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Background/Aims: Given the increase in prevalence of metabolic diseases, we investigated their long-term impacts 
on the outcomes of chronic hepatitis B (CHB) patients receiving nucleos(t)ide analogue (NA) treatment.

Methods: We analyzed data from CHB patients for whom initiated NA treatment from 30 centers. We balanced 
patient characteristics with and without metabolic disease (diabetes, obesity, dyslipidemia, and hypertension) via 
propensity-score matching (PSM) to evaluate adverse outcomes.

Results: The study included 4,500 patients. PSM yielded 909 pairs of patients with balanced characteristics. When 
stratified by the number of metabolic diseases, only patients with ≥2 metabolic diseases had an increased cumula-
tive incidence of cirrhosis and overall death. However, when stratified by the presence of diabetes (regardless of the 
presence or number of other metabolic diseases), patients with diabetes (versus those without) had a significantly 
higher cumulative incidence of all outcomes: cirrhosis (P=0.009), hepatocellular carcinoma (HCC, P=0.023), and 
overall, liver-related, and non-liver-related death (P<0.001, P=0.026 and P<0.001, respectively). Having ≥2 metabolic 
diseases was associated with cirrhosis, overall death, and non-liver-related death but not HCC or liver-related death, 
while diabetes was significantly associated with a higher risk of all outcomes: cirrhosis (hazard ratio [HR]=3.75, 
P=0.004), HCC (HR=2.02, P=0.020), and overall, liver-related, and non-liver-related death (HR=2.53, P<0.001; 
HR=2.65, P=0.016; HR=2.38, P<0.001).

Conclusions: Having two or more metabolic diseases was associated with a higher risk of cirrhosis, overall death, 
and non-liver-related death, but having diabetes as a single metabolic disease was significantly associated with all 
adverse outcomes including cirrhosis, HCC, and overall, liver-related, and non-liver-related death. (Clin Mol Hepatol 
2025;31:1003-1017)

Keywords: Chronic hepatitis B; Metabolic diseases; Nucleos(t)ide analogues; Hepatocellular carcinoma; Death

Graphical Abstract

Study Highlights 
•	 Having ≥2 metabolic diseases increased the risk of cirrhosis and death in CHB patients treated with NAs.
•	 Diabetes as a single metabolic disease was associated with all adverse outcomes in CHB patients treated with NAs.
•	 Prevention and management of diabetes should be considered in CHB patients treated with NAs.
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INTRODUCTION

Hepatitis B virus (HBV) infection is a major global health 

threat with over 290 million people chronically infected and 

820,000 deaths per year, mainly due to cirrhosis and hepa-

tocellular carcinoma (HCC).1 Nucleos(t)ide analogue (NA) 

treatment is now widely available and has been shown to 

be effective at suppressing HBV replication and reducing 

the risk of adverse liver-related outcomes.2-4 

In recent decades, the prevalence of metabolic diseases 

including obesity, hypertension, diabetes, and dyslipidemia 

has increased rapidly in the general population as well as 

in patients with chronic hepatitis B (CHB).5-7 The presence 

of concurrent metabolic diseases with CHB has been re-

ported to be associated not only with increased cardiovas-

cular risk but also adverse liver events,8 though data re-

garding the association with liver adverse events are 

currently conflicting.9-17 A recent prospective study with a 

median follow-up of 5.9 years found that not only DM but 

also glycemic burden and glycemic control influenced the 

risks of adverse CHB outcomes.18 However, this was a sin-

gle center study and included a mixed population of pa-

tients who received antiviral treatment and patients who 

were not treated for CHB. Other prior studies also had sin-

gle-center study designs, small sample sizes, evaluated 

mixed populations of treated and untreated patients, and/or 

generally focused on the number of metabolic factors rath-

er than specific types of metabolic disease, thus limiting 

their conclusions. 

In this study, leveraging data from a large cohort of pa-

tients from the Real-World Evidence from the Global Alli-

ance for the Study of HBV consortium (REAL-B),19-21 a well-

defined population of previously treatment-naïve CHB 

patients for whom first-line NA treatment was initiated at 30 

sites in 7 countries/regions with longitudinal data up to 15 

years, we investigated the impacts of the number and spe-

cific type of metabolic disease on the long-term outcomes 

of NA-treated CHB patients.

MATERIALS AND METHODS

Study population

This was a retrospective multinational cohort study of 

previously treatment-naïve CHB patients for whom enteca-

vir (ETV), tenofovir disoproxil fumarate (TDF), or tenofovir 

alafenamide (TAF) treatment was initiated. CHB was de-

fined as the presence of serum hepatitis B surface antigen 

(HBsAg), hepatitis B e antigen (HBeAg), or detectable se-

rum HBV DNA for at least 6 months. Metabolic disease 

was defined as the presence of at least one component of 

metabolic syndrome (as defined below) by the time of ETV, 

TDF, or TAF initiation. Patients were enrolled at 30 REAL-B 

study centers in Argentina, Mainland China, Japan, Singa-

pore, South Korea, Taiwan, and the U.S.A. Data were col-

lected using a unified structured data frame at each study 

site and transferred to the data coordinating center at Stan-

ford University as described previously.19-21 Patients were 

excluded if there was co-infection with hepatitis C, D, or 

human immunodeficiency virus, HCC or death within 6 

months of treatment initiation, or missing data. This study 

was approved by the institutional review boards of Stanford 

University and of each study site with waiver of the require-

ment for informed consent and was conducted in accor-

dance with the Declarations of Helsinki.

Abbreviations: 
AASLD, American Association for the Study of Liver Disease; ALT, alanine aminotransferase; anti-HBs, antibodies to HBsAg; BMI, body mass index; CHB, chronic hepatitis 
B; CI, confidence interval; ETV, entecavir; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HDL-C, 
high-density lipoprotein cholesterol; HR, hazard ratio; IPTW, inverse probability treatment weighting; IQR, interquartile range; LDL-C, low-density lipoprotein cholesterol; NA, 
nucleos(t)ide analogue; PSM, propensity-score matching; SD, standard deviation; SHR, subdistribution hazard ratios; TAF, tenofovir alafenamide; TDF, tenofovir disoproxil 
fumarate; ULN, upper limit of normal; VR, virologic response
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Definitions 

Metabolic syndrome components included type 2 diabe-

tes mellitus, obesity, hypertension, and dyslipidemia. Dia-

betes and hypertension were defined by medical history or 

use of antidiabetic or antihypertensive medication, respec-

tively. Obesity was defined as a body mass index (BMI) of 

≥25 kg/m2 for Asian patients and ≥30 kg/m2 for non-Asian 

patients.22-26 Dyslipidemia was diagnosed by a medical his-

tory of dyslipidemia, hyperlipidemia, hypertriglyceridemia, 

or hypercholesterolemia, lipid-lowering drug use, serum to-

tal cholesterol ≥200 mg/dL (>5.17 mmol/L), triglycerides 

≥150 mg/dL (1.7 mmol/L), low-density lipoprotein cholester-

ol ≥160 mg/dL (4.1 mmol/L), or decreased serum high-den-

sity lipoprotein cholesterol <40 mg/dL (<1.03 mmol/L) for 

men and <50 mg/dL (<1.29 mmol/L) for women.27,28 The 

presence of liver steatosis was assessed by imaging mo-

dalities such as FibroScan®, ultrasound, magnetic reso-

nance imaging, computed tomography, or liver histology.

Study outcomes

Study outcomes included the development of cirrhosis, 

HCC, death (overall, liver-related and non-liver-related), 

and HBsAg loss. Surveillance of HCC and cirrhosis was 

generally carried out every 6 months. Presence of cirrhosis 

was defined by histologic and/or radiologic evidence of cir-

rhosis or liver stiffness (>12.5 kPa)1 or imaging, endoscopic, 

or clinical evidence of portal hypertension or hepatic de-

compensation (e.g., splenomegaly, ascites, hepatic en-

cephalopathy, gastroesophageal varices, or a platelet 

count <120×103/μl).19,20 HCC diagnosis was based on prac-

tice guidance criteria provided by the American Associa-

tion for the Study of Liver Disease (AASLD).29 Overall 

death was defined as death from any cause. Liver-related 

death was defined as death resulting from HCC, liver fail-

ure, or complications of liver cirrhosis. HBsAg loss was de-

fined as the loss of serum HBsAg with or without the devel-

opment of antibodies to HBsAg. Time to occurrence of 

clinical outcomes was defined from NA initiation to the date 

of the outcome event occurrence. Censoring criteria in-

cluded the end of the study observation period, occurrence 

of the study outcome, or loss to follow-up, whichever came 

first. All patients were treated with NAs and did not discon-

tinue treatment during the study period.

Statistical analysis

Continuous variables are presented as means (±standard 

deviations [SD]) or medians (interquartile range) and the 

statistical significance of differences in these variables be-

tween groups was evaluated by Student’s t-test or the rank 

sum test. Categorical variables are reported as counts and 

percentages and were compared using chi-squared tests. 

Patients with or without metabolic diseases were matched 

for background characteristics by propensity-score match-

ing (PSM) with a caliper of 0.2 of the SD of the logit of the 

propensity score. Incidence of outcome events of interest 

among groups was assessed in the total and PSM cohorts 

using the Kaplan–Meier method and compared using the 

log-rank test. We compared study outcomes with stratifica-

tion by the overall number of metabolic diseases versus no 

metabolic disease. Given the importance of diabetes as a 

major driver of poor clinic outcomes based on prior re-

ports,30-32 we also stratified outcome analyses by the pres-

ence of diabetes regardless of the presence or number of 

other metabolic diseases versus patients with metabolic 

disease but without diabetes and those without any meta-

bolic disease. Pair-wise log-rank tests were performed to 

evaluate the significance of differences between two 

groups with different outcomes with P-values adjusted by 

Bonferroni’s correction.33 To identify potential factors asso-

ciated with study outcomes, we performed Cox proportion-

al hazards regression to estimate the hazard ratios (HRs) 

relating potential factors with study outcomes in the PSM 

cohort.

We also performed several subgroup and sensitivity 

analyses to evaluate the robustness of the study results. 

For subgroup analyses, we stratified the data by age, sex, 

HBeAg status (positive or negative), alanine aminotransfer-

ase (ALT) level (> or ≤2 times the upper limit of normal [de-

fined as 35 U/L for men and 25 U/L for women]), HBV DNA 

level (≥ or <20,000 IU/mL), presence of cirrhosis (yes or 

no), and type of antiviral medications (ETV or TDF/TAF). 

For one sensitivity analysis, we excluded patients with he-

patic steatosis since its presence can affect CHB out-

comes.34,35 We also performed Cox regression analyses to 

examine hepatic steatosis as an independent variable. In 

another sensitivity analysis, though the distribution of cir-

rhosis was matched between study groups in the PSM co-

hort, we adjusted for the presence of cirrhosis as a poten-
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tial residual confounding factor because it is a major factor 

affecting clinical outcomes of patients with CHB. We also 

performed Fine–Gray competing risks analyses in the PSM 

cohort using death as a competing risk to evaluate inci-

dence and subdistribution hazard ratios (SHRs)  for liver 

cirrhosis and HCC. Finally, as an additional sensitivity 

analysis, we performed regression analysis to evaluate fac-

tors associated with study outcomes in cohorts matched by 

inverse probability treatment weighting (IPTW).

All statistical analyses were performed using Stata soft-

ware (version 14.0, StataCorp, College Station, TX, USA). 

A 2-tailed P-value of <0.05 was considered to indicate sta-

tistical significance.

RESULTS 

Characteristics and long-term outcomes of the 
total patient cohort

Of the 5,471 previously treatment-naïve patients in the 

REAL-B consortium for whom first-line NA treatment was 

initiated, a total of 4,500 patients met our study inclusion 

criteria (Fig. 1). The cohort was majority male (62.8%) and 

Asian (97.4%). Over half (54.6%) had at least one metabolic 

disease (11.7% with diabetes, 33.7% with obesity, 17.6% 

with dyslipidemia, 20.9% with hypertension; 33.2% had 1 

metabolic disease, 14.9% had 2 metabolic diseases, and 

6.5% had 3 or more metabolic diseases). Patients with 

metabolic disease were older (52.8±12.6 years vs. 

48.2±12.8 years), more likely to be male (66.7% vs. 58.1%), 

and had a higher proportion of hepatic steatosis (33.9% vs. 

19.2%) than patients without metabolic disease (all 

P<0.001). Median follow-up times were similar between pa-

tients with and without metabolic disease (4.5 years vs. 4.3 

years, P=0.088) (Table 1). 

Overall, there was a significantly higher 15-year cumula-

tive incidence of cirrhosis (P=0.006), HCC (P<0.001), over-

all death (P<0.001), and non-liver related death (P<0.001) 

in patients with metabolic disease compared with patients 

without metabolic disease, but not liver-related death 

(P=0.127) (Supplementary Fig. 1). When comparing pa-

tients without metabolic disease with patients with meta-

bolic disease but without diabetes and patients with diabe-

tes (regardless of the presence or number of other 

metabolic diseases), patients with diabetes consistently 

had higher 15-year incidence of study outcomes including 

liver cirrhosis, HCC, as well as overall, liver-related, and 

non-liver related death (Supplementary Fig. 2, all P=0.002 

to <0.001). There were few HBsAg seroclearance events 

and we found no significant difference in the rates of HB-

sAg seroclearance between patients with and without met-

abolic disease regardless of whether the comparisons 

were stratified by the number of metabolic disease or by 

the presence of diabetes (Supplementary Fig. 3A).

PSM cohort

Patient characteristics and long-term outcomes
PSM yielded 909 pairs of patients with well-matched 

5,471 CHB patients with NAs 
treatment

4,500 patients included for  
the analysis

With metabolic diseases
(n=2,459)

Without metabolic diseases
(n=2,041)

971 patients were excluded:
• HCC at baseline (n=482)
• Insufficient baseline clinical data (n=299)
• Follow-up less than 6 months (n=190)

Figure 1. Flow chart of patient selection. CHB, chronic hepatitis B; HCC, hepatocellular carcinoma; NA, nucleos(t)ide analogue.
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background characteristics including sex, age, race, alco-

hol use, liver cirrhosis, hepatic steatosis, HBeAg status, 

baseline HBV DNA, platelets, ALT and aspartate amino-

transferase levels, and duration of treatment (Table 1).

When stratified by the number of metabolic disease with-

out specifying the presence of diabetes, cumulative inci-

dence only differed significantly for incidence for cirrhosis 

(P=0.002) and overall death (P=0.014). Pairwise compari-

sons with statistical significance levels adjusted using Bon-

ferroni correction showed consistent results, with signifi-

cant difference between those patients with two metabolic 

disease or ≥3 metabolic diseases for cirrhosis and be-

tween ≥3 metabolic diseases for overall death as com-

pared to no metabolic disease (P<0.001, P=0.016, 0.006, 

respectively; threshold of the Bonferroni correction P-value: 

0.025) (Supplementary Fig. 2A, 2C). There were no statisti-

cally significant differences in the incidence of HCC, liver-

related death, non-liver related death, or HBsAg seroclear-

ance according to the number of metabolic diseases 

(P=0.537, 0.371, 0.099, 0.286, respectively; Fig. 2B, 2D, 2E 

and Supplementary Fig. 3B).

However, when stratified according to the presence of di-

abetes, patients with diabetes (regardless of the presence 

or number of other metabolic diseases) as compared to 

those with metabolic disease(s) but without diabetes or 

without any metabolic disease had the highest 15-year cu-

mulative incidence of cirrhosis (25.0% vs. 4.1% vs. 2.3%, 

respectively, P=0.009), HCC (18.6% vs. 16.0% vs. 12.4%, 

respectively, P=0.023), overall, liver-related, and non-liver-

related death (39.7% vs. 26.5% vs. 24.5%, respectively, 

P<0.001; 15.5% vs. 10.4% vs. 9.7%, respectively, P=0.026; 

25.8% vs. 17.5% vs. 16.4%, respectively, P<0.001). Pair-

wise comparisons of corrected significance levels using 

the Bonferroni method resulted in similar findings for com-

parisons between patients with diabetes versus no meta-

bolic disease and those with diabetes versus those with a 

metabolic disease(s) but without diabetes (Fig. 3). Addition-

ally, results were consistent in sensitivity analyses exclud-

ing patients with hepatic steatosis (Supplementary Fig. 4). 

Trends were also similar in most subgroup analyses al-

though statistical power was limited in some instances due 

to small subgroup sample sizes (Supplementary Fig. 5–11).

Factors associated with adverse long-term outcomes
In Cox regression analyses, there were significant asso-

ciations between the presence of two or ≥3 metabolic dis-

eases (vs. no metabolic disease) and higher risk of liver 

cirrhosis development (HR=4.00, 95% confidence interval 

[CI] 1.77–9.08, P=0.001; HR=3.78, 95% CI 1.22–11.74, 

P=0.021, respectively) and overall death (HR=1.55, 95% CI 

1.03–2.33, P=0.037; HR=2.09, 95% CI 1.22–3.56, P=0.007, 

respectively), but not with HCC development or liver-related 

death. Only patients with ≥3 metabolic diseases had a sig-

nificantly higher risk of non-liver-related death than those 

without metabolic disease (HR=1.99, 95% CI 1.08–3.69, 

P=0.027) (Supplementary Table 1). 

However, in Cox regression analysis stratified by the 

presence of diabetes, we observed significant associations 

between diabetes (regardless of the presence or number 

of metabolic diseases) and higher risks of all adverse out-

comes including cirrhosis (HR=3.75, 95% CI 1.53–9.18, 

P=0.004), HCC (HR=2.02, 95% CI 1.12–3.65, P=0.020), 

overall death (HR=2.53, 95% CI 1.75–3.66, P<0.001), liver-

related death (HR=2.65, 95% CI 1.19–5.86, P=0.016), and 

non-liver related death (HR=2.38, 95% CI 1.56–3.65, 

P<0.001) (Table 2). Conversely, a significant association 

between hepatic steatosis and a lower risk of cirrhosis 

(HR=0.15, 95% CI 0.04–0.64, P=0.010), HCC (HR=0.28, 

95% CI 0.11–0.70, P=0.006), and liver-related death 

(HR=0.12, 95% CI 0.02–0.88, P=0.037) was observed 

(Supplementary Table 2).

Consistent results were also observed in a sensitivity 

analysis of the PSM cohort after excluding patients with 

hepatic steatosis (Table 3). In another sensitivity analysis 

adjusting for cirrhosis, the presence of diabetes remained 

significantly associated with higher risks of overall death (ad-

justed HR [aHR]=2.44, 95% CI 1.68–3.53, P<0.001) and non-

liver-related death (aHR=2.42, 95% CI 1.58–3.71, P<0.001) 

(Supplementary Table 3). In further evaluation using Fine–

Gray competing risks analysis with death as a competing risk 

in the PSM cohort, patients with diabetes (regardless of the 

presence or number of other metabolic diseases) remained the 

group with the higher risk of liver cirrhosis (SHR=3.51, 95% CI 

1.36–9.05, P=0.009) and HCC (SHR=2.02, 95% CI 1.11–3.67, 

P=0.022) (Supplementary Table 4, Supplementary Fig. 12). 

We obtained consistent results in an analysis excluding 

patients with hepatic steatosis (Supplementary Table 5, 

Supplementary Fig. 13). Similar trends were observed in 

most subgroup analyses although some analyses were 

limited by small subgroup sample sizes (Supplementary 
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Figure 2. Cumulative incidence of liver cirrhosis, hepatocellular carcinoma, and death in CHB patients with different numbers of metabol-
ic diseases in a propensity-score matched cohort. (A) Liver cirrhosis; (B) HCC; (C)Overall death; (D) Liver-related death; (E) Non-liver-re-
lated death. CHB, chronic hepatitis B; HCC, hepatocellular carcinoma; MD, metabolic disease.
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Figs. 14, 15). Lastly, in an additional sensitivity analysis us-

ing the IPTW method where relevant background charac-

teristics of the study groups (e.g., sex, age, race, alcohol 

use, liver cirrhosis, hepatic steatosis, HBeAg status, base-

line HBV DNA, platelets, ALT level, and duration of treat-

ment) were balanced, consistent results with higher risk of 

all adverse outcomes were again observed in patients with 

diabetes (Supplementary Table 6).

DISCUSSION

In this multinational cohort of 4,500 NA-treated CHB pa-

tients from both the East and West, we found that the pres-

ence of diabetes (regardless of the presence or number of 

other metabolic diseases) was consistently associated with 

a comprehensive range of adverse liver outcomes (cirrho-

sis, HCC, and liver-related deaths) as well as overall death 

and non-liver related death, rather than the numerical num-

bers of metabolic diseases per se. Patients with diabetes 

had an almost 4-fold higher risk of liver cirrhosis, 2-fold 

higher risk of HCC, and 2 to 2.5-fold higher risk of overall, 

liver-related, or non-liver related death compared to pa-

tients without metabolic disease, but not patients with met-

abolic disease(s) without diabetes.

Our study findings are congruent with prior knowledge 

that while NAs are effective at reducing the incidence of 

adverse liver-related events in CHB, these patients remain 

at risk for adverse liver-related events such as HCC.36-39 By 

using PSM and IPTW to balance the background charac-

teristics of our comparative patient groups and performing 

multiple sensitivity and subgroup analyses, our study ex-

pands on prior knowledge11,40 and provides robust evidence 

of the negative impact of metabolic diseases, especially di-

abetes, on both liver outcomes and overall and non-liver 

related mortality among patients treated with first-line NAs. 

Prior studies were limited by small sample sizes, single-

center study designs, and/or a focus mainly on liver out-

comes.11,40 Our study cohort was based on patients from 30 

centers across different world regions and our sample size 

Table 2. Cox regression of long-term outcomes of CHB patients with metabolic diseases with or without diabetes in the PSM cohort

Events HR (95% CI) P-value

Liver cirrhosis

No metabolic diseases 12/661 Reference

Metabolic without diabetes 19/546 1.97 (0.96, 4.06) 0.066

Metabolic with diabetes 8/126 3.75 (1.53, 9.18) 0.004

HCC

No metabolic diseases 41/908 Reference

Metabolic without diabetes 29/716 0.89 (0.55, 1.43) 0.618

Metabolic with diabetes 15/192 2.02 (1.12, 3.65) 0.020

Overall death

No metabolic diseases 87/905 Reference

Metabolic without diabetes 63/716 0.92 (0.67, 1.27) 0.620

Metabolic with diabetes 42/191 2.53 (1.75, 3.66) <0.001

Liver-related death

No metabolic diseases 19/904 Reference

Metabolic without diabetes 15/715 0.99 (0.50, 1.95) 0.981

Metabolic with diabetes 9/189 2.65 (1.19, 5.86) 0.016

Non-liver-related death

No metabolic diseases 67/904 Reference

Metabolic without diabetes 47/715 0.89 (0.62, 1.30) 0.563

Metabolic with diabetes 31/189 2.38 (1.56, 3.65) <0.001

CI, confidence interval; HCC, hepatocellular carcinoma; HR, hazard ratio; CHB, chronic hepatitis B; PSM, propensity-score matching.
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was large to allow for evaluation of a more comprehensive 

range of outcomes and robust adjustment for potential con-

founders.

In subgroup analysis, we found that the negative impacts 

of metabolic diseases, especially diabetes, were consistent 

across outcomes including liver-related outcomes as well 

as overall mortality and non-liver related mortality among 

patients without cirrhosis. However, the effect of diabetes 

appeared to be more muted with a significant association 

found only for overall death and non-liver-related death out-

comes, but not HCC and liver-related death in an analysis 

adjusted for the presence of cirrhosis, which could be due 

to the fact that cirrhosis itself is one of the most important 

risk factors for HCC and liver-related death.41

A strength of the current study is that we provided out-

come data based on the type of metabolic disease and not 

just the number of metabolic diseases. Our study data sug-

gest that there is a hierarchy of metabolic factors in which 

the presence of diabetes is the most impactful factor in the 

natural history of CHB. These results have significant clini-

cal implications. First, screening for metabolic diseases, 

especially diabetes, should be performed in patients with 

CHB, including those without cirrhosis, as CHB patients 

with diabetes may be at 2 to 4-fold higher risk of various 

adverse outcomes including overall mortality as compared 

to those without metabolic disease. Second, among CHB 

patients without metabolic disease, patients should be 

strongly encouraged by their providers to make lifestyles 

changes to prevent the development of metabolic diseas-

es, especially diabetes. Third, our data highlight the need 

for a multidisciplinary approach to patients with CHB that 

should include providers familiar with the management of 

metabolic diseases, as prior studies have observed re-

duced HCC risk in diabetic CHB patients with adequate 

glycemic control.14,18,42

Currently, the exact underlying mechanisms linking diabe-

tes and adverse liver and non-liver outcomes among pa-

tients with CHB are unclear. However, diabetes has been 

demonstrated to promote fibrosis progression and HCC via 

multiple mechanisms.43,44 Diabetes may contribute to fibrosis 

Table 3. Cox regression of long-term outcomes of CHB patients with metabolic diseases with or without diabetes after excluding patients 
with hepatic steatosis in the PSM cohort

Events HR (95% CI) P-value

Liver cirrhosis

No metabolic diseases 10/497 Reference

Metabolic without diabetes 19/409 2.26 (1.05, 4.86) 0.037

Metabolic with diabetes 8/94 4.33 (1.71, 10.97) 0.002

HCC

No metabolic diseases 37/704 Reference

Metabolic without diabetes 28/574 0.91 (0.55, 1.48) 0.695

Metabolic with diabetes 15/157 2.15 (1.18, 3.93) 0.012

Overall death

No metabolic diseases 75/702 Reference

Metabolic without diabetes 56/574 0.91 (0.64, 1.29) 0.601

Metabolic with diabetes 36/156 2.41 (1.62, 3.59) <0.001

Liver-related death

No metabolic diseases 18/701 Reference

Metabolic without diabetes 15/573 1.00 (0.50, 1.99) 0.997

Metabolic with diabetes 9/155 2.69 (1.21, 5.99) 0.016

Non-liver-related death

No metabolic diseases 56/701 Reference

Metabolic without diabetes 40/573 0.88 (0.58, 1.32) 0.526

Metabolic with diabetes 26/155 2.29 (1.43, 3.64) 0.001

CI, confidence interval; HCC, hepatocellular carcinoma; HR, hazard ratio; CHB, hepatitis B; PSM, propensity-score matching.
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progression and cirrhosis by modulating several key pro-

cesses implicated in fibrogenesis, including activation of he-

patic stellate cells, inflammation, angiogenesis, apoptosis, 

and hepatic sinusoidal capillarization.43,45 In addition, hyper-

glycemia, hyperinsulinemia, insulin resistance, and activa-

tion of insulin-like growth factor signaling pathway have been 

suggested to be involved in the initiation and progression of 

HCC in diabetes.44,46 More studies are needed to elucidate 

the precise mechanisms underlying the observed associa-

tion between diabetes and CHB disease progression to in-

form further therapeutic development.

It is also important to note that hepatic steatosis can be a 

potential confounder when evaluating the impact of meta-

bolic disease on the natural history of CHB. However, the 

association of hepatic steatosis and poor liver outcomes in 

CHB remains controversial. A recent meta-analysis found 

a higher risk of poor liver outcomes in CHB patients with 

hepatic steatosis,47 but the estimates in this study were 

pooled from very heterogeneous measurements (e.g., HR 

and odds ratios), limiting their conclusions. In our study, 

hepatic steatosis was associated with a lower risk of cirrho-

sis, HCC, and liver-related death, which is consistent with 

results from another recent meta-analysis that included in-

dividual patient level data with background risks balanced 

by IPTW.34 Nevertheless, we accounted for the effect of 

hepatic steatosis by matching for this factor in our PSM. 

We additionally performed sensitivity analyses excluding 

patients with hepatic steatosis in all study groups and re-

sults were consistent with the primary analyses. Together, 

our findings suggest that the negative impact of diabetes 

on long-term adverse outcomes in NA-treated CHB pa-

tients is likely due to diabetes itself and independent of he-

patic steatosis. Our findings are also in line with prior re-

ports noting the distinct effects of hepatic steatosis and 

metabolic dysfunction on HCC risk in untreated patients 

with CHB.35 However, additional studies with larger sample 

sizes are needed to explore the interactions between he-

patic steatosis and metabolic dysfunction on the long-term 

outcomes of CHB patients treated with NAs.

Our study had several limitations. First, it was retrospec-

tive in nature, which could have introduced bias. However, 

well-defined outcomes and a structured data frame with a 

unified set of variable definitions were used for data collec-

tion across different centers to reduce potential biases. 

Second, although patients from both the East and West 

were included in the study, most included patients were of 

Asian ethnicity independent of geographic location, which 

is consistent with the disease burden. Thus, more studies 

of patients of non-Asian ethnicities are needed to validate 

our findings. Third, our study lacked detailed data on other 

factors that can impact the risk of adverse liver outcomes 

in patients with CHB such as statin or metformin use,48,49 

glycemic control,18 or diabetes that developed later during 

follow-up, and further studies are needed to evaluate the 

impact of these factors. Lastly, obesity as defined in gener-

al and in this study was based only on BMI, which does not 

take in account the distribution of visceral fat that might be 

better measured by waist circumference. However, we 

lacked detailed data on waist circumference to include in 

our analyses.

In conclusion, the presence of diabetes rather than the 

number of metabolic diseases was the major factor associ-

ated with a higher risk of adverse long-term outcomes in 

CHB patients treated with NAs. Prevention and manage-

ment of metabolic diseases, especially diabetes, is impor-

tant to consider in the management of patients with CHB. 
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