD.

Data from the previous studies show that smoking ces-
sation is accompanied by a substantial weight gain. Japa-
nese men aged between 19 and 69 years who successfully 
quit smoking had gained 2.0 kg of weight within 6 months 
after smoking cessation.14 In addition, Korean men aged 
over 30 with a mean smoking cessation interval time of 1.7 
years had gained a median weight of 1.3 kg.15 These weight 
gain after smoking cessation was considered acceptable 
since it showed no association with an increased risk of 
cardiovascular disease or chronic diseases.16,17 Jung et al.7 
previously have found that current smoking and pack-
years are associated with higher risk of incident NAFLD 
among young and middle-aged men and women after ad-
justments for time-varying variables, including BMI. How-
ever, there remained a study determining the combined 
association of weight change and change in smoking status 

with risk of NAFLD. Our data show that weight manage-
ment after change in smoking status is strongly associated 
with an increased risk of NAFLD. Considering the average 
weight and height of Koreans aged over 40 years, BMI gain 
of more than 1.0 kg/m2 can be translated into an approxi-
mate weight gain of more than 2.0 kg.18 Therefore, our 
data may be interpreted as more than 2.0 kg of weight gain 
should be avoided or BMI loss needs to be encouraged af-
ter change in smoking status in order to prevent NAFLD.

Currently, only a few studies have evaluated the effects 
of smoking on NAFLD events, and none of them taken 
subsequent weight change into account. A retrospective 
cohort study of 199,468 adults without NAFLD at baseline 
showed that current smoking is associated with the risk of 
incident NAFLD.7 Another study of 13,466 men and wom-
en who received abdominal ultrasonography demonstrated 
that smoking history and current smoking are strongly 
associated with the severity and prevalence of NAFLD.19 
In addition, a meta-analysis has concluded that smoking, 
including passive smoking, is significantly associated with 
NAFLD.20 Regarding the association of smoking status 
with the risk of NAFLD, our study further suggested that 
smoking cessation of 2 years is insufficient to have its ben-
eficial effect against the development of NAFLD. There-
fore, participants within 2 years after smoking cessation are 
still at high risk for NAFLD, thus requires more intensive 
monitoring for NAFLD compared to general population.

Table 4.Table 4. Association of Change in BMI and Smoking Status with Liver Enzyme Levels

Variable

Non-smoker Smoking cessation Smoking relapser Sustained smoker

No BMI 
change*

BMI 
gain†

BMI  
loss‡

No BMI 
change*

BMI 
gain†

BMI  
loss‡

No BMI 
change*

BMI 
gain†

BMI  
loss‡

No BMI 
change*

BMI 
gain†

BMI 
loss‡

AST, IU/L
    Median 23.0 23.0 23.0 23.0 24.0 23.0 22.0 22.0 21.0 22.0 22.0 22.0
    Unadjusted mean 25.0 25.8 24.8 24.9 26.3 25.1 24.3 25.9 23.4 23.3 24.4 24.5
    Model 1§ 25.2 26.1 25.0 24.5 25.9 24.7 24.0 25.6 23.0 23.0 24.1 24.1
    Model 2‖ 25.4 26.3 25.0 24.7 26.2 24.9 24.2 25.9 23.1 23.2 24.3 24.2
ALT, IU/L
    Median 19.0 20.0 28.0 21.0 23.0 19.5 20.0 21.0 19.0 20.0 22.0 18.0
    Unadjusted mean 22.3 23.7 21.0 24.5 27.4 24.8 24.5 26.6 21.3 23.3 25.4 23.1
    Model 1§ 23.2 24.8 22.3 23.3 26.1 24.0 23.1 25.5 20.4 21.4 23.9 21.7
    Model 2‖ 24.6 26.4 22.9 24.9 28.3 25.0 24.7 27.2 21.3 23.2 26.0 22.9
γ-GT, IU/L
    Median 18.0 19.0 18.0 24.0 26.0 21.0 24.0 26.0 22.0 24.0 26.0 22.0
    Unadjusted mean 23.3 25.0 22.6 29.2 33.1 33.0 29.2 32.8 26.6 28.9 31.6 28.6
    Model 1§ 25.0 26.9 24.5 27.0 30.8 31.0 27.0 31.1 24.6 26.1 29.0 26.1
    Model 2‖ 26.0 28.0 24.9 28.2 32.4 31.8 28.1 32.2 25.2 27.4 30.4 26.9

BMI, body mass index; AST, aspartate aminotransferase; ALT, alanine aminotransferase; γ-GT, γ-glutamyl transferase.
*With change in BMI ranging between –1.0 kg/m2 and +1.0 kg/m2 in the second health examination (2011–2012) compared to the first health ex-
amination (2009–2010); †With change in BMI greater than +1.0 kg/m2 in the second health examination (2011–2012) compared to the first health 
examination (2009–2010); ‡With BMI loss of more than 1.0 kg/m2 in the second health examination (2011–2012) compared to the first health ex-
amination (2009–2010); §Adjusted mean value after adjustments for age and sex; ‖Adjusted mean value after adjustments for age, sex, household 
income, BMI, hypertension, diabetes mellitus, dyslipidemia, moderate-to-vigorous physical activity, and Charlson comorbidity index.
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Although we found no significant difference in NAFLD 
risk between sustained smoking and smoking cessation 
within 2 years after change in smoking status, smoking 
cessation is suggested to reverse cigarette smoking-related 
negative health effects. Cigarette smoking is considered to 
accelerate heart rate and elevate blood pressure in short-
term, which may lead to atherosclerosis if continued over 
time.21,22 In addition, smoking is suggested to contribute 
to increased inflammatory marker levels, which may be 
improved after smoking cessation.23 A previous study also 
found that smoking cessation is associated with attenua-
tive changes in C-reactive protein, albumin, white blood 
cells, and serum fibrinogen in both temporal and dose-
dependent terms.24 Although smoking cessation may not 
immediately provide beneficial effects on NAFLD risk and 
still suffer from the residual effects of cigarette smoking, 
long-term smoking cessation may improve insulin sensi-
tivity, which may lead to improvement in overall health 
status and prevention of NAFLD.22,25

A previous study reported that glutathione S-transferase 
genotypes, which protect cells against oxidative stress and 
have association with the development of cardiovascular 
disease and diabetes mellitus, are interactively associated 
with the risk of NAFLD.26 In addition, the polymorphisms 
of resistin and glutathione peroxidase-1 genes are sug-
gested to be closely correlated with cigarette smoking and 
the pathogenesis of NAFLD.27,28 Since smoking cessation 
may reverse negative health effect on NAFLD from smok-
ing, changes in underlying biological mechanisms after 
change in smoking status and subsequent weight change 
may be noteworthy to develop new therapeutic strategies 
for NAFLD, which awaits future studies to identify.

Strengths of this study come from adopting a large 
population with reliable health examination and claims re-
cords to evaluate the association of change in smoking sta-
tus and subsequent BMI change with the risk of NAFLD. 
BMI in the NHIS health examination was measured by 
trained professionals, which may be more accurate than 
self-reported survey on weight. We could also take vari-
ous potential risk factors for the development of NAFLD, 
such as CCI and diabetes mellitus. Despite above strengths, 
some limitations of the present study should be considered. 
First, smoking status information was collected by a self-
reported questionnaire without laboratory examinations. 
Information regarding the intensity of nicotine addiction 
were not available. However, there is a number of well-
regarded population-based cohort studies that used self-
reported questionnaire in assessing smoking status.29 In 
addition, we were only able to defined NAFLD using the 
FLI and hepatic steatosis index due to data unavailability. 
Therefore, liver biopsy or imaging modalities-based valida-

tion is necessary before direct interpretation of our results. 
Since the FLI calculation involves BMI, our results may 
seem to be an inevitable result, but the FLI is considered 
one variable representing the NAFLD status. By using the 
FLI, we could evaluate the change in fatty liver status after 
change in smoking status and weight change. In addition, 
exclusion of participants with alcohol consumption was 
based on a questionnaire consisted of questions that ask 
frequency of alcohol consumption (day/week) and amount 
of alcohol consumption at one time. The amount of alcohol 
consumption is collected basing on those who answered to 
drink at least once a week. Therefore, the study population 
may have included participants who drink less than once 
a week. Furthermore, we were unable to know the reason 
for smoking cessation. It is possible that the quitters may 
have experienced a certain disease due to smoking, which 
may have affected the results to a certain degree, and it was 
the major reason for the inclusion of CCI as an adjustment 
variable in multivariable analyses.

In this large-scale cohort study of middle-aged Korean 
adults, BMI gain after smoking cessation significantly 
altered the potential protective association of smoking 
cessation with the risk of NAFLD after fully adjusting for 
sociodemographic and serologic characteristics, lifestyle 
behaviors, CCI, and baseline FLI. Clinicians should recom-
mend weight management after change in smoking status 
to reduce the disease burden of NAFLD despite the con-
cerns raised regarding the negative association of weight 
gain after smoking cessation with other diseases. Based 
on our data, we conclude that weight gain after change in 
smoking status is a serious health concern for NAFLD in 
middle-aged Korean adults. Future studies of the multi-
ethnic cohorts are required to testify the generalizability of 
our findings.
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