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Abstract
BACKGROUND 
Research exploring the influence of healthier lifestyle modification (LSM) on the 
risk of hepatocellular carcinoma (HCC) in patients with chronic hepatitis B (CHB) 
is limited.

AIM 
To emulate a target trial to determine the effect of LSM on HCC incidence and 
mortality among patients with CHB by large-scale population-based observa-
tional data.

METHODS 
Among the patients with CHB enrolled in the Korean National Health Insurance 
Service between January 1, 2009, and December 31, 2017, those aged ≥ 20 years 
who drank alcohol, smoked cigarettes, and were sedentary were analyzed. 
Exposure included at least one LSM, including alcohol abstinence, smoking 
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cessation, and regular exercise. The primary outcome was HCC development, and the secondary 
outcome was liver-related mortality. We used 2:1 propensity score matching to account for 
covariates.

RESULTS 
With 48766 patients in the LSM group and 103560 in the control group, the adjusted hazard ratio 
(HR) for incident HCC and liver-related mortality was 0.92 [95% confidence interval (CI): 0.87-
0.96] and 0.92 (95%CI: 0.86-0.99) in the LSM group, respectively, compared with the control group. 
Among the LSM group, the adjusted HR (95%CI) for incident HCC was 0.84 (0.76-0.94), 0.87 (0.81-
0.94), and 1.08 (1.00-1.16) for alcohol abstinence, smoking cessation, and regular exercise, 
respectively. The adjusted HR (95%CI) for liver-related mortality was 0.92 (0.80-1.06), 0.81 (0.72-
0.91), and 1.15 (1.04-1.27) for alcohol abstinence, smoking cessation, and regular exercise, 
respectively.

CONCLUSION 
LSM lowered the risk of HCC and mortality in patients with CHB. Thus, active LSM, particularly 
alcohol abstinence and smoking cessation, should be encouraged in patients with CHB.

Key Words: Lifestyle modification; Chronic hepatitis B; Hepatocellular carcinoma; Cancer; Mortality

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Unhealthy behaviors, including smoking, sedentary lifestyle, or alcohol drinking, are known to 
have adverse effect on the outcome among chronic hepatitis B (CHB) patients. However, there are limited 
data on the effect of healthier lifestyle modification (LSM), including quitting smoking, regular exercise, 
and quitting drinking, on the risk of hepatocellular carcinoma (HCC) in CHB patients. In this first 
hypothetical randomized trial, we demonstrated that the LSM lowers the risk of developing HCC by using 
the nationwide database. The findings of this study highlight the necessity for active counseling and 
therapeutic intervention for LSM in CHB patients.

Citation: Park Y, Kang D, Sinn DH, Kim H, Hong YS, Cho J, Gwak GY. Effect of lifestyle modification on 
hepatocellular carcinoma incidence and mortality among patients with chronic hepatitis B. World J Gastroenterol 
2023; 29(24): 3843-3854
URL: https://www.wjgnet.com/1007-9327/full/v29/i24/3843.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i24.3843

INTRODUCTION
Chronic hepatitis B virus (HBV) infection is the leading cause of hepatocellular carcinoma (HCC) and 
accounts for 56% of all cases[1,2]. Despite the introduction of neonatal immunization to prevent vertical 
transmission and antiviral medications with high genetic barrier, the risk of HCC remains high[3]. Thus, 
ongoing efforts are being made to further decrease the global health burden of chronic hepatitis B (CHB) 
with modifiable risk factors.

Mounting evidence indicates that not only viral factors but also host factors, such as alcohol 
consumption, smoking, and obesity, and diet influence the prognosis of patients with CHB[4-7]. Alcohol 
drinking was associated with increased risk of HCC[8] and mortality[9]. A meta-analysis reported that 
smoking elevated the risk of HCC by 1.44 times through an additive interaction[10], and a recent 
prospective cohort study on patients with diabetes and CHB showed pack per year dose responsiveness
[7]. Insulin resistance[11] and central obesity[12] increase the incidence of liver cancer in patients with 
CHB. In contrast, increased physical activity can lower the incidence of liver cancer[13]. Corres-
pondingly, few studies have evaluated whether the modification on behavioral risk factors reduces the 
incidence of HCC, although studies have demonstrated that the risk of developing HCC increases with 
unhealthy behavior[14]. A meta-analysis attempted to confirm whether alcohol abstinence prevents 
HCC; however, reliable results were not obtained owing to the lack of quality studies[14]. Evidence 
from observational studies and meta-analyses suggests that coffee consumption can reduce the 
incidence of HCC including in patients with CHB[15,16]. Furthermore, several studies have de-
monstrated that food-derived components may have a positive impact on the progression of liver 
fibrosis[17,18] and the treatment of HCC[19-21]. Randomized controlled trials (RCTs) are required to 
confirm the benefits of modifying behavioral risk factors for HCC in patients with CHB. However, no 
RCT on patients with CHB has evaluated the impact of lifestyle modifications (LSM) on the incidence of 
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HCC. This might be because RCTs require enormous resources and time, including medical care, patient 
participation, human resources, and time to observe events.

An emulated target trial using observational data can help avoid methodological pitfalls in observa-
tional studies[22]. It can yield the same estimated effects as that of an RCT if the emulation is successful
[23]. HBV infection is the most common cause of HCC in South Korea[24]. South Korea has government-
mandated universal health insurance coverage for the entire population[25]. The Korean National 
Health Insurance Service (K-NHIS) claims database includes information on disease and treatment, as 
well as health behaviors. Thus, we conducted an emulation trial to determine the effect of LSM on HCC 
incidence and mortality among patients with CHB using nationwide registry data.

MATERIALS AND METHODS
Data sources and study population
We performed a sequential trial emulation study using the K-NHIS database. The K-NHIS database 
represents the entire South Korean population. The K-NHIS claims database contains information on 
demographics, medical treatment, procedures, prescription drugs, diagnostic codes, and hospital use. 
Diagnoses in the K-NHIS database were based on the International Classification of Diseases, 10th 
revision (ICD-10). In addition, the K-NHIS claims database includes data from the National Health 
Screening Examination (NHSE), which is a standardized health screening program provided to all 
insured persons every 2 years[26]. The NHSE includes a self-administered questionnaire on medical 
history and health behaviors; including smoking, drinking, and physical activity; anthropometric 
measurements; and laboratory tests. The participation rate of the NHSE in the target population is 
approximately 76%. The use of the K-NHIS database was approved by the NHIS Review Committee 
(protocol number: NHIS-2021-1-575). All patients received an anonymous identification code in the K-
NHIS data to protect the patients' information and identity.

This study included participants aged ≥ 20 years with CHB, which was defined as the presence of 
HBV (B18.0, B18.1, B18.10, B18.18, or Z22.5) codes in any claim or presented in a death certificate during 
the study period. We restricted participants to those who were drinking, smoking, and did not exercise 
regularly during the health screening exam between January 1, 2009, and December 31, 2017, as our 
study aimed to evaluate the benefits of LSM. We then selected participants who had at least one 
additional health screening examination to evaluate changes in lifestyle (baseline). We excluded 
participants with a history of cancer, human immunodeficiency virus (HIV) infection (ICD-10 codes: 
B20, B21, B22, and B24), hepatitis C virus (HCV) infection (ICD 10 code: B18.2), liver cirrhosis (ICD-10 
codes: K70.2, K70.3, K71.7, K76.1, and K74), jaundice (ICD-10 code: R17), ascites (ICD-10 code: R18), and 
hepatic failure (ICD-10 code: K720). Furthermore, we excluded participants who developed cancer or 
died within the first month of follow-up to minimize potential reverse causality. We also excluded those 
with missing data for matching variables. The Institutional Review Board of Samsung Medical Center 
approved the study and waived the requirement for informed consent because the K-NHIS data were 
de-identified.

Measurements
The main exposure was LSM including alcohol abstinence, smoking cessation, and regular exercise. The 
NHSE used standardized questionnaires to obtain information on alcohol drinking, smoking, and 
exercise. For the information on smoking status, participants were asked if they had ever smoked at 
least 100 cigarettes in their lifetime, based on the World Health Organization definition. Ever smokers 
were then asked regarding the duration of smoking and the mean number of cigarettes smoked per day. 
For drinking, participants were asked for the frequency (number of days per week) and quantity 
(amount of standard unit per occasion) of alcohol consumption. A standard unit was defined as a 
specialized cup for each type of alcohol such as beer, wine, Korean traditional alcohol (soju), or whisky. 
One standard unit contains roughly 8 g of ethanol in Korea, although different drinks can have very 
different alcohol content. The weekly amount of alcohol consumption was calculated by multiplying 
these two values. Alcohol intake was categorized into none, moderate (< 40 g/d in women and < 60 g/d 
in men), and heavy (≥ 40 g/d in women and ≥ 60 g/d in men). The exercise questionnaire used a 7-d 
recall method. The questionnaire was similar to the International Physical Activity Questionnaire 
(IPAQ)-Short form, which was modified by the Korean NHIS (see Supplementary Figure 1). The 
questionnaire consisted of the following three questions: (1) How many days in the past week did you 
engage in vigorous activities that made you breathe much harder than normal for at least 20 min per 
day (e.g., running, aerobics, fast biking, climbing, etc.)? (2) How many days in the past week did you 
engage in moderate activities that made you breathe somewhat harder than normal for at least 30 min 
per day (e.g., fast walking, doubles tennis, riding a bicycle at a normal speed, mopping, etc.)? and (3) 
How many days in the past week did you engage in light activities, such as walking for at least 30 min 
per day, adding up to a total of at least 30 min per day (e.g., walking to and from work or for leisure, 
light household chores, etc.)? This questionnaire has been widely used in previous studies. The main 
exposure was regular physical activity, which was defined as vigorous physical activity for ≥ 3 d per 

https://f6publishing.blob.core.windows.net/38d6947f-9d73-4323-b316-a6751db88ee2/WJG-29-3843-supplementary-material.pdf
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week (at least 60 min per week) or moderate physical activity for ≥ 5 d per week (at least 150 min per 
week).

The primary endpoint was the development of HCC. HCC was defined as the presence of a cancer-
specific insurance claim code (V193 code) with the C22.0 code, which is ICD-10 code for HCC. The 
secondary endpoint was liver-related mortality. Vital status and cause of death were obtained from 
death certificates collected by the Statistics Korea at the Ministry of Strategy and Finance of South Korea
[27]. We considered it a liver-related death if the patients had liver cancer (C22) or liver disease 
(B15–B19, K70–K75) codes for the cause of death. We also included the development of all types of 
cancer, extrahepatic cancer, and all-cause mortality as the endpoints.

We included age, sex, body mass index (BMI), liver enzymes [aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), and γ-glutamyl transferase (GGT)], comorbidities, and antiviral 
medications at baseline as covariates. Daily alcohol consumption, drinking status, smoking status, and 
level of physical activity at the time of inclusion were also analyzed.

Assigned groups and follow-up
We emulated a pragmatic sequence of trials by aligning the eligibility window, group assignment, and 
start of follow-up between study arms[28]. We identified patients with CHB who met the eligibility 
criteria on the day of health-screening visits to emulate a trial of the effectiveness of LSM on clinical 
outcomes in patients with CHB. We repeated the enrollment process for all available health screening 
visits. Each participant could contribute as an eligible individual to as many trials as possible. The 
emulation of sequential trials is a valid and efficient procedure if participants meet the eligibility criteria 
at several time points[29]. The participants were then reclassified into two groups according to LSM at 
the visit. In all trials, participants were followed from baseline until the development of HCC, death, or 
December 2019, whichever occurred first.

Furthermore, propensity score (PS) matching was performed to minimize the potential impact of 
confounders on outcomes. We conducted multivariable logistic regression using the following 
covariates: Age, BMI, AST, ALT, GGT, presence of hypertension, diabetes, myocardial infarction, 
congestive heart failure, cerebrovascular accident, whether the participant took antiviral medications at 
the current health screening visit, drinking status (moderate or heavy), smoking status, daily alcohol 
consumption, and physical activity status (not at all or a little) at the previous health screening visit to 
estimate the PS for the LSM group. Furthermore, if a patient had health screenings at different time 
points, we followed them from the date of their first screening, and then the time since the previous 
exam was included in the matching variables. Matching was performed using a greedy algorithm 
(caliper = 0.1). The control group was matched 2:1 with the LSM group in each trial. The covariate 
variables were updated at the start of each trial in the analysis. The covariates were updated over time 
following the sequential target emulate trial methods. This methodological strategy aligned the 
assessment of eligibility criteria, treatment assignment, and starting of follow-up, thus removing any 
immortal-time bias related to the delay between the health screening visit and adoption of healthy 
behaviors on clinical outcomes. We pooled data from all trials into a single model and included the day 
of the trial’s baseline in the analysis.

Statistical analysis
The primary analysis was intention-to-treat analysis. Cumulative incidence of each outcome was 
estimated using the Kaplan-Meier method, and log rank tests were used to evaluate differences between 
the groups. We calculated hazard ratios (HR) with 95% confidence intervals (CI) for incidence of clinical 
outcome using a Cox regression model. Covariates with SMD > 0.1, which can provide evidence of an 
imbalance between matched groups, were adjusted for survival analysis.

We examined the proportional hazards assumption using plots of the log(-log) survival function and 
Schoenfeld residuals. All P values were two-sided, and a P value < 0.05 was considered as significant. 
Analyses were performed using of SAS® Visual Analytics (SAS Institute Inc., United States) and R 4.1.2 
(R Foundation for Statistical Computing, Vienna, Austria).

RESULTS
Of the 304706 potential person-trials, we excluded participants with a history of any cancer (n = 30158), 
HIV (n = 140), HCV (n = 9721) infection, or liver cirrhosis (n = 28116). We also excluded participants 
who had jaundice, ascites, or hepatic failure (n = 3164) and 1117 participants who developed cancer or 
died within the first month of follow-up. Thus, 246336 person-trials met the eligibility criteria; however, 
1101 person-trials were excluded because of missing data on confounding factors. Therefore, the final 
sample size included 245235 person-trials. Among them, we selected two person-trials for the control 
group per LSM person-trial. Thus, we obtained a control group of 104560 person-trials matched with 
48766 person-trials from the LSM group (Figure 1). In the LSM group, 33.7%, 29.6%, and 16.9% of 
participants belonged to the quitting smoking (QS), regular exercise (RE), and quitting drinking (QD) 
groups, respectively. In addition, 1.5% of the participants belonged to the QD + QS + RE group.
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Figure 1 Flow chart of study participants. HBV: Hepatitis B virus; HIV: Human immunodeficiency virus; HCV: Hepatitis C virus.

The mean age of the study participants was 50 years, and 95% of them were men (Table 1). All SMDs 
of the difference between the control and LSM groups were less than 0.1, except for age and sex 
(Figure 2). The LSM group was more likely to be older and female compared with the control group.

During follow-up, 14401 participants developed cancer, and 50.8% of the incident cancers were HCC. 
The fully adjusted HR for incident HCC comparing LSM group to the control group was 0.92 (95%CI: 
0.87-0.96). The association between LSM and HCC was consistent in all subgroups analyzed, except for 
sex (Table 2). The QD (HR = 0.84, 95%CI: 0.76-0.94) and QS groups (HR = 0.87, 95%CI: 0.81-0.94) showed 
a beneficial effect on reducing incident HCC compared with the control group when we subcategorized 
LSM. The fully adjusted HR for incident all cancer and extrahepatic cancer comparing the LSM group to 
the control group was 0.93 (95%CI: 0.90-0.97) and 0.96 (95%CI: 0.91-1.01), respectively (Table 2).

During the follow-up period, 6833 participants died, and 52.8% were liver-related death. The LSM 
group had a significantly lower risk of liver-related death compared with the control group over the 
entire period. The fully adjusted HR for all-cause mortality, when comparing the LSM group with the 
control group, was 0.94 (95%CI: 0.90-0.99) (Table 3). The fully adjusted HR for liver-related mortality, 
when comparing the LSM group with the control group, was 0.92 (95%CI: 0.86-0.99) (Table 3).

DISCUSSION
This study demonstrated that LSM is associated with a reduced incidence of HCC and liver-related 
mortality in patients with CHB. Specifically, alcohol abstinence and smoking cessation were associated 
with a reduced incidence of HCC, while smoking cessation was associated with reduced liver-related 
and all-cause mortality.

We included patients with CHB who drank, smoked, and did not exercise regularly. As the risk of 
developing HCC increases with the presence of more behavioral risk factors[30], the participants of this 
study are expected to have the poorest prognosis. We found that the risk of HCC was reduced by 8% 
with the adoption of one LSM. Specifically, the risk was reduced by 16%, 13%, and -8% with alcohol 
abstinence, smoking cessation, and regular exercise, respectively. Risk was reduced by 21% when all 
LSM components were adopted. These findings strongly suggest that patients with CHB should be 
encouraged to adopt healthier lifestyles, particularly alcohol abstinence and smoking cessation.

To date, little is known regarding the effects of LSM on HCC and liver-related mortality in patients 
with CHB. Alcohol consumption increases the incidence of HCC[31,32]. A meta-analysis on the effect of 
alcohol abstinence in patients with CHB predicted that limiting alcohol consumption would have a 
protective effect against the development of HCC even though quality research has not been conducted
[14]. Abstinence is believed to counteract some effects of alcohol. Drinking upregulates cytochrome P450 
2E1 (CYP2E1), which promotes the generation of reactive oxygen species and electrolyte leakage in the 
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Table 1 Baseline characteristics

Control (n = 104560) LSM (n = 48766) SMD

Age, yr 50.1 (7.4) 51.4 (8.0) 0.122

Sex -0.133

    Male 100642 (96.3) 45496 (93.3)

    Female 3918 (3.7) 3270 (6.7)

BMI

    Underweight (< 18.5 kg/m2) 2017 (1.9) 860 (1.8) 0.028

    Normal (18.5-23 kg/m2) 34098 (32.6) 15065 (30.9) -0.012

    Obesity (23-25 kg/m2) 27019 (25.8) 12856 (26.4) -0.037

    Overweight (> 25 kg/m2) 41413 (39.6) 19976 (41.0) 0.012

    Unknown 13 (0.0) 0.012 9 (0.0) 0.005

Daily alcohol consumption1, g/d 28.8 (27.1) 26.3 (27.5) -0.064

Drinking status1

    Moderate 92707 (88.7) 43734 (89.7) 0.097

    Heavy 11853 (11.3) 5032 (10.3) -0.033

Smoking1, pack-year 19.1 (11.8) 18.2 (12.9) -0.052

Physical activity status1 0.051

    Not at all 56184 (53.7) 24967 (51.2)

    A little 48376 (46.3) 23799 (48.8)

AST, U/L 38.0 (49.6) 37.3 (45.8) -0.009

ALT, U/L 40.8 (60.8) 40.3 (59.6) -0.006

GGT, U/L 76.6 (91.8) 69.5 (94.2) -0.046

Hypertension (%) 27297 (26.1) 14145 (29.0) 0.065

Diabetes (%) 22475 (21.5) 11712 (24.0) 0.06

Myocardial infarction (%) 838 (0.8) 537 (1.1) 0.031

Congestive heart failure (%) 2142 (2.0) 1288 (2.6) 0.039

Cerebrovascular accident (%) 5150 (4.9) 3145 (6.4) 0.066

Renal disease (%) 867 (0.8) 515 (1.1) 0.023

Antiviral medications (%) 896 (0.9) 533 (1.1) -0.024

1At the time of inclusion.
Values were presented n (%) or mean (SD). LSM: Lifestyle modification; SMD: Standard mean difference; BMI: Body mass index; AST: Aspartate 
aminotransferase; ALT: Alanine aminotransferase; GGT: γ-glutamyl transferase.

mitochondrial respiratory chain[33]. After 3 d of abstinence, the levels of CYP2E1 have been shown to 
decrease rapidly, corroborating our findings[34].

Smoking is another important risk factor for HCC development from the host side. In 2010, the 
Surgeon General’s report expanded the list of smoking-related cancers to include HCC[35]. Few studies 
have demonstrated the effects of smoking cessation, although smoking is widely acknowledged as a risk 
factor for HCC. Two prospective observational studies examined the incidence of HCC, ALT elevation, 
and fibrosis score; however, no statistically significant results were obtained whether smoking cessation 
had a positive effect on the liver[36,37]. Conversely, a retrospective pooled cohort study of patients with 
CHB found that as the number of years of smoking cessation increased in ex-smokers, the rate of ALT 
elevation decreased. This effect is particularly potent after > 10 years of smoking cessation[38]. Previous 
research has provided an explanation on why smoking cessation reduces HCC. The ability of natural 
killer cells to stop HBV replication is known to be decreased by smoking, and notably, this effect is 
restored 1 mo after quitting smoking[39].
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Table 2 Hazard ratios for incident cancer according to lifestyle modification

No. of case (100 persons year) HR (95%CI)

Hepatocellular carcinoma

    Control (n = 104560) 5031 (0.8) Reference

    LSM1 (n = 48766) 2296 (0.8) 0.92 (0.87-0.96)

        QD (n = 8224) 371 (0.7) 0.84 (0.76-0.94)

        QS (n = 16423) 695 (0.7) 0.87 (0.81-0.94)

        RE (n = 14457) 799 (0.9) 1.08 (1.00-1.16)

        QD + QS + RE (n = 686) 31 (0.7) 0.79 (0.55-1.12)

All cancer

    Control (n = 104560) 9691 (1.6) Reference

    LSM (n = 48766) 4710 (1.6) 0.93 (0.90-0.97)

        QD (n = 8224) 826 (1.7) 0.92 (0.86-0.99)

        QS (n = 16423) 1411 (1.5) 0.89 (0.84-0.94)

        RE (n = 14457) 1506 (1.8) 1.04 (0.99-1.10)

        QD + QS + RE (n = 686) 70 (1.7) 0.85 (0.67-1.07)

Extrahepatic cancer

    Control (n = 104560) 4660 (0.8) Reference

    LSM (n = 48766) 2414 (0.8) 0.96 (0.91-1.01)

        QD (n = 8224) 455 (0.9) 1.01 (0.92-1.11)

        QS (n = 16423) 716 (0.8) 0.91 (0.84-0.99)

        RE (n = 14457) 707 (0.8) 1.00 (0.93-1.09)

        QD + QS + RE (n = 686) 39 (0.9) 0.91 (0.67-1.25)

1Lifestyle modification is quitting drinking or quitting smoking or regular exercise.
HR: Hazard ratio; CI: Confidence interval; LSM: Lifestyle modification; QD: Quitting drinking; QS: Quitting smoking; RE: Regular exercise.

Figure 2 Covariate balance check. AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; CCT: γ-glutamyl transferase; BMI: Body mass index.

Some findings regarding the effect of exercise on HCC in patients with CHB are inconsistent, 
although the preventive effect of exercise on liver-related outcomes in patients with non-alcoholic fatty 
liver is well established. A study of patients with CHB revealed that exercise reduces the risk of HCC 
overall, whereas physical activity of ≥ 1500 MET-min/week increases the risk of HCC in patients with 
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Table 3 Hazard ratios for mortality according to lifestyle modification

No. of case (100 persons year) HR (95%CI)

Liver-related mortality

    Control (n = 104560) 2458 (0.4) Reference

    LSM1 (n = 48766) 1150 (0.4) 0.92 (0.86-0.99)

        QD (n = 8224) 203 (0.4) 0.92 (0.80-1.06)

        QS (n = 16423) 319 (0.3) 0.81 (0.72-0.91)

        RE (n = 14457) 422 (0.5) 1.15 (1.04-1.27)

        QD + QS + RE (n = 686) 17 (0.4) 0.85 (0.53-1.37)

All-cause mortality

    Control (n = 104560) 4539 (0.7) Reference

    LSM (n = 48766) 2294 (0.7) 0.94 (0.90-0.99)

        QD (n = 8224) 451 (0.9) 1.04 (0.94-1.15)

        QS (n = 16423) 588 (0.6) 0.78 (0.72-0.85)

        RE (n = 14457) 772 (0.9) 1.11 (1.03-1.20)

        QD + QS + RE (n = 686) 38 (0.9) 0.91 (0.66-1.25)

1Lifestyle modification is quitting drinking or quitting smoking or regular exercise.
HR: Hazard ratio; CI: Confidence interval; LSM: Lifestyle modification; QD: Quitting drinking; QS: Quitting smoking; RE: Regular exercise.

liver cirrhosis[13]. In addition, in a multinational cohort study, the effect of exercise on HCC prevention 
was not statistically significant in the sub-analysis of patients with CHB[40]. In our study, unlike alcohol 
abstinence and smoking cessation, regular exercise did not have a beneficial effect on HCC prevention 
or mortality. However, in this study, we had no detailed information on exercise, such as intensity or 
reason for exercise. Future studies are required to determine the effect of exercise and its type on HCC 
and the dose relationship in patients with CHB.

This study had several limitations. First, because this was a retrospective study, inevitable problems 
were encountered. Exclusion criteria were established to identify individuals who were expected to 
sustain their health status for an extended length of time at baseline. Nonetheless, the issue of reverse 
causation may remain. The K-NHIS does not provide information on the reasons for changing health 
behaviors. Consequently, sick quitter bias may arise in which people abstain from drinking or smoking 
because their health deteriorates to the point that they no longer find drinking or smoking enjoyable
[41]. We further excluded participants who developed cancer or died within the first month of follow-
up from baseline to minimize potential reverse causality. Second, our study used a self-report 
questionnaire to assess health behaviors. People might overreport or underreport health behaviors that 
would affect the results[42,43]. However, the NHSE uses a standardized questionnaire to assess health 
behaviors. Third, quantitative guidance for HCC risk and mortality reduction could not be offered 
because the dose- and time-effect linkages of LSM were not determined in this study. In addition, 
patients' assigned groups during the study might have changes, which could potentially underestimate 
the association between LSM and outcomes. However, additional biases in the analysis could have been 
introduced as some patients did not participate in the next health screening visit. Therefore, we 
performed target trial emulation to reduce selection bias and provide more robust estimates of 
treatment effects. Specifically, we were able to allocate the two groups at the “beginning” of induction, 
before subsequently emulating the randomization process using coarsened exact matching, through 
simultaneous determination of eligibility and assigning two arms. Fourth, we lacked several important 
variables for the outcome of CHB, for example, the degree of liver fibrosis and hepatitis B viral load. 
However, the administration of antiviral agents in Korea is subject to a reimbursement policy based on 
the presence of liver cirrhosis, elevated AST or ALT levels, and DNA levels. In this study, we attempted 
to partially account for liver fibrosis and DNA levels via adjusting for whether or not the patient 
received antiviral treatment. We were able to allocate the two groups at the “beginning” of induction, 
before subsequently emulating the randomization process using coarsened exact matching, through 
simultaneous determination of eligibility and assigning two arms.



Park Y et al. Lifestyle modification in CHB patients

WJG https://www.wjgnet.com 3851 June 28, 2023 Volume 29 Issue 24

CONCLUSION
In conclusion, LSM, particularly alcohol abstinence and smoking cessation, was associated with a 
reduced incidence of HCC in patients with CHB. Smoking cessation is also associated with reduced 
liver-related and all-cause mortality. Thus, active LSM should be encouraged in patients with CHB. A 
prospective study is required to confirm the results of this study and establish the dose and time effects 
of LSM in this population.

ARTICLE HIGHLIGHTS
Research background
Despite various efforts to reduce the incidence of hepatocellular carcinoma (HCC) in patients with 
chronic hepatitis B (CHB), it remains a persistent issue. Reports suggest that host factors such as alcohol 
consumption, smoking, and obesity, in addition to viral factors, contribute to the development of HCC.

Research motivation
Few studies have investigated the impact of lifestyle modifications (LSM) on reducing the incidence of 
HCC and liver-related mortality in patients with CHB.

Research objectives
This study used a nationwide database in Korea to investigate whether improvements in at least one of 
the following lifestyle factors - drinking, smoking, and sedentary behavior - were associated with 
reductions in HCC incidence and liver-related mortality in patients with CHB.

Research methods
We analyzed patients with CHB who participated in the Korean National Health Insurance Service and 
who drank alcohol, smoked cigarettes, and were sedentary. Target trial emulation was used and 
covariates were adjusted through 2:1 propensity score matching.

Research results
With 48766 patients in the LSM group and 103560 in the control group, the LSM group had a lower 
adjusted hazard ratio for incident HCC and liver-related mortality compared to the control group. 
Within the LSM group, alcohol abstinence and smoking cessation were associated with lower adjusted 
hazard ratios for both outcomes.

Research conclusions
LSM, specifically alcohol abstinence and smoking cessation, were associated with a decreased risk of 
HCC in patients with CHB.

Research perspectives
The findings of this study suggest a need for active counseling for LSM in CHB patients, particularly 
alcohol abstinence and smoking cessation. Further investigation through a well-designed prospective 
cohort study is necessary to confirm these results.
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