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Abbreviations: 
NAFLD, non-alcoholic fatty liver disease; HBV, hepatitis B virus; CHB, chronic hepatitis B; FL, fatty liver; HCC, hepatocellular carcinoma

Study Highlights
• What is already known in this topic? 

    ‌�The impact of fatty liver (FL) on the long-term outcomes of chronic hepatitis B (CHB) (cirrhosis, HCC, mortality and HBsAg 
seroclearance) in CHB remained controversial. 

• What this study adds? 

    ‌�Pooled data from individual patient data meta-analysis (IPDMA) showed CHB patients with FL had a lower incidence of 
HCC, cirrhosis, and mortality risk, and higher chance of HBsAg seroclearance compared to CHB patients without FL (all 
P≤0.002). CHB-FL diagnosed via liver biopsy have much higher 10-year cumulative HCC incidence compared to those 
without FL. 

• How this study may affect research, practice or policy? 

    Further studies are needed to elucidate the mechanistic interaction between CHB and FL.

Graphical Abstract



707

Yu Jun Wong, et al. 
Long-term outcomes of chronic hepatitis B and fatty liver

http://www.e-cmh.org https://doi.org/10.3350/cmh.2023.0004

INTRODUCTION 

Both chronic hepatitis B (CHB) and non-alcoholic fatty liver 
disease are leading causes of cirrhosis, hepatocellular 
carcinoma (HCC), and mortality worldwide.1,2 However, while 
fatty liver (FL) co-exists in about 30% of patients with CHB,3,4 
data regarding its impact on the natural history of CHB 
remain sparse and conflicting. 

Higher risk of HCC has been reported among patients with 
CHB-FL as compared to patients with CHB without FL (CHB-
no FL), especially in studies based on liver biopsy cohorts.5-11 
On the other hand, several large studies with long-term 
follow-up have reported a lower risk of HCC among CHB-FL 
patients compared to CHB-no FL patients.12,13 Similar 
contradictory findings have also been observed in risk of 
cirrhosis,14 hepatic decompensation,8,15,16 mortality7-9,13-19 as 
well as in the incidence of HBsAg seroclearance.20-26 These 
findings are intriguing as one would expect the co-existence 
of two chronic liver diseases to result in worse outcomes, yet 
there are laboratory and clinical data suggesting the poten-
tial protective effects of FL in CHB patients.27-29 We postulate 
the inconsistent data regarding the long-term outcomes of 

CHB-FL patients from prior studies to be due suboptimal 
study design (cross-sectional, case control vs. cohort studies), 
to patient selection bias from single-center or single-country 
experience, inadequate adjustment for confounders, inade-
quate follow-up and/or sample size to evaluate relatively rare 
events, especially HBsAg seroclearance.5,9,10,14,15 

We performed a systematic review, conventional meta-
analysis (MA) and an individual patient-level data meta-anal-
ysis (IPDMA). In addition, we used an inverse probability 
treatment weighted (IPTW) cohort to compare various clini-
cal outcomes between CHB-FL and CHB-no-FL in IPDMA.30 
Specifically, we aimed to compare the incidence of HCC, cir-
rhosis, mortality, and HBsAg seroclearance between CHB-FL 
and CHB-no FL to determine how presence of FL influences 
these outcomes.

MATERIALS AND METHODS

Search strategy and study inclusion criteria

We performed our systematic review and MA according to 

Background/Aims: Chronic hepatitis B (CHB) and fatty liver (FL) often co-exist, but natural history data of this dual con-
dition (CHB-FL) are sparse. Via a systematic review, conventional meta-analysis (MA) and individual patient-level data MA 
(IPDMA), we compared liver-related outcomes and mortality between CHB-FL and CHB-no FL patients. 

Methods: We searched 4 databases from inception to December 2021 and pooled study-level estimates using a ran-
dom-effects model for conventional MA. For IPDMA, we evaluated outcomes after balancing the two study groups with 
inverse probability treatment weighting (IPTW) on age, sex, cirrhosis, diabetes, ALT, HBeAg, HBV DNA, and antiviral treat-
ment. 

Results: We screened 2,157 articles and included 19 eligible studies (17,955 patients: 11,908 CHB-no FL; 6,047 CHB-FL) 
in conventional MA, which found severe heterogeneity (I2=88–95%) and no significant differences in HCC, cirrhosis, 
mortality, or HBsAg seroclearance incidence (P=0.27–0.93). IPDMA included 13,262 patients: 8,625 CHB-no FL and 4,637 
CHB-FL patients who differed in several characteristics. The IPTW cohort included 6,955 CHB-no FL and 3,346 CHB-FL 
well-matched patients. CHB-FL patients (vs. CHB-no FL) had significantly lower HCC, cirrhosis, mortality and higher HB-
sAg seroclearance incidence (all P≤0.002), with consistent results in subgroups. CHB-FL diagnosed by liver biopsy had a 
higher 10-year cumulative HCC incidence than CHB-FL diagnosed with non-invasive methods (63.6% vs. 4.3%, P<0.0001).  

Conclusions: IPDMA data with well-matched CHB patient groups showed that FL (vs. no FL) was associated with 
significantly lower HCC, cirrhosis, and mortality risk and higher HBsAg seroclearance probability. (Clin Mol Hepatol 
2023;29:705-720)
Keywords: Non-alcoholic fatty liver disease; Hepatocellular carcinoma; Mortality; HBsAg seroclearance; Fibrosis; Cirrhosis



708

Clinical and Molecular Hepatology
Volume_29 Number_3 July 2023

http://www.e-cmh.orghttps://doi.org/10.3350/cmh.2023.0004

the Preferred Reporting Items for Systemic Reviews and Me-
ta-analysis (PRISMA) guidelines (Supplementary Table 1).31 
We searched PubMed, EMBASE, Web of Science and the 
Cochrane Library databases from inception to December 1, 
2021, using a search strategy designed in collaboration with 
a medical librarian (CW). The details of our search strategy 
are provided in Supplementary Table 2. Briefly, our search 
strategy was based on a combination of keywords based on 
“fatty liver”, “steatosis”, “hepatitis B”, “hepatocellular carcino-
ma”, “cirrhosis”, “fibrosis”, “mortality”, and “HBsAg seroclear-
ance”.

We included cohort studies that (1) included patients with 
CHB-FL and CHB-no FL aged 18 years or older, with FL diag-
nosed by either imaging (ultrasound, computed tomography 
scan or magnetic resonance imaging/spectroscopy), liver bi-
opsy or central attenuation parameter (CAP) score with tran-
sient elastography and (2) provided time-to-event data on 
any of the clinical outcomes of interest (HCC, cirrhosis, mor-
tality and/or HBsAg seroclearance). To estimate incidence 
and relative risk, time-to-event data are required; therefore, 
we excluded case-control studies and other cross-sectional 
study design. To avoid patient selection bias, we excluded 
randomized controlled trials. To avoid major confounding 
factors, we also excluded studies that did not exclude other 
liver diseases such as viral hepatitis C or excessive alcohol 
consumption. Additionally, we excluded studies that were re-
view articles, editorials, case reports or guidelines, confer-
ence abstracts older than 2 years, animal or paediatric stud-
ies. If there were overlapping data from multiple studies from 
the same cohort, we included data from the largest, most 
comprehensive, and/or most updated study. 

Two authors independently performed the initial screening 
of titles and abstracts identified in the primary search for eli-
gibility, followed by full-text review. Discrepancies were re-
solved by consensus and/or with the third author as needed.  

We also searched the bibliographies of relevant studies for 
potential additional studies. Authors of eligible studies were 
contacted to obtain additional aggregated data for conven-
tional MA or de-identified individual patient-level data for in-
clusion in IPDMA if available.

Data collection and study quality assessment

Two authors also independently extracted the data of eligi-
ble studies using a standardized case report form developed 

for this study32 and performed study quality assessment us-
ing a scale developed for this study that was based on the 
Newcastle-Ottawa Scale for cohort study (Supplementary 
Table 3).33 Studies with a score 7–9 were considered to be of 
high quality, 4–6 fair quality, and <4 poor quality. Discrepan-
cies during data collection and study quality assessment 
were resolved by consensus and with a third author as need-
ed.  

We extracted data on baseline patient characteristics (age, 
sex, cirrhosis and diabetes mellitus, alanine aminotransferase 
[ALT], HBeAg, HBV DNA, and antiviral treatment status), study 
characteristics (publication date, study location, primary au-
thor, sample size, and study design), follow-up duration (per-
son-years), and relevant clinical outcomes (HCC, cirrhosis, 
mortality and HBsAg seroclerance). If not reported by the 
study, we estimated the annual rate of the outcome of inter-
est by dividing the number of patients with the outcome by 
the product of mean follow-up duration in years times the 
total number of patients and the person-years of follow-up 
by dividing the number of patients who developed the event 
by the annual incidence rate of said event. 

Statistical analysis

The primary study outcomes were the comparative inci-
dence of HCC, cirrhosis, mortality, and HBsAg seroclearance 
between CHB-FL and CHB-no FL patients. 

First, we performed a conventional MA using aggregated 
study-level data to estimate and compare pooled incidence 
(per 1,000 person-years) of HCC, cirrhosis, mortality and 
HBsAg seroclearance between CHB-FL and CHB-no FL pa-
tients using a random-effects model. Pre-specified subgroup 
analyses based on diagnostic criteria of FL (biopsy vs. imag-
ing vs. transient elastography), location of study (Asia vs. 
non-Asia), sample size, and treatment status were per-
formed. We used the Cochran Q-statistic and I2 statistic to as-
sess study heterogeneity with P<0.05 for Q-statistic and 
I2≥50% considered significant. The Egger’s test and funnel 
plot were used to assess for publication bias. All statistical 
analyses for conventional MA were performed using the 
meta packages in R statistical software (version 3.5.1; R 
Foundation for Statistical Computing, Vienna, Austria).

Second, we performed IPDMA. We contacted correspon- 
ding authors of studies included in conventional MA to 
provide individual patient data for IPDMA through email. 
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Missing data were not analysed in IPDMA. We described 
patient baseline characteristics as median with interquartile 
range (IQR) or mean (±standard deviation [SD]) for 
continuous variables or as number and percentage for 
categorical variables. We compared patient baseline 
characteristics using the Student t-test or Wilcoxon signed-
rank test for continuous variables depending on their 
distribution and the Chi-squared test for categorical 
variables. Next, we balanced the CHB-FL and the CHB-no FL 
groups using IPTW method on age, sex, baseline cirrhosis, 
diabetes mellitus, ALT, HBeAg, log HBV DNA, and antiviral 
treatment status. We compared the incidence of HCC, cirrho-
sis, mortality, and HBsAg seroclearance in the IPTW-cohort 
(consist of both CHB-FL and CHB-no FL patients) using the 
Kaplan–Meier method and the log-rank test. Finally, we used 
Cox proportional hazard regression to estimate the hazard 
ratio (HR) relating FL to each of the study outcomes. All sta-
tistical analyses for IPDMA were performed using STATA ver-
sion 16.0 (StataCorp LLC, College Station, TX, USA). 

RESULTS

Conventional meta-analysis of aggregated 
study-level data

Search results and study characteristics
From the initial title and abstract review of the 2,157 re-

cords identified using our search strategy, 90 potentially eli-
gible studies were retrieved for full-text assessment (Fig. 1). 
Our manual search of bibliographies of relevant articles pro-
vided eight additional potential studies.11,13,16,19,20-22,26 In total, 
19 studies involving 17,955 patients (6,047 CHB-FL, 11,908 
CHB-no FL) met our inclusion criteria were included in the 
conventional MA.5-16,18,20-25 A total 11 studies (14,014 patients) 
provided outcome data for HCC, 4 studies for cirrhosis (7,201 
patients), 5 studies for mortality (9,266 patients), and 7 stud-
ies for HBsAg seroclearance (9,462 patients). The majority of 
the studies (73.7%, 14/19) were of high quality with the re-
maining of fair quality (Supplementary Table 3). There was no 
significant publication bias (Egger’s test P=0.85, Supplemen-
tary Fig. 1). 

Six studies were prospective cohort studies and 13 were 
retrospective cohort studies (Supplementary Table 4). Six-
teen were from Asia with 1 study each from North American, 

Europe, and Australia. All studies were published as full man-
uscripts except for one.11 Majority of studies were single-cen-
ter studies (89.5%, 17/19). The mean age of patients ranged 
between 38 and 60 years. The prevalence of FL varied be-
tween about 25% and 60% except for two studies that had 
prevalence ≤10%.14,18 FL was most commonly diagnosed us-
ing ultrasound (3,031 participants, 6 studies) followed by 
transient elastography (2,119 participants, 6 studies) and liver 
biopsy (897 participants, 8 studies) (Supplementary Table 4). 

Analysis of clinical outcomes
Overall incidence 
The pooled annual incidence of HCC, liver cirrhosis, mortal-

ity and HBsAg seroclearance of the total cohorts among the 
included studies were 7.6 per 1,000 person-years (95% confi-
dence interval [CI]: 3.7–11.4; I2=93.1%; 11 studies, 14,014 par-
ticipants), 9.3 per 1,000 person-years (95% CI: 4.1–14.6; 
I2=87.4%; 4 studies, 7,201 participants), 5.1 per 1,000 person-
years (95% CI: 2.9–7.2; I2=90.7%; 5 studies, 9,266 participants), 
and 30.3 per 1,000 person-years (95% CI: 9.3–51.2; I2=99.0%; 
7 studies, 9,462 participants). 

The pooled incidence of all the above clinical outcomes 
were similar between CHB-FL and CHB-no FL patients based 
on aggregated data meta-analysis (P=0.27–0.93) (Table 1, 
Fig. 2). The heterogeneity was substantial in all analyses 
(I2=88–95%, P<0.01) (Fig. 2).  

Incidence in subgroups
There were no significant differences in the HCC incidence 

between CHB-FL and CHB-no FL patients in subgroup analy-
sis by ethnicity, study sample size, or FL diagnosis methods, 
except for the subgroup with FL diagnosed by biopsy, where 
there was higher pooled HCC incidence (per 1,000 persons-
years) for CHB-FL compared to CHB-no FL patients (12.6, 95% 
CI: 6.7–18.5, I2=63.5% vs. 2.9, 95% CI: 1.3–4.5, I2=39.2%, 
P=0.002, 5 studies, 2,493 participants) (Supplementary Table 
5A). There was also significant difference between the treat-
ed, untreated, and mixed treated/untreated subgroups, but 
there was only one study providing stratified data for treated 
patients. Heterogeneity was severe with most analyses with 
I2 up to 98%.

There were only two studies providing data for subgroup 
analysis for cirrhosis outcome (Supplementary Table 5B). In 
subgroup analysis with more than one study in each sub-
group, there was no significant difference among the sub-
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groups by FL diagnosis method, ethnicity, study sample size 
or by antiviral treatment status, but heterogeneity was high 
in all analyses.  

In most subgroup analyses for mortality outcome, data 
were available from only one study for most subgroup analy-

ses (Supplementary Table 5C). In subgroup analyses with at 
least 2 or more studies in each study arm, there was no sig-
nificant mortality difference between the study groups. 

For HBsAg seroclearance outcome, there were 2 or more 
studies providing data for each of the study groups in most 

Figure 1. PRISMA flow diagram. HBV, hepatitis B virus, HCC, hepatocellular carcinoma, MA, meta-analysis, IPD-MA, individual patient data me-
ta-analysis; HBsAg, hepatitis B surface antigen. *Some studies may have more than 1 study outcomes.

Identification of new studies via database and registers

Records removed before screening: 
Duplicate records removed (n=1,221)

Ineligible studies excluded after title and 
abstract screening (n=2,067)

Studies exclude after full-text review (n=63)
1. Incomplete data (n=14)
2. No study outcomes (n=10)
3. No follow-up data (n=10)
4. Review articles, editorials, case reports,  
     guidelines (n=8)
5. Not related to hepatic steatosis (n=7)
6. Conference abstracts >3 years (n=4)
7. HCC at baseline (n=4)
8. Duplicate studies/cohorts (n=4)
9. Not related to HBV (n=2):

Records screened (n=2,157)

Full-text retrieved & reviewed  
for eligibility (n=90)

19 studies*, 17,955 subjects 
included in Conventional MA

HCC
(11 studies,

14,014 subjects)

Mortality
(5 studies,

9.266 subjects)

HCC
(3 studies, 

9,477 subjects)

Mortality
(2 studies,

2,139 subjects)

Cirrhosis
(4 studies,

7,201 subjects)

HBsAg seroclerance
(7 studies,

9,462 subjects)

Cirrhosis
(1 studies,

6,786 subjects)

HBsAg seroclerance (3 
studies, 8,578 subjects)

Studies included from manual reference 
review (n=8)

5 studies, 13,262 subjects included in
IPD-MA

Records identified from
databases (n=3,378)
· PubMed (n=845)
· EMBASE (n=1,657)
· Web of Science (n=864) 
· Cochrane (n=12)
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subgroup analyses (Supplementary Table 5D). The incidence 
rates of HBsAg seroclearance were similar between CHB-FL 
and CHB-no FL in all subgroup analysis, but there was severe 
heterogeneity in all analyses (I2 =74–99%). 

Meta-analysis of individual patient-level data 
(IPDMA)

Total cohort
We included 13,262 patients (4,637 CHB-FL, 8,625 CHB-no 

FL) followed-up over 1,487,022 persons-years in our IPDMA 
(Fig. 1).9,12,14,23,25 Compared to CHB-no FL patients, CHB-FL pa-
tients were older (48.6±11.4 vs. 46.6±11.5 years, P<0.001), 
more likely male (77.1% vs. 64.7%, P<0.001), more likely to 
have diabetes mellitus, (15.2% vs. 7.4%, P=0.002), but less 
likely to have cirrhosis (3.7% vs. 6.1%, P<0.001) (Table 2). 
There were also statistically significant differences in their 
ALT levels, HBeAg status, and antiviral treatment status. 

IPTW-weighting cohort
After IPTW weighting on age, sex, baseline cirrhosis, diabe-

tes mellitus, ALT, HBeAg, HBV DNA, and antiviral treatment 
status, the IPTW cohort included a total of 10,301 patients 
(3,346 with CHB-FL and 6,955 with CHB-no FL) who were 
similar in their distribution of age, sex, baseline diabetes mel-
litus, baseline cirrhosis, ALT, HBeAg status, HBV DNA viral 
load, and antiviral treatment status (Table 2, Supplementary 
Fig. 2).  

Overall incidence 
Compared to the CHB-no FL group, the CHB-FL had signifi-

cantly lower incidence of HCC (P=0.002), cirrhosis (P<0.0001), 
and mortality (P<0.0001) while having significantly higher 
HBsAg seroclearance rate (P<0.0001) (Fig. 3). Incidence per 
1,000 person-years in CHB-FL and CHB-no FL, respectively, 
were 5.2 and 7.7 for HCC, 10.2 and 15.9 for cirrhosis, 2.1 and 
5.2 for mortality, and 17.4 and 12.1 for HBsAg seroclearance.

Incidence in subgroups
In subgroup analysis by age (Supplementary Fig. 3A, B) 

showed significantly lower HCC, cirrhosis, and mortality inci-
dence and higher HBsAg seroclerance incidence in the CHB-
FL group among patients older 45 years (P=0.005 for HCC, 
<0.0001 for all others). For patients aged 45 years or younger, 
the direction of difference was similar for all 4 outcomes but Ta
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was statistically significant only for HBsAg seroclearance out-
come (P=0.04). The 5-year and 10-year cumulative incidence 

for subgroup analyses were provided in Table 3.
In subgroup analysis by sex (Supplementary Fig. 3C, D), HB-

Table 2. Individual patient-level data meta-analysis: Patient characteristics, total (unmatched) cohort and IPTW (matched) cohort 

Variables at baseline
Total CHB cohort IPTW cohort*

Non-fatty liver 
(n=8,625)

Fatty liver  
(n=4,637)

P-value
Non-fatty liver 

 (n=6,955)
Fatty liver
(n=3,346)

P-value

Age 46.6±11.5 48.6±11.4 <0.0001 47.4±11.5 47.6±11.2 0.42

Male gender 5,559 (64.7) 3,539 (77.1) <0.0001 2,358 (65.3) 2,364 (66.2) 0.40

Baseline diabetes mellitus 599 (7.4) 659 (15.2) 0.002 387 (10.7) 385 (10.8) 0.93

Baseline cirrhosis 527 (6.1) 173 (3.7) <0.0001 193 (5.3) 187 (5.2) 0.84

ALT 80±246 78±230 <0.0001 65±189 67±189 0.63

Positive HBeAg 1,634 (21.4) 721 (19.3) 0.01 693 (19.2) 680 (19.1) 0.88

Log HBV DNA 3.9±2.6 3.9±2.6 0.60 3.8±2.6 3.8±2.6 0.88

Received antiviral treatment 2,479 (28.7) 1,479 (31.9) <0.0001 1,083 (30.0) 1,083 (30.3) 0.72

Data presented as mean±standard deviation or number (%) for total CHB cohort and as weighted count (%) for IPTW cohort unless 
otherwise specified.
CHB, chronic hepatitis B; NAFLD, non-alcoholic fatty liver disease; DM, diabetes mellitus; ALT, alanine transaminases; IPTW: Inverse 
Probability Treatment Weighting; HBV, hepatitis B virus.  
*Inverse Probability Treatment Weighting, matched for age, sex, baseline cirrhosis, diabetes mellitus, ALT, HBeAg, log HBV DNA, and 
antiviral treatment status.

Figure 2. Conventional aggregated study-level data meta-analysis: The pooled incidence of clinical outcomes in chronic hepatitis B patients 
with or without concomitant fatty liver; (A) Hepatocellular carcinoma, (B) Liver cirrhosis, (C) Mortality and (D) HBsAg seroclerance.
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sAg seroclearance incidence was significantly higher in CHB-
FL group for both males (P=0.005) and females (P=0.005). 
While incidence of HCC, cirrhosis and mortality were signifi-
cantly lower in CHB-FL for males (P<0.0001) there were no 
significant difference in the incidence of HCC, cirrhosis and 
mortality between CHB-FL and CHB-no FL in females. 

In subgroup analysis by treatment status (Supplementary 
Fig. 3E, F), we found consistently lower HCC, cirrhosis, and 
mortality rates in CHB- FL (vs. CHB-no FL) among untreated 
patients (P<0.0001 for all), but not among their treated coun-
terparts. Among treated patients, the 5-year cumulative inci-
dence for CHB-FL vs. CHB-no FL groups of 4.4 vs. 6.6% for 
HCC (P=0.04), 4.8 vs. 9.4% for cirrhosis (P=0.0005), 4.4 vs. 
8.6% for mortality (P<0.0001), and 3.5 vs. 4.5% for HBsAg se-
roclearance (P=0.28) (Table 3). Findings at 10-year follow-up 
were less consistent. 

Findings were consistent for both diabetic and non-diabet-

ic patients for most outcomes (Supplementary Fig. 3G, H, Ta-
ble 3). Among HBeAg-positive patients, the CHB-FL group 
had a lower 5-year cumulative incidence for HCC (3.0 vs. 5.4%, 
P=0.02), cirrhosis (6.4 vs. 12.5%, P=0.0004), and mortality (1.5 
vs. 2.7%, P=0.08). However, there was no significant differ-
ence in HBsAg seroclearance among HBeAg-positive patients 
with and without FL (5-year cumulative incidence 1.6 vs. 
1.7%, P=0.91) (Table 3 and Supplementary Fig. 3I). 

Subgroup analysis based on baseline cirrhosis status 
showed a consistently lower incidence for HCC and mortality 
and a higher HBsAg seroclearance in CHB-FL patients (vs. 
CHB-no FL patients) (Supplementary Fig. 3J, K, Table 3). 

Notably, in subgroup analysis of HCC by FL diagnosis meth-
od, we found a significantly higher HCC incidence among 
CHB-FL patients diagnosed by liver biopsy as compared to 
CHB-FL patients diagnosed by noninvasive methods (10-year 
cumulative incidence: 63.6% vs. 4.3%, P<0.0001; Supplemen-

Figure 3. Individual patient-level data meta-analysis: Cumulative incidence of clinical outcomes in the total cohort of patients with chronic 
hepatitis B with and without fatty liver: (A) Hepatocellular carcinoma (HCC), (B) Cirrhosis, (C) Mortality, and (D) HBsAg seroconversion. 
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Non-FL FL

Incidence rate/1000-person years: 7.7 5.2

5-year cumulative incidence: 4.4% 2.6%

10-year cumulative incidence: 7.1% 5.2%

Non-FL FL

Incidence rate/1000-person years: 5.2 2.1

5-year cumulative incidence: 3.2% 1.4%

10-year cumulative incidence: 4.1% 1.7%

Non-FL FL

Incidence rate/1000-person years: 15.9 10.2

5-year cumulative incidence: 9.3% 4.7%

10-year cumulative incidence: 13.7% 9.8%

Non-FL FL

Incidence rate/1000-person years: 12.1 17.4

5-year cumulative incidence: 5.7% 7.0%

10-year cumulative incidence: 11.7% 16.8%

Number at risk
Non-fatty liver 4657 (96) 4002 (55) 3516 (46) 3086 (31) 2794 (32) 2584 

Fatty Liver 2167 (16) 1964 (27) 1719 (12) 1504 (16) 1341 (15) 1205

Number at risk
Non-fatty liver 8573 (195) 7724 (43) 5590 (29) 4263 (14) 3841 (8) 3500

Fatty Liver 4542 (39) 3970 (11) 3216 (7) 2502 (3) 2244 (3) 1981

Number at risk
Non-fatty liver 4345 (230) 3686 (92) 3251 (74) 2881 (47) 2618 (56) 2409 

Fatty Liver 2085 (56) 1850 (21) 1633 (25) 1414 (13) 1266 (43) 1116

Number at risk
Non-fatty liver 4105 (122) 3484 (49) 3032 (46) 2611 (40) 2321 (95) 2030

Fatty Liver 2084 (79) 1852 (33) 1645 (38) 1429 (32) 1269 (89) 1068
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Table 3. Individual patient-level data meta-analysis: Subgroup analysis for hepatocellular carcinoma, cirrhosis, mortality and HBsAg serocler-
ance in CHB patients with and without concomitant FLD

Clinical outcomes
5-year cumulative incidence 10-year cumulative incidence

Non-fatty liver Fatty liver P-value Non-fatty liver Fatty liver P-value

Subgroup analysis for HCC 

Age

Age ≤45  24 (1.2) 6 (0.6) 0.13 41 (2.3) 14 (1.6) 0.24

Age >45 154 (7.7) 44 (4.7) 0.0009 219 (12.2) 72 (9.0) 0.005

Sex

Female 39 (2.3) 7 (1.4) 0.25 53 (3.3) 12 (2.9) 0.55

Male 139 (6.0) 41 (2.9)  <0.0001 205 (9.9) 72 (5.7)  <0.0001

Diabetes mellitus

No 112 (3.1) 37 (2.3) 0.04 173 (5.3) 64 (4.4) 0.13

Yes 35 (17.9) 11 (7.8)  0.005 44 (27.4) 18 (17.3)  0.01

Baseline cirrhosis

No 120 (3.2) 39 (2.1) 0.009 180 (5.2) 72 (4.5) 0.13

Yes 58 (25.4) 11 (19.1) 0.28  80 (50.4) 14 (28.6)  0.06

HBeAg

Negative 130 (4.2) 34 (2.4) 0.002 183 (6.3) 51 (4.0) 0.002

Positive 44 (5.4) 13 (3.0) 0.02 72 (10.3) 31 (8.8) 0.14

Antiviral treatment

Untreated 93 (3.4) 25 (1.9) 0.003 151 (6.0) 45 (3.6) 0.001

Treated 85 (6.6) 25 (4.4) 0.04 109 (9.7) 41 (10.9) 0.52

Subgroup analysis for cirrhosis 

Age

Age ≤45 89 (4.4) 30 (3.0) 0.07 139 (7.6) 54 (6.3) 0.15

Age >45 276 (14.4) 60 (6.6) <0.0001 360 (20.2) 104 (13.7) <0.0001

Sex

Female 85 (5.0) 16 (3.3) 0.12 120 (7.6) 22 (5.1) 0.09

Male 280 (12.5) 74 (5.2) <0.0001 379 (18.4) 136 (11.2) <0.0001

Diabetes mellitus

No 249 (7.1) 64 (4.0) <0.0001 356 (11.0) 119 (8.5) 0.001

Yes 44 (25.5) 18 (13.3) 0.008 50 (32.6) 26 (26.3) 0.04

HBeAg

Negative 259 (8.5) 58 (4.1) <0.0001 350 (12.2) 98 (8.0) <0.0001

Positive 100 (12.5) 28 (6.4) 0.0004 142 (20.5) 56 (16.1) 0.01

Antiviral treatment

Untreated 247 (9.2) 64 (4.7) <0.0001 336 (13.1) 106 (8.4) <0.0001

Treated 118 (9.4) 26 (4.8) 0.0005 163 (15.4) 52 (18.4) 0.13

Subgroup analysis for mortality 

Age

Age ≤45 54 (1.3) 17 (0.9) 0.21 58 (1.5) 19 (1.1) 0.21

Age >45 200 (5.3) 38 (1.7) <0.0001 231 (7.0) 44 (2.3) <0.0001
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tary Fig. 3L). While the odds of patients with baseline cirrho-
sis were comparable between the CHB-FL and CHB-no-FL 
groups among non-biopsy cohorts (odds ration [OR] 1.19, 

95% CI: 0.72–1.98, I2=59%), the biopsy cohort had a higher 
odd of having patients with cirrhosis at baseline in the CHB-
FL group than in the CHB-no-FL group (OR 1.68, 95% CI: 1.27–

Clinical outcomes
5-year cumulative incidence 10-year cumulative incidence

Non-fatty liver Fatty liver P-value Non-fatty liver Fatty liver P-value

Sex

Female 52 (1.9) 18 (2.2) 0.84 60 (2.5) 20 (2.8) 0.84

Male 201 (3.9) 37 (1.2) <0.0001 228 (4.9) 42 (1.4) <0.0001

Diabetes mellitus

No 89 (1.3) 16 (0.5) 0.0001 106 (1.7) 20 (0.7) <0.0001

Yes 23 (6.4) 8 (1.7) 0.01 29 (12.4) 10 (3.7) 0.002

Baseline cirrhosis

No 177 (2.4) 51 (1.3) 0.0001 199 (2.9) 57 (1.5) <0.0001

Yes 77 (17.6) 4 (6.2) <0.0001 90 (29.7) 6 (12.8) <0.0001

HBeAg

Negative 213 (3.9) 44 (1.6) <0.0001 241 (4.8) 50 (2.1) <0.0001

Positive 38 (2.7) 9 (1.5) 0.08 45 (3.8) 11 (2.0) 0.04

Antiviral treatment

Untreated 67 (1.2) 4 (0.2) <0.0001 88 (1.9) 7 (0.3) <0.0001

Treated 187 (8.6) 51 (4.4) <0.0001 201 (10.0) 56 (5.7) <0.0001

Subgroup analysis for HBsAg seroclerance 

Age

Age ≤45 89 (4.9) 54 (5.4) 0.59 159 (10.0) 113 (13.0) 0.04

Age >45 112 (6.4) 80 (8.8) 0.02 193 (13.7) 158 (21.4) <0.0001

Sex

Female 78 (5.7) 27 (5.9) 0.86 107 (8.6) 54 (15.0) 0.005

Male 123 (5.6) 107 (7.4) 0.03 245 (13.7) 217 (17.4) 0.005

Diabetes mellitus

No 186 (5.9) 120 (7.3) 0.06 332 (12.1) 253 (17.7) <0.0001

Yes 5 (3.0) 8 (6.3) 0.14 9 (9.8) 12 (13.6) 0.23

Baseline cirrhosis

No 195 (5.8) 134 (7.2) 0.05 340 (11.7) 271 (17.1) <0.0001

Yes 6 (3.7) 0 (0.0) 0.23 12 (14.3) 0 (0.0) 0.06

HBeAg

Negative 169 (6.3) 105 (7.7) 0.09 294 (12.7) 224 (19.0) <0.0001

Positive 13 (1.7) 7 (1.6) 0.91 20 (3.2) 9 (2.3) 0.52

Antiviral treatment

Untreated 151 (6.1) 116 (8.3) 0.007 278 (12.5) 248 (19.2) <0.0001

Treated 50 (4.5) 18 (3.5) 0.28 74 (9.0) 23 (5.7) 0.11

Expressed as number of events (annual rate per 1000 person-years) for annual rate and as number (%) for 5- and 10-year incidence.
HCC, hepatocellular carcinoma; CHB, chronic hepatitis B; FLD, fatty liver disease.

Table 3. Continued
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2.23, I2=2%) (Supplementary Fig. 4).

Factors associated with HCC, cirrhosis, mortality, and HBsAg 
seroclearance

On Cox regression analysis (Table 4), CHB-FL was associated 
with significantly lower incidence of HCC (HR=0.68, 95% CI 
0.52–0.88, P=0.004), lower incidence of cirrhosis (HR=0.61, 
95% CI 0.49–0.75, P<0.001), lower incidence of mortality 
(HR=0.38, 95% CI 0.25–0.57, P<0.001), yet a higher incidence 
of HBsAg seroclearance (HR=1.35, 95%CI 1.14–1.60, P<0.0001) 
when compared to CHB-no FL.

DISCUSSION 

In the current study, our conventional MA of 19 eligible 
studies involving 17,955 patients found no significant differ-
ence in the risk of HCC, cirrhosis, mortality, and HBsAg sero-
clearance between CHB-no FL and CHB-FL patients; however, 
these results were limited with severe heterogeneity in all 
analyses. On the other hand, our IPDMA using the IPTW co-
hort of 10,301 patients were all in favour of the CHB-FL popu-
lation in all evaluated outcomes as compared to their CHB-no 
FL counterparts. These findings also held on several sub-
group analyses. Taken together, our findings strongly sug-

gest a protective effect of FL in patients with CHB.
A notable finding from our study is the markedly higher 

HCC incidence in studies based on biopsy cohorts compared 
to cohorts with FL diagnosed by non-invasive method. We 
also found that CHB-FL patients among biopsy cohorts were 
about 70% more likely to have cirrhosis at baseline than the 
CHB-no FL patients, while there was no significant difference 
in the distribution of cirrhosis between the two groups 
among non-biopsy cohorts, suggesting a potential selection 
bias among studies based on biopsy. Furthermore, in our 
conventional MA, the heterogeneity was lowest in the sub-
group analyses comparing liver biopsy vs. non-invasive stud-
ies (I2=39.2% vs. 63.5%). These findings suggest that the di-
agnostic method of FL is likely the major source of 
heterogeneity. Given the invasive nature of liver biopsy, liver 
biopsies would not be used routinely in real-world practice, 
so that the biopsy cohort is likely subjected to selection and 
indication bias, and therefore may not be representative of 
all CHB patients. On the other hand, we acknowledge that 
non-invasive diagnosis of FL may be less accurate than liver 
biopsy. Nevertheless, an invasive method such as liver biopsy 
is neither ethical nor practical for large-scale epidemiological 
and clinical studies. 

CHB-FL patients were more likely male, older and more 
likely have diabetes mellitus, all of which are known risks fac-

Table 4. Individual patient-level data meta-analysis: Factors associated with HCC, cirrhosis, mortality and HBsAg seroclerance among patients 
with and without fatty liver among IPTW cohort*

Subgroups Number of events Hazard ratios (95% CI) P-value

HCC

Non-fatty liver 206 1

Fatty liver 82 0.68 (0.52–0.88) 0.004

Cirrhosis

Non-fatty liver 339 1

Fatty liver 127 0.61 (0.49–0.75) <0.0001

Mortality

Non-fatty liver 131 1

Fatty liver 30 0.38 (0.25–0.57) <0.0001

HBsAg seroclerance

Non-fatty liver 333 1

Fatty liver 248 1.35 (1.14–1.60) <0.0001

HCC, hepatocellular carcinoma; IPTW: Inverse Probability Treatment Weighting; ALT, alanine transaminases; HBV, hepatitis B virus.  
*Inverse Probability Treatment Weighting, matched for age, sex, baseline cirrhosis, diabetes mellitus, ALT, HBeAg, log HBV DNA, and 
antiviral treatment status .
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tors for HCC, yet these confounding factors were not ade-
quately adjusted in prior studies.5,8 In our IPDMA, we bal-
anced the FL and non-FL groups using IPTW matching on 
background risks as well as antiviral therapy, thus making our 
results more robust and reliable. Additionally, we only in-
cluded cohort studies with follow-up data so we could accu-
rately estimate all time-to-event outcomes. 

We found that the CHB-FL group had a significantly lower 
risk of mortality in all subgroups, except for female and those 
younger than 45 years old. This finding is line with prior stud-
ies of NAFLD, which found no significant or lower mortality in 
patients with NAFLD unless they have advanced fibrosis.34,35 
While it may seem paradoxical as one would expect a higher 
incidence of liver-related death in CHB-FL patients because 
both CHB and NAFLD were independent driver for liver fibro-
sis, the mortality in NAFLD was driven by non-liver-related 
death in most of the studies8,9,15 except one.7 

Another key finding of our study was that the CHB-FL 
group had a higher incidence of HBsAg seroclearance than 
the CHB-no FL group. Our finding is in line with prior study 
where, the presence of obesity, a common occurrence in FL, 
was an independent predictor for HBsAg seroclearance.36 
Meanwhile, the overall HBsAg seroclearance rate in our CHB-
no FL cohort were higher than the rate observed in the Alas-
ka cohort (14.0 vs. 5.6 per 1,000 person-years).37 This finding 
is intriguing as Caucasians generally had a higher rate of HB-
sAg seroconversion. We hypothesized that this may be due 
to the differences in median age (47.4 vs. 19.9 years) and a 
predominantly East Asian ethnicity of our IPDMA cohort, as 
older age has been reported as an independent predictor for 
HBsAg seroclearance.38 

Our study yields a different conclusion from those by a re-
cent meta-analysis by Mao and colleague39 which reported a 
higher risk of HCC in CHB-FL patients, likely due to differences 
in study methodology and inclusion criteria. First, our study 
exclusively included study with time-to-event data, which is 
the appropriate method to summarize time-to-event data 
such as incidence data for HCC development, HBsAg Sero-
clearance, and death37; whilst Mao et al.39 also included stud-
ies that reported outcomes as proportions rather than time-
to-event data. Additionally, Mao et al.39 combined proportion 
data with time-to-event data and estimated their pooled ef-
fect by pooling together odds ratio, relative risk and hazard 
ratio, which are measurements that are not compatible, and 
should not have been pooled together,40 thus limiting their 

conclusion. In our study, we excluded 5 studies that did not 
provide time-to-event data.41-45 Second, Mao et al.39 included 
a recent administrative database study with 48,335 CHB pa-
tients reported a higher risk of HCC and death in CHB-FL 
group, which is contrasting to our findings.19 However, this 
study included both hepatitis B and C patients, and subgroup 
analysis of CHB patients did not provide time-to-event data 
to be included in our study and did not provide details on 
which factors were being adjusted for.19 There were also no 
laboratory data to account for differences in comparative 
groups in regards to established risk factors for HCC such as 
HBV DNA, baseline HBeAg status as well as serum ALT.34 
Moreover, administrative database is prone to miscoding. We 
addressed these limitations in our study with the use of IPD-
MA based on medical chart review of individual patients and 
careful adjustment of relevant confounders (including HBV 
DNA, HBeAg status and ALT) for HCC using IPTW analysis. 
Third, our conventional MA analysis included additional rele-
vant studies reporting HBsAg seroclerance that were not in-
cluded in the study by Mao et al.,39 one of which reported 
higher HBsAg Seroclearance rate and contributed data to our 
IPDMA.  

NAFLD-associated metabolic stress can activate HBV-sup-
pressed innate and adaptive immunity to eliminate HBV vi-
rus, thus delaying disease progression in CHB patients 
through several mechanisms. Saturated fatty acids have 
been shown to upregulate Toll-like-receptor 4 and activate 
myeloid differentiation factor 88-mediated pathway to in-
hibit the HBV replication.46 An increased in FAS receptor on 
the membrane of hepatocytes with FL may lead to steatosis-
induced apoptosis of hepatocytes and a higher chance of 
HBsAg seroclearance in CHB-FL patients.28 Fat infiltration 
within the cytoplasm of infected hepatocytes may reduce 
the expression of HBsAg within cytoplasm the infected hepa-
tocytes.28 A lower HBV DNA load among CHB-FL patients 
compared to CHB-no FL patients has been demonstrated in 
both randomized trial and meta-analysis.29 Given that reduc-
tion of HBV DNA is expected to be a pre-requisite for HBsAg 
seroclearance, these findings support a high incidence of HB-
sAg seroclearance in CHB-FL. The beneficial effect of FL on 
HBsAg seroclearance may explained the inverse relationship 

between FL and the reduction in cirrhosis and HCC. Ideally, 
these findings should be validated in large scale prospective 
studies, but this would be impractical considering the low in-
cidence of HBsAg seroclearance among unselected CHB pa-
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tients. Future studies examining the impact of FL on the 
trend of quantitative HBsAg as a surrogate for HBsAg sero-
clearance may help to clarify this finding.47 

The limitation of our IPDMA is that, despite its size, the 
number of patients for rarer outcomes such as HBsAg sero-
clearance among young or HBeAg seropositive patients re-
mained limited. As most of our IPDMA data were from Asian 
studies, our findings may not be generalized to non-Asian 
CHB patients. We acknowledge there are limitations on the 
non-invasive diagnosis of FL which were subjected to perfor-
mance and operator bias and the cut-off for the diagnosis of 
FL may have varied across different studies. 

In conclusion, data from well-matched CHB patients show 
that the presence of FL was independently associated with a 
lower risk of HCC, cirrhosis and mortality, and a higher chance 
of HBsAg seroclearance. By adjusting for potential confound-
ers, our IPDMA provided a more robust and in-depth analysis 
than the conventional MA to elucidate the clinical impact of 
FL in CHB patients. Further studies are needed to elucidate 
the biological interaction between CHB and FL which can in-
form future therapeutic development and strategies for both 
diseases.  
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