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Abstract

Introduction: Fatty liver disease (FLD) influences liver disease progression and liver cancer risk. 

We investigated the impact of FLD on liver disease severity in a large North American cohort with 

chronic hepatitis B (HBV).

Methods: Liver biopsies from 420 HBsAg+ adults enrolled in the Hepatitis B Research Network 

and who were not on HBV therapy in the prior month were evaluated for inflammation and 

fibrosis. Steatohepatitis was based on steatosis, hepatocyte ballooning ± Mallory-Denk bodies 

and perisinusoidal fibrosis. Models evaluated factors associated with steatohepatitis, and the 

associations of steatohepatitis with fibrosis, and longitudinal ALT, AST and FIB-4.

Results: The median age was 42 years, 62.5% were male and 79.5% were Asian. One hundred 

thirty-two (31.4%) patients had FLD [77 (18.3%) steatosis only, 55 (13.1%) steatohepatitis]. 

Older age, overweight/obesity, and diabetes were associated with steatohepatitis. Steatohepatitis 

(versus no FLD) was associated with 1.68 times higher risk of advanced fibrosis at baseline 

(95%CI,1.12-2.51) and there was indication of higher incident cirrhosis rate during follow-up. 

Steatohepatitis versus no FLD was also independently associated with, on average, 1.39 times 

higher ALT (P<0.01) and 1.25 times higher FIB-4 (P=0.04) across four years.

Discussion: Coexisting steatosis occurred in nearly a third of adults (13% had steatohepatitis) 

with chronic HBV in this North American cohort who underwent liver biopsies. Steatohepatitis 

was associated with advanced fibrosis and higher biochemical measures of hepatic inflammation 

overtime. Therefore, additional to viral suppression, screening for and managing metabolic 

abnormalities, are important to prevent disease progression in HBV.

Keywords
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Introduction

Chronic hepatitis B (HBV) infection affects more than 257 million individuals worldwide 

and is associated with a higher risk of cirrhosis and hepatocellular carcinoma (HCC).(1) 

In the United states, an estimated 0.8-2.2 million persons have chronic HBV.(2–4) Fatty 

liver disease (FLD) is also prevalent and significantly contribute to liver-related morbidity 

and mortality. (4–7) While hepatitis C (HCV) is a risk factor for diabetes and metabolic 
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derangements (8–10), the relationship between lipid metabolism or hepatic steatosis in 

HBV is unclear, with studies showing conflicting results.(11) Nonetheless, studies mostly 

from Asia, have found a high prevalence of co-existing FLD among individuals with 

chronic HBV.(12–14) Coexisting metabolic derangement and FLD increase HCC (15–17) 

and cirrhosis risk (18, 19) in persons with HBV, suggesting an additive or synergistic effect. 

However, few studies to date have utilized histology to confirm the presence of steatosis 

or to examine whether there is a difference in the association between steatosis versus 

steatohepatitis on hepatic inflammation and fibrosis as well as clinical outcomes in HBV.

(19)

The National Institute of Diabetes, Digestive, and Kidney Diseases-sponsored Hepatitis B 

Research Network (HBRN) was designed to investigate the pathogenesis, natural history, 

and therapy of chronic HBV in individuals living in North America who were monitored 

longitudinally. We utilized a large cohort with liver biopsies to describe the histologic 

features of coexisting FLD in the setting of chronic HBV in adults. Additionally, we 

determined the association of FLD with concurrent histological fibrosis, and disease 

progression using prospectively measured aspartate (AST) and alanine aminotransferase 

(ALT) levels and Fibrosis-4 (FIB-4), as surrogate measures, and HBV clinical and virologic 

outcomes on follow-up.

Participants and Methods:

Adult participants of the HBRN Cohort and Adult Immune Active Trial, from 21 centers in 

the US and in Toronto, Canada who had undergone a liver biopsy were included.(20) The 

Cohort study enrolled hepatitis B surface antigen (HBsAg)-positive adults 18 years or older 

who did not have a history of hepatic decompensation, HCC, solid organ or bone marrow 

transplantation or known human immunodeficiency virus (HIV), and who were not currently 

receiving HBV therapy. The Adult Immune Active Trial enrolled adults ≥18 years old, with 

HBV DNA ≥1000 IU/mL, and ALT >30 U/L in males, >20 U/L in females. For this report, 

we excluded: acute HBV, HCV, HDV, HIV coinfection, inadequate liver biopsy samples, and 

receipt of HBV therapy within 4 weeks prior to the biopsy.

Participants were enrolled from January 2011 to January 2018. The last follow-up 

assessment was completed in January 2020. Following enrollment, participants were 

evaluated at weeks 12 and 24, and every 24 weeks thereafter. For cross sectional analyses, 

data from the closest study assessment that was beyond 4 weeks of prior HBV medication 

use and was within 24 weeks of the liver biopsy were used. Alcohol use and HBsAg 

were only assessed annually and values within 48 weeks prior to the biopsy were used. 

For longitudinal analyses, participants with <1 assessment occurring at least 24 weeks 

following the liver biopsy and before randomization into the Adult Immune Active Trial, 

were excluded. Participants who started treatment following the biopsy as part of clinical 

care were included. All protocols were approved by the HBRN Steering Committee and 

the Institutional Review Boards (Research Ethics Board in Canada), and all participants 

provided written informed consent.
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Assessment of liver histology

Liver biopsies were stained by a central laboratory and scored by the HBRN Pathology 

Committee without the pathologists’ knowledge of clinical and laboratory data. Adequate 

specimens (i.e., representative with a minimum of three portal tracts) were included. 

Using the Ishak scoring system, biopsies were scored for periportal, portal and lobular 

inflammation (range: 0-4) and fibrosis (range: 0-6).(21) Advanced fibrosis was defined as 

Ishak score ≥3. Perisinusoidal fibrosis was assessed as 0 for none, 1 for mild (visible 

only on trichrome) and 2 for moderate (evident on the H&E stain). Steatosis was graded 

as: none, minimal (<5% of hepatocytes), mild (5-33%), moderate (34-66)%, and severe 

(≥67%).(27) Steatohepatitis (see Figure 1) was based on presence of steatosis ≥5%, 

parenchymal inflammation, and hepatocyte ballooning with or without Mallory-Denk bodies 

and perisinusoidal fibrosis in an appropriate architectural pattern with consensus of the 

pathology committee.(22) FLD status was categorized as 1) steatohepatitis, 2) steatosis 

(defined as ≥5% steatosis without steatohepatitis), or 3) no FLD.

Assessment of clinical and laboratory data and data definitions

Detailed clinical and laboratory data definitions are provided in supplemental materials. 

Race/ethnicity and alcohol consumption (23) were by self-report. Body mass index 

(BMI) (24), diabetes, hypertension, and hyperlipidemia were recorded. Laboratory tests 

were measured and FIB-4 score was calculated.(25) The clinical and virologic outcomes 

including cirrhosis, hepatic decompensation, HCC, liver transplantation, death, and HBeAg 

and HBsAg loss in follow-up were adjudicated by an HBRN committee.

Statistical analysis

Descriptive statistics were used to summarize sample characteristics. Histology was 

compared by FLD status and by advanced fibrosis status, and demographic, clinical and 

virologic characteristics by FLD status using the χ2 test, the Fisher’s exact test, the 

Jonckheere-Terpstra trend test, or the Kruskal-Wallis test, as appropriate.

A multivariable log binomial regression model was used to test and estimate associations 

with steatohepatitis. Age, sex and HBV DNA were forced in the model. The following 

variables were also considered: race, alcohol use, race-adjusted BMI category, diabetes, 

hypertension, ALT, AST, HBV genotype, HBeAg status, and HBsAg level. Variables with 

P≥0.10 were removed using a stepwise variable selection method. A generalized linear 

model with the gamma link function (to address the skewed distribution of the outcome) 

was employed to evaluate the association between FLD and fibrosis scores. Additionally, 

log binomial regression was employed to evaluate the association between FLD status and 

advanced fibrosis. Both models controlled for age, sex, ALT, and HBV DNA.

Longitudinal analysis

A linear mixed model fit using maximum likelihood with a person-level random intercept 

was used to evaluate the adjusted association between FLD status and ALT through 192 

weeks (3.7 years) of follow-up, with time since liver biopsy date as a continuous fixed 
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effect. Sex, age at liver biopsy, alcohol use, and HBV DNA and current use of anti-HBV 

medication at each time point were forced in the model as fixed effects. To meet the 

normality assumption, the log2 scale was used and results are presented as mean ratios 

(factor by which the mean value of ALT differs for the comparator vs. the reference) rather 

than differences. Analysis was repeated replacing ALT with AST and with FIB-4. Since age 

is a component of FIB-4, it was omitted from the FIB-4 model.

Frequencies of death, HCC, hepatic decompensation and liver transplantation were too 

rare to evaluate in reference to FLD. Among adults without cirrhosis within 24 weeks of 

baseline, incident cirrhosis during follow-up was analyzed as incidence per 100 person-years 

of follow-up and compared by FLD status.

Analyses were conducted using SAS version 9.4 (SAS Institute, Cary, NC, USA). Reported 

P values are two-sided.

Results

Sample selection

Of 2030 potential participants, 421 met criteria for inclusion in the analysis sample (see 

Supplemental Figure for participant flow). Among participants, 198 (47.0%) underwent a 

biopsy for clinical indication, 91 (21.6%) for entry into the Adult Immune Active Trial, and 

132 (31.4%) did not have reason recorded.

Participant characteristics

Table 1 provides clinical, virologic, and detailed histologic characteristics of participants. 

The median age was 42 (range 18-77) years, 62.5% were male and the majority (79.5%) 

were of Asian race. More than 60% were overweight or obese and nearly 9% were diabetic. 

Most participants were HBeAg negative with median log10 HBV DNA of 5.7 IU/mL.

On histology, 31.4% (95%CI, 26.9-35.8%; n=132) had FLD; 18.3% (95%CI, 61.5-92.6%; 

n=77) with steatosis only and 13.1% (95%CI, 41.5-68.6%; n=55) with steatohepatitis. 

Prevalence of advanced fibrosis (Ishak ≥3) was 21.8% and cirrhosis (Ishak ≥5) was present 

in 7.1% (Table 1).

Histologic characteristics by FLD status and advanced fibrosis status

Moderate or severe steatosis was more common in those with steatohepatitis (40% and 

18.2%, respectively) than steatosis alone (9.1% and 5.2%, respectively). Among participants 

with steatohepatitis, a larger percentage of hepatocytes showed no immunostaining for either 

HBcAg or HBsAg 16.4% versus 5.6% and 7.8% in those with steatosis alone and no FLD, 

but the overall percent of HBcAg-positive, HBsAg-positive, or both HBcAg/HBsAg-positive 

hepatocytes was not significantly different among the three groups (P=0.09).

While the severity of portal (P=0.34), periportal (P=0.15), and lobular inflammation 

(P=0.18) were not statistically significantly different by FLD status, the presence of 

steatohepatitis versus no FLD or steatosis alone, was significantly associated with higher 

perisinusoidal fibrosis (Figure 2A; P<0.001 for both comparisons) and higher Ishak fibrosis 
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scores (Figure 2B; P=0.002 for both comparisons). Moreover, while the grades of steatosis 

(moderate/severe steatosis 13.0% vs 10.0%, P=0.41) or the presence of any HBsAg-positive 

and/or HBcAg-positive immunostaining (95.7% vs 91.7%, P=0.20) did not differ in those 

with (n=92) vs without advanced (Ishak≥3) fibrosis (n=329), those with advanced fibrosis 

had higher frequency of features of steatohepatitis including hepatocyte ballooning (22.8% 

vs 8.8%, P <0.001) and Mallory-Denk bodies (20.7% vs 5.2%, P <0.001), along with higher 

grades (≥3) of portal (27.2% vs 4.0%, P <0.001), periportal (51.1% vs 12.5%, P <0.001) and 

lobular inflammation (39.1% vs 21.2%, P =0.02).

Factors associated with steatohepatitis

Clinical and biochemical factors—Table 2 summarizes participant characteristics by 

FLD status. Participants with steatohepatitis were more likely to be older, obese and to have 

hypertension and diabetes compared to those with steatosis alone and those with no FLD (all 

P<0.001). A higher proportion with steatohepatitis appeared to have ALT >2x upper limit 

of normal compared to those with no FLD (71.1% vs 55.6%, P=0.058). The proportion of 

participants with steatohepatitis by age, sex, race, race-adjusted BMI category, and diabetes 

status is shown in Figure 3 and supporting data is provided in Supplemental Table 1.

Virologic factors—Participants with steatohepatitis had lower quantitative HBsAg levels 

than those with no FLD (median log10 3.1 vs 3.6 IU/mL, P=0.01) and appeared to have 

lower HBsAg levels than those with steatosis only (median log10 3.7 IU/mL, P=0.07). 

However, there were no significant differences in HBV DNA levels among the three groups 

with steatohepatitis, steatosis, and no FLD (median log10 5.3 vs 6.0 or 5.7 IU/mL, P =0.16) 

(Table 2). In addition, HBV genotype or phase of HBV infection were not significantly 

different by FLD categories.

On multivariable analysis with adjustment for sex (P=0.29) and HBV DNA level (P=0.18), 

older age [adjusted relative risk (aRR)=1.18, 95% CI, 1.04-1.35, per decade older; P=0.01], 

being overweight (aRR=2.55, 95% CI, 1.55-4.19) or obese (aRR=3.40, 95% CI, 2.04-5.68) 

versus normal weight (P<0.001), and having diabetes (aRR=1.41, 95% CI, 1.03-1.93; 

P=0.03) were independently associated with presence of steatohepatitis. There was also 

an indication that having hypertension increased risk of steatohepatitis (aRR=1.32, 95% CI, 

0.96-1.81; P=0.09).

Relationship between presence of FLD and Ishak fibrosis

In evaluating select clinical and laboratory characteristics between participants with (n=92) 

and without (n=329) advanced fibrosis, those with advanced fibrosis were more likely to 

be male (72.8% vs 59.6%, P=0.02) and to have higher ALT (median 73 vs 56.5 U/L), 

AST (median 56 vs 36 U/L) and HBV DNA levels (median 6.5 vs 5.5 log10 IU/mL) (all 

P<0.001) compared to those without advanced fibrosis, but were not significantly different 

with respect to age (median 45 vs 42 years, P=0.11) and weight status (36.8% vs 37.7% 

normal weight; P=0.40).

After adjusting for age, sex, HBV DNA level and ALT level, in comparison to those with 

no FLD, the presence of steatohepatitis was associated with, on average, 1.33 (95% CI, 
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1.15-1.54) times higher Ishak fibrosis score or 1.68 times higher risk of advanced fibrosis 

(95% CI, 1.12-2.51) (Table 3). In addition, the presence of steatohepatitis was associated 

with, on average, 1.50 (95% CI, 1.25-1.80) times higher Ishak fibrosis score (P<0.001) or 

2.89 times higher risk of advanced fibrosis (95% CI, 1.54-5.41) compared to those having 

steatosis alone.

FLD as a predictor of ALT, AST and FIB-4 levels over time

Over a median of 4.3 years (IQR: 2.2, 6.0) follow-up, participants had a median of 8.0 (IQR: 

4.0-11.0) ALT and AST measures, and a median of 4.0 (IQR: 2.0-9.0) FIB-4 measurements. 

One third of measurements of ALT and AST (473 of 1374 observations) were while on 

treatment. Compared to those with no FLD, participants with steatohepatitis had higher 

values for these measurements at time of biopsy that persisted over time (Figure 4). With 

adjustment for age, sex, alcohol use, HBV DNA level and HBV treatment, in comparison to 

no FLD, having steatohepatitis was associated with, on average, 1.39 (95% CI, 1.20-1.62, 

P<0.001) times higher ALT, 1.16 (95% CI, 1.03-1.31, P =0.02) times higher AST, and 1.25 

(95% CI, 1.00-1.56, P =0.04) times higher FIB-4 across four years of follow-up (Table 

4). Additionally, compared to having steatosis alone, having steatohepatitis was associated 

with, on average, 1.24 (95% CI, 1.04-1.49, P =0.02) times higher ALT, and 1.17 (95% CI, 

1.01-1.35, P =0.04) times higher AST, and 1.22 (95% CI, 0.92-1.60, P =0.10) times higher 

FIB-4; however, the difference in FIB-4 did not reach statistical significance. Comparison 

of participants with steatosis alone versus those with no FLD, did not show significant 

differences in ALT, AST or FIB-4 over time (Table 4). The proportion of participants 

with alcohol use, those who initiated HBV therapy, and the median HBV DNA levels by 

follow-up time point are shown in Supplemental Table 2. During follow-up, 102 (43.2%) 

participants started HBV therapy, of whom 97 received nucleos(t)ide analogues alone, 2 

received nucleos(t)ide analogues in combination with pegylated interferon, and 3 received 

pegylated interferon alone. A sensitivity analysis with models testing associations between 

FLD status with ALT, AST and FIB-4, censoring assessments after participants started 

treatment (i.e., versus controlling for treatment) yielded similar results (data not shown). 

In addition, a sensitivity analysis with data extending to 288 weeks or 5.5 years of follow­

up providing longer follow-up but with fewer participants beyond year 4, yielded similar 

estimates to those above (data not shown).

Clinical and virologic events

Very few adverse clinical events were observed during follow-up with one death (due to 

renal failure), one HCC and one hepatic decompensation, each in a different participant, and 

no liver transplants. Sixteen (3.8%) participants had HBsAg loss, and among 166 HBeAg 

positive adults with follow-up data, 33 (19.9%) lost HBeAg. These outcomes were too rare 

to compare by FLD status.

Incident cirrhosis among those without baseline cirrhosis (N=406) was also uncommon, 

occurring at a rate of 0.49 per 100 person-years (95%CI, 0.26-0.95). However, there was an 

indication that incident cirrhosis might be more common among those with steatohepatitis 

(n=49; 1.47 per 100 person-years, 95% CI, 0.47-4.55) versus no FLD (n=283; 0.47 per 

100 person-years, 95% CI, 0.21-1.04; P=0.12). Furthermore, in a sensitivity analysis, when 
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follow-up data were censored at the initiation of HBV therapy, the incident cirrhosis rate 

was 0.71 (95%CI, 0.32, 1.58) per 100 person-years overall, 3.37 (95%CI 1.09, 10.44) per 

100 person-years among those with steatohepatitis versus 0.51 (95%CI, (0.16, 1.57) per 100 

person-years among those with no FLD (P=0.09). No one with steatosis only (n=74) had 

incident cirrhosis before or after censoring follow-up data for antiviral use.

Discussion:

In this multiethnic prospective adult cohort with chronic HBV who reside in North America 

and had undergone a liver biopsy, coexisting steatosis at ≥5% was present in nearly a 

third of the adults (31%) of whom 42% had steatohepatitis. The presence of steatohepatitis 

was cross-sectionally associated with advanced fibrosis independent of HBV DNA levels. 

Furthermore, presence of steatohepatitis was associated with higher AST and ALT and 

possibly higher FIB-4 levels throughout a study period of four years. A similar assessment 

of the HBRN pediatric cohort showed that prevalence of steatosis in HBV-infected children 

undergoing a liver biopsy was low at 4% and none had steatohepatitis (data not shown).

As expected, steatohepatitis was associated with known risk factors including older age, 

obesity, and diabetes. The prevalence of steatohepatitis of 13% in this study was higher 

than that estimated in the U.S. population at 1.5-6.5%.(26) In a recent study of 593 adult 

Chinese patients with HBV who underwent a liver biopsy prior to initiation of HBV therapy, 

37.6% had NAFLD, defined as the presence of hepatic steatosis ≥5% with or without lobular 

inflammation and hepatocyte ballooning while 14% (n=83) had steatohepatitis; findings very 

similar to our study.(27) In that study, degrees of fibrosis did not differ in those with or 

without steatosis but comparisons between those with steatohepatitis and no steatosis or 

steatosis alone were not included.(27) In the current study, while steatosis was not associated 

with fibrosis, presence of steatohepatitis was associated with significantly higher degrees of 

fibrosis compared to no steatosis or steatosis alone. Thus, steatohepatitis signifies a more 

progressive liver injury that may have additive or synergistic effect on fibrosis in HBV liver 

disease.(28) Interestingly, 27% of adults in our cohort had perisinusoidal fibrosis but only 

about half of these met diagnostic criteria for steatohepatitis. The reason for this is unclear 

but may include prior steatohepatitis that has resolved, fibrosis related to another process, or 

perisinusoidal fibrosis as an unrecognized component of chronic HBV.

The relationship between steatosis and HBV disease remains controversial. Some studies 

from Asia have shown a lower prevalence of metabolic syndrome and steatosis in HBV 

(29–32), and even increasing steatosis severity with decreasing HBV replication.(33) Others 

using transient elastography have shown fibrosis progression with increasing steatosis 

severity, even when HBV is suppressed with therapy.(34) Recent data also suggest that 

baseline liver enzymes and their changes during follow-up are predictive of fibrosis 

progression or regression in the setting of FLD.(35) In this study, we show that independent 

of receipt of HBV therapy or HBV DNA levels, having steatohepatitis versus no FLD was 

associated with significantly higher FIB-4 and also higher AST and ALT levels throughout 

4 years of follow-up. Moreover, the rate of incident cirrhosis appeared to be higher in 

those with steatohepatitis compared to those without FLD in follow-up. Although clinical 

outcomes of death, HCC and liver transplantation were infrequent in our contemporary 
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prospective cohort, a recent retrospective study with longer follow-up showed an increased 

risk of adverse liver outcomes and all-cause mortality in those with HBV and steatohepatitis 

compared to those with HBV alone.(36)

The main limitation of our study is that because liver biopsies were not uniformly performed 

in all HBRN participants, the prevalence of FLD among patients with HBV in general could 

not be determined. However, it is noteworthy that the prevalence of FLD was similar among 

those who had a liver biopsy for clinical care versus as entry criteria into a treatment trial. 

In this study, we did not exclude at-risk alcohol use in order to fully capture the spectrum 

of FLD. Alcohol use may have contributed to FLD in a minority of participants but the 

proportion with at-risk drinking was only 8.8% at study entry and decreased to less than 5% 

during follow-up. Moreover, alcohol use was included as a covariate in the cross-sectional 

analysis and adjusted for as a time varying covariate in the longitudinal analysis. A major 

strength of this study is the detailed clinical, virologic, and histologic evaluation including 

blinded central reading of biopsy specimens, and the large number of biopsies provide 

robust data to examine the association between FLD and inflammation and fibrosis in 

HBV. While repeat liver biopsies were not performed, precluding our ability to evaluate the 

effect of steatohepatitis on fibrosis progression, repeated laboratory and clinical assessment 

allowed for meaningful evaluation of impact of steatohepatitis on biochemical measures of 

hepatic inflammation and fibrosis, and virologic and clinical outcomes during follow-up.

In summary, hepatic steatosis was common among adults with chronic HBV living in 

North America, who had undergone a liver biopsy and steatohepatitis was present in nearly 

one-sixth of our patients. Presence of steatohepatitis was associated with more advanced 

fibrosis and higher levels of AST, ALT and FIB-4 throughout follow-up, suggesting that 

steatohepatitis may also contribute to an increased rate of fibrosis progression over time. 

As obesity and diabetes were predominant risk factors for coexisting steatohepatitis, in the 

presence of these risks, clinicians may consider diagnostic workup for coexisting FLD 

such as noninvasive elastography or a liver biopsy especially among individuals with 

elevated liver enzymes and low or HBV DNA. Moreover, screening for and addressing 

metabolic abnormalities, in addition to viral suppression is important to prevent HBV 

disease progression and adverse outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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List of Abbreviations:

HBV Hepatitis B virus

HIV human immunodeficiency virus

BMI body mass index

FLD fatty liver disease

NAFLD nonalcoholic FLD

NASH nonalcoholic steatohepatitis

ALT alanine aminotransferase

AST aspartate aminotransferase

HCV hepatitis C virus

RNA ribonucleic acid

US United States
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DNA Deoxyribonucleic acid

HBRN Hepatitis B Research Network

HBsAg hepatitis B surface antigen

HBeAg hepatitis B e antigen

MS metabolic syndrome

ULN upper limit of normal
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Study Highlights:

WHAT IS KNOWN

• Metabolic abnormalities are prevalent in individuals with chronic hepatitis B 

infection.

• Metabolic abnormalities are risk factors for fatty liver disease and coexisting 

fatty liver disease is associated with increased risk of adverse outcomes in 

those with underlying liver disease.

WHAT IS NEW HERE

• In this North American adult cohort with chronic hepatitis B infection who 

underwent a liver biopsy, coexisting steatosis was present in nearly a third of 

adults, of whom 42% had steatohepatitis.

• Fatty liver disease in chronic hepatitis B was associated with known 

metabolic risk factors.

• Presence of steatohepatitis but not steatosis alone was associated with 

baseline advanced hepatic fibrosis in chronic hepatitis B, and higher ALT, 

AST and FIB-4 levels during follow-up.
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Figure 1. 
A representative liver biopsy showing typical features of steatohepatitis in HBV infected 

individuals. A. Steatosis with readily evident balloon hepatocytes and Mallory-Denk bodies 

depicted by the arrow (Hematoxylin and eosin). B. Zone 3 perisinusoidal fibrosis (Masson 

trichrome). C. Scattered ground glass cells (Hematoxylin and eosin).
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Figure 2. 
The severity of A. Perisinusoidal fibrosis (i.e., grade) and B. Ishak fibrosis (i.e., stage) by 

FLD status in study participants with chronic HBV.
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Figure 3. 
Distribution of FLD status by A. Age (years), B. Sex, C. Race, D. BMI category (race­

specific), and E. Diabetes in study participants with chronic HBV.
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Figure 4. 
The distribution of A. ALT, B. AST, and C. FIB-4 over time by whether study participants 

with chronic HBV had steatohepatitis, steatosis, or neither at the time of biopsy.
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Table 1.

Demographic, clinical, virologic and histopathologic characteristics of study participants with chronic HBV 

who underwent a liver biopsy

Overall n=421
a

Demographic 

Age, median (25th: 75th) years 42 (34:52)

Female, n (%) 158 (37.5%)

Race, n (%) n=419

 White 43 (10.3%)

 Black 33 (7.9%)

 Asian 333 (79.5%)

 Other 10 (2.4%)

Clinical 

Weight status (race-specific), n (%) n=368

 Underweight/Normal 138 (37.5%)

 Overweight 150 (40.8%)

 Obese 80 (21.7%)

Diabetes, n (%) 31 (8.8%)

Virologic 

HBeAg status, n (%) n=367

 Positive 143 (39.0%)
n=375

HBV DNA (log10 IU/mL), median (25th: 75th) 5.7 (4.1: 7.7)

Steatosis severity, n (%)

 None (0%) 78 (18.5%)

 Minimal (<5%) 219 (52.0%)

 Mild (5-33%) 79 (18.8%)

 Moderate (34-66%) 36 (8.6%)

 Severe (≥67%) 9 (2.1%)

Steatohepatitis, n (%) 55 (13.1%)

HAI score, median (25th: 75th) 5 (3: 7)

Ishak Fibrosis score, n (%)

 0 93 (22.1%)

 1-2 236 (56.1%)

 3-4 62 (14.7%)

 5-6 30 (7.1%)

Perisinusoidal fibrosis grade, n (%) n=420

 None 307 (73.1%)

 Mild 82 (19.5%)

 Moderate 31 (7.4%)

Abbreviations: HBcAg, quantitative hepatitis B core antigen; HBsAg, quantitative hepatitis B surface antigen; HBV, hepatitis B virus; HAI, hepatic 
activity index
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a
Unless otherwise noted within the table.
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Table 3.

Cross sectional associations between FLD status and fibrosis among study participants with chronic HBV.

Fibrosis Score (0-6) Advanced Fibrosis (Ishak≥3)

n Adjusted Mean Ratio
a
 (95%CI)

N=348
P-value Adjusted RR (95%CI)

N=348 P-value

FLD status (ref=neither) 289 <0.001 0.002

 Steatosis 77 0.89 (0.77, 1.03) 0.58 (0.33, 1.02)

 Steatohepatitis 55 1.33 (1.15, 1.54) 1.68 (1.12, 2.51)

Age, per 10 years 421 1.07 (1.01, 1.13) 0.01 1.21 (1.05, 1.39) 0.01

Sex (ref=Female) 158 0.04 0.07

 Male 263 1.13 (1.01, 1.27) 1.44 (0.97, 2.13)

HBV DNA, per log10 IU/mL 375 1.06 (1.02, 1.09) 0.002 1.16 (1.04, 1.28) 0.005

ALT, per log2 U/mL 350 1.16 (1.09, 1.22) <0.001 1.24 (1.08, 1.43) 0.003

Abbreviations: ALT, Alanine aminotransferase; FLD, fatty liver disease.

a
Since the Ishak fibrosis score was skewed to the right, a generalized linear model with the gamma link function was employed. Thus, mean ratios 

are reported. A mean ratio of 1.33 for steatohepatitis versus no FLD indicates that someone with steatohepatitis has, on average, 1.33 times higher 
Ishak fibrosis score compared to someone without FLD.
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