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Abstract: The association of smoking with hepatocellular carcinoma (HCC) or cardiovascular disease
(CVD) has been reported, but the study of its relationship with metabolic-associated fatty liver
disease (MAFLD) is limited. We aimed to investigate the effect of smoking on the incidence of HCC
or CVD in MAFLD patients. Using the Korean nationwide health screening database, we analyzed
subjects between 2001 and 2015. A total of 283,088 subjects including 110,863 MAFLD patients and
172,225 controls were analyzed. Smoking status was divided by non-smoker, ex-smoker, or current
smoker. In the follow-up period, a total of 2903 (1.0%) subjects developed HCC, and the MAFLD
group (1723, 1.6%) had a significantly higher incidence than the control group (1180, 0.7%). In the
MAFLD group, current smokers showed significantly higher risk of HCC compared to non-smokers
(adjusted HR 1.24, 95% CI 1.08-1.41), whereas the control group did not (adjusted HR 1.07, 95% CI
0.89-1.30). A total of 18,984 (6.7%) patients developed CVD, and the incidence was significantly
higher in the MAFLD group (8688, 7.8%) than in the control group (10,296, 6.0%), similar to HCC.
The risk of CVD in current smokers increased by 22% compared to non-smokers in the MAFLD
group (adjusted HR 1.22, 95% CI 1.15-1.30) and by 21% (adjusted HR 1.21, 95% CI 1.13-1.29) in the
control group. Based on sex stratification, men showed increased incidence of both HCC and CVD
by smoking, whereas women had only increased risk of CVD. Smoking significantly increases the
incidence of HCC and CVD in MAFLD patients; thus, it is highly recommended to quit smoking
completely in the population with MAFLD.
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1. Introduction

Recently, the concept of “metabolic (dysfunction)-associated fatty liver disease (MAFLD)”
has emerged in studies of fatty liver disease [1]. Unlike nonalcoholic fatty liver disease
(NAFLD), which excludes concomitant liver diseases and/or heavy alcohol consumption,
MAFLD focuses on the role of metabolic dysfunction and does not exclude other etiologies
of liver diseases (e.g., alcohol). Several studies have confirmed that the renaming/definition
change from NAFLD to MAFLD is useful for identifying metabolically complex liver
diseases and identifying adults with high risk of adverse outcome [2,3]. MAFLD elevates
the risk of cardiovascular disease (CVD), stroke, and chronic kidney disease [4]. Moreover, it
significantly increases the risk of fibrosis, liver cirrhosis, and even hepatocellular carcinoma
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(HCC) [3]. Globally, the proportion of fatty liver disease has increased, whereas the
prevalence of viral hepatitis has decreased [5]. In this era of metabolic disease, non-viral
risk factors (e.g., smoking) have grown in importance for management of liver disease [6,7].

Smoking is the leading cause of preventable disease and death in the United States,
causing approximately 480,000 deaths annually, accounting for one in five deaths due to
tobacco use [8]. The adverse effects of smoking on lungs and the cardiovascular system are
well studied. To date, smoking was shown to promote CVD in patients with steatohepatitis
and in liver transplant recipients [9-11]. In addition, smoking has been known to increase
the incidence of de novo or recurrent HCC in chronic viral hepatitis patients [12-14].
However, the detrimental effects of smoking on the liver have not been studied well,
especially in relation to fatty liver disease. Therefore, this study aims to investigate the
effect of smoking on the incidence of HCC and CVD in patients with fatty liver disease,
especially MAFLD.

2. Materials and Methods
2.1. Data Source and Study Population

We used the database of the Korean National Health Insurance Service (NHIS)-
National Sample Cohort, which represent approximately 2% of the entire Korean pop-
ulation. The database contains de-identified data including demographic and claimed
information based on International Classification of Diseases, 10th revision (ICD-10). The
NHIS medical check-up database specifically provides the results of biennial health exami-
nations and the data of lifestyle and behavior. A detailed description of the cohort has been
reported previously [15].

A total of 514,866 adults aged 20 years or older who underwent health screening
examinations between 2002 and 2015 were included. Subjects with missing information
in the tobacco-related questionnaire or subjects who died in the first year of the follow-up
period (n = 74,041) among the patients diagnosed with cardiovascular outcomes or HCC
before index year (n = 31,369) were excluded, and we ascertained outcome events after
a two-year lag (n = 19,632). Participants with a history of chronic viral hepatitis (B18),
alcoholic liver disease (K70), primary biliary cholangitis (K74.3), autoimmune hepatitis
(K75.4), Wilson’s disease (E83.0), and Budd-Chiari syndrome (I182.0) before the index date
were further excluded from the control group (n = 52,000).

The Institutional Review Board of Seoul National University Hospital approved the
current study (IRB No. E-1910-003-1066). Informed consent was waived from the IRB, as
only de-identified information was used.

2.2. Data Collection

NHIS provides information on smoking to subjects based on data collected through
questionnaires. The questionnaire surveys items related to smoking status, smoking period,
and daily smoking amount. Among these, subjects must select either (i) non-smoker, (ii) ex-
smoker, and (iii) current smoking for “smoking status”. The definition of a non-smoker is
“a person who has never smoked”, an ex-smoker is “a person who smoked in the past but
has now stopped”, and a current smoker is “a person who still smokes”. Lifestyle variables
obtained through self-administered questionnaires included the following information:
alcohol consumption (none, mild (less than 140 g/week for men, 70 g/week for women),
moderate (140 g/week < for men < 210 g, 70 g/week < for women < 140 g), or heavy
alcoholics (more than 210 g/week for men, 140 g/week for women)), and regular exercise
(more than 20 to 30 min of moderate-to-vigorous activity at least three times per week).
Comorbidities were defined using ICD-10 diagnostic codes, prescription information before
the health examination, and blood test results. Liver cirrhosis was defined by the ICD-10
codes K702, K703, K74, K766, or K767.
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2.3. Definition of MAFLD and Control Group

Because ultrasonography is not included in the NHIS health examination, fatty liver
index (FLI), the alternative to imaging modalities in large epidemiologic studies, was used
for assessment of steatosis [16]. FLI scores range from 0-100, with <30 representing low risk
for fatty liver and >60 representing high risk [17]. The lower cutoff of FLI > 30 was used in
this study [18,19]. The hepatic steatosis index (HSI) was also calculated for the purpose of
sensitivity analysis to validate the FLI results. The equations of FLI and HIS are as follows:

Fatty liver index = 1/(1 + exp(-x*)) x 100

x*=0.953 x loge (triglycerides) + 0.139 x BMI + 0.718 x loge (y-glutamyl-transferase) +
0.053 x (Waist circumference) — 15.745

Hepatic steatosis index = 8 x ALT/AST ratio + BMI (+2 if diabetes; +2 if female)

Among patients with FLI scores of 30 or higher, MAFLD group was defined by those
having one or more of the following criteria: (a) overweight or obese (body mass index
(BMI) > 23 kg/m?), (b) diabetes, and (c) at least two or more of the following metabolic
abnormalities: (i) abdominal circumference of 90 cm or more for men and 80 cm or more
for women, (ii) blood pressure higher than 130/85 mmHg or taking antihypertensive
medications, (iii) serum triglyceride higher than 150 mg/dL or taking lipid-lowering drugs,
(iv) high-density lipoprotein cholesterol (HDL) less than 40 mg/dL in men and less than
50 mg/dL in women, and (v) fasting blood glucose above 100 mg/dL [1]. As C-reactive
protein levels and homeostasis model assessment of insulin resistance scores were not
included in the NHIS screening program, these criteria for metabolic abnormalities were
not used in this study.

The control group was defined as subjects without underlying liver disease such as
chronic viral hepatitis (B18), alcoholic liver disease (K70), cirrhosis (K74), primary biliary
cholangitis (K74.3), autoimmune hepatitis (K75.4), Wilson’s disease (E83.0), and Budd-
Chiari syndrome (I82.0) among those with FLI scores of less than 30. Finally, a total of
283,088 subjects including 110,863 MAFLD patients and 172,225 controls were analyzed.

2.4. Study Outcome

The study outcomes were the occurrence of HCC or CVD. HCC was defined by ICD-10
code C22.0 with the registration of special cancer claim code V193. CVD was defined as
myocardial infarction or stroke. Myocardial infarction was defined as the recording of
ICD-10 codes 121 or 122 during hospitalization or these codes having been recorded at
least two times. Stroke was based on the ICD-10 codes 163 or 164 during hospitalization or
having two or more medical records. The study population was followed from initial to the
date of study outcomes, censoring date, or until 31 December 2015, whichever came first.

2.5. Statistical Analyses

Continuous variables are presented as means =+ standard deviations (SDs) and as
proportions for categorical variables, unless otherwise indicated. The Student’s t-test for
continuous variables and x? test for categorical variables were used to analyze differences
between the groups. Cox proportional hazard models adjusted for age, sex, smoking status,
alcohol consumption, regular exercise, body mass index (BMI), diabetes, hypertension,
dyslipidemia, and presence of cirrhosis were performed.

Statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC,
USA) and R version 3.2.3 (The R Foundation for Statistical Computing, Vienna, Austria,
http:/ /www.Rproject.org accessed on 12 December 2022). A two-sided p value < 0.05 was
considered statistically significant.
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3. Results
3.1. Baseline Characteristics of the Study Population

Baseline characteristics of the MAFLD and control groups are shown in Table 1. Com-
pared to the control, the MAFLD group showed higher BMI (25.8 = 2.6 vs. 22.3 2.2 kg/m?)
and was more likely to have diabetes (12.6% vs. 6.5%), hypertension (31.9% vs. 18.2%),
and dyslipidemia (7.2% vs. 4.8%) (p < 0.001 for all). The MAFLD group had higher rates
of current (26.7% vs. 14.0%) or ex-smokers (26.2% vs. 14.2%) than the control group, and
the proportion of moderate-to-heavy drinkers was higher in the MAFLD group (33.4%
vs. 11.1%). In the blood test results, the mean values of cholesterol of total and LDL,
triglyceride, FLI, and hepatic steatosis index were higher in the MAFLD group than the
control group (p < 0.001 for all, Table 1).

Table 1. Baseline characteristics of the study population.

. Total MAFLD Control

Variable (n = 283,088) (n = 110,863) (n = 172,225) p-Value ™
Age, years 58.6 &+ 8.6 58.2 + 8.2 58.8 + 8.9 <0.001
Male 159,139 (56.2%) 83,636 (75.4%) 75,503 (43.8%) <0.001
Body mass index, l<g/m2 23.7+29 258 + 2.6 223+22 <0.001
Waist circumference, cm 814+ 84 88.1 6.3 771+ 6.5 <0.001
Systolic blood pressure, mmHg 1251 £ 155 129.3 £ 15.0 1224+ 15.1 <0.001
Diastolic blood pressure, mmHg 77.6 £10.1 80.4+9.9 758 £9.8 <0.001
Diabetes 25,109 (8.9%) 13,927 (12.6%) 11,182 (6.5%) <0.001
Hypertension 66,676 (23.6%) 35,311 (31.9%) 31,365 (18.2%) <0.001
Dyslipidemia 16,341 (5.8%) 8005 (7.2%) 8336 (4.8%) <0.001
Smoking <0.001

Non-smoker 175,678 (62.1%) 52,159 (47.0%) 123,519 (71.7%)

Ex-smoker 53,584 (18.9%) 29,050 (26.2%) 24,534 (14.2%)

Current smoker 53,826 (19.0%) 29,654 (26.7%) 24,172 (14.0%)
Alcohol consumption <0.001

None 155,868 (55.1%) 43,996 (39.7%) 111,872 (65.0%)

Mild 70,870 (25.0%) 29,792 (26.9%) 41,078 (23.9%)

Moderate 23,205 (8.2%) 13,995 (12.6%) 9210 (5.3%)

Heavy drinker 33,145 (11.7%) 23,080 (20.8%) 10,065 (5.8%)
Regular exercise 151,854 (53.6%) 61,999 (55.9%) 89,855 (52.2%) <0.001
Total cholesterol, mg/dL 200.7 + 37.0 205.4 + 38.9 197.6 + 35.4 <0.001
HDL cholesterol, mg/dL 55.0 +24.7 51.3 +26.3 57.4 +23.3 <0.001
LDL cholesterol, mg/dL 118.9 £ 36.7 116.9 £+ 39.8 120.2 £+ 34.5 <0.001
Triglyceride, mg/dL 139.4 £91.1 195.8 + 111.1 103.2 +48.2 <0.001
Fatty liver index 28.8 +23.0 53.0 +17.2 13.2+78 <0.001
Hepatic steatosis index 319+43 349 +43 30.1 £3.2 <0.001
Follow-up period (days) 1104.1 + 6725 1111.6 + 666.9 1093.2 + 680.5 0.428

Data are expressed as mean =+ standard deviation or number and percentage. * p-value was calculated between
MAFLD and control group. Abbreviations: MAFLD, metabolic-associated fatty liver disease; HDL, high-density
lipoprotein; LDL, low-density lipoprotein.

3.2. Incidence of HCC and CVD

Table 2 summarizes the outcome events of HCC and CVD. The definition of “time
to event” was the time from diagnosis of MAFLD or health screening to onset of HCC or
CVD. During the mean follow-up duration of 1813.1 &= 124.9 days, a total of 2903 (1.0%)
patients developed de novo HCC. The MAFLD group (1723, 1.6%) had a significantly higher
incidence of HCC than the control (1180, 0.7%). In terms of CVD, a total of 18,984 (6.7%)
patients developed the disease, and similar to HCC, it was significantly higher in the
MAFLD group (8688, 7.8%) than the control (10,296, 6.0%).
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Table 2. Overview of study outcome.
Total MAFLD Control %
(n = 283,088) (n =110,863) (n = 172,225) p-Value

Outcome: hepatocellular carcinoma
Total follow-up (day)

Event (n)

Time to event (day)
Outcome: cardiovascular disease
Total follow-up (day)

Event (n)

Time to event (day)

1813.1 & 124.9 1808.8 & 143.3 1815.9 £ 1114 <0.001
2903 (1.0%) 1723 (1.6%) 1180 (0.7%) <0.001
1104.1 & 672.5 1111.6 =+ 666.9 1093.2 = 680.5 0.43
1758.3 & 282.1 1747.4 £ 3032 1765.4 & 267.5 <0.001
18,984 (6.7%) 8688 (7.8%) 10,296 (6.0%) <0.001
1063.1 + 670.4 1053.2 = 668.7 1071.3 £ 671.7 0.04

* p-value was calculated between MAFLD and control group. Abbreviations: MAFLD, metabolic-associated fatty
liver disease.

3.3. Association between Smoking and Incident HCC

Table 3 and Figure 1A show the incidence and risk of HCC depending on the smoking
status. Compared to non-smokers, the ex- and current smokers showed 11% and 21%
increase in the HCC risk, respectively (adjusted hazard ratio (aHR) 1.11, 95% confidence
interval (CI) 1.00-1.24; aHR 1.21, 95% CI 1.09-1.35).

Table 3. Effect of tobacco smoking on the development of hepatocellular carcinoma.

Group Non-Smoker Ex-Smoker Current Smoker
Total, no. 175,678 53,584 53,826
Total Events, no. 1519 670 714
ota Person-years 873,465 265,865 266,901
Adjusted * HR 1 (ref) 1.11 (1.00-1.24) 1.21 (1.09-1.35)
Total, no. 52,159 29,050 29,654
Events, no. 745 451 527
MAFLD Person-years 258,616 144,007 146,767
Adjusted * HR 1 (ref) 1.04 (0.91-1.19) 1.24 (1.08-1.41)
Total, no. 123,519 24,534 24,172
Control Events, no. 774 219 187
ontro Person-years 614,849 121,858 120,134
Adjusted * HR 1 (ref) 1.18 (0.99-1.42) 1.07 (0.89-1.30)
Total, no. 166 126 156
1 . . Events, no. 17 11 17
Subgroup: liver cirrhosis Person-years 792 597 720
Adjusted * HR 1 (ref) 0.89 (0.40-1.99) 1.25 (0.59-2.64)

Rate (%)

0.02

Ex-smoker

Abbreviations: no., number; HR, hazard ratio. * Adjusted for age, sex, alcohol drinking, exercise, body mass index,
diabetes, hypertension, dyslipidemia, and presence of cirrhosis.

Incidence of hepatocellular carcinoma

None-smoker

Incidence of cardiovascular disease

== Ex-smoker == Current smoker

None-smoker == Ex-smoker

#= Current smoker

g
¢ 004
]
[
0.02
e 0
0 i 2 3 4 5 0 1 2 3 4 5
Follow-up times (year) Follow-up times (year)
Number atrisk (number of events) Number atrisk (number of events)
175678 (0) 175110 (342) 174847 (605) 174542 (909) 174236 (1216) 173932 (1519) e 175678 (0) 172755 (2721) 170333 (5144) 167819 (7655) 165498 (9978) 163486 (11994)
53584 (0) 53367 (138) 53239 (267) 53108 (397) 52964 (541) 52836 (670) Ex-smoker | 53584 (0) 52763 (753) 52099 (1413)  51455(2058) 50804 (2710) 50274 (3240)
53826 (0) 53590 (144) 53442 (291) 53301 (432) 53158 (575) 53020 (714) 53826 (0) 52911 (835) 52107 (1634) 51360 (2382) 50649 (3092) 49990 (3750)
0 1 2 3 4 s 0 1 2 3 4 s

Follow-up times (year) Follow-up times (year)

(A) (B)

Figure 1. Incidence of (A) hepatocellular carcinoma and (B) cardiovascular disease according to
smoking status.
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When subjects were classified into the MAFLD and control groups, the current smoker
group showed a significantly higher risk of HCC (aHR 1.24, 95% CI 1.08-1.41) in the
MAFLD group, whereas it was attenuated in the control group (aHR 1.07, 95% CI 0.89-1.30).
In a subgroup analysis of MAFLD patients with cirrhosis, HR was in the same direction
in the current smokers but no longer reached statistical significance because of the small
number of cases.

3.4. Smoking on the Development of CVD

Table 4 and Figure 1B show the incidence and risk of CVD depending on the smoking
status. Ex-smokers did not show significant differences in the risk of CVD compared with
non-smokers. However, current smokers showed a 24% increased risk compared to the
control (aHR 1.24, 95% CI 1.19-1.30). CVD risk in the current smokers was not significantly
different in the presence or absence of MAFLD (MAFLD: aHR 1.22, 95% CI 1.15-1.30;
control: aHR 1.21, 95% CI 1.13-1.29, respectively). Notably, among MAFLD patients with
cirrhosis, the association between current smoking and CVD was strengthened but did not
reach statistical significance due to the small number of patients.

Table 4. Effect of tobacco smoking on the development of cardiovascular disease.

Group Non-Smoker Ex-Smoker Current Smoker
Total, no. 175,678 53,584 53,826
Total Events, no. 11,994 3240 3750
ota Person-years 845,810 259,027 258,893
Adjusted * HR 1 (ref) 0.95 (0.91-1.00) 1.24 (1.19-1.30)
Total, no. 52,159 29,050 29,654
Events, no. 4583 1860 2245
MAFLD Person-years 248,422 140,148 142,167
Adjusted * HR 1 (ref) 0.92 (0.86-0.97) 1.22 (1.15-1.30)
Total, no. 123,519 24,534 24,172
Control Events, no. 7411 1380 1505
ontro Person-years 597,388 118,880 116,726
Adjusted * HR 1 (ref) 0.96 (0.90-1.03) 1.21 (1.13-1.29)
Total, no. 166 126 156
Subgroup: liver cirrhosis Events, no. 15 8 19
Person-years 782 595 724
Adjusted * HR 1 (ref) 0.84 (0.34-2.11) 1.79 (0.83-3.88)

Abbreviations: no., number; HR, hazard ratio. * Adjusted for age, sex, alcohol drinking, exercise, body mass index,
diabetes, hypertension, dyslipidemia, and presence of cirrhosis.

3.5. Effect of Smoking in Stratification by Sex

Next, stratified analysis by sex was conducted for the occurrence of HCC and CVD
for the MAFLD group only (Table 5). Patients were classified into two groups: those who
experienced smoking at least once (ex-smoker or current smoker) and those who never
smoked. Smoking is shown to be correlated to the higher risk of HCC (aHR 1.14, 95% CI
1.02-1.28, p = 0.02) and CVD (aHR 1.08, 95% CI 1.03-1.14, p = 0.003), respectively, in all the
subjects. These results have sex differences. In men, smoking significantly increased the
incidence of both HCC (aHR 1.14, 95% CI 1.02-1.29, p = 0.03) and CVD (aHR 1.08, 95% CI
1.02-1.14, p = 0.009), whereas women only showed a significant relationship between CVD
and smoking (aHR 1.34, 95% CI 1.11-1.61, p = 0.002) but not to a significant extent in HCC
(aHR 1.23,95% CI10.72-2.12, p = 0.45).
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Table 5. Effect of tobacco smoking stratified by sex.

Total Male Female
Outcome  Model Smoking Adjusted HR 4 Adjusted HR 4 Adjusted HR 4

Model 1 * Smoking (—) 1 (ref) 1 (ref) 1 (ref)

ode Smoking (+)  1.17(1.06-1.28)  0.001  1.05(0.93-1.18) 043  1.09 (0.64-1.86)  0.75
Smoking (=) 1 (ref) 1 (ref) 1 (ref)

HCC Model 2" groking (+)  1.12(1.00-125) 0056  1.14(1.01-128) 003  1.10(0.64-1.87) 074
5 Smoking (—) 1 (ref) 1 (ref) 1 (ref)

Model 3 Smoking (+)  1.14(1.02-1.28)  0.02  1.14(1.02-129)  0.03  123(0.72-2.12) 045
Model 1 * Smoking (—) 1 (ref) 1 (ref) 1 (ref)

ode Smoking (+) 079 (0.76-0.82)  <0.001  0.86 (0.82-0.91)  <0.001  1.28 (1.07-1.54)  0.008
Smoking (—) 1 (ref) 1 (ref) 1 (ref)

CVD Model2™  groking (+)  1.06(1.01-112) 003  105(099-1.11) 008 132 (1.10-158)  0.003
§ Smoking (—) 1 (ref) 1 (ref) 1 (ref)

Model 3 Smoking (+)  1.08 (1.03-1.14)  0.003  1.08(1.02-1.14)  0.009  1.34(1.11-1.61)  0.002

Model 1 *, unadjusted; Model 2 T, adjusted for age, sex; Model 3 §, adjusted for age, sex, alcohol drinking, exercise,
body mass index, diabetes, hypertension, dyslipidemia, and presence of cirrhosis. Abbreviations: MAFLD, metabolic-
associated fatty liver disease; HR, hazard ratio; HCC, hepatocellular carcinoma; CVD, cardiovascular disease.

4. Discussion

HCC has an incidence of 9.3 cases per 100,000 person-years worldwide, and the
long-term mortality has not improved from 8.5 cases [20]. It accounts for about 22% of
cancer-related deaths worldwide [21]. Recently, the proportion of HCC caused by fatty
liver has increased, and it is predicted that by 2030, the incidence of fatty liver-related HCC
will reach 122% in the United States and 117% in France [22]. Fatty-liver-associated HCC is
known to be more dangerous because it can occur even in the absence of cirrhosis, which
is a strong risk factor. Therefore, it is even more important to find preventable HCC risk
factors in the fatty liver patient group. The current study focused more on smoking among
the risk factors.

The effects of smoking on health can be roughly divided into three categories: (1) lung
disease, (2) tumor, and (3) thrombosis or CVD [23-25]. In developed countries, smoking
rates have gradually decreased by virtue of smoking cessation policies, but morbidity and
mortality are still significantly higher in developing countries [26]. Historically, under
the assumption that smoking is not likely to have a direct effect on the liver, there were
limited studies showing that the liver as an organ is harmed by smoking. However,
recent accumulated studies report that smoking affects the development of liver fibrosis
and liver cancer. These studies include that smoking directly affects the liver through
(1) toxic, (2) immunological, and (3) oncogenic mechanisms [8,27]. By mechanisms with
toxic effects, smoking increases oxidative stress, which leads to liver fibrosis through
stellate cell activation [28-30]. Immunologically, it induces lymphocyte apoptosis, activates
CDS8 cytotoxic T cells, and lowers the activities of CD4 T cells and NK cells [29,31,32].
The oncogenic mechanism of smoking is that substances such as 4-aminobiphenyl and
vinyl chloride in cigarettes directly increase the risk of HCC [33,34] and inhibit p53, a
tumor suppressor [30,35].

In viral hepatitis, smoking increases the incidence of HCC. A meta-analysis of 96 stud-
ies showed that smoking increased liver cancer by 51%, and ex-smokers especially pre-
sented 12% of the incline [36]. There have been studies showing that the normal population
has an increased risk of HCC by smoking [37], but there were no reports about the relation
of smoking to liver cancer, limited only to fatty liver disease. For the first time to our
knowledge, the present study demonstrated that smoking increases the risk of HCC by
approximately 24% in patients with MAFLD. This risk is lower than the smoking effect on
HCC in previously known patients with viral hepatitis.

When it comes to fatty liver, smoking also increases its incidence in the normal pop-
ulation and is associated with a poor prognosis in patients with the same condition [38].
Current smoking was presented to be a strong risk factor for mortality or liver transplan-
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tation in patients with biopsy-confirmed fatty liver for 12.6 years follow-up (HR 2.6, 95%
CI1.67-4.1) [39].

While CVD was known to be one of the biggest causes of death [39], the current
study demonstrated significantly higher CVD incidence in the MAFLD group of current
smokers. The major risk factors for fatty-liver-associated HCC are diabetes and obesity, and
its relative risk is increased by about 1.4 to 4.1 [40,41]. Our findings suggest that smoking
should be added as a new risk factor, thus requiring strict smoking cessation in patients
with MAFLD. However, there are only a few studies that demonstrate the synergistic effect
of smoking on metabolic comorbidity and its controversy. In a study conducted in the
United States, no synergistic effect between diabetes and smoking in the development
of HCC [42] was reported, but other studies showed a synergism between obesity and
smoking in the development of HCC [43]. Therefore, it is hard to conclude that smoking is
particularly dangerous in patients with MAFLD compared to liver disease of other etiology.

A noteworthy part of our study is that ex-smokers have a reduced risk of HCC com-
pared to current smokers. There were three large-scale meta-analyses on the relationship be-
tween smoking and HCC in patients with viral hepatitis or in a normal population [36,37,44].
All studies demonstrated that the risk of HCC in ex-smokers was significantly reduced
compared to that of current smokers. In our study, subjects with MAFLD showed that
the risk of liver cancer was reduced by about 24% to 4%, suggesting that strict smoking
cessation is required. Even in patients who have already developed HCC, smoking in-
creases the risk of recurrence and is associated with a poor prognosis. Therefore, it can
be said that smoking cessation is the most important factor in all treatment stages of liver
disease [14]. However, compared with the non-smoker group, the ex-smoker group had
a lower risk of CVD in MAFLD. Our assumptions about the phenomenon are as follows:
First, it is possible that smoking cessation itself lowered the risk of CVD while influencing
other behavioral changes (e.g., exercise). In this case, not only smoking cessation but also
complex risk factors such as weight management and exercise affect the CVD risk. In addi-
tion, we cannot exclude the sick-quitter effect because of the retrospective observational
nature of our study. However, we tried to reduce this by excluding those who had a prior
diagnosis of CVD or HCC before cohort entry, and we ascertained outcome events after a
lag of two years. Second, in our study, we used a different definition of “ex-smoker” from
the Centers for Disease Control and Prevention guidelines [45,46]. It is possible that this
difference in classification influenced the results. Finally, even for ex-smokers, there is a
difference in the risk of CVD between heavy and light smokers. Since the ex-smoker group
is a relatively heterogenous group containing both heavy and light smokers, it is possible
that this heterogenicity influenced the results.

Another finding in our study was that there were differences in risk between men and
women. Cigarette smoking increased the incidence of both liver cancer and CVD in men
but only increased the incidence of CVD in women. Differences in HCC between genders
seem to be connected to both behavioral and biological elements. Wu et al. [47] reported
that elderly women with HCC exhibit a higher prevalence of NAFLD/NASH and might be
missed by existing monitoring recommendations. The causative processes responsible for
these disparities have not been clearly identified; they may be biological, such as thrombin
signaling, or associated with variations in smoking habits between males and females [48].

Our study has the following shortcomings: First, considering the period of occurrence
in fatty-liver-associated HCC, the follow-up period is relatively short. Second, since we
could not obtain the results of the dose response in smoking, it is hard to provide a criterion
for exactly how much smoking is dangerous for the development of HCC or CVD. Third,
our study was conducted only in Korea, a clustered population. Thus, there are limitations
in applying it to the Western population, which is a relatively heterogenous group. Finally,
risk factors for fatty-liver-associated HCC have not been established yet, so there might be
other risk factors for HCC that we have not considered. For better insight, long-term studies
are required on following topics: First, ex-smokers show the tendency to reduce the risk of
HCC compared to current smokers, but research on how many years of smoking cessation
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is needed should be considered. Second, further study to determine how e-cigarettes affect
the development of HCC is required.

In conclusion, smoking significantly increases the incidence of HCC and cardiovascular
disease in patients with MAFLD, and therefore, it is strongly required that patients with
this condition quit smoking.

Author Contributions: Conceptualization, E.J.C.; formal analysis, M.Y.P, J.-H.Y,, S].Y,, S.GK, Y.J K,
Y.SK. and J.-H.Y,; investigation, J.-].Y. and M.Y.P,; data curation, M.Y.P,; writing—original draft
preparation, J.-J.Y. and E.J.C.; writing—review and editing, ].-].Y. and E.J.C. All authors have read
and agreed to the published version of the manuscript.

Funding: This research was funded by the Seoul National University Hospital Research Fund (No.
05-2021-0010) and Liver Research Foundation of Korea, and in part of Soonchunhyang University
Research Fund (No. 2023).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of Seoul National University Hospital
(IRB No, E-1910-003-1066).

Informed Consent Statement: Patient consent was waived from the IRB, as only de-identified
information was used.

Data Availability Statement: The datasets generated during and/or analyzed during the current
study are available from the corresponding author on reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

Eslam, M.; Newsome, PN.; Sarin, S.K.; Anstee, Q.M.; Targher, G.; Romero-Gomez, M.; Zelber-Sagi, S.; Wai-Sun Wong, V.;
Dufour, J.E; Schattenberg, ]. M.; et al. A new definition for metabolic dysfunction-associated fatty liver disease: An international
expert consensus statement. J. Hepatol. 2020, 73, 202-209. [CrossRef] [PubMed]

Fouad, Y.; Waked, I; Bollipo, S.; Gomaa, A.; Ajlouni, Y.; Attia, D. What's in a name? Renaming ‘NAFLD’ to ‘'MAFLD'. Liver Int.
2020, 40, 1254-1261. [CrossRef] [PubMed]

Kawaguchi, T.; Tsutsumi, T.; Nakano, D.; Eslam, M.; George, J.; Torimura, T. MAFLD enhances clinical practice for liver disease in
the Asia-Pacific region. Clin. Mol. Hepatol. 2022, 28, 150-163. [CrossRef] [PubMed]

Quek, J.; Ng, C.H.; Tang, A.S.P.; Chew, N.; Chan, M.; Khoo, C.M.; Wei, C.P; Chin, Y.H.; Tay, P; Lim, G.; et al. Metabolic Associated
Fatty Liver Disease Increases the Risk of Systemic Complications and Mortality. A Meta-Analysis and Systematic Review of
12 620 736 Individuals. Endocr. Pract. 2022, 28, 667-672. [CrossRef] [PubMed]

Wong, R.].; Singal, A.K. Trends in Liver Disease Etiology Among Adults Awaiting Liver Transplantation in the United States,
2014-2019. JAMA Netw. Open. 2020, 3, €1920294. [CrossRef] [PubMed]

Korean Liver Cancer Association (KLCA) and National Cancer Center (NCC) Korea. 2022 KLCA-NCC Korea practice guidelines
for the management of hepatocellular carcinoma. J. Liver Cancer 2023, 23, 1-120. [CrossRef]

Daher, D.; Dahan, K.S.E.; Singal, A.G. Non-alcoholic fatty liver disease-related hepatocellular carcinoma. J. Liver Cancer 2023,
23,127-142. [CrossRef]

Rutledge, S.M.; Asgharpour, A. Smoking and Liver Disease. Gastroenterol. Hepatol. (N. Y.) 2020, 16, 617-625.

Addolorato, G.; Bataller, R.; Burra, P; DiMartini, A.; Graziadei, I.; Lucey, M.R.; Mathurin, P.; O’Grady, J.; Pageaux, G;
Berenguer, M. Liver Transplantation for Alcoholic Liver Disease. Transplantation 2016, 100, 981-987. [CrossRef]

Adams, L.A; Anstee, Q.M.; Tilg, H.; Targher, G. Non-alcoholic fatty liver disease and its relationship with cardiovascular disease
and other extrahepatic diseases. Gut 2017, 66, 1138-1153. [CrossRef]

Marti-Aguado, D.; Clemente-Sanchez, A.; Bataller, R. Cigarette smoking and liver diseases. ]. Hepatol. 2022, 77, 191-205.
[CrossRef]

Shohdy, K.S.; Abdel-Rahman, O. Is smoking causally-associated with hepatitis B virus-related hepatocellular carcinoma? Ann.
Transl. Med. 2019, 7, S44. [CrossRef]

Taye, B.W. Hepatitis C virus infection and tobacco smoking—]Joint health effects and implications for treatment of both: A
systematic review. medRxiv 2021. [CrossRef]

Zhang, X.F.; Wei, T; Liu, X.M,; Liu, C.; Lv, Y. Impact of cigarette smoking on outcome of hepatocellular carcinoma after surgery in
patients with hepatitis B. PLoS ONE 2014, 9, e85077. [CrossRef]

Lee, J.; Lee, ].S.; Park, S.H.; Shin, S.A.; Kim, K. Cohort Profile: The National Health Insurance Service-National Sample Cohort
(NHIS-NSC), South Korea. Int. J. Epidemiol. 2017, 46, e15. [CrossRef]


https://doi.org/10.1016/j.jhep.2020.03.039
https://www.ncbi.nlm.nih.gov/pubmed/32278004
https://doi.org/10.1111/liv.14478
https://www.ncbi.nlm.nih.gov/pubmed/32301554
https://doi.org/10.3350/cmh.2021.0310
https://www.ncbi.nlm.nih.gov/pubmed/34753279
https://doi.org/10.1016/j.eprac.2022.03.016
https://www.ncbi.nlm.nih.gov/pubmed/35364328
https://doi.org/10.1001/jamanetworkopen.2019.20294
https://www.ncbi.nlm.nih.gov/pubmed/32022875
https://doi.org/10.17998/jlc.2022.11.07
https://doi.org/10.17998/jlc.2022.12.30
https://doi.org/10.1097/TP.0000000000001156
https://doi.org/10.1136/gutjnl-2017-313884
https://doi.org/10.1016/j.jhep.2022.01.016
https://doi.org/10.21037/atm.2019.02.44
https://doi.org/10.1101/2021.10.12.21264923
https://doi.org/10.1371/journal.pone.0085077
https://doi.org/10.1093/ije/dyv319

J. Clin. Med. 2023, 12, 3336 10 of 11

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

European Association for the Study of the Liver; European Association for the Study of Diabetes; European Association for
the Study of Obesity. EASL-EASD-EASO Clinical Practice Guidelines for the management of non-alcoholic fatty liver disease.
Diabetologia 2016, 59, 1121-1140. [CrossRef]

Bedogni, G.; Bellentani, S.; Miglioli, L.; Masutti, F.; Passalacqua, M.; Castiglione, A.; Tiribelli, C. The Fatty Liver Index: A simple
and accurate predictor of hepatic steatosis in the general population. BMIC Gastroenterol. 2006, 6, 33. [CrossRef]

Lee, H.; Lee, HW.,; Kim, S.U.; Chang Kim, H. Metabolic Dysfunction-Associated Fatty Liver Disease Increases Colon Cancer Risk:
A Nationwide Cohort Study. Clin. Transl. Gastroenterol. 2022, 13, e00435. [CrossRef]

Lee, H.; Lee, YH.; Kim, S.U.; Kim, H.C. Metabolic Dysfunction-Associated Fatty Liver Disease and Incident Cardiovascular
Disease Risk: A Nationwide Cohort Study. Clin. Gastroenterol. Hepatol. 2021, 19, 2138-2147. [CrossRef]

Bray, F.; Ferlay, ].; Soerjomataram, I.; Siegel, R.L.; Torre, L.A.; Jemal, A. Global cancer statistics 2018: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer |. Clin. 2018, 68, 394-424. [CrossRef]

GBD 2015 Risk Factors Collaborators. Global, regional, and national comparative risk assessment of 79 behavioural, environmental
and occupational, and metabolic risks or clusters of risks, 1990-2015: A systematic analysis for the Global Burden of Disease
Study 2015. Lancet 2016, 388, 1659-1724. [CrossRef]

Huang, D.Q.; El-Serag, H.B.; Loomba, R. Global epidemiology of NAFLD-related HCC: Trends, predictions, risk factors and
prevention. Nat. Rev. Gastroenterol. Hepatol. 2021, 18, 223-238. [CrossRef]

Patel, R.R.; Ryu, ].H.; Vassallo, R. Cigarette smoking and diffuse lung disease. Drugs 2008, 68, 1511-1527. [CrossRef]

Sasco, A.J.; Secretan, M.B.; Straif, K. Tobacco smoking and cancer: A brief review of recent epidemiological evidence. Lung Cancer
2004, 45 (Suppl. S2), S3-59. [CrossRef]

Wilson, PW. Smoking, smoking cessation, and risk of cardiovascular disease. Curr. Treat. Options Cardiovasc. Med. 2006, 8, 276-281.
[CrossRef]

Abdullah, A.S.; Husten, C.G. Promotion of smoking cessation in developing countries: A framework for urgent public health
interventions. Thorax 2004, 59, 623-630. [CrossRef]

El-Zayadi, A.R. Heavy smoking and liver. World ]. Gastroenterol. 2006, 12, 6098-6101. [CrossRef]

Husain, K.; Scott, B.R.; Reddy, S.K.; Somani, S.M. Chronic ethanol and nicotine interaction on rat tissue antioxidant defense
system. Alcohol 2001, 25, 89-97. [CrossRef]

Watanabe, K.; Eto, K.; Furuno, K.; Mori, T.; Kawasaki, H.; Gomita, Y. Effect of cigarette smoke on lipid peroxidation and liver
function tests in rats. Acta Med. Okayama 1995, 49, 271-274. [CrossRef]

Yu, M.W,; Yang, S.Y.; Chiu, Y.H.; Chiang, Y.C.; Liaw, Y.E; Chen, C.J. A p53 genetic polymorphism as a modulator of hepatocellular
carcinoma risk in relation to chronic liver disease, familial tendency, and cigarette smoking in hepatitis B carriers. Hepatology 1999,
29, 697-702. [CrossRef]

Suzuki, N.; Wakisaka, S.; Takeba, Y.; Mihara, S.; Sakane, T. Effects of cigarette smoking on Fas/Fas ligand expression of human
lymphocytes. Cell. Immunol. 1999, 192, 48-53. [CrossRef]

Meliska, C.J.; Stunkard, M.E,; Gilbert, D.G.; Jensen, R.A.; Martinko, ].M. Immune function in cigarette smokers who quit smoking
for 31 days. J. Allergy Clin. Immunol. 1995, 95, 901-910. [CrossRef]

Wang, L.Y.; Chen, CJ.; Zhang, Y].; Tsai, W.Y.; Lee, PH.; Feitelson, M.A.; Lee, C.S.; Santella, R.M. 4-Aminobiphenyl DNA damage
in liver tissue of hepatocellular carcinoma patients and controls. Am. . Epidemiol. 1998, 147, 315-323. [CrossRef]

Sherman, M. Vinyl chloride and the liver. J. Hepatol. 2009, 51, 1074-1081. [CrossRef]

Wang, B.; Zhang, Y.; Xu, D.Z.; Wang, A.H.; Zhang, L.; Sun, C.S,; Li, L.S. [Meta-analysis on the relationship between tobacco
smoking, alcohol drinking and p53 alteration in cases with esophageal carcinoma]. Zhonghua Liu Xing Bing Xue Za Zhi 2004,
25,775-778.

Lee, Y.C.; Cohet, C.; Yang, Y.C.; Stayner, L.; Hashibe, M.; Straif, K. Meta-analysis of epidemiologic studies on cigarette smoking
and liver cancer. Int. |. Epidemiol. 2009, 38, 1497-1511. [CrossRef]

Abdel-Rahman, O.; Helbling, D.; Schob, O.; Eltobgy, M.; Mohamed, H.; Schmidt, J.; Giryes, A.; Mehrabi, A.; Iype, S.; John, H.; et al.
Cigarette smoking as a risk factor for the development of and mortality from hepatocellular carcinoma: An updated systematic
review of 81 epidemiological studies. J. Evid. Based Med. 2017, 10, 245-254. [CrossRef]

Jung, H.S.; Chang, Y.; Kwon, M.].; Sung, E.; Yun, K.E.; Cho, Y.K,; Shin, H.; Ryu, S. Smoking and the Risk of Non-Alcoholic Fatty
Liver Disease: A Cohort Study. Am. ]. Gastroenterol. 2019, 114, 453-463. [CrossRef]

Angulo, P; Kleiner, D.E.; Dam-Larsen, S.; Adams, L.A.; Bjornsson, E.S.; Charatcharoenwitthaya, P.; Mills, P.R.; Keach, J.C.;
Lafferty, H.D.; Stahler, A.; et al. Liver Fibrosis, but No Other Histologic Features, Is Associated With Long-term Outcomes of
Patients With Nonalcoholic Fatty Liver Disease. Gastroenterology 2015, 149, 389-397. [CrossRef]

Hassan, M.M.; Abdel-Wahab, R.; Kaseb, A.; Shalaby, A.; Phan, A.T.; El-Serag, H.B.; Hawk, E.; Morris, J.; Singh Raghav, K.P;
Lee, ].S.; et al. Obesity Early in Adulthood Increases Risk but Does Not Affect Outcomes of Hepatocellular Carcinoma. Gastroen-
terology 2015, 149, 119-129. [CrossRef]

Ioannou, G.N. Epidemiology and risk-stratification of NAFLD-associated HCC. J. Hepatol. 2021, 75, 1476-1484. [CrossRef]
Yuan, ].M.; Govindarajan, S.; Arakawa, K.; Yu, M.C. Synergism of alcohol, diabetes, and viral hepatitis on the risk of hepatocellular
carcinoma in blacks and whites in the U.S. Cancer 2004, 101, 1009-1017. [CrossRef]

Marrero, J.A.; Fontana, R.J.; Fu, S.; Conjeevaram, H.S.; Su, G.L.; Lok, A.S. Alcohol, tobacco and obesity are synergistic risk factors
for hepatocellular carcinoma. J. Hepatol. 2005, 42, 218-224. [CrossRef]


https://doi.org/10.1007/s00125-016-3902-y
https://doi.org/10.1186/1471-230X-6-33
https://doi.org/10.14309/ctg.0000000000000435
https://doi.org/10.1016/j.cgh.2020.12.022
https://doi.org/10.3322/caac.21492
https://doi.org/10.1016/S0140-6736(16)31679-8
https://doi.org/10.1038/s41575-020-00381-6
https://doi.org/10.2165/00003495-200868110-00004
https://doi.org/10.1016/j.lungcan.2004.07.998
https://doi.org/10.1007/s11936-006-0048-0
https://doi.org/10.1136/thx.2003.018820
https://doi.org/10.3748/wjg.v12.i38.6098
https://doi.org/10.1016/S0741-8329(01)00176-8
https://doi.org/10.18926/AMO/30402
https://doi.org/10.1002/hep.510290330
https://doi.org/10.1006/cimm.1998.1432
https://doi.org/10.1016/S0091-6749(95)70135-4
https://doi.org/10.1093/oxfordjournals.aje.a009452
https://doi.org/10.1016/j.jhep.2009.09.012
https://doi.org/10.1093/ije/dyp280
https://doi.org/10.1111/jebm.12270
https://doi.org/10.1038/s41395-018-0283-5
https://doi.org/10.1053/j.gastro.2015.04.043
https://doi.org/10.1053/j.gastro.2015.03.044
https://doi.org/10.1016/j.jhep.2021.08.012
https://doi.org/10.1002/cncr.20427
https://doi.org/10.1016/j.jhep.2004.10.005

J. Clin. Med. 2023, 12, 3336 11 of 11

44.

45.

46.

47.

48.

Petrick, J.L.; Campbell, P.T.; Koshiol, J.; Thistle, J.E.; Andreotti, G.; Beane-Freeman, L.E.; Buring, ].E.; Chan, A.T.; Chong, D.Q;
Doody, M.M.; et al. Tobacco, alcohol use and risk of hepatocellular carcinoma and intrahepatic cholangiocarcinoma: The Liver
Cancer Pooling Project. Br. J. Cancer 2018, 118, 1005-1012. [CrossRef]

Hajat, A.; Lucas, ].B.; Kington, R. Health Outcomes among Hispanic Subgroups: Data from the National Health Interview Survey,
1992-1995. In Advance Data; U.S. Department of Health and Human Services: Washington, DC, USA; Centers for Disease Control
and Prevention: Atlanta, GA, USA; National Center for Health Statistics: Hyattsville, MD, USA, 2000; pp. 1-14.

Pomerleau, C.S.; Pomerleau, O.F; Snedecor, S.M.; Mehringer, A.M. Defining a never-smoker: Results from the nonsmokers survey.
Addict. Behav. 2004, 29, 1149-1154. [CrossRef]

Wu, EM.; Wong, L.L.; Hernandez, B.Y,; Ji, ].E; Jia, W.; Kwee, S.A.; Kalathil, S. Gender differences in hepatocellular cancer:
Disparities in nonalcoholic fatty liver disease/steatohepatitis and liver transplantation. Hepatoma Res. 2018, 4, 66. [CrossRef]
Huxley, R.R.; Woodward, M. Cigarette smoking as a risk factor for coronary heart disease in women compared with men: A
systematic review and meta-analysis of prospective cohort studies. Lancet 2011, 378, 1297-1305. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1038/s41416-018-0007-z
https://doi.org/10.1016/j.addbeh.2004.03.008
https://doi.org/10.20517/2394-5079.2018.87
https://doi.org/10.1016/S0140-6736(11)60781-2

	Introduction 
	Materials and Methods 
	Data Source and Study Population 
	Data Collection 
	Definition of MAFLD and Control Group 
	Study Outcome 
	Statistical Analyses 

	Results 
	Baseline Characteristics of the Study Population 
	Incidence of HCC and CVD 
	Association between Smoking and Incident HCC 
	Smoking on the Development of CVD 
	Effect of Smoking in Stratification by Sex 

	Discussion 
	References

