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Abstract. Hepatocellular carcinoma (HCC) remains an 
important complication in patients with chronic hepatitis B 
(CHB). An association between the presence of metabolic 
dysfunction‑associated fatty liver disease (MAFLD) and an 
increased HCC risk in patients with CHB may exist; however, 
the exact nature of this possible association remains unclear. 
The present study conducted a comprehensive meta‑analysis 
by pooling data from 18 studies encompassing 23,927 
participants. The odds ratios (ORs) were calculated using a 
random‑effects inverse‑variance model, and heterogeneity was 
assessed using Cochran's Q test and the I² statistic. In addition, 
subgroup analyses were performed on the basis of geographical 
region, study design and follow‑up length. Publication bias and 
meta‑regression were also assessed. The overall pooled OR 
for the association between MAFLD and HCC risk in patients 
with CHB was 1.053 (95% CI, 0.704‑1.576), which suggested a 
lack of association. Heterogeneity was observed across studies. 
Subgroup analyses demonstrated a potentially protective effect 
for MAFLD on the risk of HCC in patients in Asian countries 
(OR, 0.783; 95% CI, 0.568‑1.080) and the opposite effect in 
other regions (OR, 4.380; 95% CI, 2.440‑7.864). Analysis of the 
prospective cohort studies suggested a significant protective 
effect for MAFLD (OR, 0.479; 95% CI, 0.365‑0.629), while 
analysis of retrospective cohorts did not. The publication bias 
assessment was inconclusive and the meta‑regression failed 
to identify heterogeneity sources. The association between 
MAFLD and HCC risk in patients with CHB appeared to 
be multifactorial and may vary on the basis of geographical 
region and study design. While the exact mechanisms remain 

elusive, the potential protective effect demonstrated in certain 
subgroups warrants further investigation.

Introduction

Hepatocellular carcinoma (HCC) is a common primary 
malignancy of the liver and represents a major public health 
concern worldwide (1). Approximately 830,000 individuals 
succumb to HCC each year, making it the third leading cause 
of cancer‑associated mortality globally. This is due to an 
insidious nature and late clinical presentation, which lead to 
a poor prognosis at the time of diagnosis (2). Identifying and 
addressing the underlying etiological factors of HCC is essen‑
tial to promote early detection and develop effective preventive 
strategies.

Chronic hepatitis B (CHB) infection has been recognized 
as a primary driver in the progression to HCC (3). However, 
despite extensive vaccination campaigns and antiviral thera‑
pies, the global CHB burden remains high, with an estimated 
296 million individuals affected worldwide as per the World 
Health Organization (4). Amongst individuals with CHB, the 
lifetime risk of developing HCC can be as high as 15‑25% (5). 
The molecular and cellular pathophysiological mechanisms 
underlying this transition involve an interplay between viral 
replication, chronic inflammation and repeated hepatic injury, 
all of which can contribute to malignant transformation (6,7).

Metabolic dysfunction‑associated fatty liver disease 
(MAFLD) has been previously studied in the context of liver 
pathologies. Formerly known as non‑alcoholic fatty liver 
disease (NAFLD), MAFLD encompasses a spectrum of liver 
abnormalities ranging from simple steatosis to non‑alcoholic 
steatohepatitis and it can progress to cirrhosis and even 
HCC (8). The prevalence of MAFLD has increased along with 
the global rise in obesity and type 2 diabetes, heralding an 
impending epidemic of MAFLD‑associated complications, 
including HCC (9).

Consequently, the coexistence of MAFLD and CHB in a 
patient presents a complex clinical scenario (10). Preliminary 
evidence suggests that this convergence may have a multiplica‑
tive effect on the HCC risk (11). The metabolic derangements 
(insulin resistance and dyslipidemia) and inflammatory milieu 
of MAFLD (cytokine imbalance and oxidative stress) could 
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exacerbate the hepatocarcinogenic potential of CHB  (12). 
However, the precise nature and magnitude of the effects of 
combining these conditions remains sparsely documented 
and unclear. Thus, evaluating the cumulative HCC risk that 
MAFLD may impart on patients with CHB is important. 
A clear understanding would help to elucidate the clinical 
prognosis of these patients and would facilitate stringent 
surveillance, early interventions and tailored management 
plans.

Systematic reviews and meta‑analyses are powerful 
evidence synthesis tools, especially when the existing literature 
provides conflicting or inconclusive results (13). A rigorous, 
methodical consolidation of the available evidence may help 
clarify the scarce and heterogeneous data on the combined 
roles of MAFLD and CHB in HCC pathogenesis.

In the present systematic review and meta‑analysis, the 
available literature on the topic was comprehensively evaluated 
and the risk of HCC in patients with CHB with concomitant 
MAFLD was assessed. The findings of the present study 
may potentially reduce the knowledge gap and pave the 
way for future focused research, refined clinical guidelines 
and targeted public health measures in this emergent field of 
hepatology.

Materials and methods

Study guidelines and registration. The methodology for the 
present systematic review and meta‑analysis was planned 
according to the Preferred Reporting Items for Systematic 
Reviews and Meta‑Analyses 2020 guidelines  (13). The 
meta‑analysis was registered at PROSPERO (registration 
no. CRD42023453979).

Eligibility criteria. The eligibility criteria for the present 
study were as follows: i) Population: Studies involving patients 
diagnosed with CHB were included and no restrictions were 
applied regarding age, sex, geographic location or ethnicity; 
ii) exposure and comparison: Studies on patients with CHB 
with or without MAFLD were included; iii) outcomes: The 
principal outcome of interest was the incidence of HCC; and 
iv) study design: All types of study designs that were published 
in English from the inception of the databases until July 2023 
were included. To minimize publication bias, both published 
literature and grey literature were included in the literature 
search.

Information sources. Strategic searches were conducted 
ac ross  elec t ron ic  da t abases  i nclud ing  P ubMed 
(https://pubmed.ncbi.nlm.nih.gov), Embase (https://www.
embase.com/), Cochrane Central Register of Controlled Trials 
(https://www.cochranelibrary.com/central) and Cumulative 
Index to Nursing & Allied Health Literature (https://www.
ebsco.com/products/research‑databases/cinahl‑database). In 
addition, manual searches were performed within references 
of pinpointed studies and pertinent reviews. To ensure exhaus‑
tive and comprehensive information retrieval, the authors of 
primary studies were contacted as needed to gather unpub‑
lished data or clarify study specifics. String searches were 
formulated using the following terms: ‘Metabolic‑associated 
fatty liver disease’, ‘MAFLD’, ‘non‑alcoholic fatty liver 

disease’, ‘NAFLD’, ‘hepatic steatosis’, ‘viral hepatitis’, 
‘chronic hepatitis B’, ‘hepatocellular carcinoma’ and ‘HCC’ 
and both Medical Subject Headings and associated keywords 
were used. Appendix  S1 delineates the detailed search 
algorithm used.

Study records
Data management. EndNote X9 (Clarivate) citation manage‑
ment software was used to systematically retrieve and manage 
studies. Duplicate entries were identified and excluded and the 
remaining articles were subjected to eligibility screening.

Selection process. A total of two independent individuals 
screened the titles and abstracts of the retrieved studies and 
then performed full‑text evaluations to ensure relevance and 
fit for inclusion into the present study. Discrepancies between 
reviewers were reconciled through dialogue.

Data collection process. Data were extracted from the 
selected studies using a standardized extraction template by 
two reviewers. The harvested data included study attributes 
(authors, year of publication, design and setting), participant 
specifics (count, age, sex and MAFLD and CHB status), risk 
factor details and outcomes.

Risk of bias in individual studies. The risk of bias in obser‑
vational studies was calculated using Newcastle Ottawa scale 
(NOS) (14). A score of ≥7 on NOS was classed as indicative of 
a high‑quality study. A total of two individuals undertook the 
evaluations settling any disagreements via discussions.

Statistical analysis. STATA software (version 17; StataCorp 
LP) was used to consolidate the meta‑analysis data. A 
random‑effects model with the inverse variance technique was 
used to account for potential study variability. Heterogeneity 
variance was estimated using the DerSimonian‑Laird 
method (15). Effect measures encompassed pooled hazard 
ratios (HRs; for studies reporting the estimates as HRs) 
and odds ratios (ORs; for dichotomous outcomes)  (15). 
Forest plots were produced to visualize findings with 95% 
CIs. Subgroup analyses were conducted on geographical 
regions, study designs and follow‑up lengths. Heterogeneity 
was assessed using the I2 and τ2 statistics and χ2 tests (15). 
Funnel plot and Egger's regression test were used to detect 
publication bias. Sensitivity analysis was performed by 
excluding the included studies one‑by‑one and checking for 
the single study effects and the consistent nature of the effect 
size. The quality of evidence for every outcome was assessed 
by applying the Grading of Recommendations Assessment, 
Development and Evaluation (GRADE) approach, which 
considered bias risk, result consistency, evidence directness, 
estimate precision and publication bias susceptibility (16). 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Search results. Through primary screening, a total of 1,903 
citations were identified across the databases. Following the 
removal of duplicates, 275 full‑text articles were retrieved. 
After a secondary screening, 18 studies were included that 
fully satisfied the eligibility criteria (Fig. 1) (11,17‑33).
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Characteristics of the included studies. For the present 
meta‑analysis, data were obtained from a diverse range of 
studies from across the globe (Hong Kong, Korea, Canada, 
Taiwan, Singapore, China, Israel and Thailand). Most studies 
had retrospective cohort designs, but three studies were 
based on prospective cohorts (22,29,31) and one on a nested 
case‑control approach  (25). The sample sizes varied from 
270‑63,273 participants. The follow‑up periods lasted from 
3.0‑28.1 years. The participants' profiles also were varied, with 
some studies focusing on male participants only and others 
including participants of both sexes. A mixed risk of bias 
was found across studies, with 11 studies were designated as 
having a ‘high’ risk of bias (Table I).

Association between MAFLD and HCC in patients with 
CHB. Data from 18 studies comprising 23,927 participants 
were included for the analysis of the number of events and 
participants. The pooled OR for the association between the 
presence of MAFLD and an increased risk of HCC in patients 
with CHB was 1.053 (95% CI, 0.704‑1.576), with no statistical 

significance obtained from the test of overall effects (z=0.252; 
P=0.801; Fig. 2). A high degree of heterogeneity was found 
among the included studies, with a Cochran's Q value of 71.78 
[degrees of freedom (df)=12; P<0.001]. The I² test result was 
83.3% (95% CI, 37.5‑92.4), which indicated that a substantial 
proportion of the total variation in effect estimates was due 
to between‑study heterogeneity. The estimated heterogeneity 
variance using the DerSimonian‑Laird method was 0.4076.

A random‑effects inverse‑variance model with the 
DerSimonian‑Laird estimate of τ2 was used to pool the HRs 
from individual studies. The HRs for the effect of MAFLD on 
the risk of HCC in patients with CHB from the included studies 
ranged from 0.420‑7.270. The summary HR derived from the 
overall pooled data suggested that MAFLD was associated 
with a 1.253‑fold increased risk of HCC in patients with CHB. 
However, this association was not statistically significant (95% 
CI, 0.895‑1.754; z=1.313; P=0.189). In addition, significant 
heterogeneity was demonstrated among the included studies, 
as evidenced by a Cochran's Q value of 81.52 (P<0.001) and an 
I² statistic of 85.3%, which indicated substantial variations in 

Figure 1. Search strategy for the present study. CINAHL, Cumulative Index to Nursing & Allied Health Literature; CENTRAL, Cochrane Central Register of 
Controlled Trials; MAFLD, metabolic dysfunction‑associated fatty liver disease; NAFLD, non‑alcoholic fatty liver disease; HCC, hepatocellular carcinoma.

https://www.spandidos-publications.com/10.3892/etm.2024.12387
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study outcomes. The modified H² value was 5.793 and τ2 was 
0.2550 (Fig. 3).

Subgroup analyses. The association between MAFLD 
and the risk of HCC in patients with CHB was assessed 
based on the geographical location of the study (Fig. S1). 
Data from 11 of the studies included were from Asian 
countries (17‑19,21‑23,25,28,31‑33). The pooled OR for the 
aforementioned studies was 0.783 (95% CI, 0.568‑1.080), 
which accounted for 86.29% of the overall weight. The 
Cochran's Q value was 34.27 (df=10; P<0.001) with an I² of 
70.8%, which indicated moderate heterogeneity. Data were 
also analysed from two studies from other geographical 
regions (Canada and Israel) (24,27). The pooled OR of the 
aforementioned studies was 4.380 (95% CI, 2.440‑7.864), 
which represented 13.71% of the overall weight. No evidence 
of heterogeneity was found with a Cochran's Q value of 0.00 
(df=1; P=0.971) and an I² of 0.0%. The test for the subgroup 
effect size demonstrated no significant difference for Asian 
countries (z=‑1.490; P=0.136), while the subgroup effect of 
the other geographical location analysis was statistically 
significant (z=4.948; P<0.001). The heterogeneity between 
the subgroups was also statistically significant with a Q value 
of 25.54 (df=1; P<0.001).

Based on the study design, two prospective cohort studies 
were identified (Fig. S2) (22,31). The pooled OR of the afore‑
mentioned analysis was 0.479 (95% CI, 0.365‑0.629), which 
contributed to 17.93% of the total weight. Heterogeneity 
measurement demonstrated no evidence of variation, with 

a Cochran's Q value of 1.00 (df=1; P=0.318) and an I² of 
0.0%. A total of 11 retrospective cohort studies were identi‑
fied (17‑19,21,23‑25,27,28,32,33). The combined OR of the 
aforementioned studies was 1.294 (95% CI, 0.813‑2.059), 
which accounted for 82.07% of the total weight. Significant 
heterogeneity between these studies was demonstrated, as 
indicated by a Cochran's Q value of 55.95 (df=10, P<0.001) 
and an I² of 82.1%. The tests for subgroup effect sizes demon‑
strated a significant difference for the prospective cohort 
studies (z=‑5.303; P<0.001), but not for the retrospective 
studies subgroup (z=1.086; P=0.277). Significant heterogeneity 
between the subgroups was also observed, with a Q value of 
13.09 (df=1; P<0.001).

Data from nine studies were used for follow‑up length 
(<10 years) subgroup analyses (Fig. S3) (17‑19,21,23,24,28,
31,32). The combined OR was 1.147 (95% CI, 0.670‑1.965), 
which contributed to 63.94% of the total weight. Significant 
heterogeneity among these studies was found with a Cochran's 
Q value of 38.58 (df=8; P<0.001) and an I² of 79.3%. A total of 
four studies had a follow‑up period of ≥10 years (22,25,27,33). 
The pooled OR of the aforementioned studies was 0.944 (95% 
CI, 0.459‑1.939), which accounted for 36.06% of the overall 
weight. These studies demonstrated substantial heterogeneity 
with a Cochran's Q value of 32.19 (df=3; P<0.001) and an I² 
of 90.7%. The tests for subgroup effect sizes did not reveal 
a statistically significant result for either follow‑up group 
(<10 years, z=0.500; P=0.617; ≥10 years, z=‑0.158; P=0.874). 
The heterogeneity between the two subgroups was not 
significant (Q=0.18; df=1; P=0.670).

Figure 2. Forest plot showing the association between metabolic dysfunction‑associated fatty liver disease and hepatocellular carcinoma using number of 
events and participants (n=13 studies). DL, DerSimonian and Laird approach.
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Publication bias assessment. Egger's regression asymmetry 
test demonstrated evidence of publication bias. The slope coef‑
ficient was 0.2585 (95% CI, 0.0396‑0.4774; t=2.60; P=0.025). 
However, the intercept (bias) term was‑0.3096 and was not 
statistically significant (95% CI, ‑2.3297‑1.7105; t=‑0.34; 
P=0.742), which suggested that the funnel plot asymmetry may 
be due to factors other than publication bias (Fig. 4).

Meta‑regression analysis results. To identify potential 
sources of heterogeneity and evaluate the potential influence 
of study‑level characteristics on the reported effect sizes, 

meta‑regression analyses were conducted. The following 
covariates were considered: Mean age, follow‑up duration, 
study design and geographical location of the study.

Mean age. The regression coefficient suggested that for every 
1‑year increase in the mean age, the effect size decreased by 
0.0514; however, this association was not statistically signifi‑
cant (coefficient=‑0.0514; P=0.253). A between‑study variance 
(τ2) of 0.4398 was demonstrated, which suggested that ~83.58% 
of the total variation in effect sizes was due to heterogeneity.

Follow‑up duration. Similar effect sizes were found 
in the follow‑up groups [coefficient for follow‑up group 2 
(≥10 years)=‑0.0303; P=0.949]. The τ2 value was 0.4117 with 
82.20% of the total variation in effect sizes attributed to 
heterogeneity.

Study design. Similar effect sizes were demonstrated in 
the two study design groups [coefficient for design group 2 
(≥10 years)=0.3617; P=0.557]. The between‑study variance 
(τ2) was 0.3627 and ~77.05% of the total variation in effect 
sizes resulted from heterogeneity.

Geographical location of study. The effect sizes were 
similar among the country groups [coefficient for country 
group 2 (countries outside Asia)=0.4470; P=0.574]. The τ2 
value was 0.3816 with 86.24% of the total variation in effect 
sizes attributed to heterogeneity.

Sensitivity analysis. Sensitivity analysis was performed to 
check the robustness of the estimates (Fig. S4). The findings 
of the present study were not unduly influenced by any single 

Figure 4. Funnel plot of publication bias assessment.

Figure 3. Forest plot showing the association between metabolic dysfunction‑associated fatty liver disease and hepatocellular carcinoma using hazard ratios 
with CIs (n=13 studies).
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study and the results remained consistent across the analysis, 
as there was no change in direction or magnitude of the overall 
pooled estimate after removal of any single study, which 
affirmed the reliability of the overall conclusions of the present 
study.

GRADE evidence. The quality of evidence was initially 
graded as low, because the review included observational 
studies. However, the presence of studies with high risk of 
bias, imprecision and non‑significant associations between 
MAFLD and HCC risk caused a further downgrading in the 
quality of evidence rating to very low‑quality.

Discussion

The concomitant presence of MAFLD and HCC in patients 
with CHB has emerged as an area of notable clinical interest. 
The present comprehensive meta‑analysis, which included 
data from 18 studies and 23,927 participants, aimed to explore 
a possible association between MAFLD and HCC with depth 
and rigor. The findings of the present study generated further 
questions and underscored the complexity of the topic.

The principal finding of the present meta‑analysis was the 
non‑significant association between MAFLD and the HCC 
risk in patients with CHB, with a pooled OR of 1.053. This 
finding diverges from several previous primary investigations 
which have proposed MAFLD as a significant risk factor for 
HCC (17,18,24,27). The wide CI value suggested that MAFLD 
may confer a modest risk, but it could also be protective against 
HCC. Thus, clinicians and researchers need to be cautious in 
their interpretation of the findings of the present study, consid‑
ering the study's design and the populations analysed.

Further analysis of the potential mechanisms linking 
MAFLD to HCC in patients with CHB should clarify this 
issue and potentially reveal the processes involved in this 
association. Chronic inflammation is central to the progression 
of MAFLD (34). Hepatic steatosis, a hallmark of MAFLD, can 
activate Kupffer cells, the resident macrophages of the liver, 
which leads to the secretion of pro‑inflammatory cytokines, 
such as TNF‑α and IL‑6 (35). Such inflammatory markers can 
promote hepatocarcinogenesis, especially if the liver is already 
compromised by CHB infection (36). Insulin resistance is a 
key feature of metabolic syndrome and MAFLD. Elevated 
insulin levels and a consequentially increased insulin‑like 
growth factor can activate cellular pathways that stimulate 
hepatocyte proliferation and inhibit apoptosis, which fosters 
an environment conducive to neoplastic transformation (36).

Fatty acid accumulation in hepatocytes can cause mito‑
chondrial dysfunction, which leads to elevated reactive oxygen 
species levels. Oxidative stress damages DNA and can initiate 
and promote carcinogenesis. In patients with CHB, the added 
viral‑induced cellular stress may synergize with the oxida‑
tive stress from MAFLD and amplify the risk for malignant 
transformation (37). Adipose tissues, especially in the context 
of obesity and MAFLD, actively secrete adipokines, such as 
leptin and adiponectin. Leptin, which is increased in individuals 
with obesity, promotes cell proliferation and reduces apoptosis, 
whilst adiponectin serves an anti‑inflammatory role. An imbal‑
ance in these adipokine contents, as observed in MAFLD, can 
alter hepatic homeostasis and promote oncogenesis (38). The 

role of the gut microbiota in liver diseases is being investigated, 
as dysbiosis, a disruption in the gut microbial equilibrium 
observed in MAFLD, can lead to increased gut permeability, 
which allows bacterial endotoxins to enter the liver via the 
portal circulation. These endotoxins can activate hepatic stel‑
late and Kupffer cells, stimulating inflammation and fibrosis, 
which are both precursors for HCC, especially in the vulner‑
able milieu of a CHB‑affected liver (39).

The geographical subgroup analysis performed in the 
present study provided some noteworthy observations. The 
studies from Asian countries, which represented a consider‑
able proportion of the studies in the present meta‑analysis, 
demonstrated a non‑significant decreased risk of HCC in 
patients with MAFLD and CHB. By contrast, the pooled 
OR from studies from other geographical regions indicated a 
significantly higher risk of HCC in the patients with MAFLD 
and CHB. For hepatologists practicing in Asia, this informa‑
tion could be important for risk stratification and patient 
counselling.

Differing study designs also yielded varying results. 
Notably, prospective cohort studies demonstrated a significant 
protective effect of MAFLD on the HCC risk in patients with 
CHB, while retrospective cohort studies did not. This high‑
lighted the inherent challenges of observational studies, in 
which confounding factors and biases can significantly impact 
study outcomes.

The apparent protective association between MAFLD 
and HCC in patients with CHB infection observed in certain 
studies, although seemingly counterintuitive, may occur due to 
a number of factors. The presence of MAFLD may modulate 
the immune response in a manner that could be protective 
against HCC. For example, certain immune cells that are 
prevalent in MAFLD, such as regulatory T cells, have previ‑
ously been reported to suppress liver inflammation. This could 
potentially mitigate the inflammatory cascades that drive 
carcinogenesis in patients with CHB infection (40). A liver 
with MAFLD undergoes a high rate of hepatocyte turnover 
due to recurrent minor injury and repair. This constant cell 
renewal could prevent the long‑term survival and accumula‑
tion of cells with oncogenic mutations induced by CHB 
infection (41). It has been suggested that lipid accumulation 
in hepatocytes, known as steatosis, may represent a cellular 
defense mechanism. Lipids could sequester harmful agents, 
such as viral proteins or other potential carcinogens, reducing 
their bioavailability and the harm they would otherwise cause 
to DNA and the cellular machinery  (42). Genetic factors 
serve a significant role in the susceptibility to, and progres‑
sion of, liver diseases. Certain genetic polymorphisms [GCLC 
promoter region polymorphism (c. c‑129t, rs17883901, single 
nucleotide polymorphism rs4880)] associated with a higher 
risk of MAFLD may paradoxically confer a protective effect 
against HCC development in patients with CHB (43).

One of the major features of the present meta‑analysis was 
the high degree of heterogeneity among the included studies. 
Several factors may be responsible for this heterogeneity. 
First, the definition and diagnostic criteria for MAFLD varied 
across studies, which led to potential misclassifications and 
introduced variability. Second, there are inherent challenges 
in collating data from studies spanning diverse populations 
conducted on the basis of diverse methodologies and time 



EXPERIMENTAL AND THERAPEUTIC MEDICINE  27:  99,  2024 9

frames. Meta‑regression was used to attempt to identify the 
sources of the heterogeneity and the influence of certain 
factors, such as the mean age, follow‑up length, study design 
and geographical location of the study, but none of these 
factors provided a satisfactory explanation for the observed 
heterogeneity.

The presence of publication bias, as suggested by Egger's 
regression asymmetry test results, was observed in the present 
study. This bias could imply a tendency towards publishing 
studies with significant findings, thereby possibly artificially 
enhancing the observed association. However, the non‑signif‑
icant intercept from Egger's test suggested that there may be 
other contributing factors to the funnel plot asymmetry such 
as methodological quality variations, artefacts or by chance. 
Moreover, the quality of evidence was downgraded to very 
low‑quality according to the GRADE criteria, indicating that 
the certainty in the findings of the present study is limited.

The strengths of the present study lie in its comprehensive 
approach, rigorous statistical methodologies and subgroup 
analyses, which add depth to the findings. The inclusion of 
a diverse set of studies also adds to the generalizability of 
the present results. However, there were a number of limita‑
tions. First, the retrospective nature of most studies posed 
an inherent challenge with potential confounders. Second, 
individual patient‑level data were unavailable, which restricted 
the ability to control for other potential confounders such as 
sociodemographic profile, behavioural risk factors and comor‑
bidities. Moreover, the diagnosis of MAFLD and HCC was 
not uniform across studies and probably introduced a certain 
degree of bias. It is important to have uniformity in diagnostic 
criteria for producing consistent results. However, the criteria 
for MAFLD diagnosis have evolved over time and a number 
of the older studies included in the present meta‑analysis 
used previous definitions (17,19), while newer studies adopted 
more recent criteria (20‑22). Establishing a single standard‑
ized criterion would exclude a significant portion of available 
literature, potentially leading to loss of valuable insights. 
In addition, some studies directly reported the presence of 
MAFLD without explicitly detailing the diagnostic criteria 
used (19,30). Excluding these studies based on the absence of a 
specified criterion would further reduce the number of studies 
included, potentially compromising the comprehensiveness 
and depth of the present analysis. However, this heterogeneity 
was addressed by utilizing the random‑effects model in the 
present meta‑analysis, which takes into account the variability 
among studies. This provided a more conservative estimate of 
the association and reflected the diversity of included studies.

Potential variability introduced by different follow‑up 
times was also demonstrated across the included articles. The 
duration of follow‑up and interventional treatments received 
during this period may significantly influence outcomes and 
introduce heterogeneity among studies. To account for this, 
a subgroup analysis was conducted based on follow‑up dura‑
tion, segregating studies into categories, such as short‑term, 
medium‑term and long‑term follow‑up. This allowed the 
assessment to determine if the association between MAFLD 
and HCC risk in CHB patients was consistent across 
these subgroups or if duration‑specific patterns emerged. 
Additionally, follow‑up duration was included as a covariate in 
the present meta‑regression analysis. This aided in quantifying 

the potential impact of varying follow‑up durations on the 
observed effect sizes and ensured that the results of the present 
study considered this important aspect of study design.

There are several avenues for potential future research. 
Prospective cohort studies, with a standardized diagnostic 
criterion for MAFLD and adjusted for potential confounders, 
should provide a more definitive understanding of this possible 
association between MAFLD and HCC in patients with CHB. 
Moreover, molecular and genetic studies should elucidate any 
pathophysiological mechanisms linking MAFLD and HCC 
in patients with CHB to potentially reveal future therapeutic 
targets.

The present meta‑analysis results were inconclusive for an 
association between MAFLD and the HCC risk in patients with 
CHB. These results highlighted the need for more rigorous 
studies on this complex topic. Currently, clinicians should 
keep in mind the nuanced nature of risk and the importance of 
individualized patient care. Continued research in required in 
this domain, given its profound clinical implications for a vast 
population of patients with CHB worldwide.
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