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Abstract

BACKGROUND

Hepatitis delta virus (HDV) infection is the most severe form of chronic viral
hepatitis, yet sex-based clinical differences remain poorly defined. Understanding
these differences may inform disease management and guide research.

AIM
To investigate sex-related differences in demographic and clinical characteristics
of patients with chronic HDV infection in a nationwide, real-world Italian setting.

METHODS
We analyzed demographic, clinical, and virological data from 513 hepatitis B
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surface antigen/anti-HDV-positive patients, consecutively enrolled between 2019 and 2024, across 58 liver clinics
in the Italian PITER HDV cohort. A propensity score-weighted logistic regression model evaluated the association
between sex and cirrhosis and/or hepatocellular carcinoma.

RESULTS

Among 513 patients (61.6% male), median age (56.0 years) and age distribution were similar by sex (P = 0.41).
Cirrhosis was frequent: 73.4% vs 66.0% (anti-HDV-positive) and 77.8% vs 74.2% (HDV RNA-positive) in males and
females, respectively. HDV RNA levels were comparable (P = 0.93). The highest proportion of females with
cirrhosis (33.8%) was in the 56-60-year group, similar to males (34.9%). Among patients with cirrhosis aged <
40 years, females, (80.9% of whom of non-Italian origin), were more represented than males (16.1% vs 6.5%
respectively, P < 0.05). Male sex was associated with cirrhosis (odds ratio = 1.85; 95% confidence interval: 1.004-
3.40). Among HDV RNA-positive patients, males more often had hepatocellular carcinoma, elevated gamma-
glutamyl transpeptidase, alcohol use, diabetes, hypertension, steatotic liver disease, and hepatitis C virus/human
immunodeficiency virus coinfection. Interferon eligibility was similar.

CONCLUSION

HDV-infected females develop cirrhosis earlier, without liver disease cofactors, while males show advanced liver
disease with multiple cofactors. Tailored care for young migrant women and cofactor-guided management for men
may improve HDV outcomes, promoting equity.

Key Words: Hepatitis delta virus; Chronic hepatitis delta virus infection; Cirrhosis; Sex differences; Migrant

©The Author(s) 2025. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This multi-centre study analyzed 513 patients with chronic hepatitis delta virus (HDV) infection, enrolled across 58
Italian liver clinics regardless of treatment eligibility. The study population reflects the current HDV epidemiology in Italy,
including a high proportion of migrant women. Key sex-based differences emerged: Men had a greater burden of metabolic
comorbidities and hepatocellular carcinoma, while women, particularly those born abroad, were more likely to develop
cirrhosis not only after menopause, as seen in other chronic viral liver diseases, but also at significantly young ages,
including those younger than 40 years of age. Tailored care for young migrant women, unvaccinated against hepatitis B
virus, and cofactor-guided management for men may improve liver disease outcomes.
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INTRODUCTION

Chronic viral hepatitis remains a major global cause of liver-related morbidity and mortality[1-3]. Increasing evidence
highlights sex as a critical determinant in the progression and outcomes of these infections, shaping biological suscept-
ibility, age, transmission mode, and also healthcare access and provider response. These differences contribute to
disparities in diagnosis, treatment, and outcomes between men and women[4].

In both hepatitis B virus (HBV) and hepatitis C virus (HCV) infections, sex differences influence the clinical course[4-6].
In particular, the protective effects observed in women diminish after menopause, contributing to accelerated liver
fibrosis progression in older age[7]. Antiviral response is also modulated by sex, particularly in HCV, where postmeno-
pausal women exhibit reduced sustained virological response to interferon (IFN)-based therapy, likely due to hormonal
decline and more advanced liver disease at treatment initiation[8]. In contrast, the influence of sex on hepatitis delta virus
(HDV) infection, the most severe form of chronic viral hepatitis, remains poorly understood. Given HDV’s highly
aggressive nature and its rapid progression to cirrhosis and hepatocellular carcinoma (HCC), elucidating sex-related
differences in disease trajectories is essential, particularly in light of emerging therapeutic options[9,10].

This study aimed to investigate sex-based differences in the demographic, clinical, and virological profiles of patients
with chronic HDV infection enrolled in the Italian multi-centre PITER HBV/HDV cohort. Specifically, we evaluated
whether sex is independently associated with disease severity (cirrhosis and/or HCC) and explored its interplay with
age, comorbidities, and viral markers, which may help inform more personalized and equitable approaches to HDV care.
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MATERIALS AND METHODS

Study population

This study analyzed cross-sectional baseline data from the PITER HBV/HDV cohort, comprising 5923 hepatitis B surface
antigen (HBsAg)-positive patients (aged older than 18 years), consecutively enrolled at 58 Italian referral centres between
November 2019 and March 2024. A detailed flow chart outlining the inclusion of patients in this study is provided in
Figure 1. Of those screened for HDV (n = 4445; 75% of males, 74.5% of females), 513 anti-HDV-positive patients with
complete demographic (age, sex) and core clinical data (cirrhosis staging and HCC diagnosis) were included in the sex-
based analysis. Patients without anti-HDV testing, as well as those who tested negative for anti-HDV, were excluded
from the analytical cohort. However, for comparative purposes, the prevalence of cirrhosis by age and sex was assessed
among HBV-monoinfected individuals (i.e., anti-HDV negative) within the broader HBsAg-positive population of the
PITER cohort, based on enrollment (baseline) data.

Data collection

Demographic, clinical, and laboratory data were collected at enrolment via a standardized electronic case report form.
Cirrhosis was diagnosed by liver histology (Metavir > F4/Ishak > 6), transient elastography [liver stiffness measurements
(LSM) > 12.5 kPa], or imaging/ clinical signs of portal hypertension. LSM was considered valid if > 10 measurements had
a success rate of > 80%, an interquartile range (IQR) of <30%, and a body mass index (BMI) of < 30 kg/m? Liver disease
severity was evaluated using the child-Pugh and model for end-stage liver disease (MELD) scores as surrogate markers of
hepatic dysfunction. These scoring systems were originally developed for prognostic evaluation but are commonly
applied in cross-sectional studies to stratify patients according to the degree of liver functional impairment, without
implying predictive intent[11]. In this study, they were used solely to support clinical phenotyping and to describe the
severity of hepatic dysfunction at enrollment, including assessment of hepatic functional reserve and the potential
presence of portal hypertension, as suggested by clinical and laboratory findings, such as thrombocytopenia[12-14].

Cofactors and comorbidities, potentially related to liver disease progression, included alcohol use, injection drug use,
diabetes, hypertension, dyslipidemia, overweight/obesity, and steatosis (diagnosed by ultrasound, magnetic resonance
imaging, or biopsy). Steatotic liver disease (SLD) was defined according to the European Association for the Study of the
Liver-European Association for the Study of Diabetes-European Association for the Study of Obesity guidelines[15].
Extrahepatic comorbidities, including those contraindicating IFN therapy, were also evaluated. Among HDV RNA-
positive patients, potential eligibility for IFN-based therapy was evaluated based on medical contraindications, excluding
considerations of treatment adherence or patient willingness, as previously described[9].

Routine serological and virological testing, including HBsAg, hepatitis B e antigen/anti-hepatitis B e antigen, and anti-
HDV, anti-HCV, and anti-human immunodeficiency virus (HIV) antibodies, was performed using commercial enzyme
immunoassays. When indicated, HCV RNA and HIV RNA were measured using standard assays.

Quantitative HDV RNA was assessed using the RoboGene HDV RNA quantification kit 2.0 (limit of detection =
6 IU/mL; Robogene GmbH, Germany) in 78% of patients, and in the remaining patients using other commercial assays.
Results in copies/ mL were converted to IU/mL. Data quality was ensured by remote monitoring and query resolution.

Statistical analysis

The analysis examined sex-related differences among HBsAg/anti-HDV-positive patients and in those HDV RNA-
positive. To ensure data integrity while reflecting the observational nature of the study, only patients with complete core
demographic, virological, and clinical data relevant to the study objectives (including age, sex, cirrhosis status, and HCC
diagnosis) were included in the analyses, even when some secondary clinical or laboratory parameters were incomplete
or missing. No imputation procedures were applied. Proportions are based on available data, and totals may differ due to
missing values. Continuous variables were reported as medians with IQRs, categorical variables as counts and
percentages. Clinically relevant cut-offs for platelet count (< 150000 uL), child-Pugh class (A vs B and C), and MELD score
(= 20) were used to describe the liver disease severity of the enrolled patients. Comparisons between groups were
performed using y? or Fisher’s exact tests for categorical variables, and the Mann-Whitney U test for continuous variables.
The association between sex and the selected outcome (cirrhosis and/or HCC) was evaluated by odds ratios (ORs) and its
95% confidence intervals (ClIs).

To control for confounding due to baseline differences between males and females, we applied a propensity score-
based inverse probability weighting (IPW) method[16,17]. The propensity score, defined as the probability of being male
(vs female) given the observed covariates, was estimated using a probit regression model, which is suitable for the binary
nature of the exposure variable (sex). Covariates included in the model were: Age, BMI category, HDV RNA status, HBV
DNA detectability, history of IFN therapy, duration of nucleos(t)ide analogue (NUC) therapy, alcohol use, diabetes, and
presence of SLD. The quality of the balancing procedure was evaluated using standardized mean differences, with values
< 0.10 indicating adequate balance. Following IPW adjustment, a logistic regression model was applied to assess the
independent association of sex with cirrhosis and/or HCC. Statistical significance was evaluated using the Wald test with
a two-sided P value. P values < 0.05 were considered statistically significant. Statistical analyses were conducted using
STATA version 16.1 (StataCorp, College Station, TX, United States).
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Figure 1 Flow chart of the patients enrolled in the study. HBsAg: Hepatitis B surface antigen; HDV: Hepatitis delta virus.

RESULTS

Characteristics of the study population by sex

The main characteristics of the study population, categorized by sex, are presented in Table 1. Among the 513 HBsAg/
anti-HDV-positive patients (none of whom were on bulevirtide treatment at enrollment), 316 (61.6%) were male and 197
(38.4%) were female. Median age was 56.0 years for both sexes (P = 0.41). Non-Italian origin (33.7%) was significantly
more common among females (46.7%) than among males (25.6%, P < 0.001), with most foreign-born patients coming from
Central and Eastern Europe, followed by sub-Saharan Africa and Asia (detailed demographic and clinical characteristics
by nationality are reported in Supplementary Table 1).

Cirrhosis affected over 70% of patients, with a slightly higher, but not statistically significant, prevalence in males
(73.4%) than females (66.0%, P = 0.073). Thrombocytopenia (platelet count < 150000/ L) affected 55.5% of the patient
population, with no sex differences. Elevated gamma-glutamyl transpeptidase (GGT) was more frequent in males (46.6%
vs 27.3%, P < 0.0001), suggesting greater biochemical liver injury. Alanine transaminase (ALT) elevation was higher in
men, with a non-significant, but borderline statistically significant difference (P = 0.065), which may still reflect clinically
relevant trends in hepatocellular injury between the sexes (Table 1). HCC was diagnosed in 9.8% of patients with a
significantly higher rate in males (12.6%) compared to females (5.6%, P = 0.01). Most patients were on NUC therapy at
enrolment (72.5%), with similar proportions by sex and median treatment duration of 4.2 years (Table 1).

Risk factors and comorbidities

As shown in Table 1, behavioral risk factors were significantly more prevalent in males, including injection drug use,
alcohol consumption, and co-infection with HCV or HIV (all P < 0.001). Males also showed higher rates of diabetes (P =
0.002) and SLD (P = 0.031). Obesity was more frequent in females (15.4% vs 8.6%), but the difference was not statistically
significant (P = 0.124) (Table 1). Among those with SLD, alcohol use was significantly more frequent in males (39 out of
84; 46.4%) than in females (4 out of 36; 11.1%) (P = 0.001).

Cirrhosis and age distribution patterns by sex

Sex-specific age distribution patterns and demographic and clinical characteristics among patients with cirrhosis (1 = 362;
64.1% male) are summarized in Table 2 and Figure 2. Among these patients, non-Italian origin was significantly more
common in females than in males (40.8% vs 23.7%; P = 0.001). Most patients with cirrhosis in both sexes (59.9% of males
and 67.7% of females) were younger than 61 years. Among females with cirrhosis, the highest proportion (33.8%) was in
the 56-60-year age group, closely matching that of males (34.9%) (Table 2 and Figure 2). However, in the < 40-year age
group, a significantly higher proportion of females were observed compared to males (16.1% vs 6.5%, P = 0.003); 80.9% of
these younger females were of non-Italian origin.

Patients with HBV mono infection enrolled in the PITER HBV cohort during the same period had a significantly lower
overall prevalence of cirrhosis compared to HDV-coinfected patients (24.1% vs 70.6%, P < 0.001; specific data from the
HBV cohort are not shown). Among HBV-mono infected individuals (PITER HBV cohort), cirrhosis was more prevalent
in males than females (28.0% vs 15.6%, P < 0.001), yet in both sexes it occurred predominantly after the age of 55. This
pattern contrasts with the earlier onset and more aggressive liver involvement observed in HDV coinfection, which
disproportionately affects younger individuals, particularly females of non-Italian origin (Figure 2).

Sex-based differences in HDV RNA-positive patients

Of the 513 anti-HDV-positive individuals, 430 (83.8%) were tested for HDV RNA. Testing rates were similar in males and
females, with 18% of males and 13% of females remaining untested (P = 0.148). Among those tested, HDV RNA was
detectable in 68.0% of males and 72.5% of females (P = 0.314) (Table 1).
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Table 1 Characteristics of hepatitis B surface antigen +/anti-hepatitis delta virus positive patients by sex, n (%)

Anti-HDV positive

P value

Males Females

316' (61.6) 197" (38.4) 0.738
Age, median (Q1-Q3) 56 (48-63) 56 (45-62) 0.409
<40 35 (11.1) 37 (18.8) 0.143
41-50 59 (18.7) 38 (19.3)
51-60 114 (36.1) 58 (29.4)
61-70 85 (26.9) 50 (25.4)
>70 23 (7.3) 14 (7.2)
Non-Italian natives 81 (25.6) 92 (46.7) <0.001
Injection drug use (any time) 45 (17.3) 3(1.7) <0.001
ALT >35IU/L 199 (64.8) 108 (56.5) 0.065
GGT>501U/L 116 (46.6) 44 (27.3) <0.001
HBeAg positive 16 (5.3) 12 (6.3) 0.612
HDV RNA positive (1 = 430 tested) 176 (68.0) 124 (72.5) 0.314
Cirrhosis 232 (73.4) 130 (66.0) 0.073
Child-Pugh class
A 197 (86.8) 103 (82.4) 0.231
B 25 (11.0) 21 (16.8)
C 5(2.2) 1(0.8)
MELD 220 6 (3.0) 0(0.0) 0.097
HCC 40 (12.6) 11 (5.6) 0.010
PLT < 150000 177 (57.8) 108 (56.5) 0.776
Previous IFN 104 (35.4) 49 (27.7) 0.084
Cofactors of liver disease
BMI 25-30 84 (37.8) 45 (33.1) 0.124
BMI = 30 19 (8.6) 21 (15.4)
Ongoing alcohol use 61 (23.0) 10 (6.1) <0.001
Past use 58 (21.9) 15(9.2)
Diabetes 28 (8.9) 4(2.0) 0.002
Steatotic liver disease 84 (26.6) 36 (18.3) 0.031
Anti-HCV positive (all HCV RNA negative) 42 (14.7) 1 (0.6) <0.001
Anti-HIV positive 22 (8.1) 1(0.6) 0.001
NUC treatment
Ongoing NUC therapy 234 (74.3) 138 (70.4) 0.338
Years of NUC therapy, median (Q1-Q3) 42 (1.7-7.9) 4.2 (2.0-7.6) 0.733

Proportions are based on available data. Inconsistencies are due to missing values.

HDV: Hepatitis delta virus; ALT: Alanine transaminase; BMI: Body mass index; GGT: Gamma-glutamyl transpeptidase; HBeAg: Hepatitis Be antigen;
HCC: Hepatocellular carcinoma; MELD: Model for end-stage liver disease; IFN: Interferon; PLT: Platelet; Q1: Quarter 1; Q3: Quarter 3; HCV: Hepatitis C

virus; HIV: Human immunodeficiency virus; NUC: Nucleos(t)ide analogue.

Guichidenge VG | https://www.wjgnet.com

December 21,2025 | Volume31l | Issue4d7 |



Coco B et al. Sex differences in HDV infection

Table 2 Characteristics of hepatitis B surface antigen +/anti-hepatitis delta virus positive patients with F4/cirrhosis by sex, n (%)

F4/cirrhosis

Characteristics P value
Males (n = 232') Females (n=130")

Age, median (Q1-Q3) 57 (50-64) 57 (46-62) 0.163

<40 15 (6.5) 21 (16.1) 0.052

41-50 43 (18.5) 23 (17.7)

51-60 81 (34.9) 44 (33.8)

61-70 73 (31.5) 34 (26.1)

>70 20 (8.6) 8 (6.1)

Non-Italian natives 55 (23.7) 53 (40.8) 0.001

Injection drug use (any time) 31 (16.4) 3(2.6) <0.001

Liver biopsy (any time) 58 (30.2) 30 (28.0) 0.693

ALT >351U/L 152 (67.9) 83 (65.3) 0.632

GGT>5010/L 101 (55.8) 40 (38.1) 0.004

HBeAg positive 10 (4.5) 9(7.2) 0.289

HDV-RNA tested 193 (83.2) 114 (87.7) 0.252

HDV-RNA positive 137 (71.0) 92 (80.7) 0.059

HDV RNA, median (Q1-Q3) 95614 (3096-1000000) 34563 (3971-377359) 0.932

Child-Pugh class

A 197 (86.8) 103 (82.4) 0.231

B 25 (11.0) 21 (16.8)

C 5(2.2) 1(0.8)

MELD 2 20 6 (3.0) 0(0.0) 0.097

HCC 38 (16.5) 11 (8.6) 0.036

PLT < 150000 166 (74.1) 100 (78.7) 0.330

Previous IFN 75 (34.6) 35(29.7) 0.362

Cofactors of liver disease

Ongoing alcohol use 39 (19.8) 3(2.6) <0.001

Past use 50 (25.4) 11 (9.6)

BMI 25-30 61 (38.4) 27 (31.0) 0.385

BMI = 30 15 (9.4) 12 (13.8)

Diabetes 22 (9.5) 2(1.5) 0.004

Steatotic liver disease 63 (27.2) 23 (17.7) 0.042

Anti-HCV positive (all HCV RNA negative) 33 (15.9) 1(0.9) <0.001

anti-HIV positive 14 (7.1) 1(1.0) 0.024

NUC treatment

Ongoing NUC therapy 186 (80.5) 102 (79.1) 0.742

Years of NUC therapy, median (Q1-Q3) 4.8 (1.5-8.2) 4.3 (2.1-7.7) 0.683

Proportions are based on available data. Inconsistencies are due to missing values.

HDV: Hepatitis delta virus; ALT: Alanine transaminase; BMI: Body mass index; GGT: Gamma-glutamy] transpeptidase; HBeAg: Hepatitis Be antigen;
HCC: Hepatocellular carcinoma; MELD: Model for end-stage liver disease; IFN: Interferon; PLT: Platelet; Q1: Quarter 1; Q3: Quarter 3; HCV: Hepatitis C

virus; HIV: Human immunodeficiency virus; NUC: Nucleos(t)ide analogue.
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Demographic and clinical characteristics of HDV-RNA-positive patients, stratified by sex, are presented in Table 3.
Notably, among participants aged 40 years or younger, females were more frequently represented than males (23.4% vs
13.1%), and this was the only age group in which females outnumbered males. HDV RNA levels were comparable
between sexes (P = 0.932) (Table 3), irrespective of nationality (Supplementary Table 1) or cirrhosis status (Table 2).

ALT elevations were similarly distributed between sexes, while GGT abnormalities were significantly more common in
males (57.7%) than females (34.0%, P < 0.001). Cirrhosis was present in 76.3% of HDV RNA-positive patients, with no sex
difference (77.8% males vs 74.2% females). Child-Pugh class and thrombocytopenia rates were comparable between
groups (P > 0.05). In contrast, HCC prevalence among viremic patients was significantly higher in males (17.9%) than in
females (5.8%, P = 0.002) (Table 3).

Among HDV RNA-negative patients (n = 130), cirrhosis was still common (n = 78, 60.0%), especially in males (67.5% vs
46.8.% in females; P = 0.02). HCC was diagnosed in 6 HDV RNA-negative males and one HDV RNA-negative female
(Supplementary Table 2). Among viremic patients, the detectability of HBV DNA did not differ by sex, regardless of NUC
therapy (Supplementary Table 3).

Propensity score analysis: Sex and clinical outcomes

After adjustment for covariates through propensity score weighting and excluding patients with HCV and/or HIV
coinfection, male sex remained independently associated (OR = 1.85; 95%CI: 1.004-3.40) with the presence of cirrhosis
and/or HCC in chronic HDV infection (Table 4).

Comorbidity profile and IFN eligibility

The comorbidity profile of patients with active infection, according to sex, is shown in Figure 3, and the respective
absolute values are reported in Supplementary Table 4. Males had a significantly higher prevalence of key cofactors
associated with liver disease progression: Alcohol use (P < 0.001), diabetes (P = 0.003), hypertension (P = 0.032), SLD (P =
0.015), and HCV coinfection (P < 0.001). HIV coinfection was more common in males, although the difference was not
statistically significant (P = 0.087). Rates of overweight/obesity and dyslipidemia were similar. At least one comorbidity
was present in 48.4% of males and 41.9% of females with active HDV infection (Figure 4). Among 300 patients with active
infection, 52.7% were potentially eligible for IFN-based therapy, with no significant sex differences (55.7% of males vs
48.4% of females; P = 0.45). Absolute contraindications were present in 36.4% of males and 41.9% of females, while
relative contraindications were reported in 8.0% and 9.7%, respectively (Figure 4).

DISCUSSION

Sex-specific characteristics in HDV infection remain underexplored in the literature[18]. Our analysis of 513 HBsAg/anti-
HDV-positive individuals consecutively enrolled in the Italian multi-centre PITER HBV/HDV cohort (2019-2024)
addresses this gap, providing a detailed overview of the evolving epidemiological and clinical landscape. This multi-
centre study analyzed 513 patients with chronic HDV infection, enrolled across 58 Italian liver clinics, regardless of
treatment eligibility[9]. Key sex-based differences emerged: Men exhibited a higher burden of metabolic comorbidities
and HCC, whereas women, especially those born abroad, were more likely to develop cirrhosis not only after menopause,
as observed in other chronic viral liver diseases, but also from a notably younger age, with cases emerging even before 40
years[4,5,7].

Notably, among patients under 40 years of age, only 2.1% were Italian-born, whereas 37.6% were non-Italian natives.
This likely reflects the enduring impact of Italy’s hepatitis B vaccination strategy, introduced in 1991 to target newborns
and 12-year-olds, with continued coverage in subsequent birth cohorts and targeted pregnancy screening. HBV screening
among women of childbearing age may have contributed to the disproportionately higher representation of non-Italian
females (46.7%) compared to males (25.6%, P < 0.001). A similar pattern of higher female representation among
individuals living with HDV infection was observed in a cohort from Romania[19]. In contrast, male predominance in
HDV infection has been observed in other studies, often conducted in different regions or clinical contexts[20,21]. Several
factors may account for these discrepancies, including geographic heterogeneity in the migrant population, 85.2%
originating from Eastern Europe (mainly Moldova, Romania, and Albania), with smaller proportions from sub-Saharan
Africa (7.7%) and Asia (2.1%) in our study. Differences in national HBV vaccination policies and their historical
implementation across countries likely contribute to varying patterns of HDV exposure and infection by sex.
Additionally, as specialized referral centres, the clinics participating in this study may have enrolled a higher proportion
of patients with advanced liver disease, in contrast to population-based screening studies in migrant populations[20,21].

Male patients exhibited a higher prevalence of behavioral and metabolic risk factors, including alcohol use, intravenous
drug use, diabetes, and HCV/HIV coinfections, which may explain their greater liver injury (as reflected by elevated
GGT) and higher HCC risk[14].

While the overall prevalence of cirrhosis was high in both sexes (73.4% in males and 66.0% in females), age-stratified
analysis revealed a notable and potentially significant clinical difference. Although the highest proportion of cirrhosis
cases in both sexes occurred in the 56-60-year age group (33.8% in females, 34.9% in males), females, most of whom were
of non-Italian origin (80.9%), were significantly more represented than males in the subgroup under 40 years of age
(16.1% vs 6.5%, P < 0.05). For comparison, in the HBV mono infected cohort, analysis of enrollment (baseline) data
revealed that cirrhosis was uncommon before age 55 in both sexes, consistent with the generally protective effect of
younger age, particularly in females, where the increased risk typically emerged after menopause[4,7]. As reported in the
literature, a similar age-related pattern to that observed in HBV monoinfection has also been described in HCV mono
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Table 3 Characteristics of hepatitis delta virus-RNA positive patients by sex, n (%)

Coco B et al. Sex differences in HDV infection

HDV-RNA positive
Characteristics P value
Males (n = 176") Females (n = 124")
Age, median (Q1-Q3) 55 (46.5-63) 56 (43.5-62.5) 0.599
<40 23 (13.1) 29 (23.4) 0.226
41-50 37 (21.0) 23 (18.5)
51-60 54 (30.7) 31 (25.0)
61-70 48 (27.3) 31 (25.0)
>70 14 (7.9) 10 (8.1)
Non-Italian natives 55 (31.2) 65 (52.4) <0.001
HDV RNA, median (Q1-Q3) 66457 (1720-669213) 50739 (4060.9-372159) 0.932
ALT>351U/L 138 (81.2) 87 (73.1) 0.104
GGT >501U/L 79 (57.7) 33 (34.0) <0.001
HBeAg positive 8(4.7) 9(7.6) 0.316
Cirrhosis 137 (77.8) 92 (74.2) 0.464
Child-Pugh class
A 119 (87.5) 77 (88.5) >0.999
B 16 (11.8) 10 (11.5)
C 1(0.7) 0(0.0)
MELD 2 20 3(2.6) 0(0.0) 0.284
HCC 31 (17.9) 7 (5.8) 0.002
PLT < 150000 103 (61.3) 76 (63.9) 0.660
Previous IFN 64 (39.5) 33 (30.0) 0.108
NUC treatment
Ongoing NUC therapy 137 (78.3) 90 (73.2) 0.308
Years of NUC therapy, median (Q1-Q3) 4.1 (1.6-7.4) 42(21-72) 0.653

Proportions are based on available data. Inconsistencies are due to missing values.

HDV: Hepatitis delta virus; ALT: Alanine transaminase; GGT: Gamma-glutamy] transpeptidase; HBeAg: Hepatitis Be antigen; HCC: Hepatocellular
carcinoma; MELD: Model for end-stage liver disease; IFN: Interferon; PLT: Platelet; Q1: Quarter 1; Q3: Quarter 3; NUC: Nucleos(t)ide analogue.
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Figure 2 Age distribution in hepatitis B surface antigen +/anti-hepatitis delta virus positive and hepatitis B surface antigen +/anti-hepatitis
delta virus negative patients with cirrhosis by sex. HDV: Hepatitis delta virus; HBV: Hepatitis B virus.
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Table 4 Propensity score analysis and weighted logistic regression model

Balanced variables Unweighted (std-diff) Weighted (std-diff) Pvalue
Age (Ref. <55 years) 0.1229701 -0.0728242

HDV-RNA (Ref. neg) 0.1365088 -0.013608

HBV DNA (Ref. neg) 0.0022074 -0.0190112

Previous IFN (Ref. no IFN) 0.0422737 -0.0327822

Years of NUC therapy (continuous variable) -0.077061 0.0570684

Alcohol use (Ref. no alcohol) -0.6436189 0.0261042

Diabetes (Ref. no diabetes) -0.1993716 -0.0714145

BMI 25-30 (Ref. < 25) -0.0935022 -0.0181635

BMI 2 30 (Ref. < 25) 0.0949776 -0.0145787

Multivariable analysis OR 95%CI

Sex (Ref. female) 1.85 1.004-3.40 0.048

Outcome: Cirrhosis/hepatocellular carcinoma. Study population: Hepatitis B surface antigen +/anti-hepatitis delta virus positive patients, excluding
patients coinfected by human immunodeficiency virus and hepatitis C virus. BMI: Body mass index; CI: Confidence interval; HDV: Hepatitis delta virus;
HBV: Hepatitis B virus; IFN: Interferon; neg: Negative; NUC: Nucleos(t)ide analogue; OR: Odds ratio; Std-diff: Standardized difference.

infection[8]. In contrast, among HDV-infected women, cirrhosis was more frequently observed at younger ages,
suggesting a more aggressive disease course and a potential loss of the sex and age-related protective effect seen in HBV
as well as in HCV mono infections[7].

Among patients tested for HDV RNA, viremia was detected at similar rates in males and females (68.0% vs 72.5%).
However, among HDV RNA-positive individuals, a higher proportion of females were under 40 years of age compared to
males (23.4% vs 13.1%). Although not statistically significant, this raises the hypothesis of sex-based differences in
immunological, hormonal, or viral-host dynamics, warranting further exploration.

In our study population, cirrhosis was also common among HDV RNA-negative patients (60.0%), with a significantly
higher prevalence in males than females (67.5% vs 46.8%). Several mechanisms may explain this observation. HDV
viremia is dynamic, with 20%-25% of chronic HDV patients experiencing spontaneous RNA decline or clearance over
time, while still displaying signs of advanced liver injury[22-25]. A single negative HDV RNA test does not exclude prior
periods of active replication. This supports the need for serial, standardized HDV RNA monitoring to assess disease
activity better and inform treatment decisions[14]. Moreover, HDV is recognized as a highly pathogenic virus, capable of
inducing rapid fibrotic progression, even in early stages of infection, as first described by Rizzetto[10] and Rizzetto et al
[26] and later confirmed by clinical studies and guidelines[14]. As such, the presence of cirrhosis in RNA-negative
individuals may reflect long-standing liver damage from previous HDV-active phases, even if viral replication becomes
undetectable later[14,22-25,27].

The high prevalence of advanced cirrhosis (child-Pugh B/C) in HDV-infected females underscores the importance of
clinical awareness of disease severity in women, even at premenopausal ages. Although younger women bore a greater
burden of cirrhosis, HCC was significantly more frequent in men with chronic HDV infection (12.9% vs 5.7%), partic-
ularly among HDV RNA-positive patients (17.9% vs 5.8%, P = 0.002). Six HCC cases also occurred in HDV RNA-negative
males, and one case was reported in an HDV RNA-negative female. These patterns may reflect a higher prevalence of
hepatotoxic exposures and metabolic comorbidities in men. Estrogen’s protective effects may contribute to the lower risk
of HCC observed in women, even among those with cirrhosis[4].

The early onset of cirrhosis in women, particularly those under 40 and of non-Italian origin, represents a novel and
clinically relevant observation. While our propensity score-adjusted analysis identified male sex as an independent
predictor of cirrhosis and/or HCC, the disproportionate burden observed among younger females points to a potentially
distinct disease trajectory that warrants further investigation. Although the association between male sex and cirrhosis
and/or HCC reached statistical significance, the proximity of the P value to 0.05 and the lower bound of the CI near 1.0
indicate that this finding should be interpreted with caution and confirmed in future studies. Taken together, these
findings highlight the complexity of sex-specific patterns in HDV-related liver disease and support the need for sex-
stratified longitudinal studies to validate these differences, elucidate underlying mechanisms, and potentially inform
tailored clinical strategies.

The role of HBV replication in HDV disease progression should not be underestimated[28,29]. In this patient
population, over 70% of both sexes received NUC therapy, with a higher proportion of males achieving undetectable
HBV DNA, though the difference was not statistically significant. These findings may reflect challenges in treatment
adherence among females and underscore the need for targeted health literacy interventions, particularly for migrant and
vulnerable populations.
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Figure 3 Cofactors for liver disease progression in hepatitis delta virus-RNA positive patients by sex. BMI: Body mass index; HTN: Hyper-
tension; SLD: Steatotic liver disease; HCV: Hepatitis C virus; HIV: Human immunodeficiency virus.

In evaluating treatment history within this cross-sectional analysis, it is essential to note that the enrollment period
preceded the approval of bulevirtide; consequently, its use was not assessed at baseline. Among the therapies available at
the time of enrollment, previous exposure to IFN-based treatment was somewhat more frequent in males than in females
(35.4% vs 27.7%; P = 0.084), potentially reflecting historical differences in clinical decision-making or treatment acceptance
by sex. Notably, the proportion of patients meeting eligibility criteria for IFN therapy, defined by the absence of absolute
or relative contraindications due to comorbidities[9], was comparable between sexes, indicating similar baseline clinical
suitability for IFN-based regimens. Treatment with bulevirtide and other subsequently introduced therapies is being
captured through the ongoing prospective follow-up of the cohort. This baseline evaluation thus provides a critical
reference framework for investigating sex-related differences in treatment response, particularly as bulevirtide use
expands within the cohort over time.
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Figure 4 Number of comorbidities by sex in hepatitis delta virus-RNA positive patients and their eligibility for peg-interferon. 'Estimated by
the presence of liver-related contraindications and extra-hepatic comorbidities. *Absolute contraindications: Child-Pugh class B/C cirrhosis; Child-Pugh class A
cirrhosis with portal hypertension (ascites, esophageal varices, platelets < 100000/uL); Portal thrombosis; Autoimmune diseases (hepatitis, systemic lupus
erythematosus, rheumatoid arthritis, thyroiditis); Psychiatric disturbances; Ischemic heart disease; Ischemic brain disease; Inflammatory bowel disease; Celiac
disease; Psoriasis; Solid tumors under chemotherapy. 3Relative contraindications: Age = 70 years; Renal failure grade 4-5; Thalassemia trait; Nasal lymphoma.
“Among these male patients, 39.8% had received interferon therapy. *Among these female patients, 31.5% had received interferon therapy. HDV: Hepatitis delta
virus; IFN: Interferon.

Strengths and limitations

This study benefits from its large, multicenter design and robust statistical approach, including propensity score
adjustment. However, its cross-sectional nature limits the ability to make causal inferences. As in other real-world
cohorts, underdiagnosis of HDV remains a challenge: Approximately 25% of HBsAg-positive individuals were not
screened for HDV, with no sex-based differences in testing rates, consistent with previous reports[23,30].

HDV RNA testing increased from 62%-84% between 2019 and 2024 (data not shown), paralleling the broader
availability of standardized assays, notably RoboGene 2.0, which was used in 78% of the tested patients[9]. Nonetheless,
the use of various assays with differing sensitivities may have introduced bias in the assessment of viremia.

In addition, the duration of HBV infection and HDV coinfection, which were not systematically captured in our cohort,
may act as unmeasured confounders influencing liver disease progression. This limitation is particularly relevant when
interpreting age-related cirrhosis distribution, especially among younger female patients. It may introduce bias if
differences in age at HDV acquisition or HBV exposure are not accounted for.

Furthermore, to address baseline imbalances between sexes and reduce confounding, we applied IPW based on
propensity scores. This method was chosen for its capacity to adjust for multiple confounders in large observational
datasets involving non-randomized groups, such as sex-based comparisons. By balancing baseline characteristics across
groups, IPW removes confounding in estimating exposure-outcome associations. Unlike matching or stratification, IPW
retains the full sample size and provides a framework for estimating average effects[16,17]. We acknowledge that its
validity depends on the absence of unmeasured confounding and that it can be sensitive to extreme weights; to address
this, we applied weight stabilization and assessed covariate balance using standardized mean differences.

Finally, while this analysis focused on clinical and epidemiological patterns, unmeasured factors, such as ethnicity and
socioeconomic status, as well as healthcare access, particularly among migrant women, may also influence outcomes and
warrant further study. Continued prospective follow-up of this cohort will be critical to clarify the long-term impact of
sex, age, viral activity, and comorbidities on HDV disease progression.

CONCLUSION

The sex-based differences observed in this study suggest distinct clinical patterns in HDV infection, with women
potentially progressing to cirrhosis from young age and showing a peak at postmenopause age, often in absence of
known cofactors for liver disease progression. Men more commonly had advanced liver damage, potentially linked to
multiple risk factors. Contrary to trends in other chronic viral liver diseases, young female sex may not be protective in
HDV. These findings call for greater clinical attention to young, migrant women, particularly those from countries
without early HBV vaccination programs, who may be at risk of delayed diagnosis and suboptimal care. Recognizing sex
as a potential determinant of HDV progression supports the need for sex-informed approaches in clinical management
and risk assessment.
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