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ABSTRACT

Introduction: We aimed to elucidate the
impact of metabolic syndrome (MS) and non-
alcoholic fatty liver disease (NAFLD) on treat-
ment-naı̈ve patients with chronic hepatitis B
(CHB) and normal alanine aminotransferase
(ALT).

Methods: We analyzed the clinical characteris-
tics of a cross-sectional cohort of treatment-naı̈ve
patients with CHB and ALT in the upper limit of
normal (ULN) from October 2018 to July 2021.
ALT B 0.5 ULN was stratified as low-normal ALT
(LNALT) and 0.5 ULN\ALT B ULN as high-
normal ALT (HNALT). Transient elastography
(TE) was used to evaluate liver steatosis and
fibrosis.
Results: Among 733 patients with CHB enrol-
led, 23.1% of them had MS, 37.2% of them had
NAFLD, and 5.9% of them had significant
fibrosis. The proportions of patients with MS,
steatosis, and significant fibrosis in the HNALT
group were higher than those in the LNALT
group (31.4% vs. 14.1%, p\0.001; 48.7% vs.
25.2%, p\ 0.001; and 8.0% vs. 3.6%, p = 0.013,
respectively). Multiple linear regression showed
that steatosis (beta = 0.098, p = 0.001) and MS
(beta = 0.092, p = 0.002) were independently
related to ALT levels in the normal range. Mul-
tivariate logistic regression showed that age (OR
1.049, 95% CI 1.012–1.087, p = 0.010), aspar-
tate aminotransferase (AST) (OR 1.059, 95% CI
1.005–1.115, p = 0.030), and severe steatosis
(OR 2.559, 95% CI 1.212–5.403, p = 0.014) were
independently associated with significant
fibrosis. When analyzed in the subgroup of CHB
with NAFLD, age (OR 1.060, 95% CI
1.006–1.117, p = 0.029) and severe steatosis (OR
2.962, 95% CI 1.126–7.792, p = 0.028) were still
statistically significant.
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Conclusion: The accumulation of MS compo-
nents exacerbated hepatic steatosis. Severe
NAFLD was independently associated with sig-
nificant fibrosis. This emphasizes the impor-
tance of screening for MS and NAFLD in
patients with CHB and normal ALT, where a
more active intervention may apply.

Keywords: Alanine aminotransferase; Chronic
hepatitis B; Hepatic steatosis; Liver fibrosis;
Metabolic syndrome; Nonalcoholic fatty liver
disease; Transient elastography

Key Summary Points

Why carry out this study?

Chronic hepatitis B virus (CHB) infection
with normal alanine aminotransferase
(ALT) levels progress insidiously, and
some of the affected patients develop
adverse outcomes such as liver fibrosis.

We aimed to compare the clinical
characteristics by ALT levels and explore
the roles of metabolic syndrome (MS) and
controlled attenuation parameter (CAP)-
identified steatosis in a treatment-naı̈ve
ALT-normal CHB population.

What was learned from the study?

Treatment-naı̈ve patients with CHB and
normal ALT levels were not completely
disease-free and deserved close clinical
attention.

Patients with CHB and high normal ALT
need aggressive control of MS or fatty liver
to reduce the risk of liver fibrosis.

INTRODUCTION

Approximately 686,000 patients die from hep-
atitis B virus (HBV)-related diseases worldwide
every year, of which 46.0% and 44.0% die from
cirrhosis and hepatocellular carcinoma (HCC),
respectively [1]. Currently, most of the author-
itative guidelines regard an abnormal alanine

aminotransferase (ALT) level as a major marker
of chronic hepatitis B (CHB) disease activity and
one of the key references for recommending
antiviral treatment [2–4]. However, studies have
shown that 40–70% of patients with chronic
HBV infection have persistently normal ALT
levels [5, 6]. They may still have hepatic
inflammation and fibrosis, which can further
progress insidiously to cirrhosis and HCC, while
prompt treatment can delay disease progression
and improve outcomes [7–9]. A study from
China retrospectively included hepatitis B
envelope antigen (HBeAg)-negative ALT-normal
patients with CHB who underwent liver biopsy,
showing that 37.3% of the study patients had
liver necroinflammation and 53.2% had liver
fibrosis [7].

Nonalcoholic fatty liver disease (NAFLD) is
becoming themost commonly seen chronic liver
disease globally,mainly as a result of lifestyle and
diet [10]. Because of the sedentary lifestyle and
general overnutrition of the public, metabolic
syndrome (MS) is becoming a modern health
epidemic. Approximately one-fourth of world’s
adult population have MS [11]. MS is a patho-
logical state manifested as obesity, insulin resis-
tance, dyslipidemia, and hypertension. As all
components of MS correlate with liver fat con-
tent, NAFLD is considered as the liver manifes-
tation ofMS [12]. Although a few types of NAFLD
associated with certain genetic factors including
the I148M PNPLA3 variant are not accompanied
by MS and insulin resistance, occurrence and
worsening of MS and its components not only
increase the risk of NAFLD but also are indepen-
dent predictors of overall and liver-related mor-
tality in patients with NAFLD [13].

There are also a considerable proportion of
patients with MS and NAFLD in the CHB pop-
ulation with normal ALT. The overall preva-
lence of NAFLD has reached approximately
30%, even in Asian populations, and has grown
steadily in recent decades [14, 15]. Furthermore,
the overlapping occurrences of CHB and NAFLD
are frequently seen in clinical practice. Accord-
ing to recent literature, the incidence of hepatic
steatosis in patients with CHB ranges from 14%
to 60% [16–18]. Coexisting steatosis could pro-
mote the initiation and progression of fibrosis
and HCC in patients with CHB [16, 19].
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However, most of these patients had ALT levels
fluctuating within the normal range, so the
previously defined upper limit of normal (ULN)
cannot completely identify these patients [20].

Experts from several countries and regions
believe that the current ULN of ALT may not
facilitate early diagnosis and treatment [2, 21].
In most clinical studies in patients with CHB
and normal ALT, subjects with steatosis are
excluded [6, 7]. Whereas, the significant pro-
portion of steatosis in the CHB population
emphasizes that this population cannot be
ignored. Moreover, the roles of MS and its
components in patients with CHB require fur-
ther clarification. In the present study, we
established a cross-sectional cohort to charac-
terize the clinical features of treatment-naı̈ve
ALT-normal patients with CHB, especially
focusing on the impact of concomitant meta-
bolic characteristics and NAFLD.

METHODS

Patients

The study included outpatients who underwent
transient elastography (TE) at the Department
of Infectious Disease, Tongji Hospital, Wuhan,
China from October 2018 to July 2021. All
patients were over 18 years of age. We excluded
patients who were not positive for the hepati-
tis B surface antigen (HBsAg) for at least
6 months, had excessive alcohol consumption
(C 30 g/day for men, C 20 g/day for women),
had CHB but had already received any antiviral
treatment or had an ALT exceeding the ULN
(40 U/L). Patients who had been coinfected with
hepatitis C virus (HCV) or schistosoma or
reported HCC history were also excluded from
the study cohort.

Of the 2136 patients who underwent TE
from October 2018 to July 2021, 1403 of them
were excluded from the final study cohort.
Forty-nine participants were excluded for
excessive alcohol consumption, 94 for not
having a chronic infection with HBV, 1 for HCV
coinfection, 14 for schistosoma coinfection, 8
for HCC history, 1061 due to having received
antiviral treatment, 173 with ALT[ULN, and 3

with ALT absence (Fig. 1). Finally, 733 treat-
ment-naı̈ve patients with CHB and normal ALT
were included and stratified into a low-normal
ALT (LNALT, ALT B 20 U/L) group and a high-
normal ALT (HNALT, 20 U/L\ALT B 40 U/L)
group.

All procedures performed in this study
involving human participants were approved by
the local ethical review board (the Human
Ethics Committee of Tongji Medical College,
Huazhong University of Science and Technol-
ogy, China) and complied with the 1964 Dec-
laration of Helsinki and its later amendments.
Written informed consent was obtained from
all study participants.

Clinical Data

Researchers collected comprehensive clinical
data including demographic characteristics,
laboratory tests, and transient elastography
results of all the study participants at the time of
transient elastography. The demographic char-
acteristics included age, sex, body height, body
weight, body mass index (BMI), waist circum-
ference, hip circumference, waist-to-hip ratio,
systolic blood pressure, diastolic blood pressure,
and medical history.

Diabetes mellitus and hypertension were
defined according to reported medical history
or specific treatment. MS was defined as the
presence of any three of five conditions (ele-
vated waist circumference, elevated serum
triglyceride, reduced high-density lipoprotein
[HDL], elevated blood pressure, and elevated
fasting glucose) using the International Dia-
betes Federation (IDF) and the American Heart
Association/National Heart, Lung, and Blood
Institute (AHA/NHLBI) criteria [22]. Metabolic
disorder (MD) was defined as the presence of
any one of the five aforementioned
components.

Laboratory Tests

Laboratory tests involved liver and renal func-
tion tests, blood lipids, fasting blood glucose,
and virological factors. Liver and renal function
tests (ALT, aspartate aminotransferase [AST],
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alkaline phosphatase [ALP], c-glutamyl trans-
ferase [GGT], albumin, total bilirubin, urea,
creatinine, uric acid, and estimated glomerular
filtration rate [eGFR]), blood lipids (total
cholesterol, triglyceride, HDL-cholesterol, and
low-density lipoprotein [LDL]-cholesterol) and
fasting blood glucose were tested with an auto-
mated clinical chemistry analyzer (Roche Cobas
8000; Basel, Switzerland). The ULN of ALT was
defined as 40 U/L according to the APASL
guidelines [4]. HBsAg and HBeAg levels were
determined by chemiluminescent assay (Kemei
Biological Technology Co., Ltd., Beijing,
China). The hepatitis B virus deoxyribonucleic
acid (HBV DNA) level was measured by a real-
time PCR kit with a lower detection limit of
20 IU/mL (Roche Diagnostics, Penzberg, Ger-
many) or with a lower detection limit of 100 IU/
mL (Tianlong Technology Co., Ltd., Xi’an,
China).

Transient Elastography

Transient elastography (FibroScan, Echosens,
Paris, France) was performed to assess liver
stiffness measurement (LSM) and controlled
attenuation parameters (CAP). An experienced
technician obtained a final result fulfilling the

following criteria: at least 10 valid shots, a suc-
cess rate above 60%, and an interquartile range
(IQR) less than 30% of the median (M) LSM
value (IQR/M B 0.30). An XL probe was used to
evaluate patients with BMI above 30.0 kg/m2;
otherwise, an M probe was used routinely [23].
All participants in this study underwent ultra-
sonography at the same time as transient
elastography.

Significant fibrosis was defined as
LSM[9.0 kPa in patients with normal ALT
according to the European Association for the
Study of the Liver/Asociacion Latinoamericana
para el Estudio del Higado guidelines [23]. Liver
steatosis was defined as CAP C 248 dB/m, in
which 248 dB/m B CAP\268 dB/m was
defined as mild, 268 dB/m B CAP\ 280 dB/m
was defined as moderate , and CAP C 280 dB/m
was defined as severe [24].

Statistical Analysis

The results were shown as the median (lower
quartile to upper quartile) (M [Q1–Q3]) for
continuous variables or frequency (percentage)
for categorical variables. Levels of HBV DNA and
HBsAg were transferred to log10 IU/mL and
log10 ng/mL, respectively. Student’s t test was

Fig. 1 Flowchart of study design. HBV hepatitis B virus, HCV hepatitis C virus, HCC hepatocellular carcinoma, CHB
chronic hepatitis B, ALT alanine aminotransferase, ULN upper limit of normal
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Table 1 Demographic and laboratory characteristics of all study patients by ALT levels

Parameters Total LNALT HNALT p value

Number (%) 733 (100%) 357 (48.7%) 376 (51.3%)

Demographic characteristics

Age (years) 42 (34–49) 42 (34–49) 41 (34–48) 0.428

Gender, male (%) 454 (61.9%) 152 (42.6%) 302 (80.3%) \ 0.001

Body mass index (kg/m2) 23.0 (20.8–25.0) 21.7 (20.1–23.8) 23.8 (21.7–25.7) \ 0.001

Waist circumference (cm) 84 (77–91) 80 (75–86) 88 (81–94) \ 0.001

Hip circumference (cm) 94 (90–99) 93 (90–97) 96 (92–100) \ 0.001

Waist-to-hip ratio 0.89 (0.83–0.93) 0.86 (0.81–0.90) 0.90 (0.86–0.95) \ 0.001*

Systolic blood pressure (mmHg) 123 (114–130) 121 (112–129) 125 (116–132) \ 0.001

Diastolic blood pressure (mmHg) 82 (76–87) 81 (75–86) 83 (77–88) \ 0.001

Biochemical parameters

ALT (U/L) 21 (16–27) 16 (13–18) 26 (23–32) \ 0.001

AST (U/L) 21 (18–24) 19 (17–21) 23 (21–26) \ 0.001

ALP (U/L) 70 (59–84) 67 (57–80) 73 (62–87) \ 0.001

GGT (U/L) 21 (16–28) 17 (14–22) 25 (20–35) \ 0.001

Albumin (g/L) 47.0 (45.2–48.4) 46.7 (44.9–48.1) 47.2 (45.4–48.7) 0.004

Total bilirubin (lmol/L) 12.3 (9.5–16.4) 11.6 (9.1–15.4) 12.8 (9.7–17.0) 0.024

Total cholesterol (mmol/L) 4.3 (3.9–4.9) 4.3 (3.9–4.8) 4.4 (3.9–4.9) 0.107

Triglyceride (mmol/L) 1.1 (0.8–1.6) 1.0 (0.7–1.3) 1.2 (0.9–1.8) \ 0.001

HDL-cholesterol (mmol/L) 1.3 (1.1–1.6) 1.5 (1.2–1.7) 1.2 (1.1–1.4) \ 0.001

LDL-cholesterol (mmol/L) 2.7 (2.3–3.2) 2.7 (2.2–3.1) 2.8 (2.3–3.2) 0.061

Fasting glucose (mmol/L) 5.1 (4.7–5.6) 5.1 (4.6–5.5) 5.2 (4.8–5.7) 0.004

Urea (mmol/L) 4.7 (3.9–5.4) 4.7 (3.9–5.4) 4.7 (3.9–5.5) 0.857

Creatinine (mmol/L) 74 (61–83) 66 (57–79) 77 (68–86) \ 0.001

Uric acid (mmol/L) 321 (255–381) 289 (235–349) 352 (288–404) \ 0.001

eGFR (ml/min/1.73 m2) 106 (94–114) 106 (95–115) 105 (93–113) 0.366

Virological characteristics

HBV DNA (log10 IU/mL) 2.9 (2.0–4.0) 2.8 (2.0–3.8) 3.0 (2.2–4.2) 0.003

HBV DNA\ 20–100 IU/mL (%) 195 (26.9%) 112 (31.5%) 83 (22.4%) 0.005

HBsAg (log10 ng/mL) 2.9 (1.6–3.6) 2.9 (1.5–3.5) 2.9 (1.8–3.6) 0.307

HBeAg negative (%) 662 (92.2%) 327 (93.2%) 335 (91.3%) 0.347

Metabolic characteristics
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used for the comparisons of normal continuous
variables. The Mann–Whitney U test was the
nonparametric test used for abnormal continu-
ous data. The chi-square test was used for cate-
gorical variables. A univariate analysis was first
performed to determine if any clinical variables
were associated with outcome variables with the
criteria of p\0.10. Multivariate logistic regres-
sion or multiple linear regression was then used
to determine whether those identified variables
were independently associated with outcome
variables. A two-tailed p value less than 0.05 was
considered statistically significant. All data were
analyzed using the SPSS statistical package
(version 25.0; SPSS, Inc., Chicago, IL).

RESULTS

Clinical Characteristics of all the Study
Patients

Patient disposition of the present study is
depicted in Fig. 1. A total of 733 participants
were analyzed, as depicted in Table 1, among
which 357 patients (48.7%) had low-normal
ALT levels and 376 patients (51.3%) had high-
normal ALT levels. TheM (Q1–Q3) of age was 42
(34–49) years old. Moreover, 454 (61.9%) men
and 279 (38.1%) women made up the whole
study population. The majority of participants
(662, 92.2%) had a negative HBeAg, with M
(Q1–Q3) of HBsAg at 2.9 (1.6–3.6) log10 ng/mL.
Only 195 (26.9%) recruited patients were HBV
DNA-negative (HBV DNA\ 20–100 IU/mL),
with the M (Q1–Q3) of quantitative DNA at 2.9
(2.0–4.0) log10 IU/mL.

Table 1 continued

Parameters Total LNALT HNALT p value

Hypertension (%) 187 (25.5%) 69 (19.3%) 118 (31.4%) \ 0.001

Diabetes (%) 38 (5.2%) 15 (4.2%) 23 (6.1%) 0.242

Metabolic syndrome (%) 163 (23.1%) 48 (14.1%) 115 (31.4%) \ 0.001

Hepatosteatosis

CAP (dB/m) 229 (197–263) 215 (186–249) 246 (212–276) \ 0.001

Steatosis (%) 273 (37.2%) 90 (25.2%) 183 (48.7%) \ 0.001

Mild (%) 106 (14.5%) 42 (11.8%) 64 (17.0%)

Moderate (%) 51 (7.0%) 23 (6.4%) 28 (7.4%)

Severe (%) 116 (15.8%) 25 (7.0%) 91 (24.2%)

Liver fibrosis

LSM (kPa) 4.9 (4.3–6.1) 4.8 (4.1–5.8) 5.1 (4.4–6.1) \ 0.001

Significant fibrosis (%) 43 (5.9%) 13 (3.6%) 30 (8.0%) 0.013

LNALT low-normal ALT, HNALT high-normal ALT, ALT alanine aminotransferase, AST aspartate transaminase, ALP
alkaline phosphatase, GGT c-glutamyl transferase, HDL high density lipoprotein, LDL low density lipoprotein, eGFR
estimated glomerular filtration rate, HBV DNA hepatitis B virus deoxyribonucleic acid, HBsAg hepatitis B surface antigen,
HBeAg hepatitis B envelope antigen, CAP controlled attenuation parameters, LSM liver stiffness measurement
*The group comparisons of continuous variables were performed using Student’s t test, while others were performed using a
nonparametric test
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Regarding metabolic characteristics and
steatosis, 273 (37.2%) patients with CHB had
coexisting NAFLD, of whom 106 (14.5%) were
defined as mild, 51 (7.0%) moderate, and 116
(15.8%) severe on the basis of CAP. There were
also 187 (25.5%), 38 (5.2%), and 163 (23.1%)
patients who suffered from hypertension, dia-
betes, and MS, respectively. By assessing LSM,
there were 43 significant fibrosis participants,
which accounted for 5.9% of the whole
(Table 1).

Comparisons of Clinical Characteristics
Between the LNALT Group and HNALT
Group

Comparisons of clinical characteristics between
the LNALT group and HNALT group are depic-
ted in Table 1. No significant differences were
seen in age between the two groups. The pro-
portion of male patients was significantly
higher in the HNALT group than in the LNALT
group (80.3% vs 42.6%, p\ 0.001). Anthropo-
metric characteristics, including BMI, waist cir-
cumference, hip circumference, waist-to-hip
ratio, systolic blood pressure, and diastolic
blood pressure, were obviously higher in the
HNALT group when compared to those in the
LNALT group (p\0.001 for each comparison).
In addition, the HNALT group had significantly
higher ALT, AST, ALP, GGT, albumin, total
bilirubin, triglyceride, and fasting glucose levels
than the LNALT group (p\ 0.05 for each com-
parison). The HNALT group had significantly
lower HDL-cholesterol (p\0.001). Addition-
ally, creatinine and uric acid were also higher in
the HNALT group (p\0.001 for each compar-
ison). However, there were no significant dif-
ferences in total cholesterol, LDL-cholesterol,
urea, or eGFR.

The HNALT group had higher HBV DNA
levels and a lower proportion of negative HBV
DNA (3.0 vs. 2.8 log10 IU/mL, p = 0.003; 22.4%
vs. 31.5%, p = 0.005), while HBsAg levels and

Fig. 2 Incidence of hepatosteatosis (a) and the distribution of different degrees of NAFLD (b) by ALT stratification.
NAFLD nonalcoholic fatty liver disease, LNALT low-normal ALT, HNALT high-normal ALT

Fig. 3 Incidence of significant fibrosis in patients with
CHB with or without NAFLD by ALT stratification.
CHB chronic hepatitis B, NAFLD nonalcoholic fatty liver
disease, LNALT low-normal ALT, HNALT high-normal
ALT

Infect Dis Ther (2022) 11:1133–1148 1139



HBeAg negative rates were statistically compa-
rable. The HNALT group had more hyperten-
sion, MS, and steatosis (31.4% vs. 19.3%,
p\0.001; 31.4% vs. 14.1%, p\ 0.001; 48.7%
vs. 25.2%, p\ 0.001), and the same was true
after adjusting for age and sex (Table S1). When
analyzing subgroups by the degree of steatosis,
the difference in hepatosteatosis between the
two groups was reflected in the severe steatosis
subgroup (Fig. 2). Significant fibrosis was also

significantly different (8.0% vs. 3.6%,
p = 0.013), and the same was true after adjust-
ing for age and sex (Table S1), which occurred
mainly in the CHB with NAFLD subgroup but
not in the CHB without NAFLD subgroup
(Fig. 3). Furthermore, the CAP and LSM of the
patients with HNALT were higher (246 vs.
215 dB/m, p\ 0.001; 5.1 vs. 4.8 kPa, p\ 0.001)
(Table 1).

Fig. 4 Relationship among metabolic syndrome, steatosis,
and significant fibrosis. The relationship between meta-
bolic syndrome components and CAP (a); the relationship
between steatosis grading and LSM (b); the changes in
LSM (c); and the incidence of significant fibrosis (d) in
None group, MD group, and MD ? NAFLD group. The
CAP values and LSM values were depicted as mean ± s-
tandard deviation in the graph. Metabolic syndrome
components including elevated waist circumference, ele-
vated serum triglyceride, reduced high-density lipoprotein,
elevated blood pressure, and elevated fasting glucose.

Metabolic disorder (MD) was defined as the presence of
any 1 of 5 of the aforementioned conditions. The dotted
lines in a indicated steatosis (CAP C 248 dB/m) and
severe steatosis (CAP C 280 dB/m). The dotted lines in
b and c indicate abnormal LSM (LSM[ 6 kPa) and
significant fibrosis (LSM[ 9 kPa). None group: patients
with neither MD nor NAFLD; MD group: patients with
MD but no NAFLD; MD ? NAFLD group: patients
with both MD and NAFLD. CAP controlled attenuation
parameter, LSM liver stiffness measurement, MD meta-
bolic disorder, NAFLD nonalcoholic fatty liver disease
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Relationship Among Metabolic Syndrome,
Steatosis, and Significant Fibrosis

In the study population, CAP values (p\ 0.001)
increased with the accumulation of MS com-
ponents, and LSM values (p\ 0.001) increased
with the increasing steatosis grading. When
they were divided into a ‘‘None‘‘ group (patients
with neither MD nor NAFLD), MD group (pa-
tients with MD but no NAFLD), and MD ?

NAFLD group (patients with both MD and
NAFLD), the LSM values of the three groups
increased successively (p\ 0.001) and the
prevalence of significant fibrosis also increased
(p\ 0.05) (Fig. 4).

Factors Associated with ALT Elevation
in the Normal Range

By univariate analysis, significant fibrosis,
steatosis, and MS were positively correlated
with ALT elevation in the normal range, as well
as age, male sex, AST, ALP, GGT, albumin, total
bilirubin, and HBV DNA load (Table 2). Multi-
variate linear regression showed that age

(beta = - 0.152, p\0.001), male sex (beta =
0.303, p\0.001), AST (beta = 0.444,
p\0.001), GGT (beta = 0.198, p\ 0.001), HBV
DNA load (beta = 0.127, p\ 0.001), steatosis
(beta = 0.098, p = 0.001), and MS (beta = 0.092,
p = 0.002) were independent variables posi-
tively correlated with ALT levels (Table 2).
When independent variables were analyzed
separately whether or not combined with
NAFLD, age, sex, AST, GGT, and MS were sig-
nificant in both groups, whereas the HBV DNA
load was significant only in the CHB without
NAFLD group (Tables S2 and S3).

Factors Associated with Significant
Fibrosis with Normal ALT

Univariate analysis showed that significant
fibrosis with normal ALT correlated with age,
ALT, AST, ALP, GGT, albumin, and severe
steatosis (p\0.05 for each comparison). Mul-
tivariate logistic analysis showed that age (OR
1.049, 95% CI 1.012–1.087, p = 0.010), AST (OR
1.059, 95% CI 1.005–1.115, p = 0.030), and
severe steatosis (OR 2.559, 95% CI 1.212–5.403,

Table 3 Factors associated with significant fibrosis in patients with CHB with or without NAFLD and with normal ALT

Factors Univariate analysis Multivariate analysis

OR (95% CI) p value OR (95% CI) p value

Age (years) 1.057 (1.024–1.091) 0.001 1.049 (1.012–1.087) 0.010

Gender, male (%) 1.631 (0.823–3.231) 0.161

ALT (U/L) 1.075 (1.034–1.117) \ 0.001 1.028 (0.976–1.083) 0.292

AST (U/L) 1.121 (1.071–1.172) \ 0.001 1.059 (1.005–1.115) 0.030

ALP (U/L) 1.017 (1.007–1.027) 0.001 1.008 (0.996–1.020) 0.183

GGT (U/L) 1.030 (1.016–1.044) \ 0.001 1.013 (0.999–1.028) 0.077

Albumin (g/L) 0.875 (0.780–0.983) 0.024 0.903 (0.793–1.028) 0.124

Total bilirubin (lmol/L) 0.978 (0.927–1.032) 0.425

HBV DNA (log10 IU/mL) 0.874 (0.705–1.084) 0.221

Severe steatosis (%) 4.349 (2.288–8.269) \ 0.001 2.559 (1.212–5.403) 0.014

Metabolic syndrome (%) 1.386 (0.672–2.858) 0.377

OR odds ratio, CI confidence interval, ALT alanine aminotransferase, AST aspartate transaminase, ALP alkaline phos-
phatase, GGT c-glutamyl transferase, HBV DNA hepatitis B virus deoxyribonucleic acid
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p = 0.014) were significantly and independently
associated with significant fibrosis (Table 3).
NAFLD-specific multivariate analysis showed
that age (OR 1.060, 95% CI 1.006–1.117,
p = 0.029) and severe steatosis (OR 2.962,
95% CI 1.126–7.792, p = 0.028) were still sig-
nificantly associated with significant fibrosis in
the CHB with NAFLD group, whereas AST (OR
1.256, 95% CI 1.097–1.437, p = 0.001) and GGT
(OR 1.044, 95% CI 1.011–1.078, p = 0.008) were
significantly associated with significant fibrosis
in the CHB without NAFLD group (Tables S4
and S5).

DISCUSSION

Patients with CHB combined with MS or
NAFLD, whose population is large, often have
insidious disease progression and are not easily
detected in the presence of normal ALT. Our
study showed that 23.1% of patients with CHB
and normal ALT had MS. This observed preva-
lence is consistent with those in reports of other
Asian populations, in which MS incidence ran-
ged from 18.6% to 23.4% [25, 26]. The HNALT
group had a significantly worse metabolic con-
dition compared to that in the LNALT group. In
our ALT-normal CHB cohort, severe liver
steatosis determined by CAP was found to be an
independent risk factor for significant fibrosis.
With the increase of MS components, steatosis
tended to be worse. We also found that with the
increase of steatosis severity, the stiffness of the
liver rose accordingly and severe steatosis was
positively correlated with significant fibrosis. It
highlights the importance of MS and NAFLD
intervention in reducing the risk of liver fibrosis
in ALT-normal patients with CHB.

Studies have shown that fatty liver alone is
no longer considered a benign lesion of the liver
and is strongly associated with adverse regres-
sions such as liver fibrosis, cirrhosis, and HCC
[27]. However, the relationship between
steatosis and HBV-related disease remains con-
troversial. In a recent study of 420 North
American patients with chronic HBV infection
who underwent liver biopsy, one-third of them
had coexisting steatosis, and it was shown that
NAFLD increased the rate of incident fibrosis

[28]. Yuen et al. repeatedly reported that TE-
identified steatosis was positively associated
with liver fibrosis, but increased the HBsAg
seroclearance rate [16, 29, 30]. However, some
studies have shown inconsistent findings. A
study from Shandong, China, claimed that fatty
liver was significantly associated with lower
cirrhosis and HCC risk in patients with CHB
[31]. Choi et al. reported that patients with
CHB, high viral load, and no significant ALT
elevation can benefit from antiviral treatment
[32]. Therefore, we need follow up to clarify the
role of antiviral therapy in ALT-normal patients
with CHB, especially those combined with MS
or NAFLD.

ALT within the normal range does not mean
an individual is ‘‘disease-free’’. Among these
patients with CHB, more than 30% were proven
to have abnormal liver histology, including
significant necroinflammation and fibrosis. The
proportion of patients with significant liver
fibrosis ranged from 8.8% to 53.2% according to
a series of studies [7, 33, 34]. In our study, 5.9%
of patients with normal ALT had TE-identified
significant fibrosis. The discrepancies in diag-
nostic standards, antiviral therapy, viral load,
HBeAg status, and HBV genotype may partly
explain why the results fluctuated. One study
from Hong Kong showed 4.4% of patients had
severe fibrosis and 2.0% with cirrhosis in a
similar treatment-naı̈ve population and the
same diagnostic method as the present research
[29]. We also found that the incidence of sig-
nificant fibrosis was higher in the HNALT group
when compared with that in the LNALT group.
We also performed a gender-based subgroup
analysis with a cutoff value of 30 IU/L for male
patients or 19 IU/L for female patients. Inter-
estingly, we found a higher viral load, a higher
proportion of patients with MS, as well as
higher CAP and LSM values in the HNALT
group than the LNALT group, in both sub-
groups, which was consistent with the results
from the whole study population. However,
these differences did not reach to statistical
significance (data not shown), most likely
because of the limited sample size in subgroups.
We suggest that hepatoprotective therapy,
bringing ALT down to LNALT levels in ALT-
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normal patients with CHB combined with MS
or NAFLD, could reduce the risk of liver fibrosis.

Currently, there is no agreement on whether
HBV DNA levels are associated with the risk of
liver fibrosis from studies on patients with CHB
and normal ALT. Some studies have shown that
elevated HBV DNA loads were independently
associated with significant liver histopathology
[7]. However, other researchers have suggested
that liver histopathological changes of patients
with CHB were associated with age, transami-
nases, platelet, and GGT, but not HBV DNA
[35, 36]. We had similar findings that HBV DNA
did not play a role in increasing the incidence of
fibrosis. Studies have confirmed that excessive
advanced glycation end products and free fatty
acids, in the presence of MS and simple fatty
liver, can activate hepatic stellate cells (HSC)
[37]. Meanwhile, the function of hepatocytes,
hepatic macrophages, and HSC was also affec-
ted by hepatic mitochondrial dysfunction,
endoplasmic reticulum stress, oxidative stress,
and inflammatory cytokine release, which in
turn promote the liver fibrosis [38]. Therefore,
we speculated that in ALT-normal patients with
CHB, the inflammatory damage and the stim-
ulation of HSC may come mainly from meta-
bolic factors. In this regard, we need more in-
depth studies to evaluate the role of MS and
NAFLD control in ALT-normal patients with
CHB.

In a recent study based on data surveyed
from the employees of a German chemical
company, male individuals, manual workers,
overweight or obesity, alcohol drinking, dia-
betes, and seasons contributed to the elevation
of ALT [39]. Lin et al., carrying out related
research in a Chinese population, also showed
that male sex, older age, and higher HBV DNA
load were risk factors for HNALT [40]. MS was
independently associated with higher ALT
levels longitudinally in a largely Asian CHB
cohort [26]. Obviously, in addition to demo-
graphic and virological factors, metabolic fac-
tors and steatosis have clinical implications for
ALT elevation in chronic liver disease. As
expected, in our study the ALT level was asso-
ciated with risk factors, including younger age,
male sex, AST, GGT, higher viral load, steatosis,
and MS. This highlights the importance of

comprehensive monitoring of the metabolic
status in patients with CHB.

Interestingly, AST rather than ALT was an
independent risk factor for fibrosis in the total
study population and the subgroup of CHB
without NAFLD. In line with our findings, a
previous prospective cohort study showed that
baseline and changes in AST levels were associ-
ated with the progression of fibrosis stage by
two liver biopsies in patients with NAFLD [41].
Another study pointed out that AST could pre-
dict histologically significant abnormalities in
HBeAg-positive patients with CHB and predict
significant inflammation in HBeAg-negative
patients [33]. AST mainly exists in the mito-
chondria of liver cells, while ALT exists in the
cytoplasm. Advanced liver disease may cause
mitochondrial damage leading to increased AST
release, which is more marked than ALT [42]. In
addition, fibrosis progression may result in sig-
nificant retardation of the plasma clearance of
AST [43]. Both mechanisms synergistically cause
the elevation of AST levels. This suggests that
AST may provide much more specific prediction
performance for liver fibrosis than traditionally
valued ALT does.

Liver biopsy is still the gold standard to
define histological abnormalities by invasive
examination. But in clinical practice, steatosis
can be identified by imaging methods, because
they are more widely available, economical, and
safer than liver biopsy. Ultrasound was consid-
ered as the preferred first-line diagnostic proce-
dure for imaging of NAFLD by the
EASL–EASD–EASO Clinical Practice Guidelines.
However, ultrasound does not reliably detect
steatosis when lower than 20% and is imprecise
in estimating the extent of steatosis [12]. These
limitations could be complemented by CAP
values, although there is still ongoing debating.
One meta-analysis concluded that CAP should
be cautiously considered as a noninvasive sub-
stitute for liver biopsy because of the effect of
geographic regions, cutoffs, age, and BMI [44].
Whereas another meta-analysis confirmed that
the correlation between CAP and histologically
determined steatosis is very good, and estab-
lished cutoffs on the basis of comprehensive
data, which enabled the routine use of CAP.
This study also proposed that sex and age
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played a much small role when interpreting
CAP [24]. To sum up, CAP provides an estimate
of the percentage of steatotic hepatocytes which
is more accurate than ultrasound, whereas the
liver biopsy provides histological evaluation on
the pathological changes in liver parenchyma.
Noninvasive CAP may be a good choice to
screen for hepatic steatosis whenever an inva-
sive procedure is not available or not feasible.

Our study had some limitations. First, the
inherent cross-sectional nature impedes a firm
causal conclusion. Second, liver biopsy was not
available to assess fibrosis and steatosis. How-
ever in real-world practice, TE is becoming
popular owing to its noninvasiveness, reliabil-
ity, and repeatability [23]. Thirdly, we only
included treatment-naı̈ve patients, and most of
them were HBeAg negative. Thus, when applied
to on-treatment or HBeAg-positive patients, one
should interpret the conclusions with caution.
Despite these limitations, our data with a large
population of 733 patients stands to provide
solid information on the clinical features of
treatment-naı̈ve patients with CHB and normal
ALT. To further validate the results, a prospec-
tive and multicenter study on a larger scale is
needed.

CONCLUSIONS

ALT-normal treatment-naı̈ve patients with CHB
may have metabolic abnormalities, steatosis,
and significant fibrosis. MS was independently
associated with ALT elevation and led to
increasing risk of NAFLD. The latter increased
the risk of significant fibrosis in patients with
CHB and normal ALT levels. Moreover, AST
levels may be useful in predicting the risk of
liver fibrosis in this population. Our study
highlights the importance of MS and NAFLD
screening and management in patients with
CHB and normal ALT.
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