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Abstract 

Background and aims:  Patients with low HBV DNA levels (< 2000 IU/mL), HBV DNA negative, and HBsAg-negative 
hepatitis B virus(HBV)infection can still progress to decompensated cirrhosis; however, clinical research data in such 
patients, especially treatment-naïve patients, are currently insufficient. This study assessed the natural history of afore-
mentioned patients.

Methods:  We retrospectively reviewed the data of 250 patients with HBV-associated decompensated cirrhosis(HBV 
DNA < 2000 IU/mL) who had not been treated with antiviral medication.

Results:  The mean age of the 250 patients was 53.90 ± 11.73 years and 183 patients (73.2%) were male. HBV 
DNA, HBsAg, and HBeAg positivity was detected in 77 (30.8%), 200 (80%), and 137 (54.8%) patients, respectively. 
HBsAg (odds ratio [OR], 3.303; 95% confidence interval [CI], 1.338–8.152; P = 0.010) and HBeAg (OR, 0.200; 95% CI, 
0.107–0.376; P < 0.001) positivity were independent factors for low HBV DNA levels. The incidence of hepatocellular 
carcinoma (HCC) (P < 0.001) and portal vein thrombosis (P = 0.001) was higher in the low HBV DNA levels group. 
Multivariate analysis showed that HBV DNA positivity (OR, 3.548; 95% CI, 1.463–8.604; P = 0.005), HBeAg positivity (OR, 
0.080; 95% CI, 0.022–0.289; P < 0.001), and glutamyltransferase (GGT) (OR, 1.003; 95% CI, 1.000–1.006; P = 0.040) were 
independent factors for HCC. Age was not related to the occurrence of cirrhosis complications.

Conclusion:  Patients with decompensated cirrhosis with HBV DNA < 2000 IU/mL still had severe liver damage and 
could develop severe cirrhosis complications. HCC risk was higher in low HBV DNA levels patients. HBsAg positivity 
and HBeAg negativity may be associated to the occurrence of low HBV DNA levels.
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Introduction
Hepatitis B virus (HBV) infection is a major global pub-
lic health problem and the leading cause of liver cir-
rhosis and hepatocellular carcinoma (HCC) worldwide 
[1]. Liver cirrhosis is an important natural stage of HBV 

infection. Once infection progresses to cirrhosis, the 
incidence of HCC increases significantly, with an annual 
incidence up to 3%–6% [2–4]. Moreover, the 5-year sur-
vival rate of decompensated cirrhosis is only 14%–35% 
[5]. Now widely used, nucleos(t)ide analogue (NA), espe-
cially potent and low-resistance antiviral drugs such as 
entecavir, tenofovir, tenofovir alafenamide, can effectively 
inhibit viral replication, and long-term antiviral therapy 
can reverse liver cirrhosis [6, 7], reduce the incidence of 
HCC [8], reduce liver decompensation [9], and alter the 
natural history of decompensated cirrhosis [10].
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However, some patients in clinical practice show low-
level viremia (LLV) even after long-term treatment with 
potent NA. Although the definition of LLV has not been 
unified, it usually means that serum HBV DNA < 2000 IU/
mL. Poor prognosis is strongly linked to LLV, especially 
in patients with cirrhosis. The REVEAL study showed an 
increased risk of cirrhosis and HCC with increased HBV 
DNA levels [11, 12]. LLV is also a possible cause of HCC 
in patients treated with NA [13, 14]. Our previous studies 
showed that patients with chronic hepatitis B (CHB) neg-
ative for HBV DNA and HBsAg can still progress to cir-
rhosis. The overall incidence of complications is not low 
in these patients (The overall incidence of severe compli-
cations in patients with serum HBV DNA < 2000 IU/mL, 
LLV, HBV DNA negative and HBsAg negative were 80%, 
73.6%, 82.7% and 85.3%, respectively) and decompensa-
tion or HCC can occur [15].

Decompensated cirrhosis is the end stage of HBV 
infection, with significantly reduced survival time and 
quality of life causing a great burden on individuals and 
society. However, the few studies on decompensated 
cirrhosis of HBV DNA < 2000  IU/mL focused on the 
population receiving antiviral therapy. Therefore, an eval-
uation is required of the natural history of patients with 
HBV-associated decompensated cirrhosis with newly 
treated low HBV DNA levels, negative HBV DNA, and 
even HBsAg disappearance, to provide clinical evidence 
for evaluating such patients.

Materials and methods
Patients
This retrospective study included 250 patients with HBV-
related decompensated cirrhosis(HBV DNA < 2000  IU/
mL) and newly diagnosed admitted to the First Affili-
ated Hospital of Xinjiang Medical University between 
2010 and 2021. The protocol for the study was approved 
by our institution’s Ethics Committee. Owing to the ret-
rospective design, the informed consent requirement 
was waived, and anonymized clinical data were ana-
lyzed. The inclusion criteria were: (1) Age ≥ 18 years; (2) 
HBV DNA concentration < 2000  IU/mL; (3) currently 
HBsAg positive or HBsAg negative, anti-HBc positive, 
and a clear history of chronic HBV infection (previ-
ous HBsAg positivity > 6  months), and other etiologies 
excluded; (4) cirrhosis diagnosed by clinical or imaging, 
and decompensation refers to serious complications such 
as esophagogastric variceal bleeding, ascites, and hepatic 
encephalopathy. The exclusion criteria were: (1) previ-
ous antiviral therapy; (2) a concomitant infection with 
other hepatitis viruses or human immunodeficiency virus 
(HIV); (3) history of liver transplantation; (4) the pres-
ence of other liver diseases such as alcoholic liver dis-
ease, autoimmune hepatitis, or drug-induced liver injury; 

(5) associated with other serious diseases such as other 
malignant tumors, connective tissue diseases, hemato-
logical diseases, other organ failure, or obstructive jaun-
dice; and (6) incomplete data.

Laboratory tests and imaging examinations
Data on virology, blood routine, biochemistry, coagula-
tion function, and other related indicators of all patients 
were recorded. Serum alanine aminotransferase (ALT) 
and aspartate aminotransferase (AST) were set at 
40  IU/L as the upper limit of normal. HBV DNA levels 
were quantified by quantitative fluorescent polymerase 
chain reaction (PCR) on an ABI 7300 real-time instru-
ment (Applied Biosystems, USA) using a commercial kit 
for the detection of HBV nucleic acid (PCR-fluorescent 
probe method, Zhongshan Antu Bioengineering Co., 
Ltd, provided by Daan Gene Co., Ltd.) with a minimum 
detection limit of 100  IU/mL. The viral level of HBV 
DNA positivity was defined as 100–2000 IU/mL, whereas 
negativity was defined as < 100  IU/mL.HBsAg was 
detected using an AutoLumo A2000 Plus instrument and 
an HBV surface antigen quantitative detection kit (mag-
netic particle chemiluminescence method), all produced 
by Zhengzhou Antu Bioengineering Co., Ltd. Its linear 
range is 0.05–250 IU/mL.

Bleeding from esophagogastric varices was confirmed 
by gastroscopy and ascites, portal vein thrombosis, and 
HCC were diagnosed by computed tomography or mag-
netic resonance imaging.

Statistical analysis
The data were analyzed using social science statistical 
program (SPSS 25.0). To assess the normality of con-
tinuous variables, Shapiro–Wilk tests were used. Nor-
mally distributed data are presented as means ± standard 
deviation and compared by independent-samples t-tests. 
Skewed data are presented as medians and interquartile 
range (P25, P75) by nonparametric U Mann–Whitney 
tests.

Categorical variables were represented by the number 
of cases n (%), and comparisons between groups were 
performed using chi-square tests. We compared clinical 
data for patients with and without low HBV DNA levels 
and HCC by univariate analysis and performed binary 
logistic regression on significant factors (P < 0.1) in uni-
variate analysis.

Results
Patient characteristics
This study included 250 patients with an average age of 
53.90 ± 11.73  years, of whom 183 patients were male 
(73.2%). In this study, 36 patients (14.4%) had hyperten-
sion, 48 patients (19.2%) had diabetes, 200 (80%) were 
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HBsAg-positive, 137 (54.8%) were HBeAg-positive, 
and 77 (30.8%) were HBV DNA positive. The results 
of the laboratory tests showed increased levels of total 
bilirubin (TBIL) and aspartate aminotransferase (AST) 
and decreased levels of albumin (ALB) and platelets 
(PLT). Patients were stratified into grade A (38 patients, 
15.2%) and grade B/C (212 patients, 84.8%) according 
to the Child-Turcotte-Pugh (CTP) score. The model of 
end-stage liver disease (MELD) score was 13.17 ± 6.13, 
while the median aspartate transferase and plate-
let ratio index (APRI) and liver fibrosis 4-factor index 
(FIB-4) were 1.98 (1.07, 3.27) and 6.69 (3.86, 9.91), 
respectively (Table 1).

Compared to the HBV DNA-negative group, the 
HBV DNA-positive group had more male patients 
(P = 0.040), more HBsAg positive (P = 0.004), less 
HBeAg positivity (P < 0.001), and FIB-4 (P = 0.044), 
APRI (P = 0.005), and ALT (P = 0.018) levels were 
greater in the HBV DNA-positive group. The HBsAg-
positive group had a lower average age (P = 0.016), 
a higher proportion of CTP grades B/C (P = 0.017), 
and higher HBV DNA-positivity (P = 0.044) and APRI 
(P = 0.002) and ALT (P = 0.044) levels (Table 1).

HBsAg and HBeAg positivity are independent factors 
for low HBV DNA levels
The independent factors for low HBV DNA levels were 
determined using multivariate analysis of the indicators 
(Table 1). HBsAg (odds ratio [OR], 3.303; 95% confidence 
interval [CI], 1.338–8.152; P = 0.010) and HBeAg (OR, 
0.200; 95% CI, 0.107–0.376; P < 0.001) positivity were 
significant factors in predicting low HBV DNA levels in 
patients with HBV-related cirrhosis (Table 2).

Relationship between HBV DNA, HBsAg, and complications 
of liver cirrhosis
In this study, 250 patients developed severe complica-
tions of liver cirrhosis, including ascites (217, 86.8%), 
esophagogastric variceal bleeding (65, 26.0%), HCC 
(35, 14.0%), portal vein thrombosis (29, 11.6%), hepatic 
encephalopathy (13, 5.2%), and hepatorenal syndrome 
(4, 1.6%). In patients with low HBV DNA levels, even 
those negative for HBV DNA and HBsAg, the incidence 
of cirrhosis-related complications remained high; there-
fore, regardless of the levels of HBV DNA and HBsAg, it 
is also important to reduce portal pressure while actively 
administering antiviral therapy to reduce the occurrence 
of complications (Table 3).

Table 1  Clinical features of the study population

Abbreviations: CTP Child-Turcotte-Pugh, MELD Model for end-stage liver disease, APRI AST-to-platelet ratio index, FIB 4 Fibrosis index based on four factors, TBIL Total 
bilirubin, ALB Albumin, SCr Serum creatinine, ALT Alanine aminotransferase, AST Aspartate aminotransferase, GGT​ Glutamyltransferase, ALP Alkaline phosphatase, INR 
International normalized ratio, PLT Platelet

All(n = 250) HBV DNA-
positive(n = 77)

HBV DNA-negative 
(n = 173)

P HBsAg-
positive(n = 200)

HBsAg-
negative(n = 50)

P

Male sex 183,73.2 63,81.8 120,69.4 0.040 145,72.5 38,76.0 0.617

Age(y) 53.90 ± 11.73 54.13 ± 11.76 53.80 ± 11.75 0.837 53.01 ± 11.35 57.46 ± 11.65 0.016

Hypertension 36,14.4 12,15.6 24,13.9 0.722 25,12.5 11,22.0 0.087

Diabetes 48,19.2 14,18.2 34,19.7 0.785 40,20.0 8,16.0 0.521

CTP A 38,15.2 8,10.4 30,17.3 0.158 25,12.5 13,26.0 0.017

B/C 212, 84.8 69,89.6 143,82.7 175,87.5 37,74.0

HBeAg-positive 137,54.8 23,29.9 114,65.9  < 0.001 107,53.5 30,60.0 0.409

HBsAg-positive 200, 80% 70,90.9% 130,75.1 0.004 - - -

HBV DNA-positive - - - - 70,35.0 7,14.0 0.004

MELD 13.17 ± 6.13 13.71 ± 5.89 12.92 ± 6.23 0.348 13.33 ± 6.32 12.52 ± 5.30 0.404

APRI 1.98(1.07, 3.27) 2.58(1.27, 3.57) 1.84(0.95,2.78) 0.005 2.10(1.17,3.27) 1.23(0.66, 2.37) 0.002

FIB-4 6.69(3.86, 9.91) 7.93(4.89, 10.85) 6.14(3.55,9.71) 0.044 7.42(4.45,9.79) 4.59(2.91,10.94) 0.050

TBIL(umol/L) 29.07(19.82,64.74) 30.90(20.94, 57.04) 29.00(16.66, 58.07) 0.301 28.85(17.78, 64.10) 29.71(21.58, 43.52) 0.942

ALB(g/L) 29.75(26.38,34.80) 29.58(26.65, 33.00) 30.19(25.66, 35.10) 0.495 29.58(26.24,34.18) 30.44(26.30,36.73) 0.084

SCr(umol/L) 62.00(51.22,77.00) 65.00(53.50,78.00) 61.00(49.00,74.83) 0.177 61.07(50.10,74.05) 64.38(52.98,81.02) 0.315

ALT(U/L) 33.43(21.65,66.12) 38.74(26.43, 75.73) 31.20(19.91, 56.32) 0.018 35.07(21.97,63.35) 27.95(17.62,45.29) 0.044

AST(U/L) 50.74(32.50,95.80) 62.40(35.49, 96.47) 46.00(30.15, 82.75) 0.071 53.33(35.03,92.50) 36.85(27.09,77.23) 0.051

GGT(U/L) 49.00(25.30,92.57) 55.00(32.73, 99.11) 46.00(23.39, 100.68) 0.214 49.15(26.65,91.09) 42.60(22.10,147.35) 0.765

ALP(U/L) 97.00(72.00,150.30) 109.10(76.60, 154.86) 93.00(70.52, 141.75) 0.108 100.36(76.20,147.65) 80.37(58.98, 156.78) 0.151

INR 1.35(1.15,1.55) 1.37(1.19,1.60) 1.33(1.15,1.58) 0.191 1.37(1.15,1.62) 1.28(1.13,1.45) 0.090

PLT(10^9/L) 68.00(46.00,113.50) 61(42.50,111.50) 72(46.00,123.00) 0.079 67.50(45.00,113.00) 80.50(49.50,139.25) 0.086
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We compared the incidence of complications 
between patients with HBV DNA and HBsAg positiv-
ity and negativity.The incidence of HCC (P < 0.001) 
and portal vein thrombosis (P = 0.001) was higher in 
the HBV DNA-positive group, while the incidence 
of ascites was greater in the HBsAg-positive group 
(P = 0.003) (Table 3).

Low HBV DNA levels is an independent risk factor for HCC
In this study, 35 patients (14.0%) had HCC. Table  3 
shows that the incidence of HCC was greater in 
the HBV DNA-positive group. Univariate analysis 
showed that male sex (P = 0.009), HBV DNA posi-
tivity (P < 0.001), HBeAg positivity (P < 0.001), GGT 
(P = 0.001),and ALT (P = 0.001) were related with the 
occurrence of HCC. Binary logistic regression analy-
sis of factors with P < 0.1 in univariate analysis showed 
that HBV DNA positivity (OR, 3.548; 95% CI, 1.463–
8.604; P = 0.005), HBeAg positivity (OR, 0.080; 95% CI, 
0.022–0.289; P < 0.001), and GGT (OR, 1.003; 95% CI, 
1.000–1.006; P = 0.040) were independent factors for 
HCC (Table 4).

Relationship between age and complications of liver 
cirrhosis
We divided the 250 patients according to their ages into 
three groups: < 40  years (25 patients), 40–50  years (75 
patients), and > 50 years (150 patients). All age groups had 
the same incidence of complications (P > 0.05) (Table 5).

Discussion
The internationally recommended anti-HBV drugs 
include NA and polyethylene glycol interferon (PEG-
IFN). NA have high potency, low drug resistance, and few 
adverse reactions and have become the first-line treat-
ment drugs; however, they cannot completely remove 
covalently closed circular DNA (cccDNA) in hepato-
cytes; thus, it is difficult to achieve a complete cure. LLV 
occurs in 20–40% of patients even with first-line drugs 
[13, 16, 17]. The negative conversion rate of HBsAg is 
very low when interferon is used alone or in combina-
tion with NA [18]. As LLV is strongly associated with 
adverse outcomes, complete virological response of CHB 
is very important. In fact, after standardized antiviral 
therapy, some patients can still progress to decompen-
sated liver cirrhosis and develop liver cirrhosis-related 

Table 2  Multivariate analysis for low HBV DNA levels

Abbreviations: APRI AST-to-platelet ratio index, FIB 4 Fibrosis index based on 
four factors, ALT Alanine aminotransferase, AST Aspartate aminotransferase, PLT 
Platelet

Multivariable model

OR 95% CI P

Male sex 1.781 0.859–3.696 0.121

HBsAg-positive 3.303 1.338–8.152 0.010
HBeAg-positive 0.200 0.107–0.376  < 0.001
APRI 1.009 0.892–1.142 0.885

FIB-4 1.005 0.958–1.054 0.830

ALT 1.001 0.997–1.006 0.522

AST 1.001 0.995–1.006 0.841

PLT 0.995 0.990–1.000 0.072

Table 3  Incidence of cirrhosis-related complications

Abbreviations: EVB Esophagogastric variceal bleeding, HE Hepatic encephalopathy, HRS Hepatorenal syndrome, HCC Hepatocellular carcinoma, PVT Portal vein 
thrombosis

All(n = 250) HBV DNA-positive
(n = 77)

HBV DNA-negative
(n = 173)

P HBsAg-
positive(n = 200)

HBsAg-
negative(n = 50)

P

Ascites 217,86.8 69,89.6 148,85.5 0.381 180,90.0 37,74.0 0.003
EVB 65,26.0 18,23.4 47,27.2 0.528 47,23.5 18,36.0 0.071

HCC 35,14.0 23,29.8 12,6.9  < 0.001 31,15.5 4,8.0 0.172

PVT 29,11.6 17,22.1 12,6.9 0.001 21,10.5 8,16.0 0.277

HE 13,5.2 6,7.8 7,4.0 0.356 12,6.0 1,2.0 0.433

HRS 4,1.6 1,1.3 3,1.7 1.000 4,2.0 0,0 0.705

Table 4  Univariate and multivariate analysis of the occurrence of HCC

Abbreviations: ALT Alanine aminotransferase, GGT​ Glutamyltransferase

Univariate P Value Multivariable model

OR 95% CI P

Age 0.364

Male sex 0.009 2.619 0.698–9.821 0.153

HBV DNA-positive  < 0.001 3.548 1.463–8.604 0.005
HBsAg-positive 0.172

HBeAg-positive  < 0.001 0.080 0.022–0.289  < 0.001
Diabetes 0.085 0.292 0.079–1.085 0.066

ALT 0.001 1.000 0.997–1.004 0.794

GGT​ 0.001 1.003 1.000–1.006 0.040
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complications and HCC, regardless of low HBV DNA 
levels, HBV DNA negativity, or HBsAg disappearance. 
Few studies have reported on HBV-associated decom-
pensated cirrhosis in patients with LLV, especially those 
who have not received antiviral treatment. This study 
retrospectively analyzed the natural history of decom-
pensated cirrhosis patients with HBV DNA < 2000 IU/mL 
who had not been treated with antiviral medication.

We found that, among decompensated cirrhosis 
patients with HBV DNA < 2000  IU/mL, most were mid-
dle-aged and elderly men. Most patients were HBeAg-
positive and HBV DNA-negative, and 62 patients (20.6%) 
had HBsAg negative conversion. Previous studies have 
shown that high HBV DNA levels, persistent HBeAg 
positivity, persistent ALT elevation, advanced age, and 
male sex are risk factors for cirrhosis [19–21], consist-
ent with the results of this study. However, we found that 
patients with low HBV DNA levels, HBV DNA negativ-
ity, and HBsAg negativity can advance to decompen-
sated cirrhosis and even develop HCC. In addition, the 
liver damage in these patients is also severe, TBIL and 
AST were increased, and the ALB and PLT levels were 
decreased. Moreover, the MELD, APRI, and FIB-4 scores 
were increased. Therefore, after these patients progress 
to decompensated cirrhosis, even if the virus replication 
level is very low and HBsAg disappears, the liver function 
is still damaged. This damage does not manifest as liver 
inflammatory damage characterized by significant eleva-
tion of ALT or AST, nor as liver failure characterized by 
the rapid progression of high jaundice and low blood 
coagulation, but rather as a slow and continuous progres-
sion of liver fibrosis and progressive elevation of portal 
hypertension, which ultimately develop into recurrent 
complications and cancer due to portal hypertension. 
Therefore, in addition to more effective antiviral treat-
ment, these patients also require evaluation and inter-
vention for portal hypertension.

Multivariate analysis to explore the factors affect-
ing the occurrence of low HBV DNA levels showed 
that HBsAg positivity and HBeAg positivity were 

independent factors for low HBV DNA levels. A Korean 
study reported a significantly higher cumulative complete 
virological response rate (CVR) in the HBeAg-negative 
group in patients with CHB receiving tenofovir anti-
viral treatment(P = 0.001). Moreover, HBsAg quantifica-
tion were significant predictors of CVR(P < 0.001) [22]. 
Another retrospective study reported that HBeAg status 
was related to LLV [13]. Thus, HBsAg and HBeAg sta-
tuses may be related to LLV and have a certain value for 
predicting LLV during antiviral treatment.

We observed that patients with low HBV DNA levels 
had higher APRI and FIB-4 scores and a higher inci-
dence of HCC and portal vein thrombosis(PVT). The 
degree of liver fibrosis and the incidence of complica-
tions of liver cirrhosis in HBV DNA-negative patients 
were lower than those in HBV DNA-positive patients, 
with lower virus levels related to a better status. A longi-
tudinal study of 163 treatment-naïve patients with CHB 
with significant fibrosis at baseline (Ishak ≥ 3) showed 
that patients with LLV had a 4.84-fold higher risk of liver 
fibrosis progression at 78  weeks of treatment compared 
to HBV DNA-negative patients(95% CI, 1.30–17.98; 
P = 0.019), indicating that LLV was an independent pre-
dictor of liver fibrosis progression [23]. Another retro-
spective study from Turkey also observed progression to 
liver fibrosis in approximately 1/3 of young patients with 
LLV, suggesting that even young patients with LLV may 
have an affected prognosis [24]. A multicenter prospec-
tive study showed that, among patients with HBV-related 
decompensated cirrhosis, the 10-year survival rate of 
patients with a maintained virological response (MVR) 
was 71.6%, whereas that of the LLV group was only 57.2% 
(P < 0.003). Thus, LLV contributed to reduced long-term 
survival in patients with decompensated cirrhosis [10]. 
A recent study of patients with cirrhosis treated with NA 
reported 5-year and 10-year cumulative incidence rates 
of end-stage liver disease in the LLV group of 13.75% 
and 36.89%, respectively, while that in the MVR group 
was 2.66% and 21.29%, suggesting that NA treatment 
of patients with cirrhosis and LLV may result in worse 

Table 5  Complications in different age groups

Abbreviations: EVB Esophagogastric variceal bleeding, HE Hepatic encephalopathy, HRS Hepatorenal syndrome, HCC Hepatocellular carcinoma, PVT Portal vein 
thrombosis

All(n = 250)  < 40 years(n = 25) 40–50 years(n = 75)  > 50 years (n = 150) P

EVB 65,26.0 10,40.0 18,24.0 37,24.7 0.242

Ascites 217,86.8 23,92.0 65,86.7 129,86.0 0.685

HE 13,5.2 0,0 3,4.0 10,6.7 0.173

HRS 4,1.6 0,0 0,0 4,2.7 0.127

HCC 35,14.0 2,8.0 10,13.3 23,15.3 0.575

PVT 29,11.6 2,8.0 7,9.3 20,13.3 0.557
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long-term outcomes than MVR [25]. In this study, the 
incidence of HCC and PVT was higher in the low HBV 
DNA levels group, while the remaining complications 
did not differ significantly, which may be related to the 
fact that none of the patients included in this study had 
received antiviral treatment. In such patients, cccDNA 
persists and low HBV DNA levels may appear intermit-
tently, which promotes the progression of liver inflam-
mation and fibrosis. After progressing to decompensated 
cirrhosis, even without detectable HBV DNA, severe 
liver fibrosis and severe liver damage have developed and 
complications related to liver cirrhosis can still occur. 
Therefore, low HBV DNA levels patients with cirrhosis 
still require active antiviral therapy to suppress viral rep-
lication as much as possible to reduce the incidence of 
related complications and improve prognosis.

In addition, the mean age of the 50 HBsAg-negative 
patients in this study was older than that of HBsAg-
positive patients; however, complications other than 
ascites did not differ significantly from those of HBsAg-
positive patients. Various complications may still occur 
after HBsAg serological clearance and the incidence 
does not differ significantly from that of HBsAg-positive 
patients, even HCC, suggesting that HBsAg seroclear-
ance can reduce HCC risk among patients with liver cir-
rhosis [26]. Another study reported that 2.34% (7/298) 
of patients with HBsAg serological clearance developed 
HCC during the 9-year median follow-up period [27]. 
The incidence of HCC in HBsAg-negative patients in this 
study was 8% (4/50), a significantly higher rate than pre-
viously reported. This difference may have been related 
to decompensated cirrhosis in the patients included in 
this study. Therefore, for decompensated cirrhosis, even 
if HBsAg disappears, the incidence of cirrhosis-related 
complications remains high, and regular follow-up exam-
inations are required to prevent related complications.
Moreover, among the 50 patients with HBsAg-negative 
cirrhosis in this study, seven (14%) were low HBV DNA 
levels and had occult hepatitis B infection (OBI), one of 
whom developed HCC. Therefore, for patients with liver 
cirrhosis negative for HBsAg, whether they have anti-
HBc or anti-HBs, HBV DNA should be observed to rule 
out OBI and allow timely treatment to prevent HCC.

Age was previously considered a high-risk fac-
tor for liver cirrhosis. In our study, 150 patients (60%) 
were > 50 years of age; however, the incidence of compli-
cations did not differ significantly from that in other age 
groups. During chronic and long-term HBV infection 
repeated immune clearance responses lead to frequent 
hepatic inflammatory activity; thus, even if HBV DNA 
and HBsAg are negative, severe liver fibrosis is likely 
present due to late occurrence and liver-related adverse 
events can still occur. Therefore, once low HBV DNA 

levels patients in the natural state progresses to decom-
pensated cirrhosis, age is no longer a prognostic factor. 
Patients with HBV-associated decompensated liver cir-
rhosis, regardless of age and virological indicators, show 
a high incidence of liver cirrhosis-associated complica-
tions; thus, complications should be monitored in clinical 
practice.

Liver cirrhosis is a significant risk factor for HCC and 
higher HBV DNA levels are associated with increased 
HCC risk [28]. A cohort study in Hong Kong reported 
a higher risk of developing HCC within 2  years in 
patients with CHB with previous NA treatment and 
serum HBV DNA concentrations of 10–20 IU/mL com-
pared to patients with CHB with HBV DNA concen-
trations < 10  IU/mL (hazard ratio [HR] 2.79, 95% CI 
1.424–5.468), suggesting that even a very low virus level 
after antiviral therapy still increases the risk of HCC 
[29]. A Korean study of patients with compensated HBV-
related cirrhosis without antiviral treatment reported 
a higher risk of HCC in the LLV group compared to 
that in the group with continuous complete virological 
response(CVR) [14]. Moreover, the HCC risk increased 
with LLV after treatment in patients with cirrhosis [13, 
30]. The results of another Korean retrospective cohort 
study showed that approximately 27.8% of patients with 
HCC with LLV developed HBV relapse during follow-up, 
and that the 5-year survival rate of HBV relapsed patients 
was significantly lower than that of patients who achieved 
and sustained CVR [31]. However, a prospective study 
reported in patients with HBV-associated decompen-
sated cirrhosis after receiving antiviral treatment 5-year 
and 10-year cumulative incidence rates of HCC in the 
LLV group of 39.5% and 43.9% respectively, compared to 
22.9% and 41.0% in the continuous virological response 
group. The incidence rates of HCC did not differ signifi-
cantly between the two groups (P = 0.195) [32]. There-
fore, the relationship between LLV and HCC in patients 
with decompensated cirrhosis remains unclear. We 
observed a significantly higher incidence of HCC in the 
low HBV DNA levels group than that in the HBV DNA-
negative group and identified low HBV DNA levels as an 
independent risk factor for HCC in multivariate analy-
sis. The current treatment guidelines for patients with 
decompensated cirrhosis recommend antiviral treatment 
regardless of viral level [28, 33, 34]. However, we cannot 
ignore the virological response of such patients because 
they may benefit from a sustained virological response.

We also observed that HBeAg-negative patients had 
a greater risk of HCC and that HBeAg-negativity was 
an independent risk factor for HCC. Previous studies 
showed a reduced risk of HCC in patients with CHB 
after spontaneous HBeAg seroconversion [35]. Another 
multinational cohort study showed that HBeAg 
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positivity was not associated with the risk of HCC in 
patients with cirrhosis [36]. Moreover, age > 40  years 
at the time of HBeAg seroconversion was associated 
with a higher risk of HCC [19, 37]. In our study, 90% 
of patients (225/250) were > 40  years. Thus, the higher 
risk of HCC in HBeAg-negative patients may be associ-
ated with their age at the time of HBeAg seroconver-
sion. The occurrence of HCC should be considered in 
patients with CHB who are > 40 years of age, regardless 
of the HBV DNA, HBeAg, and HBsAg status.

This study has some limitations. First, as a single-
center retrospective study, the findings require confir-
mation in multi-center prospective studies with larger 
sample sizes and the degree of benefit of antiviral ther-
apy must be evaluated in this population. And as high-
sensitivity PCR was not previously performed, 100 IU/
mL was selected as the lower limit of detection. There-
fore, while some HBV DNA-negative patients may have 
had low HBV DNA levels, their presence did not affect 
the analysis and final conclusions.Second, this study 
was conducted in a tertiary hospital. As the included 
patients may be more critically ill, selection bias was 
possible. Moreover, some complications such as mild 
hepatic encephalopathy may be missed, which reduces 
the incidence of complications, due to the retrospec-
tive design, Additionally, this study did not consider the 
influence of other medical factors, particularly meta-
bolic and lifestyle factors. Finally, none of the patients 
in this study had received antiviral therapy. Further 
research is needed to identify any potential differences 
in these patients after antiviral therapy.

In conclusion, the results of this study showed that 
liver damage of decompensated cirrhosis in patients 
with HBV DNA < 2000  IU/mL remains a serious con-
cern and that related complications can still occur. 
Moreover, patients with low HBV DNA levels have an 
increased risk of HCC. HBsAg-positivity and HBeAg-
negativity may be related to the occurrence of low HBV 
DNA levels. The prognosis of such patients is poor, and 
antiviral therapy is provided mainly to suppress the 
virus level to the maximum extent. The disappearance 
of HBsAg may not be related to long-term prognosis. 
Therefore, attention should be paid to the control of 
portal hypertension in this population.

Abbreviations
HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; NA: Nucleos(t)ide 
analogue; LLV: Low-level viremia; CHB: Chronic hepatitis B; CTP: Child-Turcotte-
Pugh; MELD: Model for end-stage liver disease; APRI: AST-to-platelet ratio 
index; FIB-4: Fibrosis index based on four factors; TBIL: Total bilirubin; ALB: 
Albumin; SCr: Serum creatinine; ALT: Alanine aminotransferase; AST: Aspartate 
aminotransferase; GGT​: Glutamyltransferase; ALP: Alkaline phosphatase; INR: 
International normalized ratio; PLT: Platelet; EVB: Esophagogastric variceal 
bleeding; HE: Hepatic encephalopathy; HRS: Hepatorenal syndrome; PVT: 
Portal vein thrombosis.

Acknowledgements
Not applicable.

Authors’ contributions
XH and MMY collected, analyzed, and interpreted data and drafted the article; 
ZRD,LY and DH performed the statistical analysis; and LHS designed the study 
and revised the article. All authors have read and approved the manuscript.

Funding
This study was supported by a grant from the National Natural Science Foun-
dation of China (No. 82060121).

Availability of data and materials
The datasets used and/or analyzed during the current study will be available 
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the Medical Ethics Committee of the First Affili-
ated Hospital of Xinjiang Medical University and all methods were per-
formed in accordance with the principles of the Helsinki declaration and its 
appendices (Ethical review no. 20171017–02). Written informed consent was 
not required for this retrospective study, which was approved by the Medical 
Ethics Committee of the First Affiliated Hospital of Xinjiang Medical University.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Epidemiology, The First Affiliated Hospital of Shandong First 
Medical University & Shandong Provincial Qianfoshan Hospital, No. 16766, 
Jingshi Road, Ji’nan City, Shandong Province 250000, People’s Republic 
of China. 2 Infectious Diseases Center, The First Affiliated Hospital of Xinjiang 
Medical University, No.137, Liyushan South Road830000, Urumqi City, Xinjiang 
Province, People’s Republic of China. 

Received: 3 August 2022   Accepted: 17 October 2022

References
	1.	 Trépo C, Chan HLY, Lok A. Hepatitis B virus infection. Lancet. 

2014;384(9959):2053–63.
	2.	 Chu CM, Liaw YF. Hepatitis B virus-related cirrhosis: natural history and 

treatment. Semin Liver Dis. 2006;26(2):142–52.
	3.	 Chen YC, Chu CM, Yeh CT, Liaw YF. Natural course following the onset of 

cirrhosis in patients with chronic hepatitis B: a long-term follow-up study. 
Hepatol Int. 2007;1(1):267–73.

	4.	 Hsu YS, Chien RN, Yeh CT, Sheen IS, Chiou HY, Chu CM, et al. Long-term 
outcome after spontaneous HBeAg seroconversion in patient with 
chronic hepatitis B. Hepatology. 2002;35(6):1522–7.

	5.	 Fattovich G, Bortolotti F, Donato F. Natural history of chronic hepatitis B: 
special emphasis on disease progression and prognostic factors. J Hepa-
tol. 2008;48(2):335–52.

	6.	 Chang TT, Lai CL, Kew Yoon S, Lee SS, Coelho HS, Carrilho FJ, et al. Ente-
cavir treatment for up to 5 years in patients with hepatitis B e antigen-
positive chronic hepatitis B. Hepatology. 2010;51(2):422–30.

	7.	 Marcellin P, Gane E, Buti M, Afdhal N, Sievert W, Jacobson IM, et al. Regres-
sion of cirrhosis during treatment with tenofovir disoproxil fumarate 
for chronic hepatitis B: a 5-year open-label follow-up study. Lancet. 
2013;381(9865):468–75.

	8.	 Singal AK, Salameh H, Kuo YF, Fontana RJ. Meta-analysis: the impact of 
oral anti-viral agents on the incidence of hepatocellular carcinoma in 
chronic hepatitis B. Aliment Pharmacol Ther. 2013;38(2):98–106.



Page 8 of 8Huang et al. BMC Gastroenterology          (2022) 22:452 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	9.	 Liaw YF, Sung JJ, Chow WC, Farrell G, Lee CZ, Yuen H, Cirrhosis Asian 
Lamivudine Multicentre Study Group, et al. Lamivudine for patients 
with chronic hepatitis B and advanced liver disease. N Engl J Med. 
2004;351(15):1521–31. https://​doi.​org/​10.​1056/​NEJMo​a0333​64.

	10.	 Jang JW, Choi JY, Kim YS, Woo HY, Choi SK, Lee CH, et al. Long-term effect 
of antiviral therapy on disease course after decompensation in patients 
with hepatitis B virus-related cirrhosis. Hepatology. 2015;61(6):1809–20.

	11.	 Chen C-J, Yang H-I, Su J, Jen C-L, You S-L, Lu S-N, REVEAL-HBV Study 
Group, et al. Risk of hepatocellular carcinoma across a biological gradient 
of serum hepatitis B virus DNA level. JAMA. 2006;295(1):65–73. https://​
doi.​org/​10.​1001/​jama.​295.1.​65.

	12.	 Iloeje UH, Yang HI, Su J, Jen CL, You SL, Chen CJ, Risk Evaluation of Viral 
Load Elevation and Associated Liver Disease/Cancer-In HBV (the REVEAL-
HBV) Study Group. Predicting cirrhosis risk based on the level of circulat-
ing hepatitis B viral load. Gastroenterology. 2006;130(3):678–86.

	13.	 Kim JH, Sinn DH, Kang W, Gwak GY, Paik YH, Choi MS, et al. Low-level 
viremia and the increased risk of hepatocellular carcinoma in patients 
receiving entecavir treatment. Hepatology. 2017;66(2):335–43.

	14.	 Sinn DH, Lee J, Goo J, Kim K, Gwak GY, Paik YH, et al. Hepatocellular 
carcinoma risk in chronic hepatitis B virus-infected compensated cirrhosis 
patients with low viral load. Hepatology. 2015;62(3):694–701.

	15.	 Huang X, Yao L, Deng ZR, Dong J, Zheng RJ, Lu XB, et al. Analysis of clini-
cal characteristics of 481 HBV-related liver cirrhotic patients with low viral 
load. Zhonghua Gan Zang Bing Za Zhi. 2021;29(3):227–33 Chinese.

	16.	 Ogawa E, Nomura H, Nakamuta M, Furusyo N, Koyanagi T, Dohmen K, 
Kyushu University Liver Disease Study (KULDS) Group, et al. Tenofovir 
alafenamide after switching from entecavir or nucleos(t)ide combination 
therapy for patients with chronic hepatitis B. Liver Int. 2020;40(7):1578–
89. https://​doi.​org/​10.​1111/​liv.​14482.

	17.	 Xing M, Sen L, Jane D, et al. Chronic hepatitis B management in clinical 
practice in Fuzhou Province, China: retrospective cross-sectional analysis 
of electronic medical record data. Abstracts Hepatol Int. 2020;14:1–470.

	18.	 Qiu K, Liu B, Li SY, Li H, Chen ZW, Luo AR, et al. Systematic review with 
meta-analysis: combination treatment of regimens based on pegylated 
interferon for chronic hepatitis B focusing on hepatitis B surface antigen 
clearance. Aliment Pharmacol Ther. 2018;47(10):1340–8.

	19.	 Chen YC, Chu CM, Liaw YF. Age-specific prognosis following spontaneous 
hepatitis B e antigen seroconversion in chronic hepatitis B. Hepatology. 
2010;51(2):435–44.

	20.	 Park BK, Park YN, Ahn SH, Lee KS, Chon CY, Moon YM, et al. Long-term 
outcome of chronic hepatitis B based on histological grade and stage. J 
Gastroenterol Hepatol. 2007;22(3):383–8.

	21.	 Lin SM, Yu ML, Lee CM, Chien RN, Sheen IS, Chu CM, et al. Interferon 
therapy in HBeAg positive chronic hepatitis reduces progression to cir-
rhosis and hepatocellular carcinoma. J Hepatol. 2007;46(1):45–52.

	22.	 Yoo EH, Cho HJ. Clinical response to long-term tenofovir monotherapy in 
Korean chronic hepatitis B patients. Clin Chim Acta. 2017;471:308–13.

	23.	 Sun Y, Wu X, Zhou J, Meng T, Wang B, Chen S, et al. Persistent low level 
of hepatitis B virus promotes fibrosis progression during therapy. Clin 
Gastroenterol Hepatol. 2020;18(11):2582–91.

	24.	 Yenilmez E, Cetinkaya RA, Tural E. Diagnostic dilemma for low viremia 
with significant fibrosis; is hepatitis B virus DNA threshold level a good 
indicator for predicting liver damage? Balkan Med J. 2018;35(4):326–32.

	25.	 Zhang Q, Peng H, Liu X, Wang H, Du J, Luo X, et al. Chronic Hepatitis B 
Infection with Low Level Viremia Correlates with the Progression of the 
Liver Disease. J Clin Transl Hepatol. 2021;9(6):850–9.

	26.	 Liu F, Wang XW, Chen L, Hu P, Ren H, Hu HD. Systematic review with 
meta-analysis: development of hepatocellular carcinoma in chronic 
hepatitis B patients with hepatitis B surface antigen seroclearance. Ali-
ment Pharmacol Ther. 2016;43(12):1253–61.

	27.	 Yuen MF, Wong DK, Fung J, Ip P, But D, Hung I, et al. HBsAg seroclear-
ance in chronic hepatitis B in Asian patients: replicative level and risk of 
hepatocellular carcinoma. Gastroenterology. 2008;135:1192–9.

	28.	 Terrault NA, Lok ASF, McMahon BJ, Chang KM, Hwang JP, Jonas MM, et al. 
Update on prevention, diagnosis, and treatment of chronic hepatitis B: 
AASLD 2018 hepatitis B guidance. Hepatology. 2018;67(4):2560–1599.

	29.	 Mak LY, Huang Q, Wong DK, Stamm L, Cheung KS, Ko KL, et al. Residual 
HBV DNA and pgRNA viraemia is associated with hepatocellular carci-
noma in chronic hepatitis B patients on antiviral therapy. J Gastroenterol. 
2021;56(5):479–88.

	30.	 Shin SK, Yim HJ, Kim JH, Lee CU, Yeon JE, Suh SJ, et al. Partial virological 
response after 2 years of entecavir therapy increases the risk of hepato-
cellular carcinoma in patients with hepatitis B virus-associated cirrhosis. 
Gut Liver. 2021;15(3):430–9.

	31.	 Kim TS, Sinn DH, Kang W, Gwak GY, Paik YH, Choi MS, et al. Hepatitis B 
virus DNA levels and overall survival in hepatitis B-related hepatocel-
lular carcinoma patients with low-level viremia. J Gastroenterol Hepatol. 
2019;34(11):2028–35.

	32.	 Jang JW, Choi JY, Kim YS, Yoo JJ, Woo HY, Choi SK, et al. Effects of virologic 
response to treatment on short- and long-term outcomes of patients 
with chronic hepatitis B Virus infection and decompensated cirrhosis. Clin 
Gastroenterol Hepatol. 2018;16(12):1954-1963.e3.

	33.	 Sarin SK, Kumar M, Lau GK, Abbas Z, Chan HL, Chen CJ, et al. Asian-Pacific 
clinical practice guidelines on the management of hepatitis B: a 2015 
update. Hepatol Int. 2016;10(1):1–98.

	34.	 European Association for the Study of the Liver. EASL 2017 Clinical 
Practice Guidelines on the management of hepatitis B virus infection. J 
Hepatol. 2017;67(2):370–98.

	35.	 Hsu YS, Chien RN, Yeh CT, Sheen IS, Chiou HY, Chu CM, et al. Long-term 
outcome after spontaneous HBeAg seroconversion in patients with 
chronic hepatitis B. Hepatology. 2002;35:1522–7.

	36.	 Jang H, Yoon JS, Park SY, Lee HA, Jang MJ, Kim SU, et al. Impact of 
HBeAg on hepatocellular carcinoma risk during oral antiviral treat-
ment in patients with chronic hepatitis B. Clin Gastroenterol Hepatol. 
2021;S1542–3565(21):00935–6.

	37.	 To WP, Mak LY, Wong DK, Fung J, Liu F, Seto WK, et al. Hepatitis B 
core-related antigen levels after HBeAg seroconversion is associated 
with the development of hepatocellular carcinoma. J Viral Hepat. 
2019;26(12):1473–80.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1056/NEJMoa033364
https://doi.org/10.1001/jama.295.1.65
https://doi.org/10.1001/jama.295.1.65
https://doi.org/10.1111/liv.14482

	Natural history of decompensated cirrhosis with serum hepatitis B DNA < 2000 IUmL: a retrospective study
	Abstract 
	Background and aims: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Materials and methods
	Patients
	Laboratory tests and imaging examinations
	Statistical analysis

	Results
	Patient characteristics
	HBsAg and HBeAg positivity are independent factors for low HBV DNA levels
	Relationship between HBV DNA, HBsAg, and complications of liver cirrhosis
	Low HBV DNA levels is an independent risk factor for HCC
	Relationship between age and complications of liver cirrhosis

	Discussion
	Acknowledgements
	References


