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patients with hepatocellular carcinoma
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Abstract

Aims This study compared the prevalences of metabolic syndrome and of cardiac or kidney comorbidities among
patients with hepatocellular carcinoma (HCC) associated with metabolic dysfunction-related fatty liver disease
(MAFLD), chronic infection with hepatitis B or C virus (HBV or HCV), or the combination of MAFLD and chronic HBV
infection.

Methods Medical records were retrospectively analyzed for patients with HCC who underwent hepatectomy
between March 2013 and March 2023. Patients with HCC of different etiologies were compared in terms of their
clinicodemographic characteristics and laboratory data before surgery.

Results Of the 2422 patients, 1,822 (75.2%) were chronically infected with HBV without MAFLD and HCV, 415 (17.2%)
had concurrent MAFLD and chronic HBV infection but no HCV infection, 121 (5.0%) had MAFLD without hepatitis virus
infection, and 64 (2.6%) were chronically infected with HCV in the presence or absence of MAFLD and HBV infection.
Compared to patients chronically infected with HBV without MAFLD and HCV, those with MAFLD but no hepatitis
virus infection showed significantly lower prevalence of cirrhosis, ascites, portal hypertension, alpha-fetoprotein
concentration >400 ng/mL, tumor size >5 cm, multinodular tumors and microvascular invasion. Conversely, they
showed significantly higher prevalence of metabolic syndrome, hypertension, type 2 diabetes, abdominal obesity,
history of cardiovascular disease, T-wave alterations, hypertriglyceridemia and hyperuricemia, as well as higher risk

of arteriosclerotic cardiovascular disease. Compared to patients with MAFLD but no hepatitis virus infection, those
with concurrent MAFLD and chronic infection with HBV showed significantly higher prevalence of cirrhosis, ascites
and portal hypertension, but significantly lower prevalence of hypertension and history of cardiovascular disease.
Compared to patients with other etiologies, those chronically infected with HCV in the presence or absence of
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MAFLD and HBV infection, showed significantly higher prevalence of cirrhosis, portal hypertension, ascites, and

esophagogastric varices.

Conclusion Patients with HCC associated with MAFLD tend to have a background of less severe liver disease than
those with HCC of other etiologies, but they may be more likely to suffer metabolic syndrome or comorbidities

affecting the heart or kidneys.

Keywords Metabolic dysfunction-related fatty liver disease, Chronic hepatitis B, Hepatocellular carcinoma, Metabolic

syndrome

Introduction

The most frequent causes of hepatocellular carcinoma
(HCCQ) are chronic infection with hepatitis B or C virus
and alcoholic liver disease [1]. Nevertheless, the most fre-
quent causes of mortality among HCC patients in recent
decades have become non-alcoholic fatty liver disease
and non-alcoholic steatohepatitis [2, 3]. Non-alcoholic
fatty liver disease, which affects approximately 70% of
overweight individuals [4, 5], has traditionally been
defined as macrovesicular steatosis in at least 5% of hepa-
tocytes of individuals consuming little or no alcohol who
show no other identifiable cause of steatosis [6]. Recently,
experts from 22 countries renamed non-alcoholic fatty
liver disease as metabolic-associated fatty liver disease
(MAFLD), which they defined as evidence of hepatic ste-
atosis in the presence of overweight/obesity and/or type
2 diabetes and/or metabolic dysregulation [7, 8].

Having metabolic syndrome (MetS) increases one’s risk
of developing MAFLD [9], which in turn increases risk
of developing type 2 diabetes, cardiovascular disease and
chronic kidney disease [10]. Nevertheless, patients with
MAFLD-associated HCC experience less severe liver dis-
ease and higher rates of long-term survival after hepatec-
tomy than patients chronically infected with hepatitis B
virus in the presence or absence of MAFLD [11]. These
considerations raise the question of whether the pre-
hepatectomy presence of MetS and other comorbidities
explains the different prognoses of patients with HCC
related to MAFLD or viral hepatitis.

We explored this question by comparing the preva-
lence of MetS and other comorbidities among patients
scheduled for hepatectomy to treat HCC associated with
MAFLD, chronic infection with hepatitis B or C virus, or
concurrent MAFLD and chronic infection with hepatitis
B virus.

Patients and methods

Study design and population

Medical records were retrospectively examined for a con-
secutive series of HCC patients who underwent poten-
tially curative hepatectomy between 11 March 2013 and
9 March 2023 at Guangxi Medical University Cancer
Hospital (Nanning, China). Only preoperative clinico-
demographic and laboratory data for these patients were

extracted from the hospital’s central database. This study
was approved by the Ethics Committee of Guangxi Medi-
cal University Cancer Hospital (approval LW2023160),
which waived the requirement for written informed con-
sent because of the retrospective study design.

To be included in the study, patients had to have
biopsy-confirmed HCC involving MAFLD, chronic infec-
tion with hepatitis B or C virus, or concurrent MAFLD
and chronic infection with hepatitis B virus; and they had
to undergo hepatectomy. Patients were excluded if biop-
sies indicated intrahepatic cholangiocarcinoma (alone or
concurrent with HCC), defined as adenoma, sarcoma,
neuroendocrine tumor, or metastatic tumor; if they were
diagnosed with HCC falling outside the etiologies men-
tioned above; if they had autoimmune hepatitis or drug-
induced liver injury before hepatectomy; if they were
taking drugs known to promote hepatic steatosis [12, 13];
or if their medical records were incomplete.

Definitions of HCC etiologies and comorbidities

HCC was divided into one of four etiologies depend-
ing on whether it was associated with (1) MAFLD in the
absence of chronic hepatitis virus infection, (2) chronic
infection with hepatitis B virus in the absence of MAFLD
or chronic infection with hepatitis C virus, (3) concurrent
MAFLD and chronic infection with hepatitis B virus in
the absence of chronic infection with hepatitis C virus, or
(4) chronic infection with hepatitis C virus in the pres-
ence or absence of MAFLD and presence or absence of
chronic infection with hepatitis B virus.

MAFLD was defined as the presence of hepatic steato-
sis through imaging or histology in addition to one of the
following: overweight or obesity (defined as body mass
index>23 kg/m?), type 2 diabetes, or evidence of meta-
bolic dysregulation [7, 8]. Chronic infection with hepa-
titis B virus was defined as seropositivity for hepatitis B
surface antigen, viral DNA, and/or antibodies against
hepatitis B core protein. Chronic infection with hepa-
titis C virus was defined as seropositivity for antibodies
against the virus.

Our central database did not record the data about
waist circumference. Abdominal obesity was defined
as body mass index>23 kg/m? [7]. Type 2 diabetes was
defined as fasting blood glucose>110 mg/dl, glycosylated
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hemoglobin>6.5%, history of diabetes, or the use of
hypoglycemic medications or insulin [7]. Hypertriglyceri-
demia was defined as serum triglycerides =150 mg/dl [7],
hyperuricemia, as a serum uric acid level>420 pmol/L in
men and >360 pmol/L in women [14]; and hypertension,
as three blood pressure measurements on different days
indicating>130/=85 mmHg, or history of hypertension,
or current use of antihypertensives [7]. MetS is a con-
dition that includes a cluster of risk factors specific for
cardiovascular disease. The cluster of metabolic factors
include abdominal obesity, high blood pressure, impaired
fasting glucose, high triglyceride levels, and low HDL
cholesterol levels. MetS was defined as abdominal obe-
sity, hypertriglyceridemia, HDL cholesterol <40 mg/dl for
men or <50 mg/dl for women, hypertension, and fasting
glucose>110 mg/dL

Cardiovascular disease was defined as coronary heart
disease and stroke. Coronary heart disease was identi-
fied as myocardial infarction, coronary angiography,
coronary stenting and/or coronary artery bypass surgery.
Stroke was defined as intracerebral hemorrhage or cere-
bral infarction. Risk of arteriosclerotic cardiovascular
disease was assessed using a scoring system as described
[15], and “high risk” was defined as = 10% on the scale.
Chronic kidney disease was defined as an estimated glo-
merular filtration rate of <60 ml/min per 1.73 m?, based
on the CKD-EPI equation [16].

Hepatic steatosis, cirrhosis, ascites and portal hyper-
tension were determined through analysis of imaging
and/or histology. Esophagogastric varices were deter-
mined based on findings from esophagoscopy and gas-
troscopy. Premature atrial beats and T-wave alterations
were determined from electrocardiographic reports.
Abnormal plasma levels of creatine kinase, creatine
kinase isoenzyme, or serum troponin I were defined
based on our medical center’s respective normal ranges of
36-175 U/L, 0-24 U/L, or 0-28 ug/L. Patients declared
whether they were current smokers or non-smokers, and
current alcohol intake was defined as >30 g/day for men
or >20 g/day for women [17].

Statistical analyses

The Kolmogorov-Smirnov test was used to test nor-
mal distribution of continuous variables. Continuous
data showing a normal distribution were reported as
meantstandard deviation, and inter-group differences
were assessed for significance using one-way ANOVA
with LSD post-hoc test. Continuous data showing
skewed distribution were reported as median (quartile
range), and inter-group differences were assessed using
the Kruskal-Wallis test. The Bonferroni post hoc test was
used for multiple comparisons when the Kruskal-Wal-
lis test was significant. Categorical data were reported
as n (%), and differences were assessed using Pearson’s
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chi-squared test. All statistical analyses were performed
using GraphPad Prism 8.0 and SPSS 27.0 (IBM, Armonk,
NY, USA). All statistical analyses with a p<0.05 was con-
sidered statistically significant.

Results

During the recruitment period, 3,007 patients underwent
potentially curative hepatectomy at our medical cen-
ter. We excluded 521 patients because they did not have
MAFLD or chronic infection with hepatitis B or C virus,
51 because they had intrahepatic cholangiocarcinoma,
and 13 because their medical records were incomplete.
The remaining 2,422 patients were included in the final
analysis (Table 1; Fig. 1).

Compared to patients chronically infected with hepa-
titis virus without MAFLD, those with MAFLD but no
chronic infection were significantly older and had sig-
nificantly higher body mass index, systolic and diastolic
blood pressure, fasting blood glucose, triglycerides and
prevalence of type 2 diabetes and early-stage HCC. Con-
versely, those with MAFLD showed significantly shorter
prothrombin time and lower prevalence of alpha-feto-
protein>400 ng/ml, liver cirrhosis, Child-Pugh grade B,
multinodular tumors and current smoker (Table 1).

Compared to patients who had MAFLD but no
chronic hepatitis virus infection and patients chronically
infected with hepatitis C virus with or without MAFLD,
patients chronically infected with hepatitis B virus with-
out MAFLD showed significantly higher prevalence of
tumor size>5 c¢cm or microvascular invasion. Compared
to patients with MAFLD but no chronic hepatitis virus
infection and patients chronically infected with hepatitis
B virus without MAFLD, those chronically infected with
hepatitis C virus with or without MAFLD showed sig-
nificantly higher levels of alanine aminotransferase and
aspartate aminotransferase, but significantly lower levels
of albumin and prealbumin. The four groups did not dif-
fer significantly from one another in sex distribution, or
alcohol use, prevalence of platelet count<100x10° /L,
prevalence of Child-Pugh grade B, or levels of total bili-
rubin, urea nitrogen or fibrinogen (Table 1).

Among the different HCC etiologies, MAFLD in the
absence of chronic hepatitis virus infection was associ-
ated with the highest prevalence of MetS, hypertension
and type 2 diabetes, while chronic infection with hepati-
tis B virus in the absence of MAFLD was associated with
the lowest prevalence of hypertension, type 2 diabetes,
abdominal obesity, and hypertriglyceridemia (Fig. 2A-E).
Among all patients with MAFLD, prevalence of abdomi-
nal obesity, type 2 diabetes or hypertriglyceridemia did
not differ significantly between those chronically infected
with hepatitis B virus or not.

Compared to patients chronically infected with hepati-
tis B virus without MAFLD, those with MAFLD but not
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hepatectomy

Between 11 March 2010 and 9 March
2023, 3007 patients underwent

64 patients were excluded

39 patients were diagnosed with ICC or
HCC-ICC
6 patients were diagnosed with adenoma

4 patients were diagnosed with sarcoma

2 patients were diagnosed with neuroendocrine
tumor or metastatic tumor
have clinical

13 patients incomplete

information

2943 patients were diagnosed with HCC

521 patients did not meet the diagnostic criteria

A

CHB-related
HCC (n=1822)

of CHB, MAFLD or HCV

Y v
MAFLD-related CHB concurrent with HCV-related
HCC (n=121) MAFLD (n=415) HCC (n=64)

Fig. 1 Flowchart of patient selection and stratification. HCC, hepatocellular carcinoma; ICC, intrahepatic cholangiocarcinoma; CHB, chronic infection with
hepatitis B virus; HCV, chronic infection with hepatitis C virus; MAFLD, metabolic dysfunction-associated fatty liver disease
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Fig. 2 Prevalence of (A) metabolic syndrome, (B) hypertension, (C) type 2 diabetes, (D) overweight and (E) hypertriglyceridemia. among patients with
hepatocellular carcinoma associated with chronic HBV infection but not MAFLD or chronic HCV infection (“CHB"); HCC associated with MAFLD but not
chronic infection with HBV or HCV ("MAFLD"); HCC associated with concurrent MAFLD and chronic HBV infection, but not chronic HCV infection (“CHB/
MAFLD"); or HCC associated with chronic HCV infection in the presence or absence of chronic HBV infection and the presence or absence of MAFLD
("HCV"). HBV, hepatitis B virus; HCV, hepatitis C virus; MAFLD, metabolic dysfunction-associated fatty liver disease

chronically infected with hepatitis B or C virus showed
significantly higher prevalence of T-wave alterations
and history of cardiovascular disease, as well as higher
risk of developing atherosclerotic cardiovascular disease
within the next 10 years. Compared to patients who were

chronically infected with hepatitis B virus and who had
MAFLD, those with MAFLD without chronic infection
showed significantly higher prevalence of a history of
cardiovascular disease. Compared to patients chronically
infected with hepatitis C virus with or without MAFLD,
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those with MAFLD but without chronic infection
showed significantly higher prevalence of T-wave altera-
tions (Fig. 3A-E).

All four groups showed similar prevalence of prema-
ture atrial beats and of abnormal levels of myocardial
enzymes. They also showed similar prevalence of chronic
kidney disease, even if hyperuricemia was significantly
more prevalent among patients with MAFLD in the
absence or presence of chronic hepatitis B virus infec-
tion than among those chronically infected with the same
virus but without MAFLD (Fig. 4A-B).

Among the different HCC etiologies, MAFLD in the
absence of chronic hepatitis virus infection was associ-
ated with the lowest prevalence of cirrhosis. It was also
associated with significantly lower prevalence of por-
tal hypertension and ascites than chronic infection with
hepatitis B virus in the absence of MALFD or chronic
infection with hepatitis C virus in the presence or
absence of MALFD (Fig. 5A-C). Among patients chroni-
cally infected with hepatitis B virus, those who also had
MAFLD showed significantly lower prevalence of portal
hypertension. Among patients with MAFLD, those also
chronically infected with hepatitis B virus showed signifi-
cantly higher prevalence of ascites.

Among the different HCC etiologies, chronic infec-
tion with hepatitis C virus in the absence or presence of
MAFLD was associated with the highest prevalence of
cirrhosis, portal hypertension, ascites, and esophagogas-
tric varices (Fig. 5A-D).

Discussion

The inconsistent prognosis of HCC patients with dif-
ferent etiologies may be related to their preoperative
presentation of different comorbidities. Our analysis sug-
gests that HCC related to MAFLD frequently involves
metabolic syndrome and/or comorbidities affecting the
heart or kidney, but less severe liver disease than HCC
related to chronic infection with hepatitis B virus. HCC
related to chronic infection with hepatitis C virus may
often involve severe metabolic syndrome and severe liver
disease.

In our study population, HCC related to MAFLD was
associated with older age, higher body mass index, higher
systolic and diastolic blood pressure, higher triglycerides
and more metabolic comorbidities than HCC of other
etiologies. At the same time, HCC related to MAFLD was
associated with lower prevalence of cirrhosis, alpha-feto-
protein concentration>400 ng/mL, tumor size>5 cm,
multinodular tumors, advanced tumors, or microvas-
cular invasion than HCC of other etiologies. However,
HCC related to CHB is often found to be multiple, large
nodular, or advanced tumors. These findings are consis-
tent with comparisons of HCC associated with MAFLD
or HCC of other etiologies [18—21]. These findings imply
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that patients with chronic hepatitis virus infection may
be more difficult to detect early than HCC related to
MAFLD. Active surveillance measures should be imple-
mented for patients with chronic hepatitis virus infection
judged to be at high risk of HCC [22, 23]. HCC patients
chronically infected with hepatitis B virus, for their part,
should be carefully monitored and given antiviral therapy
after hepatectomy in order to reduce risk of recurrence
[24, 25].

Given the association between MAFLD and higher
risk of cirrhosis observed in a retrospective cohort study
from China [26], and given reports that a growing per-
centage of cirrhosis cases in coming decades will occur
in individuals with non-alcoholic fatty liver disease [27],
we recommend careful assessment of comorbidities
and liver function in HCC patients before hepatectomy.
This may be particularly important for patients chroni-
cally infected with hepatitis virus, since those patients in
our study showed higher prevalence of cirrhosis, portal
hypertension, and ascites than patients with MAFLD but
without chronic infection.

The relatively high prevalence of hypertension among
our patients with MAFLD but without chronic hepati-
tis virus infection (37.2%) is consistent with hyperten-
sion as a risk factor for MAFLD [28]. The relatively high
prevalence of hypertension among patients chronically
infected with hepatitis C virus with or without MAFLD
(25.0%) is consistent with observations linking such
infection to higher risk of hypertension [29].

Prevalence of type 2 diabetes was higher in our patients
with MAFLD than in those without it who were chroni-
cally infected with hepatitis B virus, similar to a study
involving 4.6-year follow-up that linked MAFLD to type
2 diabetes [30, 31]. Indeed, among our patients chroni-
cally infected with hepatitis B virus, prevalence of type
2 diabetes was higher in those who also had MAFLD.
Our observation that type 2 diabetes prevalence was
higher among patients chronically infected with hepa-
titis C virus, with or without MAFLD, than among
patients chronically infected with hepatitis B virus with-
out MAFLD may reflect the demonstrated link between
infection with hepatitis C virus and greater risk of insulin
resistance and diabetes [32, 33].

In our sample, HCC related to chronic infection with
hepatitis B virus in the absence of MAFLD was associ-
ated with lower prevalence of hypertriglyceridemia than
HCC of other etiologies [34, 35]. Therefore, it is impera-
tive to regularly monitor the blood lipid levels of individ-
uals diagnosed with MAFLD and to intervene swiftly to
resolve hypertriglyceridemia.

A smaller proportion of our HCC patients who had
MAFLD but no chronic infection with hepatitis virus
had a history of cardiovascular disease than in a simi-
lar study of patients from 21 Chinese hospitals (5.8 vs.
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12.7%) [36]; nevertheless, the prevalence in our study
was significantly higher than the prevalence among those
without MAFLD who were chronically infected with hep-
atitis B virus. Similarly, risk of developing arteriosclerotic

cardiovascular disease was higher among our patients
with MAFLD than among those chronically infected
with hepatitis B virus without MAFLD, consistent with
an analysis of patients from South Korea [37]. This agrees
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with the reported link between MAFLD and greater risk
of cardiovascular disease [38, 39].

Our results suggest that HCC patients with MAFLD
(32.2%) are more likely to have metabolic syndrome
than HCC patients chronically infected with hepatitis B
or C virus. Whether MAFLD is a cause or consequence
of metabolic syndrome is unclear [40, 41]. Whatever the
case, similar lifestyle and diet modifications can reduce
risk of both in HCC patients. Reducing risk of MAFLD
may, in turn, reduce risk of cancer progression and car-
diac complications: more advanced liver fibrosis in
patients with non-alcoholic fatty liver disease has been
linked to greater risk of cardiac symptoms and abnormal
electrocardiographic parameters [42], and we found that
the prevalence of T-wave alterations was higher among
our patients with MAFLD without chronic hepatitis virus
infection than among our patients chronically infected
with hepatitis B virus without MAFLD.

The four etiologies of HCC in our study were associ-
ated with similar prevalence of premature atrial beats
and abnormal levels of myocardial enzymes. In a

retrospective study from the UK [43], fatty liver disease
was strongly associated with an increased risk of supra-
ventricular and ventricular arrhythmias in patients with
type 2 diabetes. A study of patients in France associated
cirrhosis with elevated cardiac troponin I [44]. The differ-
ence may be because metabolic syndrome and cirrhosis
imaging cardiometabolic abnormalities, which should be
explored in future work.

Our patient population showed a relatively low preva-
lence of chronic kidney disease—e.g. lower than a similar
study of patients in Germany [45] —and the prevalence
was slightly higher in the subset of patients chronically
infected with hepatitis C virus. This is consistent with a
link between such infection and higher risk of chronic
kidney disease [46]. For this reason, antiviral therapy is
recommended for HCC patients who are chronically
infected with hepatitis C virus and who have chronic kid-
ney disease [47].

Our observation of significantly higher prevalence of
hyperuricaemia among patients with MAFLD and with-
out chronic hepatitis virus infection than among patients
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Fig. 5 Prevalence of (A) cirrhosis, (B) portal hypertension, (C) ascites, and (D) esophagogastric varices. among patients with hepatocellular carcinoma
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("CHB"); HCC associated with MAFLD but not chronic infection with HBV or
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chronically infected with hepatitis B virus and without
MAFLD is consistent with previous studies of patients
from other parts of China [48-50]. One possibility is that
hyperuricaemia contributes to MAFLD, which should be
explored in future work. If so, mitigating or preventing
hyperuricaemia might reduce the risk of MAFLD.

Limitations

Our findings should be interpreted with caution in light
of the retrospective, single-center design of our study
and our reliance on self-report for several variables, all
of which may increase risk of bias. While our sample
contained a relatively large number of patients chroni-
cally infected with hepatitis B virus, the numbers of those
chronically infected with hepatitis C virus or diagnosed
with MALFD without chronic infection were relatively
small. We cannot exclude that a small number of patients
with MAFLD were missed in our study because of the
difficulty in detecting mild hepatic steatosis through
imaging or histopathology of surgical biopsies.

Conclusion

This retrospective study suggests that HCC associated
with MAFLD tends to involve background of less severe
liver disease but higher likelihood of metabolic syndrome
or comorbidities affecting the heart or kidneys than HCC
associated with chronic hepatitis B virus infection in the
presence or absence of MAFLD. HCC associated with
chronic hepatitis C virus infection, in contrast, is more
likely to involve cirrhosis. Our findings should be verified
and extended in larger, multi-center samples.
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