
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit  h t    t p : / / c r e  a   t i 
v e  c  o  m  m  o n s . o r g / l i c e n s e s / b y - n c - n d / 4 . 0 /     .   

Song et al. BMC Infectious Diseases         (2024) 24:1273 
https://doi.org/10.1186/s12879-024-10093-w

BMC Infectious Diseases

†Kaimin Song, Lan Ren, Yunyun Qian these authors contributed 
equally to this work.

*Correspondence:
Yongjun Zhou
zyj@mku.edu.cn
Zhijun Su
su2366@sina.com
Xueping Yu
xuepingyu163@163.com

Full list of author information is available at the end of the article

Abstract
Background While previous reports have shown that hepatitis B virus (HBV) infection affects lipid metabolism and 
vice versa, the impact of dyslipidemia on the functional cure of HBV infection following peginterferon alfa (PegIFNα) 
therapy remains unknown. Hence, this study aimed to investigate the effect of dyslipidemia on hepatitis B surface 
antigen (HBsAg) clearance and develop a nomogram model for predicting patients for whom PegIFNα therapy is 
indicated.

Methods A total of 160 nucleos(t)ide analogues (NAs)- experienced chronic hepatitis B (CHB) patients treated with 
PegIFNα (180 µg/week) were enrolled in this study. The relationship between serum lipid and HBsAg clearance 
was analysed. Univariate and multivariate COX analyses were used to construct and plot the nomogram model. 
The area under the receiver operating characteristic curve (AUC) and calibration curve were used to evaluate the 
discrimination and calibration of the model, respectively.

Results After 48 weeks of PegIFNα therapy, a total of 33 patients in the cohort achieved HBsAg clearance. Univariate 
and multivariate COX analyses indicated that dyslipidemia was significantly associated with HBsAg clearance and 
was an independent predictor of HBsAg clearance (HR = 0.243, P = 0.001). Kaplan-Meier survival analyses show that 
cumulative HBsAg clearance was significantly higher in the normolipidemic group than in the dyslipidemia group 
(log-rank test, P = 0.007). During the treatment, triglyceride showed an increasing trend, while the levels of total 
cholesterol, high-density lipoprotein, low-density lipoprotein, apolipoprotein A1 and apolipoprotein B decreased. 
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Despite the availability of safe and effective hepatitis B 
vaccine, hepatitis B virus (HBV) infection remains a major 
global public health problem, with persistent viral replica-
tion and hepatocellular inflammation causing liver fibro-
sis, cirrhosis, liver failure and hepatocellular carcinoma 
(HCC). According to the World Health Organization, 
there were approximately 296  million people world-
wide with chronic hepatitis B (CHB) infection in 2019; 
of whom 820,000 died from liver disease related to HBV 
[1]. Covalently closed-circular DNA (cccDNA) and HBV 
integration following liver infection are difficult to clear 
completely. Hence, the current clinical treatment goal is 
to pursue functional cure, which means hepatitis B sur-
face antigen (HBsAg) clearance, with or without the pres-
ence of anti-HBs and persistent undetectable HBV-DNA. 
It has been suggested that HBsAg clearance reduces 
the risk of HCC by 5-fold in CHB patients compared to 
HBsAg-positive patients [2]; it also makes HBV reacti-
vation very unlikely [3]. However, the functional cure is 
difficult to achieve. The HBsAg clearance rate does not 
exceed 3% after treatment with potent nucleos(t)ide ana-
logues (NAs), which are first-line therapeutic agents [4]. 
Moreover, HBsAg clearance rate after three years of treat-
ment with peginterferon alfa (PegIFNα) in treatment-
naive CHB is approximately 8.7–11.0% [1]. Therefore, it 
is crucial to explore the factors that influence the efficacy 
of antiviral drugs and identify therapeutically suitable 
patients in clinical practice.

In Chinese adults, the prevalence of dyslipidemia 
remains high [5], and HBV infection affects the lipid met-
abolic status. HBV infection inhibits lipid metabolism, 
and apolipoprotein (Apo) C3 is negatively correlated 
with HBV-DNA load in HBeAg-negative patients [6]. An 
NMR-based metabolomics approach showed that HBx 
disrupts the metabolism of glucose, lipids and nucleic 
acids [7]. Similarly, targeted metabolomic analyses have 
shown that HBV can alter glycerophospholipid and tri-
glyceride synthesis pathways, thereby reducing serum 
lipid levels [8]. In an in vitro model, researchers have 
found that HBx-induced beta-d-mannoside-1,4-Nac-
etylglucosaminyltransferase-III (GnT-III) expression 
inhibited ApoB secretion, potentially reducing ApoB-
containing lipids [9]. Furthermore, HBV was found to 
inhibit ApoA1 and HDL-C synthesis and secretion, and 

HBV was speculated to inhibit ApoA1 mRNA and pro-
tein expression through downregulation of ApoA1 pro-
moter activity [10]. In turn, lipids can influence the HBV 
infection process. It has been shown that HBV infec-
tion in primary hepatocyte cultures is dependent on the 
presence of cholesterol in the viral envelope, and choles-
terol and lipid rafts play a role in the entry of HBV into 
hepatocytes [11–13]. PegIFNα is an immunomodulatory 
agent that regulates the immune system while inhibiting 
viral replication, and has a unique and irreplaceable role 
in HBsAg clearance compared to NAs. PegIFNα has been 
shown to significantly reduce total cholesterol (TC), low-
density lipoprotein (LDL) and high-density lipoprotein 
(HDL) levels, and significantly increase triglyceride (TG) 
levels [14, 15]. Whether dyslipidemia affects the antiviral 
efficacy of PegIFNα is worth exploring. Previous studies 
[15, 16] have shown that lipids can influence PegIFNα 
efficacy and predict HBeAg seroresponse in HBeAg-
positive patients. However, the effect of dyslipidemia on 
HBsAg clearance after PegIFNα therapy has not yet been 
reported. Therefore, the present study selected a cohort 
of NAs-experienced CHB patients to investigate the 
effect of dyslipidemia on HBsAg clearance, and a nomo-
gram model was constructed to predict and identify the 
dominant population of PegIFNα treatment in the early 
stage.

Methods
Study population and design
A total of 1100 CHB patients treated with PegIFNα 
(180  µg/week) at Fujian Medical University Affiliated 
First Quanzhou Hospital (Quanzhou, China) from Janu-
ary 2019 to March 2024 were retrospectively screened. 
Inclusion criteria were as follows:  (1)  serum HBsAg 
present for ≥ 6 months; (2)  age between 18 and 70 
years; (3)  previous treatment with NAs for ≥ 3 months; 
and (4)  PegIFNα treatment for ≥ 48 weeks with com-
plete follow-up data. Exclusion criteria were as follows: 
(1) co-infection with hepatitis C virus, hepatitis D virus, 
hepatitis E virus or human immunodeficiency virus;  
(2)  discontinuation or change in treatment regimen; 
(3)  concomitant history of cirrhosis, hyperthyroidism, 
thyroiditis, autoimmune hepatitis, pregnancy or any type 

Dyslipidemia and other indicators independently associated with HBsAg clearance were used to construct 
the nomogram model. The AUC of the model at 36-week and 48-week were 0.879 and 0.856, and the model 
demonstrated good discrimination and calibration.

Conclusion Dyslipidemia can affect the antiviral efficacy of PegIFNα in NAs-experienced CHB patients. Our findings 
suggest that the nomogram model constructed using serum lipid has good predictive power and may help 
physicians to identify the superior patients for PegIFNα therapy.
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of tumor and (4) incomplete relevant test data and infor-
mation. Ultimately, 160 patients were analyzed in the 
present study.

First, the patients were divided into the normolipid-
emia group and the dyslipidemia group according to the 
status of baseline serum lipids. Dyslipidemia refers to 
hypertriglyceridemia (TG ≥ 1.7mmol/L), hypercholes-
terolemia (TC ≥ 5.2mmol/L), or mixed hyperlipidemia. 
The diagnosis was based on the Chinese Guidelines for 
Lipid Management (2023) [5]. The PegIFNα treatment 
strategy involved “add-on” and “switch-to”. According to 
The expert consensus on clinical cure (functional cure) of 
chronic hepatitis B [17] and the optimizing-seroconver-
sion sequential treatment (OSST) trial from China [18, 
19], the ‘add-on’ strategy means that patients receive NAs 
treatment together with PegIFNα, while the ‘switch-to’ 
strategy involves switching patients to PegIFNα mono-
therapy. Thereafter, all patients were divided into the 
HBsAg clearance (SC) group and the non-HBsAg clear-
ance (NSC) group according to the treatment outcomes 
at the end of 48 weeks of PegIFNα. HBsAg clearance was 
defined as the disappearance of HBsAg in previously 
HBsAg positive patients (< 0.05 IU/ mL); HBV-DNA neg-
ative was defined as HBV-DNA below the lower limit of 
detection (< 20 IU/ mL).

Data collection
General information about all patients, including name, 
gender, age, height, weight, body mass index (BMI), 
HBeAg status, HBV-DNA status and treatment regi-
men, was collected. HBsAg, anti-HBs, HBeAg, anti-HBe 
and anti-HBc were quantified by chemiluminescent 
particulate immunoassays using the Architect i2000 SR 
platform and Abbott Architect reagents (Abbott Labo-
ratories, Chicago, IL). COBAS AmpliPrep/COBAS Taq-
Man system (Roche Diagnostics, Mannheim, Germany) 
was used to detect serum HBV DNA by quantitative 
PCR, with a lower limit of detection of 20 IU/mL. During 
PegIFNα treatment, HBsAg, anti-HBs, HBeAg, anti-HBe, 
anti-HBc, HBV-DNA, alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), albumin (ALB), glob-
ulin (GLO), total bilirubin (TBIL), alkaline phosphatase 
(ALP), glutamyl transpeptidase (GGT), TG, total choles-
terol (TC), HDL, LDL, ApoA1, ApoB, and other clinical 
data were recorded at 12 week intervals after the initia-
tion of treatment until the end of 48 weeks of treatment. 
In addition, the time of baseline data collection refers to 
before initiation of PegIFNα treatment.

Statistical analysis
Statistical analysis was performed using SPSS 27.0 (IBM 
Corporation, USA) and R (version 4.2.2) softwares. Cat-
egorical variables were expressed as frequencies or per-
centages (%). Continuous variables conforming to a 

normal distribution were expressed as mean ± standard 
deviation, and not conforming to a normal distribution 
were expressed as median (M) and interquartile range 
(IQR). Depending on the distribution of the data, cat-
egorical variables were compared using a chi-square 
test or Fisher’s exact probability method, and the signifi-
cance of differences in continuous variables was checked 
using a non-parametric test (Mann-Whitney U test) or a 
t-test for two independent samples. Two-factor repeated 
analysis of variance (ANOVA) or generalized estimating 
equations were used to compare the dynamics of lipid 
markers between the groups. Kaplan-Meier survival anal-
ysis and log-rank tests were used to describe cumulative 
HBsAg clearance and cumulative HBsAg seroconversion 
rates. The potential factors affecting HBsAg clearance 
were first screened out using univariate COX regression 
analysis (P < 0.20). Subsequently, multivariate COX anal-
ysis and stepwise regression analysis were performed to 
identify the independent predictors of HBsAg clearance 
after initiating PegIFNα therapy in CHB patients. Next, 
a nomogram model was constructed to predict HBsAg 
clearance probability. Internal validation of the predictive 
model was then performed using the bootstrap method. 
The model’s discrimination was evaluated with the ROC 
curve and concordance index (C-index), while its calibra-
tion was assessed using a calibration curve. Statistical sig-
nificance was set at P < 0.05.

Results
Baseline characteristics of patients
A total of 160 CHB patients (113 male and 47 female), 
of whom 70 were HBeAg-positive and 82 were anti-HBe 
positive, aged 18–67 years, were enrolled in this study. Of 
these, 101 patients received the “add-on” treatment strat-
egy, and the rest received the “switch-to” treatment strat-
egy. Among the 160 patients, 92 had normal lipid levels, 
23 had hypertriglyceridemia, 31 had hypercholester-
olemia, and 14 had mixed hyperlipidemia. As shown in 
Table 1, BMI, GGT, TG, TC, LDL, ApoA1 and ApoB were 
significantly lower in the normolipidemia group than in 
the dyslipidemia group; however, HDL levels were similar 
between the two groups. In addition, although the pro-
portion of patients taking tenofovir disoproxil fumarate 
was slightly higher in the normolipidemia group, there 
was no statistical significance. No significant differences 
were observed in the other indices between the two 
groups.

Lipid metabolism and therapeutic effect of PegIFNα
After 48 weeks of PegIFNα treatment, 33 patients 
achieved HBsAg clearance, with an HBsAg clearance rate 
of 20.63% and an HBsAg seroconversion rate of 10.63%. 
In the SC group, the percentage of HBeAg-positive 
patients and level of baseline HBsAg was lower, and the 
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percentage of normolipidemic patients was higher (Table 
S1). Univariate COX regression analyses of baseline clini-
cal indicators identified potential influences on HBsAg 
clearance (P < 0.20), including serum lipid, age, HBeAg 
status, HBsAg, anti-HBe, and TC (Table S2). These fac-
tors were further evaluated through multivariate Cox 
regression and stepwise regression analyses, which dem-
onstrated that serum lipid remained an independent 
predictor of HBsAg clearance after adjusting for con-
founding variables such as age, HBeAg status, and HBsAg 
(Table 2). The predictive value of serum lipid for HBsAg 
clearance was assessed using ROC curves, with AUC of 
0.614 and 0.634 at 36-week and 48-week, respectively 
(Figure S1).

According to serum lipid, the patients were classi-
fied into normolipidemic and dyslipidemia groups. The 

Kaplan-Meier survival analysis showed that the cumula-
tive HBsAg clearance rate was significantly higher in the 
normolipidemia group than in the dyslipidemia group 
during PegIFNα treatment, with a log-rank test result of 
P = 0.007 (Fig.  1A). No significant difference was found 
between the cumulative HBsAg seroconversion rate of 
the two groups, with a log-rank test result of P = 0.07 
(Fig. 1B). In addition, age, HBeAg status and HBsAg were 
also independent factors in predicting HBsAg clearance.

Dynamic changes in serum lipids
There was no significant difference in six lipid indexes 
between the SC and NSC groups. Of these, TG levels 
showed an overall upward trend during PegIFNα treat-
ment, with the NSC group showing significantly higher 
TG levels than baseline at each time point after starting 

Table 1 Baseline characteristics of patients
Characteristic Normolipidemia Group (n = 92) Dyslipidemia Group (n = 68) P value
Age (years) 36.50 (31–44) 40 (33–45) 0.185
Male (%) 68.5% 73.5% 0.488
BMI (kg/m2) 23.73 ± 3.21 24.87 ± 3.41 0.032
HBeAg-positive (%) 47.8% 38.2% 0.227
Anti-HBe positive (%) 50.0% 52.9% 0.713
HBV-DNA positive (%) 54.3% 50.0% 0.586
Add-on treatment (%) 65.2% 60.3% 0.523
NAs classification 0.066
ETV (%) 30.4% 44.1%
TDF (%) 40.2% 23.5%
TAF (%) 29.3% 32.4%
Duration of NAs treatment (weeks) 59.40 ± 13.50 57.01 ± 15.54 0.301
Drugs for dyslipidemia (%) 1.1% 4.4% 0.183
HBsAg (lg, IU/mL) 3.02 ± 0.82 2.93 ± 0.82 0.516
anti-HBs (mIU/mL) 0.43 (0.05–0.91) 0.34 (0.01–0.70) 0.260
HBeAg (S/CO) 0.73 (0.37–22.23) 0.48 (0.34–8.56) 0.117
anti-HBe (S/CO) 0.99 (0.02–2.40) 0.78 (0.02–1.97) 0.586
anti-HBc (S/CO) 8.23 (7.50–9.25) 8.84 (7.46–10.01) 0.201
HBV-DNA (lg, IU/mL) 1.82 (1.04–3.75) 1.30 (1.00-4.60) 0.968
ALT (U/L) 39.00 (25–94) 42.5 (26.5–92) 0.794
AST (U/L) 33 (24-61.25) 31 (24.25–59.75) 0.945
GLO (g/L) 30.70 (27.73–33.20) 30.25 (28.90–33.80) 0.362
GGT (U/L) 26.00 (17.25-41.00) 39.00 (21.00–64.00) 0.003
ALP (U/L) 78.50 (65.25–98.25) 77.50 (68.25–95.75) 0.942
TBIL (umol/L) 14.45 (11.75–18.98) 14.80 (11.28–19.93) 0.959
ALB (g/L) 45.15 (42.23–46.95) 44.65 (43.03-46.00) 0.713
TG (mmol/L) 0.91 (0.70–1.13) 1.73 (1.20–2.10) < 0.001
TC (mmol/L) 4.28 (3.88–4.59) 5.42 (4.89–6.08) < 0.001
HDL (mmol/L) 1.08 (0.90–1.26) 1.11 (0.97–1.46) 0.054
LDL (mmol/L) 2.69 (2.40–3.01) 3.53 (2.80–3.93) < 0.001
ApoA1 (g/L) 1.27 ± 0.17 1.34 ± 0.20 0.009
ApoB (g/L) 0.97 (0.81–1.06) 1.22 (0.94–1.37) < 0.001
†: HBsAg, hepatitis B surface antigen; HBeAg, hepatitis B e antigen; BMI, body mass index

‡: ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALB, albumin; GLO, globulin; TBIL, total bilirubin; ALP, alkaline phosphatase; GGT, glutamyl 
transpeptidase;

§: TG, triglyceride; TC, total cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; APO, apolipoprotein
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treatment and the SC group showing higher TG levels 
than baseline at 36 and 48 weeks after starting treatment. 
TC, HDL, LDL, ApoA1 and ApoB levels were signifi-
cantly lower after starting treatment than those at base-
line, showing a decreasing trend (Fig.  2). Furthermore, 
there was no significant difference with respect to BMI 
between the SC and NSC groups. There was no signifi-
cant change in the BMI of patients in each group during 
the treatment (Figure S2).

Nomogram model for predicting HBsAg clearance
Using these four independent factors influencing HBsAg 
clearance, we constructed a nomogram model to visu-
ally predict the probability of achieving HBsAg clearance 
in CHB patients at 36-week and 48-week after initiat-
ing PegIFNα therapy (Fig. 3). The AUC of this model at 
36-week and 48-week were 0.879 and 0.856, respectively, 
and the C-index generated by Bootstrap internal valida-
tion was 0.836 (95% CI: 0.773–0.883), confirming the 
model’s good discriminatory power (Fig. 4). The calibra-
tion curves at 36-week and 48-week showed good cali-
bration (Fig. 5).

In addition, we also compared the nomogram model 
with another model without serum lipid using ROC 
curves. The results showed that dyslipidemia could 
improve the AUC of the model from 0.752 to 0.879 at 
36-week, and from 0.674 to 0.856 at 48-week, indicating 
that dyslipidemia plays an important role in the nomo-
gram model and that the addition of dyslipidemia can 
improve the model’s prediction of HBsAg clearance effec-
tively (Figure S3).

Discussion
Although PegIFNα has shown better efficacy than NAs in 
achieving functional cure in CHB patients, its clinical use 
is limited by numerous drawbacks, such as higher costs 
and more adverse effects [20]. Moreover, the efficacy of 
PegIFNα is not only directly influenced by the drug itself 
but also by the characteristics of the HBV virus, the met-
abolic status of the patient, body mass, the degree of liver 
tissue lesions, and other factors. Therefore, it is impor-
tant to fully understand the factors affecting the efficacy 
of antiviral therapy and to apply the drug appropriately 
according to the various influencing factors in order 
to improve the efficacy and prognosis of patients. Our 

Table 2 Univariate and multivariate analysis of factors associated with HBsAg clearance
Univariate analysis Multivariate analysis
HR (95% CI) P value HR (95% CI) P value

Baseline
Age (years) 0.962(0.962-1.000) 0.048 0.951(0.913–0.991) 0.017
HBeAg status, negative (%) 3.748(1.547–9.079) 0.003 4.365(1.763–10.806) 0.001
Serum lipid, dyslipidemia (%) 0.345(0.150–0.795) 0.012 0.243(0.104–0.566) 0.001
HBsAg, < 1500 IU/ml (%) 7.579(2.312–24.843) < 0.001 8.016(2.428–26.470) < 0.001
Anti-HBe (S/CO) 0.962(0.916–1.010) 0.119 − −
TC (mmol/L) 0.677(0.461–0.995) 0.047 − −
†: HBsAg, hepatitis B surface antigen; HBeAg, hepatitis B e antigen

‡: TC, total cholesterol

§: HR, hazard ratio; CI, confidence interval

Fig. 1 Comparison of (A) cumulative HBsAg clearance rate and (B) cumulative HBsAg seroconversion rate between normolipidemic group and dyslip-
idemia group
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retrospective study demonstrated that CHB patients with 
normal lipids were more likely to achieve HBsAg clear-
ance during PegIFNα treatment. Four factors—namely 
age, HBeAg status, dyslipidemia, and HBsAg—were inde-
pendently associated with HBsAg clearance. Based on the 
lipid metabolism, a nomogram model was constructed to 
predict HBsAg clearance. After evaluation and verifica-
tion, this model showed good performance.

In a recent study [21] of CHB patients treated with 
NAs, the HBeAg seroconversion rate was found to be 
significantly lower in the dyslipidemia group than in 
the normolipidemic group in the fifth year of treatment 
(27.9% vs. 43.2%, χ2 = 4.216, Ρ < 0.05), and dyslipidemia 
was demonstrated to be an independent risk factor for 
HBeAg seroconversion. Similarly, the present study 
also showed that dyslipidemia interferes with the effi-
cacy of antiviral therapy in CHB patients, but the out-
come events, antiviral drug, and study population in our 

study were different. Moreover, we found no difference 
in HBsAg seroconversion rate between the two different 
lipid groups. These findings suggest that lipid metabolic 
status can influence PegIFNα antiviral efficacy. Therefore, 
the lipid profile of patients, whether they are hypertri-
glyceridemia, hypercholesterolemia or mixed hyperlipid-
emia, should be closely monitored before the initiation of 
antiviral therapy, and the lipid levels can be normalized 
through several interventions, including lifestyle inter-
ventions and pharmacological treatments. In addition, 
by separately comparing the dynamics of the six lipid 
markers in the SC and NSC groups, we observed that 
the cohort showed an overall increase in TG levels over 
time, while TC, HDL, LDL, ApoA1, and ApoB levels were 
lower than the baseline levels, which is in agreement with 
previous studies [15, 22]. However, individual lipid lev-
els did not show significant differences between the two 
groups at each follow-up.

Fig. 2 Dynamic changes of serum lipids between NSC group and SC group. Dynamic changes of TG(A), TC(B), HDL(C), LDL(D), ApoA1(E), and ApoB(F) 
between the NSC and SC groups during treatment. TG, triglyceride; TC, total cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; 
ApoA1, apolipoprotein A1; ApoB, apolipoprotein B
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Several previous studies [18, 23–25] have shown that 
patients with low HBsAg levels (< 1500 IU/ml) and nega-
tive HBeAg prior to interferon initiation are more likely 
to achieve functional cure with sequential interferon 
therapy. In conjunction with the above findings, our 
study identified HBeAg status, serum lipid, HBsAg and 
age as independent predictors of HBsAg clearance. Chu 
et al. [26] observed that among HBeAg-negative patients 
receiving combination therapy with PegIFN and NAs, 

increasing age was an independent risk factor for HBsAg 
clearance, consistent with our findings. Previously, lim-
ited studies have reported the impact of lipids on anti-
viral therapy in CHB patients. Cao et al. [15] found an 
independent positive correlation between the rate of 
change in TC at 24 weeks after treatment initiation and 
HBeAg seroconversion at 72 weeks in HBeAg-positive 
patients who received 48 weeks of PegIFNα monother-
apy. In another study [16] with the same patient inclu-
sion conditions and a treatment regimen consisting of 48 
weeks of PegIFNα monotherapy and PegIFN add-on NAs 
therapy, Xun et al. found a negative correlation between 
baseline TC and HBeAg seroconversion. Similarly, our 
study found dyslipidemia to be an independent risk fac-
tor for HBsAg clearance, which implies a negative cor-
relation between them. However, some studies [27–29] 
observed that metabolic dysfunction-associated stea-
totic liver disease (MASLD) could improve HBsAg clear-
ance. The reasons for these differences may be that, first, 
MASLD is characterised by hepatic steatosis, obesity, 
diabetes mellitus and metabolic abnormalities. Huang 
et al. [27] and Mak et al. [28] used controlled attenua-
tion parameter(CAP) or abdominal ultrasound to define 
MASLD, and they found that hepatic steatosis had a 
positive effect on HBV clearance. However, hepatic ste-
atosis and dyslipidemia are not exactly equivalent, and 
a distinction needs to be made regarding their relation-
ship to HBV clearance. Second, and more importantly, all 

Fig. 4 ROC curves for validating the discrimination power of the nomo-
gram. AUC, area under the receiver operating characteristic curve

 

Fig. 3 Nomogram model for predicting HBsAg clearance in CHB patients treated with PegIFNα
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the participants in the above studies were CHB patients 
who were not receiving antiviral therapy, whereas our 
study was conducted on patients who initiated PegIFNα 
therapy. Therefore, their results do not truly reflect the 
effect of MASLD on antiviral therapy in CHB patients. 
In addition, several researches [30, 31] have also reported 
that hepatic steatosis significantly reduces the efficacy 
of antiviral therapy, either with NAs or interferon ther-
apy. However, the above elaboration of these differences 
needs to be confirmed with more multicentre studies 
large-sample in the future.

The mechanisms underlying the relationship between 
lipid metabolism and interferon efficacy remain unclear. 
Previous studies [32] have shown that bile acids regulate 
HBV biosynthesis through multiple molecular recep-
tors. For example, farnesoid X receptor α and the c-Jun 
N-terminal kinase/c-Jun signal transduction pathway, 
can promote the transcription and expression of HBV 
genes in hepatocyte cell lines, and this enhancement of 
viral gene replication counteracts the antiviral effect of 
interferon-α. Bile acids are derived from cholesterol; 
therefore, it is hypothesized that the dyslipidemic state 
of CHB patients affects the body’s bile acid metabolism, 
which in turn leads to a weakening of the antiviral effect 
of interferon. On the other hand, as an important com-
ponent of blood lipids, cholesterol plays a crucial role in 
regulating the HBV viral life cycle and host infection, and 
inhibition of cholesterol production may reduce HBV 
infection [33, 34]. Meanwhile, it has been reported that 
up or down regulation of the expression of key genes in 
lipid metabolism can promote HBV clearance. Makokha 
et al. [35] found that knockdown of sterol regulatory ele-
ment binding protein cleavage-activating protein (SCAP) 
not only significantly inhibited viral replication and 
reduced HBsAg production, but also led to the activation 
of interferon and interferon-stimulated genes. Schmidt 
et al. [36] found that inhibition of acyl-CoA: cholesterol 

acyltransferase (ACAT) rescued depleted T cells, as well 
as reduced both virions and subviral particles, which ulti-
mately acted as an antiviral agent. In addition, dyslipid-
emia leads to a stressful state of cellular metabolism in 
the body, and induces imbalance of the immune system, 
which may to some extent affect adaptive immunity, spe-
cifically the T-cell antiviral response [37, 38]. The above-
mentioned possible mechanisms may not be able to fully 
explain the effect of lipids on PegIFNα therapy, and the 
complex relationship and specific mechanisms between 
them need to be investigated and verified through further 
basic experiments.

This study had some limitations. First, it was a sin-
gle-center retrospective study, and we only performed 
internal validation, wherein the prediction model lacked 
external validation with multi-center, prospective data; 
future corroboration is needed with the inclusion of 
more study populations. Second, this study was con-
ducted in a population that was previously treated with 
NAs, where baseline HBsAg and HBV-DNA levels were 
not very high. Hence, further studies are needed on the 
role of lipid metabolism in PegIFNα antiviral efficacy in 
CHB patients under other background conditions. In 
addition, HBV genotypes were not included in this study, 
which we will consider and evaluate in the future.

Conclusion
Dyslipidemia can affect the antiviral efficacy of PegIFNα 
in NAs-experienced CHB patients, reminding physi-
cians of the need to ensure that patients’ lipid metabo-
lism is within the normal range before starting PegIFNα 
therapy. Furthermore, age, HBeAg status, serum lipid, 
and HBsAg are independently correlated with HBsAg 
clearance after PegIFNα therapy. The nomogram model 
constructed based on the above factors has good predic-
tive power and can be used by clinicians for the initial 
selection of a superior population for PegIFNα therapy, 

Fig. 5 Calibration plots of the nomogram for 36-week (A) and 48-week (B) HBsAg clearance probability prediction
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thereby avoiding adverse drug reactions and reducing the 
wastage of healthcare resources.
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