
Liver steatosis is a strong predictor of mortality and
cancer in chronic hepatitis B regardless of viral load

Authors
Noam Peleg, Assaf Issachar, Orly Sneh Arbib, Michal Cohen-Naftaly, Marius Braun, Moshe Leshno,
Alon Barsheshet, Amir Shlomai

Correspondence
shlomaiamir@gmail.com (A. Shlomai)

Graphical abstract

Highlights
• HBV viral load is an important predictor of adverse
outcomes in patients with chronic HBV (CHB).

• Liver steatosis may co-occur with CHB but its effect
on all-cause mortality and cancer has not been
determined.

• Liver steatosis is significantly associated with all-
cause mortality and cancer in patients with CHB.

• The effect of liver steatosis on mortality and cancer is
stronger than the effect of HBV viral load.

• Patients with CHB and liver steatosis should be clo-
sely monitored, irrespective of their viral load.
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Lay summary
Patients with chronic hepatitis B infection
(CHB) may have liver steatosis at the same
time. Here we show that in patients with
CHB, liver steatosis is significantly associated
with all-cause mortality and cancer, irre-
spective of other major metabolic factors,
and the effect of liver steatosis on mortality
and cancer is stronger than the effect of
hepatitis B viral load on these outcomes.
Thus, patients with CHB and liver steatosis
should be closely monitored, irrespective of
their viral load.
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Background & Aims: Liver steatosis may occur concomitantly in patients with chronic hepatitis B infection (CHB) and is impli-
cated in increasedmorbidity andmortality. Hepatitis B virus (HBV) viral load is a marker for disease progression and long-term
outcomes in CHB.We investigated the association between liver steatosis and HBV viral load and their individual effects on all-
cause mortality and the development of cancer in patients with CHB and liver steatosis.
Methods: This retrospective study included 524 treatment-naïve patients with CHB, with a mean follow-up of 6 years. Liver
biopsy was available for 170 patients and liver steatosis was validated by at least 3 ultrasonographic examinations.
Results: A total of 241/524 (46%) patients with CHB had liver steatosis, with a strong correlation between the degree of liver
steatosis as assessed by ultrasonography or by liver biopsy (r = 0.9, p <0.001). Although liver steatosis was not significantly
associated with advanced fibrosis, a multivariate analysis showed that liver steatosis was associated with a 4-fold increased
risk of all-cause mortality and cancer (hazard ratio 4.35; 95% CI 1.69–8.99; p <0.001), irrespective of other major metabolic fac-
tors. However, baseline HBV viral load was not significantly associated with this composite outcome (hazard ratio 1.65; p =
0.29). In addition, liver steatosis was inversely associated with HBV viral load.
Conclusion: Patients with CHB and liver steatosis have an increased risk of all-cause mortality and cancer development com-
pared to patients with CHB without liver steatosis, regardless of their baseline HBV viral load. Although tending to have a lower
baseline viral load, patients with CHB and liver steatosis should be closely monitored irrespective of viral load.
© 2019 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Chronic hepatitis B infection (CHB) is one of the most prevalent
liver diseases worldwide1 and is a leading cause of death, mainly
due to the development of end-stage liver disease and liver can-
cer (hepatocellular carcinoma, [HCC]).2,3 Elevated viral load
(VL) is a strong predictor for liver cirrhosis, HCC and liver-
related mortality,4–8 underscoring the importance of long-term
treatment of viremic patients with drugs that efficiently suppress
viral replication.9

It is estimated that at least 30% of patients with CHB have non-
alcoholic fatty liver disease with liver steatosis (LS),10,11 a
condition associated with the metabolic syndrome and a major
risk factor by itself for liver and non-liver-related morbidity and
mortality.12–16 Previous studies have recognized the metabolic
syndrome as a risk factor for progression to cirrhosis in patients
with CHB infection, independent of VL and alanine aminotrans-
ferase levels.17,18 In addition, elevated body mass index (BMI)
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proved to be an independent risk factor for liver-relatedmortality
in this group of patients.19

Although both hepatitis B virus (HBV) VL and LS are implicated
in long-term unfavorable outcomes, interactions between LS and
VL, and their relative contributions to long-term outcomes in
these patients, have yet to be determined. In this study, we inves-
tigated possible interactions between LS and HBV replication and
their distinctive contributions to major clinical endpoints, includ-
ing all-cause mortality and the development of cancer.

Patients and methods
Patients
Patients presenting at our liver clinic from January 2007 to
December 2017, older than 18 years and positive for hepatitis B
surface antigen (HBsAg), were eligible for the study. Patients with
other concomitant liver diseases, including hepatitis C, alcohol-
related liver disease or alcohol consumption, drug-related liver
disease, liver transplantation, previous liver surgery regardless
of type and cause, a diagnosis of any type of cancer (including
HCC), known HIV infection or pregnancy were excluded. Patients
who already had been on antiviral treatment for CHB were
excluded. The study was approved by the local institutional
review board of the Rabin Medical Center according to the local
regulations (RMC-17-0530) and was conducted according to
ethical guidelines of the 1975 Declaration of Helsinki.
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Assessments and outcome measures
A comprehensive assessment of patients’ demographic, clinical
and laboratory data, and a systematic review of patients’ electro-
nic records were performed. Patients were assigned a diagnosis
of type 2 DM in cases of documented use of oral hypoglycemic
drugs or insulin, or if the general practitioner (GP) had made this
diagnosis. Patients were considered as having hypertension if the
GP hadmade this diagnosis according to established guidelines or
if they were using antihypertensive drug(s). The duration of CHB
was defined from the first HBsAg-positivity known in the
patients’ electronic records. Laboratory assessment included basic
liver biochemistries, creatinine, albumin, bilirubin, alpha-
fetoprotein, complete blood count, international normalized
ratio, triglycerides, total cholesterol, hemoglobin A1C and serum
HBV DNA. Liver fibrosis was assessed by aspartate aminotransfer-
ase to platelet ratio index (APRI) score and fibrosis-4 (FIB-4)
score with well-established cut-offs. All patients included in the
study underwent at least 3 ultrasonographic (US) studies with
repeated evaluation of LS in each exam. Patients with less than
3 US studies or conflicting results of LS status were excluded.
The sonographic appearance of LS was ranked as mild, moderate
or severe by the examiners as recorded in the medical records. In
cases where liver biopsies had been performed, the histological
results were recorded from the patients’ files. Only biopsies that
took place in the first 6 months after presentation were included
in the study. The level of steatosis was assessed and graded on a
scale from 1 to 3 (1 = up to 30% of hepatocytes affected, 2 = 30%–
60% of hepatocytes affected, 3 = more than 70% of hepatocytes
affected). The degree of fibrosis was reported using the Metavir
score, and Metavir scores of F3-F4 were considered as advanced
fibrosis.

Time at risk was defined as time from the date of first visit in
the liver clinic to the date of outcome or to the last day of follow-
up. The primary end point of the study was the composite end-
point of all-cause mortality and development of cancer. Second-
ary endpoints included all-cause mortality, malignancy of any
type, and the development of HCC. According to well established
guidelines, HBV VL of 2,000 IU/ml is a threshold for antiviral
treatment in HBV e antigen (HBeAg) negative patients with
hepatitis.20 Our cohort of patients is composed primarily of
HBeAg negative patients, and according to that, we defined a high
level of HBV VL as >2,000 IU/ml, and a low level of HBV VL as
≤2,000 IU/ml.

Statistical analysis
Characteristics of study patients were compared using the Stu-
dent’s t test, Chi-square, or Fisher’s exact tests, as appropriate.
The probability of the composite endpoint of all-cause mortality
and cancer by LS for each VL group was graphically displayed
according to the Kaplan-Meier method, with comparison of
cumulative events by the log-rank test.

Correlation between LS assessed by US and liver biopsy was
evaluated by the Pearson correlation coefficient. A step-wise
cox proportional hazards regression analysis was conducted to
identify independent variables associated with the primary end-
point, and predictors with p value <0.1 were included in the first
model. We forced HBV VL, type 2 DM and BMI as a part of the cox
regression analysis in order to find the contribution of both HBV
VL and these metabolic factors to the primary outcome, and to
compare their effect to the effect of LS on the primary outcome.
The final multivariate analysis model included the following vari-
ables: age, albumin, alpha-fetoprotein, LS type 2 DM, BMI and
HBV VL. Variables with missing values in more than 20% of the
patients were not included in the statistical analysis. In order to
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confirm the robustness of our statistical analysis and in order to
avoid potential biases we also conducted sensitivity analyses. In
addition, the potential synergistic effect between LS and CHB
was assessed by comparison to a historic cohort of 153 patients
with biopsy-proven non-alcoholic fatty liver disease (NAFLD)
who were monitored in our facilities. The patients included in
this historic cohort underwent liver biopsy as part of their evalua-
tion between 2006 to 2012, and were monitored until 2017 with
a mean follow-up of 8 years as previously described.21 Statistical
analysis was performed using SPSS version 25 (SPSS Inc., Chicago,
IL). A 2-sided p value of less than 0.05 was considered statistically
significant.

Results
Patients’ baseline characteristics
A total of 651 patients presented to the liver clinic due to CHB
infection, of which 524 treatment-naïve patients were included
in the study, as depicted in Fig. 1. According to liver ultrasonogra-
phy, 241 patients (46% of the study population) had LS while 283
did not.

One-hundred and seventy patients had undergone liver
biopsy at the discretion of their physician.We found a strong cor-
relation between the level of LS, as assessed by US and the actual
biopsy-proven liver steatosis (Pearson’s r = 0.9, p <0.001).

The baseline characteristics of the study population, according
to LS status, are presented in Table 1. Patients with LS were signif-
icantly older than patients without LS. As expected, patients with
LS had higher BMI, triglyceride levels and total cholesterol levels
than patients without LS. In addition, type 2 DM and hyperten-
sion were significantly more common in the LS population (p
<0.05 for all). Patients with LS had lower APRI score (0.53, com-
pared to 0.69 for patients without LS, p = 0.051), and the 2 groups
did not significantly differ in their baseline FIB-4 score. In addi-
tion, the 2 groups did not differ in the levels of serum liver
enzymes and duration of CHB infection. Only 7.44% of the study
population were positive for HBeAg, and most of them did not
have LS (12.8% vs. 1.2%, p <0.001).

Major clinical outcome during follow-up
The cohort of patients included in the study had a mean follow-
up period of 73.62 months (median 70 months, range
1.79–168.04). Table 2 outlines major clinical outcomes of the
study population during the follow-up period according to base-
line LS status. The presence of LSwas significantly associatedwith
the development of the composite primary outcome (15.4% com-
pared to 4.6% in patients without LS, p <0.001). LS was also asso-
ciated with each component of the primary outcome – all-cause
mortality (6.6% vs. 1.4%, p = 0.01), the development of any type
of cancer (13.3% vs. 3.2%, p <0.001) and HCC (5.4% vs. 1.4%, p =
0.01). Patients with LS were more likely to be hospitalized during
the follow-up period (1.48 vs. 0.81 admissions, p <0.001) and had
longer hospitalization stays (1.4 vs. 0.8 days, p = 0.01) compared
to patients without LS. In addition, patients without LS were
more likely to start anti-HBV treatment during the follow-up per-
iod (48.8% vs. 29.5%, p <0.001), most probably due to their higher
baseline VL.

Twenty mortality events were recorded during follow-up, of
which 8 (40%) were attributed to cirrhosis and its complications,
8 (40%) were attributed to infections and 4 (20%) were attributed
to cardiovascular diseases.

A newly diagnosed cancer occurred in 42 patients (8% of the
study population) during follow-up. Of them, 18 patients
(42.85%) hadHCC, 5 patients (11.90%) had breast cancer, 4 patients
9 vol. 1 | 9–16 11



(9.52%) had colon cancer, 4 patients (9.52%) had lymphoma and 2
patients (4.76%) had prostate cancer. Nine other patients had (1
case each): carcinoid, cholangiocarcinoma, esophageal cancer, gas-
tric cancer, glioblastoma multiforme, multiple myeloma, renal cell
carcinoma, sarcoma or transitional cell carcinoma.

A total of 209 patients (39.88%) started antiviral therapy dur-
ing the follow-up period; 188 patients (35.87% of the study popu-
lation) had started antiviral therapy within the first 12 months of
the follow-up and another 21 patients, who were not eligible for
treatment at the first year of follow-up, have become eligible for
treatment during follow-up thereafter. Treatment regimens
include tenofovir (82 patients, 39.23% of treated patients), ente-
cavir (65 patients, 31.10% of treated patients), lamivudine (45
patients, 21.53% of treated patients) and pegylated interferon
(17 patients, 8.13% of treated patients).

Next, a Kaplan-Meier analysis of the composite endpoint of
mortality and cancers during the follow-up period, as a function
of both baseline VL and LS status, was performed (Fig. 2). As
expected, patients without LS and with a low baseline VL
(<2,000 IU/ml) had the most favorable prognosis during the
follow-up period, whereas patients with LS had bad prognosis
regardless of HBV VL. Most importantly, patients with high VL
but without LS did better than those with LS but with low VL,
suggesting that LS has a greater impact on long-term prognosis
than VL in patients with CHB.

Table S1 presents variables associatedwith the composite out-
come of mortality or development of cancer among patients. By
multivariate analysis, baseline LS was associated with a 4-fold
increased risk of the composite outcome, even after adjusting
Patients referred to li
to chronic HBV infec

Liver ultrasonography
•  Liver steatosis (n = 24
    Mild (n = 66, 27.4% o
    Moderate (n = 111, 46
    Severe (n = 64, 26.5%
•  No liver steatosis (n =

Liver biopsy (n = 170)
•  No steatosis (n = 110)
•  Liver steatosis grade 1 (n = 41)
•  Liver steatosis grade 2 (n = 14)
•  Liver steatosis grade 3 (n = 5)

104 started treatment with 
anti-HBV drugs

Follow-u

Fig. 1. Study flow chart. HBV, hepatitis B virus. HCV, hepatitis C virus.
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for other majormetabolic factors as shown in Table 3. Other inde-
pendent predictors of the primary outcome included old age, ele-
vated alpha-fetoprotein and low albumin levels. Interestingly,
high HBV VL, type 2 DM and BMI were not found to be signifi-
cantly associated with the composite outcome of mortality and
cancer.

The interaction between HBV viral load and liver steatosis
Untreated patients with CHB and LS had a significantly lower
average baseline HBV VL compared to patients without LS (Log
HBV DNA 2.09 ± 0.94 vs. 4.83 ± 1.87, p <0.001) (Table 1). The dis-
tribution of HBV VL according to the degree of LS, as determined
by US and by liver biopsies, is shown in Fig. 3A and 3B, respec-
tively. An inverse association was observed between the degree
of LS, evaluated either by US or by liver biopsy, and HBV VL
(ANOVA p <0.001 for both).

Fibrosis and major clinical outcomes
Out of 170 patients that underwent liver biopsy as part of their
evaluation, 27 (19.28%) had advanced fibrosis. The presence of
advanced fibrosis was significantly associated with all-cause
mortality and the development of cancer (p = 0.01, Table S2-A).
We also evaluated the association between the non-invasive
fibrosis markers APRI and FIB-4 scores and major clinical out-
comes, as reported in Table S2B and S2C.

Sensitivity analyses
In order to test the robustness of our analysis and to remove the
potential bias related to the lower rates of antiviral therapy in
ver clinics due 
tion (n = 651)

Excluded from trial (n = 127)
•  Concomitant HCV infection (n = 24)
•  Other liver disease (n = 23)
•  Liver transplant (n = 8)
•  Loss of follow up (n = 19)
•  Known malignancy (n = 7)
•  Prior anti-HBV treatment (n = 14)
•  Less than 3 US studies (n = 32)

 (n = 524)
1, 45.99%)
f steatosis)
.1 % of steatosis)
 of steatosis)

 283, 54.01%)

No liver biopsy (n = 354)
•  No steatosis (n = 166)
•  Liver steatosis (n = 188 )

105 started treatment with 
anti-HBV drugs

p
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Table 1. Characteristics of study population according to baseline liver steatosis status as reported by ultrasound.

Liver steatosis (n = 241) No liver steatosis (n = 283) p value

Gender male, % (n) 58.90 (142) 61.10 (173) 0.612

Age (range) 50.54 (23.16–83.96) 42.32 (18.50–83.50) <0.001

BMI (range) 27.16 (19.53–41.00) 24.63 (18.17–41.00) <0.001

HTN diagnosis, % 28.60 10.20 <0.001

DM2 % 26.60 11.30 <0.001

Hemoglobin A1C (%) (range) 6.33 (4.40–13.60) 5.61 (3.60–10.20) <0.001

Total cholesterol (mg/dl) (range) 179.20 (92–367) 170.09 (33–320) <0.001

Triglycerides (mg/dl) (range) 126.14 (46–486) 100.27 (38–366) 0.010

Creatinine (mg/dl) (range) 0.90 (0.4–6.00) 0.89 (0.4–12.98) 0.916

Hemoglobin (g/dl) (range) 13.61 (5–18) 13.95 (8–15) 0.931

Platelets (range) 219.87 (40–474) 204.27 (125–480) 0.010

INR (range) 1.03 (0.8–3.22) 1.05 (0.75–1.7) 0.148

Albumin (g/dl) (range) 4.21 (3–5.1) 4.20 (3–5) 0.718

Bilirubin (mg/dl) (range) 0.73 (0.20–2.30) 0.74 (0.28–4) 0.010

Alpha feto protein (range) 5.16 (0.61–148) 3.66 (0.63–41) 0.096

AST (U/L) (range) 32.02 (9–345) 38.48 (10–254) 0.355

ALT (U/L) (range) 39.02 (10–500) 45.50 (10–255) 0.210

ALP (mg/dl) (range) 81.55 (26–251) 79.39 (36–250) 0.561

GGT (U/L) (range) 42.14 (9–321) 36.47 (8–300) 0.134

Log HBV DNA (±SD) 2.09 (±0.94) 4.83 (±1.87) <0.001

HBeAg positive % 1.20 12.80 <0.001

HDV Ab positive % 5.50 6.20 0.881

HBV duration, years (range) 11.16 (0.66–28.16) 10.96 (0.91–28.16) 0.732

APRI score 0.53 0.69 0.051

FIB-4 score 1.51 1.62 0.516

The data for continuous variables include mean and range.
ALP, alkaline phosphatase; APRI, AST to platelet ratio index; BMI, bodymass index; DM2 = type 2 diabetes mellitus; FIB-4, fibrosis 4 score; GGT, gamma glutamyltransferase; HBV,
hepatitis B virus; HBeAg, HBV e antigen; HDV, hepatitis D virus; HTN, hypertension; INR, international normalized ratio.
HBV DNA lower limit of detection is 1.3 log IU/ml (20 IU/ml); SD = standard deviation
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patients with LS, a phenomenon that might explain the higher
risk of all-cause mortality and cancer in these patients, we have
conducted several sensitivity analyses. First, we evaluated the
rates of the primary outcome only in patients who received anti-
viral therapy during follow-up (Table S3). Even in this population
of high baseline VL, which ultimately led to antiviral therapy
initiation, LS was significantly associated with the development
of the composite primary outcome (36.6% compared to 6.5% in
patients without LS, p <0.001).

Next, in order to assess the specific influence of the initiation
of antiviral therapy on the primary outcome, we forced it to the
multivariate analysis. This did not significantly change the effect
of LS on the primary outcome (hazard ratio [HR] 4.96; 95% CI
Table 2. Major clinical outcomes of study population during the follow-up per

Length of follow up (months) (range) 72

Composite outcome of all-cause mortality and cancer, % (n)

All-cause mortality, % (n)

Malignancy (all types), % (n)

Hepatocellular carcinoma, % (n)

Extra-hepatic malignancies, % (n)

Initiation of anti-HBV treatment, % (n)
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1.84–13.33; p = 0.002, Table S4). In addition, we assessed the
impact of advanced fibrosis markers on the primary outcome by
adding APRI and FIB-4 scores to the multivariate analysis. This
also did not change the influence of LS on the primary outcome
as shown in Table S5. We further evaluated the effect of LS on a
different composite outcome of all-causemortality and the devel-
opment of HCC specifically (Table S6), showing that the effect of
LS on this specific outcome (HR 4.29; 95% CI 1.18–15.61; p =
0.029) was similar to its effect on the primary composite out-
come of mortality and cancer.

Finally, we evaluated the potential synergism between LS and
CHB using a well-established historic cohort of 153 patients with
NAFLD. As this latter cohort included only patients that
iod according to baseline liver steatosis status.

Liver steatosis
(n = 241)

No liver steatosis
(n = 283)

p value

.4 (0.96–168.48) 80.2 (1.44–168) 0.085

15.4 (37) 4.6 (13) <0.001

6.6 (16) 1.4 (4) 0.010

13.7 (33) 3.2 (9) <0.001

5.8 (14) 1.4 (4) 0.010

9.9 (19) 1.8 (5) 0.010

29.5 (71) 48.8 (138) <0.001
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Fig. 2. Cumulative rates of mortality and all types of cancer (primary com-
posite outcome) according to the status of HBV viral load and liver steatosis.
HBV, hepatitis B virus; VL, viral load.
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underwent liver biopsy, we used our cohort of patients with CHB
who underwent liver biopsy (n = 170) for comparison. A Kaplan-
Meier analysis of the composite endpoint of mortality and can-
cers as a function of the basic liver pathology was performed
and depicted in Fig. S1. Patients with LS and CHB had significantly
higher rates of the primary outcome compared to patients with
NAFLD or patients with CHB without liver steatosis (log-rank p
<0.001). In a multivariate analysis, the presence of LS and CHB
were significantly associated with the primary outcome (HR
21.15; 95% CI 4.90–90.09; p <0.001) (Table S7).

Discussion
In this large single-center retrospective cohort study, the pre-
sence of LS among treatment-naïve patients with CHB was a
major risk factor for the development of all types of cancer, both
hepatic and extrahepatic, in addition to all-cause mortality,
whereas HBV VL was not significantly associated with these poor
outcomes. Importantly, about a third of the patients had an avail-
able liver biopsy, and a good correlation between US and liver
biopsy in assessing LS status was found. In addition, we found
that LS and its degree were inversely associated with HBV VL.

The main question in our study focused on the association of
major clinical outcomes among patients with CHB and co-
existent LS. The association between CHB infection and the devel-
opment of HCC and all-cause mortality has been previously
studied,22,23 although the association of LS with these outcomes
Table 3. Multivariate analysis: Predictors of the composite endpoint of all-
cause mortality and cancer.

HR (95% CI) p value

Baseline liver steatosis 4.35 (1.69–8.99) <0.001

HBV VL >2,000 IU/ml 1.65 (0.65–4.20) 0.298

Age 1.04 (1.01–1.06) <0.001

Albumin 0.42 (0.20–0.81) 0.010

Alpha-fetoprotein 1.02 (1.01–1.03) 0.010

BMI 0.97 (0.91–1.05) 0.454

Type 2 DM 1.56 (0.83–2.99) 0.177

DM, Diabetes mellitus; HBV, hepatitis B virus; VL, viral load; HBV DNA lower limit of
detection 1.3 log IU/ml (20 IU/ml).
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in this particular population of patients with CHB had not been
thoroughly investigated. Previous studies have shown the con-
nection between LS and the metabolic syndrome, a major risk
factor by itself for liver and non-liver-related morbidity and mor-
tality. We believe that this observation stands in the basis of our
findings. In addition, we identified a synergistic effect between
LS and CHB compared to patients with biopsy-proven NAFLD that
may explain our results.

In contrast to NAFLD, the majority of mortality events in our
cohort resulted from complications related to cirrhosis and infec-
tions. Mortality due to cardiovascular events occurred in only 20%
of deceased patients and was the third leading cause of death.
Although previous studies suggested that cardiovascular, rather
than liver-related, complications are the leading cause of mortal-
ity in patients with NAFLD,24 we believe that the synergistic
effect of LS with CHB resulted in a more rapid development of
advanced liver disease and its complications, compared to
patients with NAFLD but without CHB. However, further studies
directly comparing long-term outcomes of patients with CHB
and LS to patients with NAFLD without CHB are needed to con-
firm this hypothesis.

After a mean follow-up period of 73.62 months, 39.88% of the
study population started anti-HBV treatment, most of them with
tenofovir or entecavir. These rates are similar to reported treat-
ment eligibility rates of patients with CHB, which range from
16% to 50%,25,26 with patients undergoing evaluation in commu-
nity gastroenterology clinics or by primary care physicians being
less likely to receive treatment.27 In our study, patients without
ANOVA p <0.001
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Fig. 3. HBV viral load according to the status of liver steatosis. Assessed by
(A) ultrasonography, or by (B) liver biopsy. HBV, hepatitis B virus.
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LS were more likely to be eligible for treatment, most probably
due to a higher baseline VL associated with the absence of LS.
Nonetheless, even when evaluated in the subgroup of patients
that were treated with anti-HBV drugs, LS was still significantly
associated with all-cause mortality and cancer, and its hazardous
effect was statistically significant even when adjusting for initia-
tion of anti-HBV therapy.

In our study, we also observed an inverse association between
HBV VL and LS. Previous studies have reported this inverse
association28,29 but have not used liver biopsies as the gold stan-
dard for the assessment of LS. In our cohort, the inverse associa-
tion between HBV VL and LS was observed both in the entire
cohort and in the subgroup of 170 patients who underwent a
liver biopsy. The mechanisms underlying the inverse association
between LS and HBV replication are not clear. The cross-talk
between HBV gene expression and replication and the metabolic
milieu of the liver has been shown in several studies in the
past.30–33 Moreover, few studies have postulated that fat deposi-
tion in HBV-infected hepatocytes may reduce HBV replication
directly, or alternatively, by inducing hepatocyte apoptosis.34,35

In this regard, in our study we did not observe any significant dif-
ferences in serum alanine aminotransferase levels between
patients with CHB, with or without LS, arguing against the possi-
bility of massive hepatocyte damage in these patients.

In line with our results obtained in patients with CHB, a study
by Hu et al.36 has shown that the presence of LS attenuates
HBV replication in hydrodynamically HBV DNA injected immu-
nocompetent mice. Further in vitro and in vivo studies are needed
JHEP Reports 201
in order to elucidate whether the presence of LS creates a local
micro-environment that is suboptimal for HBV replication, or
alternatively the systemic effect implicated by the metabolic
derangements associated with fatty liver is the cause for HBV
replication reduction.

This study has several strengths. It is based on a large cohort of
treatment-naïve patients at baseline and in addition, a large por-
tion of these patients underwent liver biopsy and therefore infor-
mation about the grade of their LS was available. Nonetheless,
this study is retrospective in nature and based on data of a single
tertiary center. In addition, waist circumference, smoking status,
high-density lipoprotein and HBsAg quantitative plasma levels
were not available for more than 20% of the study population
and hence were not a part of the statistical analysis.

In our cohort, patients with LS did not have a higher baseline
fibrosis stage as assessed by APRI or FIB-4 scores, compared to
patients without LS. However, assessment or liver fibrosis by
biopsy or elastography was not available for most of our study
cohort and we are well aware of the limitation of both APRI and
FIB-4 as non-invasive tools for assessing liver fibrosis in patients
with CHB.37

In conclusion, LS, although associated with a lower HBV VL, is
a major risk factor for all-cause mortality and the development of
cancer in patients with CHB. Therefore, this subgroup of patients
should be closely monitored and screened for both hepatic as
well extrahepatic malignancies, irrespective of their VL. Further
studies are needed to address possible mechanisms underlying
the inverse association between HBV VL and the presence of LS.
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