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Association of post-smoking
cessation changes in fasting serum
glucose with changes in predicted
fatty liver score
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Major post-cessation metabolic changes include weight gain and hyperglycemia. However, the
association of post-cessation change in fasting serum glucose (FSG) with risk of fatty liver remains
unclear. A total of 111,106 participants aged 40 and above who underwent health screening at least
once in two examination periods were extracted from the Korean National Health Insurance Service-
National Sample Cohort. Fatty liver status was evaluated using the Korean National Health and
Nutrition Examination Survey nonalcoholic fatty liver disease (K-NAFLD) score. Linear and logistic
regression were used to calculate the adjusted mean (aMean) and adjusted odds ratio (aOR) with 95%
confidence intervals. Compared to stable (aMean 0.10; 95% Cl 0.03-0.18) and decline (aMean - 0.60;
95% Cl - 0.71 to 0.49) groups, FSG elevation (aMean 1.28; 95% Cl 1.16-1.39) was associated with
higher K-NAFLD score even within different body mass index change groups. Risk of fatty liver was
significantly reduced among participants with stable (aOR 0.38; 95% Cl 0.31-0.45) and declined (aOR
0.17; 95% C1 0.13-0.22) FSG levels after smoking cessation compared to FSG elevation group. This
study suggests that quitters with elevated FSG are associated with higher NAFLD risk and may benefit
from careful monitoring of FSG levels and management of other cardiovascular risk factors.

Cigarette smoking is associated with many adverse health outcomes such as various forms of cancer, cardiovas-
cular disease, diabetes and more!~>. Therefore, smoking cessation comes highly recommended as a modifiable
behavioral change that can improve various health outcomes. However, smoking cessation is also associated with
a significant increase in weight and impaired fasting serum glucose (FSG) levels, which are risk factors for many
metabolic-related diseases*®. Many researchers then asked the question of whether post-cessation metabolic
changes such as weight gain and hyperglycemia attenuate the benefits of quitting.

Hu et al.” investigated post-cessation weight gain and type 2 diabetes risk in addition to cardiovascular
and all-cause mortality and concluded that there was a short-term increase in type 2 diabetes risk which was
proportional to the gain in weight while cardiovascular and all-cause mortality were decreased. Similarly, we
previously found that regardless of the post-cessation change in FSG levels, the benefits of cardiovascular disease
risk were not attenuated®.

Despite the abundance of research investigating the association between post-cessation metabolic changes
and CVD incidence, CVD-related mortality, and all-cause mortality, there is a lack of research looking at fatty
liver risk as an outcome. Fatty liver risk increases with BMI increase and impaired FSG levels, both of which
are post-cessation changes commonly experienced by quitters®'’. In addition, cases of non-alcoholic fatty liver
disease (NAFLD) are increasing, and the burden of the disease is predicted to be high with advanced NAFLD
cases leading to steatohepatitis, fibrosis, and in extreme cases, liver failure and mortalityg’“. Therefore, it has
become clinically more important to understand risks factors associated with the disease.
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There has been a study looking at NAFLD reoccurrence, where Nakanishi et al.'? found that smoking cessa-
tion increased the reoccurrence of NAFLD, likely due to the weight gain associated with quitting. The general
logic seems to be that quitting leads to weight gain and then FSG increase which then results in increased risk
of fatty liver. However, no direct studies have been carried out to show such flow of events. Our study attempted
to investigate this association by calculating fatty liver risk in quitters, continual smokers, never-smokers, and
ex-smokers and analyzed the difference based on the change in participant BMI and FSG levels. To measure fatty
liver risk, we used the K-NAFLD scoring system, which was derived to predict fatty liver, metabolic dysfunction,
and CVD risk'>!.

Methods

Study population. The Korean National Health Insurance Service (NHIS) provides obligatory medical
insurance for Korean citizens, and biannual health screening is carried out in individuals aged 40 or more®.
This study used the NHIS-National Sample Cohort, which is a random sampling of the NHIS database built to
represent the entire population. This database includes sociodemographic data, medical history, hospitalization
and outpatient department visit, serological characteristics, drug prescriptions, and lifestyle behaviors.

The study population is consisted of middle-aged or older men who are either continual smokers, quitters,
ex-smokers, or never smokers. To define smoking status, participants who underwent health screening at least
once in each two period (2009 to 2010 and 2011 to 2012) were extracted (n=127,480; Fig. 1). Therefore, the
cessation period for quitters in this study varies from one year (2010-2011) to three years (2009-2012). To limit
hyperglycemia to non-diabetic participants, those with a history of diabetes mellitus before 2009 (n=14,086)
were excluded. In addition, participants with missing values on covariates (n=2288) were excluded. Finally,
111,106 male continual smokers, quitters, ex-smokers, and never smokers aged at least 40 comprised the analyti-
cal cohort. This study adheres to the principles stated within the Declaration of Helsinki and the Institutional
Review Board of Seoul National University Hospital approved this study (E-2108-136-1246). The requirement
for informed consents was waived by the Seoul National University Hospital Institutional Review Board since
the NHIS-National Sample Cohort was provided for research purposes in an anonymized form according to
strict confidentiality guidelines.

K-NAFLD score and NAFLD. The K-NAFLD score was calculated as follows: 0.913 x sex (1, if men; 2, if
women) +0.089 x waist circumference +0.032 x (systolic blood pressure + FSG) + triglyceride x 0.007 + alanine
aminotransferase x 0.105-20.929"°. The score was calculated twice, first using the results of health screening that
is carried out in 2009 to 2010 (first health screening) and second using the results from the second health screen-
ing carried out in 2011 to 2012. The change in K-NAFLD score was calculated by subtracting first K-NAFLD
score from second K-NAFLD score. In addition, the presence of NAFLD was defined as the second K-NAFLD
score>0.884 in accordance with the suggested cut-off value®.

Smoking groups. The NHIS-National Sample Cohort provides smoking status data in a ternary form
(never smoker, past smoker, and current smoker). Continual smoker, quitter, ex-smoker, and never smoker were
defined according to the following change in smoking status between two health screening periods: current
smoker to current smoker, current smoker to past smoker, past smoker to past smoker, and never smoker to
never smoker, respectively. To clarify further, those who were ex-smoker in both health screening periods were
defined as ex-smokers, whereas those who were current smoker at the first health screening but ex-smoker at the
second health screening were defined as quitters. Therefore, the term quitter refers to a recent quitter, whereas
ex-smoker refers to quitters with a relatively longer period of smoking cessation.

Middle-aged or older and male continual
smokers, quitters, ex-smokers, and never
smokers who received health examination

between 2011 and 2012 (n=127,480)

| Diabetes mellitus before 2009 (n=14,086) |

4{ Missing values on covariates (n=2,288) |

Analytic cohort (n=111,106) |

Figure 1. Flow diagram for the inclusion of study participants.
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FSG groups. Change in FSG was classified as FSG elevation, FSG stable, and FSG decline according to 25th
percentile and 75th percentile of change in FSG level. FSG increase of more than 12 mg/dL and FSG decrease of
less than —7 mg/dL were defined as FSG elevation and FSG decline, respectively. In addition, no FSG elevation
or FSG decline was considered FSG stable.

Key variables. The following variables were included for the adjusted analyses: age (continuous; years),
household income (categorical; upper half and lower half), systolic blood pressure (continuous; mmHg), FSG
(continuous; mg/dL), change in BMI (continuous; kg/m?), triglyceride (continuous; mg/dL), alcohol consump-
tion (categorical; none, 1-4 times/week, and > 5 times/week), moderate-to-vigorous physical activity (categori-
cal; none, 1-4 times/week, and > 5 times/week), and Charlson comorbidity index (categorical; 0, 1, and >2).

Statistical analysis. The primary outcome was change in K-NAFLD score, and the secondary outcome
was NAFLD defined using the K-NAFLD score in 2011-2012 period. Descriptive characteristics were presented
as median (interquartile range; IQR). P values for the difference in median values was calculated using the
Kruskal-Wallis H test. T tests were used in evaluation of statistical significance for difference in mean K-NAFLD
scores. Linear regression was used in evaluating between-group difference of adjusted change in K-NAFLD
score, more specifically, linear regression was used for two groups and the P value was calculated independently.
The result was presented as adjusted mean (aMean) with 95% confidence interval (CI). The following adjust-
ment models were used when calculating the aMean change in K-NAFLD score: age, household income, systolic
blood pressure, change in BMI, triglyceride, and baseline K-NAFLD score (model A), and alcohol consumption,
moderate-to-vigorous physical activity, Charlson comorbidity index, and variables included in model A (model
B). To control the change in BMI when evaluating the association of FSG status with change in K-NAFLD
score, participants were stratified into three groups: no BMI change (change in BMI ranging between — 1.0 kg/
m? and + 1.0 kg/m?, BMI gain (change in BMI greater than + 1.0 kg/m?), and BMI loss (BMI loss of more than
1.0 kg/m?). The risk of fatty liver was evaluated using the multivariable logistic regression after excluding par-
ticipants with fatty liver during the 2009-2010 period (n=94,903). All statistical analyses were carried out using
SAS (v9.4; SAS Institute Inc.).

Results

Descriptive characteristics. Descriptive characteristics of the study population are shown in Table 1.
There were 111,106 men with a median age of 54 (IQR 50-61), including 32,614 continual smokers (29.4%),
6765 quitters (6.1%), 34,241 ex-smokers (30.8%), and 37,486 never smokers (33.7%). A majority of the partici-
pants belonged to the upper-half group based on household income (n=280,289; 72.3%). The median BMI and
waist circumference were 24.0 kg/m?* (IQR 22.2-25.8 kg/m?) and 84 cm (IQR 80-89 cm). Additionally, 38,564
participants (34.7%) had no comorbidities.

Association of change in FSG and smoking status on change in K-NAFLD score. The median
change in K-NAFLD scores were 0.83, 0, and —0.82 in FSG elevation, FSG stable, and FSG decline groups,
respectively (Supplementary Table 1). In the fully adjusted model, the aMean change in K-NAFLD scores were
significantly higher for the FSG elevation group (aMean, 0.97; 95% CI 0.94-1.00) compared to the FSG stable
(aMean, —0.10; 95% CI —0.12 to —0.08) and the FSG decline group (aMean —0.83; 95% CI —0.85 to —0.80). In
addition, the aMean K-NAFLD score was lowest for never smokers (aMean, —0.11; 95% CI —0.13 to —0.08), fol-
lowed by continual smokers (aMean —0.10; 95% CI —0.13 to —0.08), ex-smokers (aMean —0.07; 95% CI —0.09
to —0.04), and quitters (aMean 0.20; 95% CI 0.14-0.25; Supplementary Table 2).

Combined association of change in FSG and smoking status with changein K-NAFLD score. In
a composite term of FSG and smoking, quitters in the FSG elevation (post-cessation hyperglycemia) group were
set as the reference, and the aMean change in K-NAFLD scores was compared with other groups (Table 2).
aMean change in K-NAFLD scores were increased in all FSG elevation groups and decreased in all FSG decline
groups. The largest increase was found in quitters with FSG elevation (aMean 1.28; 95% CI 1.16-1.39), followed
by continual smokers with FSG elevation (aMean, 1.02) and quitters with FSG stable (aMean, 0.10).

Combined association of change in FSG and smoking status with change in K-NAFLD score
according to the change in BMI. Since the K-NAFLD score, FSG level, and fatty liver are significantly
affected by change in BMI, we assessed the association of change in FSG and smoking status with change in
K-NAFLD score in participants with no BMI change, BMI gain, and BMI loss, respectively. Among participants
with no BMI change, the difference in aMean change in K-NAFLD score between quitters with FSG elevation
and FSG decline was 1.88 (Fig. 2A). As for participants with BMI gain, the difference in an aMean change in
K-NAFLD score was 1.70 between quitters with FSG elevation and FSG decline (Fig. 2B). In addition, the differ-
ence between aMean change in K-NAFLD scores was 1.91 for participants with BMI loss (Fig. 2C).

Change in components of the K-NAFLD score according to change in smoking status and fast-
ing serum glucose level. We then compared change in the components of K-NAFLD score, including
alanine aminotransferase, waist circumference, systolic blood pressure, and triglyceride, to confirm which com-
ponent is more sensitive to change in the FSG and smoking status groups (Supplementary Fig. 1). There was
no significant difference when looking at change in alanine aminotransferase level among quitters with FSG
elevation compared to quitters with a stable FSG and FSG decline. As for waist circumference and systolic blood
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Characteristic Participant (n=111,106)
Age, years 54 (50-61)
Household income, upper half, n (%) 80,289 (72.3)

Body mass index, kg/m? 24.0 (22.2-25.8)

Waist circumference, cm 84 (80-89)

Systolic blood pressure, mmHg 125 (117-135)

Fasting serum glucose, mg/dL 96 (88-106)

Total cholesterol, mg/dL

195 (173-219)

Triglyceride, mg/dL

124 (87-181)

Aspartate aminotransferase, IU/L 23 (17-32)
Alanine aminotransferase, [U/L 25 (21-30)
y-glutamyl transferase, IU/L 32 (22-53)

Smoking status, n

(%)

Continual smoker 32,614 (29.4)
6765 (6.1)
34,241 (30.8)

37,486 (33.7)

Quitter

Ex-smoker

Never smoker

Moderate-to-vigorous physical activity, n (%)

None 42,531 (38.3)
30,667 (27.6)

37,908 (34.1)

1-4 time/week

>5 time/week

Alcohol consumption, n (%)

None 39,261 (35.3)

62,880 (56.6)

1-4 time/week

>5 time/week 8965 (8.1)
Charlson comorbidity index, n (%)

0 38,564 (34.7)
1 35,842 (32.3)

=22 36,700 (33.0)

Table 1. Baseline characteristics of the participants. Data are median (interquartile range) unless indicated

otherwise.

Participant (%) | Median (IQR) Mean (SD) P value aMean (95% CI) Pvalue
Quitter
FSG elevation 1578 (1.4) 1.23 (0.15-2.50) 1.45 (3.61) | Reference 1.28 (1.16-1.39) Reference
FSG stable 3550 (3.2) 0.29 (-0.77 to 1.34) 0.30 (2.54) | <0.001 0.10 (0.03-0.18) <0.001
FSG decline 1637 (1.5) —0.51(-1.74t00.57) | —0.61 (3.15) | <0.001 ~0.60 (—0.71 t0 0.49) | <0.001
Continual smoker
FSG elevation 6845 (6.2) 0.87 (- 0.25 to —2.04) 0.97 (3.27) | <0.001 1.02 (0.97-1.07) 0.003
FSG stable 17,170 (15.5) ~0.01 (-0.99 t0 0.95) | —0.02 (2.56) | <0.001 ~0.14 (-0.18 t0 0.11) | <0.001
FSG decline 8599 (7.7) —0.87 (—2.08 t0 0.19) | —1.04 (3.08) | <0.001 —0.92 (-0.97 t0 0.87) | <0.001

Table 2. Association of smoking status and change in FSG on change in K-NAFLD score among continual
smokers or quitters. P values for means calculated using the Kruskal-Wallis H test. aMeans and P values
calculated using the linear regression after adjustments for age, household income, baseline fasting serum
glucose, change in body mass index, triglycerides, alcohol consumption, moderate-to-vigorous physical
activity, Charlson comorbidity index, and baseline K-NAFLD score. K-NAFLD Korean nutritional health and
nutrition examination survey nonalcoholic fatty liver disease, IQR interquartile range, SD standard deviation,
aMean adjusted mean.

pressure, participants with FSG decline showed a significant decrease compared to quitters with FSG elevation.
In addition, triglyceride significantly increased in quitters with FSG elevation compared to quitters with a stable
FSG and FSG decline.

Stratified analysis on comparison of change in aMean K-NAFLD score according to change in
FSG. In stratified analyses, all subgroups showed significantly increased aMean K-NAFLD score in the FSG
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Figure 2. Association of smoking status and change in fasting serum glucose with change in K-NAFLD

score. Adjusted mean change in K-NAFLD score calculated using linear regression after adjustments for age,
household income, systolic blood pressure, triglycerides, alcohol consumption, moderate-to-vigorous physical
activity, and Charlson comorbidity index. (A) Participants with no BMI change. (B) Participants with BMI gain.
(C) Participants with BMI loss.

elevation group, whereas the score slightly decreased in the FSG stable group while significant decreases were
found for the FSG decline group (Table 3). There was no subgroup with significant differences with the primary
findings found in the overall study population.

Association of change in FSG and smoking status with risk of NAFLD among participants with-
out NAFLD at baseline. To evaluate the risk of fatty liver according to change in FSG, participants with
NAFLD at baseline (2009-2010) were excluded. The proportion of fatty liver at the second health screening
period (2011-2012) was 15.9% (n=2873), 6.5% (n=>54,055), and 5.2% (n=22,757) for FSG elevation, stable, and

| FSG elevation | FSG stable | FSG decline | Pvalue® | Pvalue® | P value®
Age
=60 years 0.88 (0.83-0.94) | —0.16 (-0.20-0.13) | —0.91 (-0.96-0.86) | <0.001 <0.001 <0.001
<60 years 1.00 (0.96-1.04) | —-0.08 (-0.10-0.05) | —0.80 (-0.83-0.76) | <0.001 <0.001 <0.001
Household income
Upper half 0.95 (0.92-0.99) | —0.10 (-0.12-0.08) | —0.81 (-0.84-0.78) | <0.001 <0.001 <0.001
Lower half 1.00 (0.94-1.06) | —0.12 (-0.16-0.09) | —0.88 (-0.94-0.83) | <0.001 <0.001 <0.001
Obesity
BMI =25 kg/m? 0.92 (0.87-0.97) | —0.25(-0.29-0.22) | —1.00 (-1.05-0.95) | <0.001 <0.001 <0.001
BMI <25 kg/m? 0.98 (0.94-1.02) | —0.01 (-=0.04-0.01) | —0.70 (-0.73-0.66) | <0.001 <0.001 <0.001
MVPA
None 0.96 (0.91-1.01) | —0.13 (=0.16-0.10) | —0.91 (-0.96-0.87) | <0.001 | <0.001 | <0.001
1-4 time/week 0.88 (0.82-0.94) | —0.12 (-0.16-0.09) | —0.81 (-0.86-0.75) | <0.001 <0.001 <0.001
>5 time/week 1.06 (1.00-1.11) | —0.04 (-0.08-0.01) | —0.74 (-0.79-0.69) | <0.001 <0.001 <0.001
Alcohol consumption
None 0.95(0.91-1.02) | —0.13 (=0.17-0.10) | —0.80 (—0.85-0.75) | <0.001 | <0.001 | <0.001
1-4 time/week 0.96 (0.92-1.00) | —0.08 (-0.10-0.05) | —0.81 (-0.85-0.77) | <0.001 <0.001 <0.001
>5 time/week 1.06 (0.95-1.18) | —0.15(-0.22-0.07) | —1.04 (-1.15-0.94) | <0.001 <0.001 <0.001
Charlson comorbidity index
0 0.99 (0.94-1.04) | —-0.07 (-0.10-0.03) | —0.82 (-0.86-0.77) | <0.001 <0.001 <0.001
1 0.95(0.90-1.01) | —-0.11 (-0.15-0.08) | —0.82 (-0.87-0.77) | <0.001 <0.001 <0.001
22 0.96 (0.90-1.02) | —-0.13 (-0.16-0.09) | —0.85(-0.90-0.79) | <0.001 <0.001 <0.001

Table 3. Stratified analysis on comparison of adjusted mean K-NAFLD according to FSG elevation or without
FSG elevation. Data are adjusted median (95% confidence interval) calculated using the linear regression

after adjustments for age, household income, systolic blood pressure, change in body mass index, triglyceride,
baseline Korean Nutritional Health and Nutrition Examination Survey nonalcoholic fatty liver disease score,
alcohol consumption, moderate-to-vigorous physical activity, and Charlson comorbidity index. P values
between FSG elevation and FSG stable groups. *P values between FSG elevation and FSG decline groups. P
values between FSG stable and FSG decline groups. FSG fasting serum glucose, BMI body mass index, MVPA
moderate-to-vigorous physical activity.
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decline, respectively (Supplementary Table 3). In addition, the FSG elevation group (adjusted odds ratio [aOR]
3.01; 95% CI 2.84-3.18) and the FSG decline group (aOR 0.51; 95% CI 0.47-0.55) showed significantly higher
and lower risks of fatty liver in the fully adjusted model compared to the FSG stable group.

After stratification according to change in FSG and smoking status, all subgroups revealed lower risk of fatty
liver compared to quitters with FSG elevation (Table 4). The aOR was lowest in never smokers with FSG decline,
followed by continual smokers with FSG decline, ex-smokers with FSG decline, quitters with FSG decline, never
smokers with stable FSG, continual smoker with stable FSG, ex-smokers with stable FSG, quitters with stable
FSG, never smokers with FSG elevation, continual smokers with FSG elevation, ex-smokers with FSG elevation,
and quitters with FSG elevation.

Discussion

Using data from the Korean NHIS, we extracted 111,106 male subjects aged 40 and over, FSG elevation was
associated with increased K-NAFLD score even after adjustments for key variables and stratification according
to change in smoking and BMI statuses. Close monitoring of FSG seems necessary for quitters to reduce the
K-NAFLD score, thus implying that management of FSG through medication or lifestyle modifications may be
promising in reducing fatty liver incidence.

Takenaka et al.’®, investigated the association between smoking cessation and NAFLD risk, showing that
current smoking is associated with NAFLD incidence and higher pack-years were associated with more severe
disease. Another more recent paper by Jang et al."?, divided individuals who have quit smoking based on years
since cessation in multiples of 10 years and showed an association between smoking cessation and NAFLD
incidence with current smokers having a greater risk of NAFLD than non-smokers. While NAFLD may perhaps
decrease in the long run after smoking cessation, we divided ex-smokers with quitters to distinguish the risk
between those who have recently quit and have quit for a longer period of time. We also wanted to highlight that
not all quitters are the same—the same way some quitters gain weight after cessation and others don't. It is well
accepted that weight gain and risk of metabolic disease increases after smoking cessation. The value in this study
is that it attempts to divide quitters, a group already known to have metabolic changes, into groups that allows
us to better find those at risk of NAFLD after cessation. In this study, FSG elevation showed a strong association
with NAFLD risk regardless of weight gain status, perhaps indicating that changes in FSG levels can be a method
of determining those with higher risk of NAFLD after smoking cessation.

There are many studies that have investigated the impact of smoking on insulin resistance and glucose metab-
olism, showing that chronic smoking increases insulin resistance and studies that have looked at the mecha-
nism behind such insulin resistance such as cortisol release and pancreatic f-cell damage'®-*. Though there is
literature showing that an increase in fasting glucose levels follows smoking cessation, the mechanism in which
post-cessation hyperglycemia occurs is unknown. Though Oba et al.*! broadly suggest that smoking cessation
exposes the pancreatic damage occurred by nicotine while smoking, the exact mechanism in which increased
insulin resistance and impaired fasting glucose occurs after cessation is unclear.

There are multiple mechanisms that can explain the increased risk of fatty liver due to an increase in fasting
serum glucose levels. An excess of blood sugars, also known as glucotoxicity, is known to cause damage and
inflammation and the consequences on the liver can be great. First, long-term hyperglycemia leads to oxida-
tive stress and inflammation, which can lead to increased liver disease and the apoptosis of hepatocytes**.

Univariable analysis Multivariable analysis

Participant (%) | Event (%) | OR (95% CI) Pvalue |aOR (95% CI) Pvalue
FSG elevation
Continual smoker 5630 (5.9) 956 (17.0) | 0.77 (0.66-0.89) | <0.001 | 0.83(0.71-0.97) 0.019
Quitter 1361 (1.4) 286 (21.0) | 1.00 (Reference) 1.00 (Reference)
Ex-smoker 5140 (5.4) 821 (16.0) | 0.71 (0.62-0.83) | <0.001 | 0.84 (0.72-0.99) 0.037
Never smoker 5960 (6.3) 810 (13.6) | 0.59 (0.51-0.69) | <0.001 | 0.81 (0.69-0.95) 0.008
FSG stable
Continual smoker 15,000 (15.8) 1041 (6.9) | 0.28 (0.24-0.32) | <0.001 |0.27 (0.23-0.32) <0.001
Quitter 3096 (3.3) 312 (10.1) | 0.42 (0.35-0.50) | <0.001 | 0.38(0.31-0.45) <0.001
Ex-smoker 16,963 (17.9) 1097 (6.5) | 0.26 (0.23-0.30) | <0.001 | 0.28 (0.24-0.32) <0.001
Never smoker 18,996 (20.0) 1046 (5.5) |0.22(0.19-0.25) | <0.001 | 0.27(0.23-0.31) | <0.001
FSG decline
Continual smoker 6691 (7.1) 384 (5.7) |0.23(0.19-0.27) | <0.001 | 0.14(0.12-0.17) <0.001
Quitter 1289 (1.4) 97 (7.5) |0.31(0.24-0.39) | <0.001 |0.17(0.13-0.22) | <0.001
Ex-smoker 6959 (7.3) 369 (5.3) |0.21(0.18-0.25) | <0.001 | 0.15(0.12-0.18) <0.001
Never smoker 7818 (8.2) 329 (4.2) |0.17(0.14-0.20) | <0.001 |0.13(0.11-0.16) <0.001

Table 4. Association of change in smoking status and FSG with risk of fatty liver. OR calculated using logistic
regression. aOR calculated after adjustments for age, household income, systolic blood pressure, baseline
fasting serum glucose, change in body mass index, triglycerides, alcohol consumption, moderate-to-vigorous
physical activity, and Charlson comorbidity index. FSG fasting serum glucose, OR odds ratio, CI confidence
interval, aOR adjusted odds ratio.
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Glucotoxicity can directly cause inflammation by causing increased TNFa transcription and the upregulation
of NFkp, a pro-inflammatory pathway”. Hyperglycemia causes oxidative stress by activating the production
of reactive oxygen species (ROS) and toll-like receptor (TLR) signaling, which then promote an inflammatory
response®®. Second, such oxidative stress and inflammation can cause beta cell damage and insulin resistance,
leading to the accumulation of fat in the liver, known as steatosis, which has been shown to cause damage in the
mitochondria and endoplasmic reticulum through pathways involving JNK activation which then upregulate
genes that are pro-apoptotic like PUMA?#?7-%_ The glucotoxicity and lipotoxicity combined and the mechanisms
that follow contribute to steatosis and inflammation, which are hallmarks of fatty liver®°.

In this study, we subdivided participants based on change in BMI and smoking status, yet the data exhibited a
significant change in K-NAFLD score according to FSG elevation, stable, or decline status. The K-NAFLD score
increase reflects not only an increased risk of fatty liver but also metabolic risk factors and insulin resistance'.
Especially with an increase in insulin resistance, the effects of hyperglycemia become amplified, and a vicious
cycle can occur where fatty liver risk increases®’. Since the K-NAFLD score reflects not just fatty liver disease
risk but other metabolic dysfunctions and risk factors, we previously found the score to be directly proportional
to the risk of CVD'. Even in patients with no metabolic dysfunctions, a lower K-NAFLD score was associated
with lowered CVD risk. Based on the results from this study showing that quitters, especially those with elevated
FSG, have the highest increase in K-NAFLD score, there may be a benefit in more carefully monitoring fatty liver
incidence and management of other cardiovascular risk factors in these individuals during health check-ups.

This study was able to include over 100,000 male participants who were continual smokers, quitters, ex-smok-
ers, and never-smokers. The participants only included non-diabetic individuals to be able to accurately assess
the impact of hyperglycemia on K-NAFLD risk. Also, since one of the most important changes that occur after
smoking cessation is weight gain, which could confound the results, we included an analysis where participants
were divided into groups based on BMI weight change and looked at FSG change in each group.

However, this study also had limitations. Information included within the database was all we had access to
and therefore, we were not able to look at HbA1lc or oral glucose tolerance test (OGTT) measurements, which
are reflections of longer-term blood glucose levels and insulin resistance status, respectively. Though we were
able to address this limitation by excluding those with a history of diabetes, there were also other lifestyle changes
such as eating habits that could impact fatty liver risk, which we were unable to reflect. This inability to reflect
lifestyle changes may explain the result where quitters sometimes show a higher risk of fatty liver compared to
continual smokers, ex-smokers, and never-smokers even when BMI and FSG levels were stable or decreased.
The smoker status of participants was not biochemically validated, but rather self-reported during their health
examination. Therefore, there is a risk that smoker status of participants does not correctly reflect the actual
smoking status—a limitation associated with health examination questionnaires. We also were unable to reflect
intensity of smoking in this study; such data would have allowed us to further categorize ex-smokers and can
be considered in a follow-up study. Lastly, the onset of fatty liver is a chronic process, but since the study only
looked at changes occurred in two years, we were unable to investigate the long-term effect of changes in fasting
serum glucose and smoking status. However, since we looked at the change in K-NAFLD score as a continuous
variable, we could predict long-term trends based on our results.

An increase in fasting serum glucose levels is generally followed by cigarette cessation. However, it was unclear
whether such changes in fasting serum glucose levels based on smoking status impact risk of fatty liver disease.
Along the lines of previous studies, the quitter group showed the highest increase in FSG levels. The increase in
FSG levels were associated with a higher risk in fatty liver. The results were consistent even in different groups
stratified according to change in BMI. The general understanding is that weight gain following smoking cessation
causes hyperglycemia, insulin resistance and other metabolic risk factors that increases diabetes risk. However,
this study suggests regardless of weight gain status, hyperglycemia has a direct association with fatty liver risk.
Therefore, not only should weight gain be monitored and controlled, but surveillance of FSG also shows potential
in reducing the societal disease burden of fatty liver.

Data availability

The dataset utilized and analyzed in this dataset was accessed from the National Health Insurance Service. The
authors cannot publically share the database utilized due to reasons concerning data protection and security.
However, any interested researchers are able to access the same anonymized database by following access pro-
cedures and guidelines put forth by the Korean National Health Insurance Service. Please refer to the following
website (http://nhiss.nhis.or.kr) for more information.
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