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Highlights: Impact and implications:
� Physical activity showed a dose-responsive preventive ef-
fect against hepatocellular carcinoma in patients with
diabetes.

� The persistently active group had a significantly reduced risk
of hepatocellular carcinoma compared to the persistently
inactive group.

� Maintaining physical activity could be a strategy to prevent
hepatocellular carcinoma development in patients with
diabetes.
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Our study investigated the impact of physical activity (PA)
levels and changes on the risk of hepatocellular carcinoma
(HCC) in patients with type 2 diabetes. PA was associated with
a dose-responsive preventive effect against HCC. Patients in
the persistently active PA group had a significantly lower risk of
HCC than those in the persistently inactive PA group, while
newly active patients and PA quitters had similar risks to the
persistently inactive group. Our study highlighted the impor-
tance of maintaining regular PA as a preventive strategy
against HCC.
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2 diabetes
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Background & Aims: We investigated the association of physical activity (PA) levels and changes with the risk of hepatocellular
carcinoma (HCC) in patients with type 2 diabetes.

Methods: Patients with type 2 diabetes who had undergone health examinations in 2009 and 2011 were enrolled. In total,
1,439,152 patients were included in the analysis. The level of PA was classified as inactive (<500 metabolic equivalent task [MET]-
min/week), moderately active (500-1,500 MET-min/week), and active (>−1,500 MET-min/week). Change in PA was categorized as
persistently inactive PA, newly active PA, active PA quitter, and persistently active PA according to change of PA between
2009 and 2011.

Results: During a median of 5.2 years of follow-up, 22,686 patients developed HCC. Compared to the inactive group, the risk of
HCC was significantly lower in the moderately active (adjusted hazard ratio [aHR] 0.96, 95% CI 0.93–0.99), and active (aHR 0.95,
95% CI 0.91–0.99) groups. The patients in the persistently active PA group had a significantly lower risk of HCC than those in the
persistently inactive PA group (aHR 0.91, 95% CI 0.84–0.98).

Conclusions: Physical activity exhibited a dose-responsive preventive effect against HCC in patients with diabetes.

© 2024 The Authors. Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Population-based studies over the past two decades have
revealed that diabetes is a strong independent metabolic risk
factor of hepatocellular carcinoma (HCC).1–4 The association
was independent of several confounding factors, including
alcohol, chronic liver diseases, and metabolic factors.1,3,5 Thus,
establishing strategies for HCC prevention in patients with
diabetes is crucial.6

Several population-based studies have shown that physical
activity (PA) lowers the risk of HCC development.7–9 A recent
meta-analysis including 14 prospective studies reported that
high PA reduced the risk of liver cancer, including HCC, by
25% compared to low PA.10 A pooled analysis of 10 pro-
spective US and European cohorts found that high leisure-time
PA was associated with a 27% lower risk of liver cancer inci-
dence compared to low PA.11 In addition, a preventive effect of
PA on HCC has been suggested in several preclinical
studies.12,13 However, no study has investigated the associa-
tion of PA with the risk of HCC in patients with diabetes. In
addition, PA was assessed at a single time point in previous
studies, so the effect of change in PA on the risk of HCC
is unclear.
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Accordingly, we investigated the associations of the amount
of and change in PA with the risk of HCC in patients with type
2 diabetes.

Patients and methods
In this nationwide cohort study using the National Health In-
surance Service cohort, we selected participants with type 2
diabetes who had undergone health examinations in 2009 and
2011 (Fig. S1). Patients with a history of extrahepatic cancers
were also excluded due to the potentially increased risk of
secondary cancer development in cancer survivors.14 Type 2
diabetes was defined as ICD-10-CM codes of E11-E14 and
claims for prescription of insulin and/or at least one oral hy-
poglycemic agent, or a fasting glucose level >−126 mg/dl.15 A
total of 1,439,152 patients were eligible for the final analysis.
Patients were followed up to the date of HCC development,
death, or 31 December 2018. The primary outcome was HCC
development. HCC was identified in the National Health In-
surance Service data based on the ICD-10-CM code C22.0.

The level of PA was classified as inactive (<500 MET-min/
week), moderate (500-1,500 MET-min/week), and active
(>−1,500 MET-min/week). Change in PA over time was
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categorized as follows: persistently inactive PA as PA <1,500
MET-min/week in both 2009 and 2011; newly active PA as PA
<1,500 MET-min/week in 2009 and >−1,500 MET-min/week in
2011; active PA quitter as PA >−1,500 MET-min/week in 2009
and <1,500 MET-min/week in 2011; and persistently active PA
as reporting PA >−1,500 MET-min/week in both 2009 and 2011.

Statistical analysis

Baseline characteristics were presented as mean ± SD (for
normally distributed continuous variables), or geometric means
with 95% CIs (for non-normally distributed continuous vari-
ables). Numbers (percentages) were presented for categorical
variables. The Cox proportional hazard regression model was
used to assess the association of PA with the risk of HCC, and
adjusted hazard ratios (aHRs) and 95% CIs were calculated.
We adjusted for age, sex, obesity (defined as >−25 mg/kg2 in
Asian patients), smoking status, alcohol consumption, income,
hypertension, dyslipidemia, chronic viral hepatitis, cirrhosis,
insulin use, and number of oral antidiabetic agents. Cirrhosis
was defined as a claim under ICD-10 code K74. To accurately
assess the adjusted risk of HCC, we incorporated known
traditional risk factors for HCC development as covariates in
Model 2. In Model 3, insulin use and number of oral antidiabetic
agents were included to account for the extent of glycemic
control in diabetes. Significant alcohol consumption was
defined as alcohol intake >−30 g/day for men or >−20 g/day for
Table 1. Baseline characteristics according to the physical activity group.

Variables Inactive
(n = 724,248, 50.3%)

Demographic variable
Age, years 58.3 ± 12.1
Male 408,245 (56.37)
Body mass index, kg/m2 25.1 ± 3.4
Waist circumference, cm 85.3 ± 8.8
Systolic blood pressure, mmHg 128.1 ± 15.4
Diastolic blood pressure, mmHg 78.3 ± 10.0
Low income 150,278 (20.75)
Smoking status
Never 424,369 (58.59)
Former 117,002 (16.15)
Current 182,877 (25.25)

Alcohol intake, g/day
None 433,874 (59.91)
Mild 222,925 (30.78)
Significant alcohol consumption 67,449 (9.31)

Comorbidity
Chronic viral hepatitis 81,315 (11.23)
Cirrhosis 10,116 (1.40)
Hypertension 415,169 (57.32)
Dyslipidemia 333,804 (46.09)
Chronic kidney disease 74,662 (10.31)
Duration of diabetes >−5 years 276,312 (38.15)
Insulin use 53,101 (7.33)
Oral hypoglycemic agent >−3 126,244 (17.43)

Laboratory variable
Fasting glucose, mg/dl 134.8 ± 47.8
AST, IU/L 25.2 (25.2-25.3)
ALT, IU/L 24.9 (24.9-25.0)

Data are presented as mean ± SD, geometric mean and 95% confidence interval, or num
The distribution of continuous variables was evaluated using Kolmogorov-Smirnov test.
Whitney U test, and Student’s t-test was used to compare normally distributed continuous
was used to compare categorical variables; otherwise, Fisher’s exact test was used. Two
HCC, hepatocellular carcinoma; MET, metabolic equivalent task; HDL, high-density lipo
aminotransferase; gamma GTP, gamma glutamyl transferase.
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women, according to the definition of nonalcoholic fatty liver
disease.16 Statistical analysis was performed using SAS soft-
ware (version 9.3; SAS Institute, Cary, NC).

Results

Baseline characteristics

During a median of 5.2 years of follow-up, 22,686 patients
developed HCC. The follow-up period for each group is
detailed in Table S1. The characteristics of the patients ac-
cording to HCC development are shown in Table S2. The
characteristics of the participants according to amount of PA
are listed in Table 1. Among them, 724,248 participants (50.3%)
were in the inactive group, 550,455 (38.2%) in the moderately
active group, and 164,449 cases (11.4%) were in the active
group. Patients who reported more PA were more likely to be
male, non-obese, have higher income, to be non-current
smoker, have more significant alcohol consumption, and
lower fasting glucose levels.

Risk of HCC according to PA

The incidence rate of HCC was 3.2 per 1,000 person-years for
the inactive group, 3.0 per 1,000 person-years for the moder-
ately active group, and 3.1 per 1,000 person-years for the
active group. Compared to the inactive group, the risk of HCC
was significantly lower in the moderately active (aHR 0.96, 95%
Moderately active
(n = 550,455, 38.2%)

Active
(n = 164,449, 11.4%)

p value

57.2 ± 11.6 58.9 ± 10.8 <0.001
354,991 (64.49) 111,165 (67.60) <0.001

24.9 ± 3.2 24.8 ± 3.1 <0.001
84.9 ± 8.4 84.5 ± 8.2 <0.001

127.9 ± 14.9 128.1 ± 14.9 <0.001
78.4 ± 9.9 78.0 ± 9.7 <0.001

105,066 (19.09) 30,814 (18.74) <0.001
<0.001

282,553 (51.33) 85,914 (52.24)
127,878 (23.23) 44,061 (26.79)
140,024 (25.44) 34,474 (20.96)

<0.001
281,838 (51.20) 87,073 (52.95)
216,494 (39.33) 61,209 (37.22)

52,123 (9.47) 16,167 (9.83)

60,092 (10.92) 18,567 (11.29) <0.001
7,407 (1.35) 2,347 (1.43) 0.011

305,899 (55.57) 94,633 (57.55) <0.001
245,335 (44.57) 73,196 (44.51) <0.001

46,884 (8.52) 14,879 (9.05) <0.001
206,149 (37.45) 68,629 (41.73) <0.001

35,450 (6.44) 11,196 (6.81) <0.001
88,176 (16.02) 26,420 (16.07) <0.001

133.4 ± 45.0 130.8 ± 41.1 <0.001
25.3 (25.3-25.4) 25.3 (25.2-25.3) <0.001
25.1 (25.1-25.1) 24.2 (24.1-24.2) <0.001

ber (%).
Continuous variables that were not normally distributed were compared using Mann-
variables. When less than 20% of cells had an expected frequency <5, chi-square test

-tailed p-values of <0.05 were considered statistically significant.
protein; LDL, low-density lipoprotein; AST, aspartate aminotransferase; ALT, alanine
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Table 2. Risk of hepatocellular carcinoma according to the PA group and change of PA.

N Event Person-years Incidence-rate†

Hazard ratio (95% CI)

Model 1‡ Model 2§ Model 3{

PA group
Inactive 724,248 11,604 3,652,422.3 3.2 1.00 (reference) 1.00 (reference) 1.00 (reference)
Moderately active 550,455 8,442 2,794,653.1 3.0 0.94 (0.91–0.96) 0.95 (0.93–0.98) 0.96 (0.93–0.99)
Active 164,449 2,650 841,400.0 3.1 0.92(0.88–0.96) 0.94 (0.90–0.98) 0.95 (0.91–0.99)

Change in PA
Persistently inactive PA 1,168,149 18,174 5,900,447.6 3.1 1.00 (reference) 1.00 (reference) 1.00 (reference)
Active PA quitter 106,554 1,872 546,627.8 3.4 1.03 (0.98–1.08) 1.04 (0.99–1.09) 1.03 (0.99–1.09)
Newly active PA 119,093 1,949 608,639.3 3.2 0.97 (0.93–1.02) 0.99 (0.94–1.03) 0.99 (0.95–1.04)
Persistently active PA 45,356 701 232,760.7 3 0.87 (0.81–0.94) 0.90 (0.83–0.97) 0.91 (0.84–0.98)

PA, physical activity.
†Incidence per 1,000 person-years.
‡Model 1 was adjusted for age and sex.
§Model 2 was adjusted for age, sex, obesity, smoking status, alcohol consumption, income, hypertension, dyslipidemia, chronic viral hepatitis, and cirrhosis.
{Model 3 was adjusted for age, sex, obesity, smoking status, alcohol consumption, income, hypertension, dyslipidemia, chronic viral hepatitis, cirrhosis, insulin use, and number of
oral antidiabetic agents used.
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CI 0.93–0.99) and active (aHR 0.95, 95% CI 0.91–0.99) groups
(Table 2). In the subgroup analyses of patients with and without
cirrhosis, a similar reduction in the risk of HCC was observed,
although this reduction did not reach statistical significance in
some groups (Table S3).

The risk of HCC stratified by PA intensity is shown in
Table S4. Patients who performed vigorous-intensity PA >3
days per week had a significantly lower risk of HCC than those
performing vigorous-intensity PA <3 days per week (aHR 0.95,
95% CI 0.92–0.98). Although the incidence rate of HCC was
slightly higher in patients with higher frequencies of light and
moderate PA, after adjusting for confounding factors, the risk of
HCC decreased in these patients. However, this reduction in
risk did not reach statistical significance.

Risk of HCC according to change in PA

Table S5 shows the baseline characteristics of the patients
according to the change in PA. Patients in the persistently
active PA group were likely to be male, have significant alcohol
consumption, and have diabetes for >5 years. They were less
likely to be current smokers, use insulin, and use more than
three oral hypoglycemic agents. The fasting glucose level was
lower in patients in the persistently active PA group and newly
active PA groups.

The incidence rate of HCC was 3.1 per 1,000 person-years
in the persistently inactive PA group, 3.2 per 1,000 person-
years in the newly active PA group, 3.4 per 1,000 person-
years in the active PA quitter group, and 3.0 per 1,000
person-years in the persistently active PA group (Table 2). The
patients in the persistently active PA group had a significantly
lower risk of HCC than those in the persistently inactive PA
group (aHR 0.91, 95% CI 0.84–0.98), while patients in the newly
active PA and active PA quitter groups had similar risks of HCC
as those in the persistently inactive PA group (all p >0.05).

Risk of HCC according to change in PA stratified
by intensity

Active PA according to intensity was categorized as follows: 5
or more times a week of light-intensity PA, such as walking for
>−10 min at a time and >−30 min a day; 5 or more times a week of
moderate-intensity PA, such as brisk walking, tennis doubles,
or cycling at a normal speed for >−30 min; and 3 or more times a
JHEP Reports, --- 2
week of vigorous-intensity PA, such as running, aerobics, fast
bicycling, or climbing for >−20 min.

Persistently active PA was associated with the greatest
reduction in risk of HCC regardless of PA intensity. Compared
to patients in the persistently inactive light PA group (HCC
incidence-rate of 3.4 per 1,000 person-years), the risk of HCC
was significantly lower in those in the persistently active light
PA group (HCC incidence rate of 3.0 per 1,000 person-years;
aHR 0.93, 95% CI 0.89–0.97) (Fig. 1A). Similarly, compared to
patients in the persistently inactive moderate PA group (HCC
incidence rate of 3.3 per 1,000 person-years), the risk of HCC
was significantly lower in those in the persistently active
moderate PA group (HCC incidence rate of 2.8 per 1,000
person-years; aHR 0.91, 95% CI 0.88–0.95) (Fig. 1B). Further-
more, compared to patients in the persistently inactive vigorous
PA group (HCC incidence rate of 3.3 per 1,000 person-years),
the risk of HCC was significantly lower in those in the persis-
tently active vigorous PA group (HCC incidence rate of 2.8 per
1,000 person-years; aHR 0.91, 95% CI 0.87–0.94) (Fig. 1C).
Although the HCC incidence rate of patients in the active PA
quitter and newly active PA groups across all PA intensity levels
was lower than those in the persistently inactive PA group,
statistical significance was only achieved in the moderate and
vigorous PA intensity groups.
Discussion
In this nationwide population-based cohort study, the risk of
HCC was significantly lower in patients who were physically
active compared to those who were not, among patients with
diabetes. The inverse association of the total amount of PA with
the risk of HCC was dose-dependent. Moreover, patients in the
persistently active PA group had a significantly lower risk of
HCC than those in the persistently inactive PA group, whereas
patients in the newly active PA and active PA quitter groups
had similar risks.

Population-based studies have shown that diabetes is
strongly associated with the risk of HCC.1–3,5,17 In a recent
meta-analysis, patients with diabetes had a 2.3-fold higher risk
of HCC compared to individuals without diabetes. In a recent
prospective cohort study, diabetes was associated with an
increased HCC risk, as was an increasing diabetes duration.2

Diabetes appears to be linked to an increased risk of HCC
024. vol. 6 j 101166 3
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Fig. 1. The incidence rate of HCC (per 1,000 person-years) according to the
change in PA stratified by intensity. (A) light intensity PA, (B) moderate intensity
PA, (C) vigorous intensity PA. HCC, hepatocellular carcinoma; PA, phys-
ical activity.
via insulin resistance-induced hyperinsulinemia and oxida-
tive stress.18

An inverse association of PA with the risk of HCC has been
reported in several studies. In a European cohort study, the
active PA group had a 45% lower risk of HCC compared to the
inactive group. Vigorous PA for >2 h per week lowered the risk
of HCC by about 50% compared to no vigorous-intensity PA.8

A US cohort study revealed that brisk walking (moderate-in-
tensity PA) reduced the risk of HCC by about 50%.9 Recent
JHEP Reports, --- 2
meta-analysis showed that the mean HR for high compared to
low PA was 0.75. Our findings are in line with prior studies of an
inverse dose-response association between the amount of PA
and the risk of HCC.8,9,19 In addition, regular vigorous PA was
associated with a reduced risk of HCC, whereas moderate and
light PA were not, which implies that high-intensity PA can
prevent HCC.

Several mechanisms might explain the inverse association
between PA and the risk of HCC. PA improves insulin resis-
tance and decreases steatosis,19,20 potentially preventing HCC
development. In addition, a PA-mediated decrease in the IL-6
level may reduce the HCC risk.21 IL-6 is known to be the
main cytokine involved in HCC development and can modulate
cancer stem cells.22,23 Chronic PA reduces the IL-6 level in
both animal and human studies.24,25

The strength of this study is the analysis of a large cohort
with available data on PA and sufficient HCC cases. In addition,
we collected information on PA at two time points, allowing us
to investigate the association between change in PA over time
and the risk of HCC. Although previous studies investigated the
association of the amount of PA with the risk of HCC,8,9,19 our
study is the first report on the importance of maintaining PA to
prevent HCC development.

We acknowledge several limitations. First, we lacked detailed
clinical information due to the nature of the nationwide cohort
data. Liver imaging or histological data was not available in this
nationwide cohort, precluding the assessment of metabolic-
associated steatohepatitis diagnoses. In addition, detailed data
on factors among patients with chronic viral hepatitis and/or
cirrhosis, such as viral load, virological response, the stages of
cirrhosis including decompensation status and Child-Pugh
scores were not available for our cohort. Although we have
adjusted for the presence of chronic viral hepatitis and cirrhosis,
and have presented the results stratified by the presence of
cirrhosis, the absence of detailed information regarding liver
diseases may pose a barrier to accurately assessing the risk of
HCC. Second, despite adjustment for diabetes duration and
medication use, we lacked data on hemoglobin A1c level, which
is an important indicator of severity of diabetes. Third, as our
cohort was provided with only anthropometric data for 2009 and
2011 according to our study design, we could not further eval-
uate the impact of long-term changes in PA on the risk of HCC.
Fourth, although the adjusted risk did not significantly increase
for patients with newly active PA and those who quit active PA,
the increased incidence of HCC in these groups could not be
clearly explained due to the lack of detailed information on the
development of other comorbidities and decompensated liver
cirrhosis. Fifth, this study was a retrospective observational
study, which may be biased due to residual confounders not
included in the analysis that may have influenced the results.
Lastly, the risk of mortality could not be assessed with
this database.

In conclusion, PA showed a dose-responsive preventive
effect against HCC in patients with diabetes. Patients in the
persistently active PA group had a significantly reduced risk of
HCC compared to those in the persistently inactive PA group.
Our findings suggest that maintaining active PA could prevent
HCC development in patients with diabetes.
024. vol. 6 j 101166 4
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