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INTRODUCTION

Hepatitis C virus (HCV) 
infection remains a significant 
global health burden despite the 
major impact of direct-acting 
antivirals (DAAs), which have 
dramatically increased sustained 
virological response rates and 
changed the natural history 
of the disease [1]. However, 
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Abstract

Background & Aims: Metabolic dysfunction-associated steatotic liver disease (MASLD) frequently overlaps 
with hepatitis C virus (HCV) infection, yet the recently proposed combinatorial MASLD (cMASLD) 
classification remains poorly characterized in this setting. This study aimed to evaluate the prevalence, 
metabolic profile, and virological determinants of cMASLD in an Italian cohort of HCV-infected patients. 
Methods: We conducted a cross-sectional study on 169 HCV-infected patients evaluated at two referral Centers 
in Southern Italy (between 2020 and 2024). All subjects underwent transient elastography, and cMASLD 
was diagnosed according to international guidelines. Group comparisons were performed using ANOVA or 
Kruskal-Wallis tests with appropriate post-hoc analyses, categorical variables by Chi-square or Fisher’s exact 
test, and multivariate logistic regression to identify factors independently associated with cMASLD (p<0.05). 
Results: Among 169 patients, n=52 (31%) fulfilled cMASLD criteria, n=14 (8%) had HCV with liver steatosis, 
and n=103 (61%) had HCV infection alone. Compared with other groups, cMASLD patients showed 
higher body mass index (28±8 kg/m²; p<0.001), larger waist circumference (p<0.001), increased controlled 
attenuation parameter (298±41 dB/m; p<0.001), and higher fasting insulin (p=0.029). HCV RNA levels were 
significantly elevated in the cMASLD group (p=0.014). Multivariate logistic regression identified HCV RNA 
as independently associated with cMASLD (OR=1.48; 95%CI: 1.01-2.17; p=0.045). 
Conclusions: Applying the cMASLD nomenclature emphasizes the need for a multidisciplinary management 
approach integrating antiviral and metabolic care. This classification provides a more comprehensive 
understanding of liver injury mechanisms in patients with overlapping metabolic and viral etiologies.

Key words: steatotic liver disease − viral hepatitis − diagnosis − management − nomenclature.

Abbreviations: ALT: alanine aminotransferase; ALP: alkaline phosphatase; AST: aspartate aminotransferase; 
BMI: body mass index; CAP: controlled attenuation parameter; cMASLD: combinatorial metabolic 
dysfunction-associated steatotic liver disease; DAA: direct-acting antiviral; GGT: γ-glutamyl transferase; 
GLE: glecaprevir; HCC: hepatocellular carcinoma; HCV: hepatitis C virus; HDL: high-density lipoprotein; 
HOMA-IR: homeostatic model assessment of insulin resistance; INR: international normalized ratio; LSM: 
liver stiffness measurement; LDL: low-density lipoprotein; MASLD: metabolic dysfunction-associated 
steatotic liver disease; PIB: pibrentasvir; OR: odds ratio; SD: standard deviation; SOF: sofosbuvir; T2DM: 
type 2 diabetes mellitus; VEL: velpatasvir.

despite these pharmacological innovations, the long-term 
burden of chronic liver diseases persists [2]. This is mainly 
due to the coexistence of metabolic comorbidities, such as 
obesity, insulin resistance, dyslipidemia, and type 2 diabetes 
mellitus (T2DM), which continue to drive disease progression 
and adverse hepatic outcomes even after successful viral 
clearance [3]. Metabolic dysfunction-associated steatotic liver 
disease (MASLD) has recently been redefined to emphasize 
the central role of cardiometabolic dysfunction in fatty liver 
disease pathogenesis [4]. MASLD frequently overlaps with 
HCV infection, and the bidirectional relationship between 
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viral and metabolic factors is particularly complex [5]. On 
one hand, HCV infection directly promotes hepatic steatosis, 
especially in patients infected with genotype 3, through both 
viral and host-mediated mechanisms [6]. On the other hand, 
systemic metabolic alterations accelerate liver injury, leading 
to faster fibrosis progression, reduced response to therapy in 
the pre-DAA era, and a higher lifetime risk of cirrhosis and 
hepatocellular carcinoma (HCC). The convergence of these two 
insults, viral and metabolic, creates a synergistic environment 
that amplifies inflammation, oxidative stress, and fibrogenesis, 
ultimately shaping long-term outcomes [7]. In 2024, the term 
“combinatorial MASLD” (cMASLD) was proposed to better 
classify MASLD when it occurs alongside other chronic 
liver diseases, including viral hepatitis [8]. The rationale 
behind this framework is to improve clinical and research 
stratification by acknowledging the additive or synergistic 
effects of multiple hepatic insults. By refining terminology, 
the cMASLD concept aims to standardize risk assessment, 
provide a more accurate prognostic perspective, and facilitate 
the design of future interventional studies. Although the 
complex interplay between MASLD and hepatitis B virus 
(HBV) infection has been recently evaluated, the application 
of this new term in the context of HCV remains poorly 
characterized [9]. Evaluating cMASLD in HCV populations 
is particularly important, since even after viral cure, patients 
with advanced fibrosis or cirrhosis remain at risk for HCC 
and other liver complications. In addition, HCV can induce 
lasting metabolic disturbances, including alterations in lipid 
and glucose metabolism. These factors together underscore the 
need for improved risk stratification and tailored management 
[10]. Finally, Europe, and Italy in particular, is characterized 
by a high prevalence of both metabolic syndrome and HCV, 
making this an essential setting in which to assess the clinical 
value of the new nomenclature [11-15]. To date, only limited 
evidence exists on the prevalence, metabolic correlates, and 
clinical impact of cMASLD among HCV-infected individuals. 
For this reason, the present study aimed to evaluate the 
prevalence, cardiometabolic factors, and virological features 
of cMASLD in a cohort of Italian patients infected with HCV.

METHODS

Study design
We conducted a cross-sectional study on 169 HCV-infected 

patients, diagnosed according to international guidelines 
[16], and evaluated at two different referral Centers in the 
Calabria Region, Southern Italy, between January 1, 2020, and 
December 31, 2024. HCV antibody screening was performed 
using Elecsys® Anti-HCV II (Roche Diagnostics, Milan, Italy), 
while quantitative HCV RNA testing was carried out with 
the cobas® 4800 System HCV test (Roche Diagnostics, Milan, 
Italy), with a limit of detection of 15 IU/mL. Subsequently, 
genotyping was based on analysis of the 5'UTR and core 
regions using the Versant HCV Genotype 2.0 Assay (Siemens 
Healthcare Diagnostics Inc., Tarrytown, NY, USA), following 
the manufacturer’s instructions. Inclusion criteria required 
participants to be at least 18 years old and to have undergone 
HCV infection diagnosis and transient elastography evaluation 
at the time of hospital admission. Exclusion criteria were: (i) 

liver cirrhosis, (ii) any form of cancer, (iii) history of alcohol 
abuse, (iv) other viral co-infections such as HBV and HIV, and 
(v) pregnancy or breastfeeding.

Liver Assessment
All patients underwent liver stiffness measurement (LSM) 

and controlled attenuation parameter (CAP) assessment using 
transient elastography (FibroScan 502 Touch, Echosens, Paris, 
France) with the 3.5 MHz standard M probe. Examinations 
were performed by the same operator, following the 
manufacturer’s recommendations [17]. Patients were examined 
in the dorsal decubitus position with the right arm in maximal 
abduction; the probe, covered with coupling gel, was positioned 
intercostally over the right liver lobe. Only results from subjects 
with at least 10 valid shots and an interquartile range/median 
liver stiffness ratio ≤30% were included. LSM values were 
expressed in kPa as the median of 10 valid measurements. CAP 
values were obtained simultaneously in the same liver volume 
and reported in dB/m as the median of 10 valid acquisitions, 
provided that the corresponding LSM result was valid [18]. 
Liver steatosis was classified according to established CAP 
cut-offs: mild (S1, >247 dB/m), moderate (S2, ≥269 dB/m), 
and severe (S3, ≥281 dB/m). Liver steatosis was defined as 
present for grades ≥S1 [19]. At the same time, liver fibrosis 
was classified according to established LSM cut-offs: F0/F1 
(≤7 kPa), F2 (≥7 kPa), F3 (≥9.5 kPa), and F4 (≥12 kPa) [20]. 

Diagnosis of cMASLD
According to international guidelines, patients with HCV, 

evidence of liver steatosis detected with transient elastography, 
and at least one of the following cardiometabolic risk factors: 
(i) body mass index (BMI) ≥25 kg/m² or increased waist 
circumference (>94 cm in men, >80 cm in women); (ii) 
elevated fasting glucose (≥100 mg/dL) or established T2DM, 
including patients receiving antidiabetic therapy; (iii) elevated 
blood pressure (≥135/85 mmHg) or current antihypertensive 
treatment; (iv) elevated triglycerides (≥150 mg/dL) or use of 
lipid-lowering agents; and (v) reduced high-density lipoprotein 
(HDL) cholesterol (≤40 mg/dL in men, ≤50 mg/dL in women) 
or ongoing therapy for dyslipidemia, were classified as 
cMASLD [4,8].

Data Collection
Demographic, anthropometric, and clinical data were 

extracted through a thorough review of the patients’ medical 
records, as follows: age, gender, smoking habits, previous drug 
use, BMI, waist circumference, previous ischemic events, 
presence of T2DM, overweight or obesity, hypertension, 
presence of cardiometabolic comorbidities, CAP [19], LSM 
[20], HCV genotype, and subsequent antiviral therapy 
with sofosbuvir/velpatasvir (SOF/VEL) or glecaprevir/
pibrentasvir (GLE/PIB). At the same time, the following 
data about laboratory parameters were collected: HCV RNA, 
alanine aminotransferase (ALT), aspartate aminotransferase 
(AST), γ-glutamyl transferase (GGT), alkaline phosphatase 
(ALP), platelets count, international normalized ratio (INR), 
lymphocytes, neutrophils, monocytes, eosinophilis, and 
basophils counts, red cell distribution width (RDW), albumin, 
creatinin, total bilirubin, total cholesterol, low-density 
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lipoprotein (LDL), HDL, triglycerides, fasting blood glucose, 
fasting insulinemia, and homeostatic model assessment of 
insulin resistance (HOMA-IR) [21]. 

Statistical Analysis
Continuous variables were expressed as mean±standard 

deviation (SD), whereas categorical variables were reported as 
absolute numbers (n) and percentages (%). The distribution 
of continuous data was evaluated with the Shapiro-Wilk test. 
According to distribution characteristics, group comparisons 
were carried out using ANOVA with LSD post-hoc or 
Kruskal-Wallis with Dunn’s test, while categorical variables 
were compared using Chi Square or Fisher’s exact tests, 
as appropriate. Finally, multivariate logistic regression to 
identify factors independently associated with cMASLD onset 
was performed. Specifically, HCV RNA was entered into 
the logistic regression model as a continuous variable after 
log10 transformation to account for its skewed distribution. 
Statistical significance was determined at a p-value <0.05. Data 
analysis was performed using SPSS 26.0 software (IBM Corp., 
Armonk, NY, USA).

Ethical Statement
The study was conducted according to the principles of 

the Declaration of Helsinki and was approved by the Ethical 
Committees of Calabria Region (approval no. 253/21.08.2024).

RESULTS

Considering our cohort of HCV-infected patients, the mean 
age was 62±16 years, with males accounting for n=103 (61%). 
Active smokers were n=17 (10%), and previous drug use was 
reported in n=35 (21%). The mean BMI was 26±6 kg/m², and 
the waist circumference was 98±15 cm. Regarding clinical 
characteristics, previous ischemic events were documented in 
n=21 (12%), while overweight or obesity was observed in n=79 
(47%), T2DM in n=30 (18%), and hypertension in n=47 (28%). 
Overall, cardiometabolic comorbidities were present in n=119 
(70%) of patients, with n=67 (40%) having one comorbidity and 
n=52 (31%) two or more. Liver assessment showed a CAP of 
224±71 dB/m, with steatosis detected in n=66 (39%) patients: 
n=17 (10%) with S1, n=11 (6%) with S2, and n=38 (22%) with 
S3. At the same time, LSM was 7±2 kPa, corresponding to n=97 
(60%) with F0/F1, n=40 (24%) with F2, and n=32 (20%) with 
F3. HCV genotypes were distributed as follows: genotype 1 
was the most prevalent (n=92, 55%), including subtypes 1a 
(n=44, 26%), 1b (n=40, 24%), 1a/1b (n=1, 1%), and genotype 
1 not further subtyped (n=7, 4%). Genotype 2 was observed 
in n=37 patients (22%), comprising subtypes 2a/2c (n=11, 
6%), 2a/2b (n=1, 1%), and genotype 2 not further subtyped 
(n=25, 15%). Genotype 3 accounted for n=34 patients (20%), 
including subtype 3a (n=4, 2%) and genotype 3 not further 
subtyped (n=30, 18%). Finally, genotype 4 was detected in 
n=5 patients (3%). Following diagnosis, antiviral therapy 
consisted of sofosbuvir / velpatasvir (SOF/VEL) in n=146 
(86%) and glecaprevir / pibrentasvir (GLE/PIB) in n=23 (14%). 
Laboratory findings showed a mean HCV RNA level of 3.36 × 
10⁶±5.51 × 10⁶ IU/mL. Liver enzymes were elevated, with mean 
ALT 93±141 IU/L, AST 72±73 IU/L, and GGT 110±280 IU/L, 

while ALP averaged 144±83 IU/L. Platelet count was 204±93 
× 10³/µL, and INR was 1.0±0.14, while serum albumin was 
4±1 g/dL and total bilirubin 0.9±0.8 mg/dL. The lipid profile 
included total cholesterol 159±45 mg/dL, LDL 89±33 mg/dL, 
HDL 51±14 mg/dL, and triglycerides 103±60 mg/dL. Fasting 
glucose was 106±32 mg/dL, fasting insulinemia 9±8 mU/L, 
yielding a HOMA-IR of 2.7±2, as reported in Table I.

Table I. Baseline characteristics of the enrolled patients

Demographic and anthropometric HCV-infected 
patients (N=169)

Age (years) 62±16

Male gender, n (%) 103 (61)

Active smokers, n (%) 17 (10)

Previous drug use, n (%) 35 (21)

BMI (Kg/m2) 26±6

Waist circumference (cm) 98±15

Clinical data

Previous ischemic events, n (%) 21 (12)

Overweight/obesity, n (%) 79 (47)

T2DM, n (%) 30 (18)

Hypertension, n (%) 47 (28)

Presence of cardiometabolic comorbidities, n (%) 119 (70)

One cardiometabolic comorbidity, n (%) 67 (40)

≥2 cardiometabolic comorbidities, n (%) 52 (31)

CAP (dB/m) 224±71

Liver steatosis, n (%) 66 (39)

S1, n (%) 17 (10)

S2, n (%) 11 (6)

S3, n (%) 38 (22)

LSM (kPa) 7±2

F0/F1, n (%) 97 (60)

F2, n (%) 40 (24)

F3, n (%) 32 (20)

HCV genotype 1, n (%) 7 (4)

HCV genotype 1a, n (%) 44 (26)

HCV genotype 1a/1b, n (%) 1 (1)

HCV genotype 1b, n (%) 40 (24)

HCV genotype 2, n (%) 25 (15)

HCV genotype 2a/2b, n (%) 1 (1)

HCV genotype 2a/2c, n (%) 11 (6)

HCV genotype 3, n (%) 30 (18)

HCV genotype 3a, n (%) 4 (2)

HCV genotype 4, n (%) 5 (3)

Subsequent therapy with SOF/VEL, n (%) 146 (86)

Subsequent therapy with GLE/PIB, n (%) 23 (14)

Laboratory parameters (mean±SD)

HCV RNA (IU/mL) 3.36 × 10⁶±5.51 × 
10⁶ IU/mL

ALT (IU/L) 93±141

AST (IU/L) 72±73

GGT (IU/L) 110±280

ALP (IU/L) 144±83



HCV and MASLD� 215

J Gastrointestin Liver Dis, June 2026 Vol. 35 No 2: 212-221

Among 169 HCV-infected patients, subgroup analyses 
were performed comparing those with HCV infection alone 
(n=103, 61%), those with HCV and liver steatosis (n=14, 8%), 
and those with cMASLD (n=52, 31%), as reported in Fig. 1. 

cm; p<0.001). Regarding clinical data, ischemic events occurred 
at similar rates [n=12 (12%) vs. n=2 (14%) vs. n=7 (13%); 
p=0.927], and overweight/obesity was absent in patients with 
liver steatosis, whereas present in n=41 (40%) of HCV infection 
and n=38 (73%) of cMASLD (p<0.001). Similarly, hypertension 
was more frequent in cMASLD [n=19 (36%) vs. n=28 (27%) 
and none in liver steatosis; p=0.025], whereas T2DM prevalence 
was not significant among groups [n=13 (25%) in cMASLD vs. 
n=17 (16%) in HCV and none in liver steatosis; p=0.082]. In 
this way, at least one cardiometabolic comorbidity was present 
in n=67 (65%) of HCV infection, absent in liver steatosis, and 
completely present in cMASLD [n=52 (100%); p<0.001]. Liver 
assessment showed a significant difference in CAP values 
among groups (179±45 vs. 284±26 vs. 298±41 dB/m; p<0.001). 
Indeed, steatosis severity was significantly greater in cMASLD 
(S3 in n=31, 60%) compared with HCV infection (none) and 
liver steatosis (n=7, 50%; p<0.001). At the same time, LSM was 
also higher in cMASLD (7±2 vs. 6±2 kPa; p=0.006). Likewise, 
fibrosis stage distribution differed across groups, with F0/
F1 most common in HCV infection [n=63 (61%)], whereas 
F3 was more frequent in cMASLD [n=16 (31%); p=0.048]. 
Genotype distribution varied significantly (p<0.001): genotype 
1 predominated in HCV infection [n=64 (62%)], genotype 3 
was more frequent in cMASLD [n=13 (25%)], and genotype 4 
was almost exclusively observed in patients with steatosis-only 
[n=3 (21%)]. Viral load differed across groups, being 2.53 × 
10⁶±3.74×10⁶ IU/mL in HCV infection without steatosis, 3.99 
× 10⁶ ± 5.44 × 10⁶ IU/mL in HCV with steatosis, and 4.84 × 10⁶ 
± 7.79 × 10⁶ IU/mL in cMASLD, with significantly higher levels 
observed in the latter group (p=0.043). Subsequent therapy did 
not differ significantly (p=0.353), with SOF/VEL used in 92 
(90%), 11 (79%), and 43 (83%) patients, respectively. Regarding 
the other laboratory parameters evaluated, liver enzymes and 
ALP did not differ significantly across groups. cMASLD patients 
also showed distinct metabolic profiles, with higher fasting 
insulinemia (10±4 vs. 9±3 vs. 7±2 mU/L; p=0.029) and a trend 
toward higher fasting glucose (113±37 vs. 105±30 vs. 91±13 mg/
dL; p=0.063) and HOMA-IR (3±3 vs. 2.6±2 vs. 1.7±1; p=0.068). 
Lipid levels also varied, with total cholesterol significantly 
higher in patients with HCV and liver steatosis (154±42 vs. 
111±2 vs. 89±31 mg/dL; p=0.015), and HDL significantly higher 
in this group compared with the other groups (67±3 vs. 47±12 
vs. 58±14 mg/dL; p=0.043). White blood cell subsets revealed 
marked differences: lymphocytes were lower in cMASLD (3±6 
vs. 7±11 vs. 15±18 × 10⁹/L; p=0.001), neutrophils were reduced 
(5±10 vs. 14±22 vs. 21±24 × 10⁹/L; p=0.009), and monocytes 
were also decreased (1±1 vs. 2±3 vs. 5±10 × 10⁹/L; p=0.001). 
Finally, basophils were significantly lower in cMASLD patients 
(0.05±0.2 vs. 0.09±0.2 vs. 0.2±0.3 × 10⁹/L; p=0.036).

Following post-hoc analysis, patients with cMASLD 
showed significantly higher BMI (28±8 vs. 24±4 kg/m²; HCV 
vs. cMASLD p<0.001; HCV and liver steatosis vs. cMASLD 
p=0.020) and waist circumference (105±20 vs. 94±11 cm; HCV 
only vs. cMASLD p<0.001; HCV and steatosis vs. cMASLD 
p=0.027) compared with the other groups. CAP values showed 
significant differences between HCV only vs. HCV plus liver 
steatosis and HCV only vs. cMASLD (both p<0.001), while 
LSM was higher in the cMASLD group compared with the 
HCV infection group (7±2 vs. 6±2 kPa; p=0.003). 

Table I (continued)

Platelets (103/μL) 204±93

INR 1±0.14

Lymphocytes (109/L) 7±11

Neutrophils (109/L) 12±20

Monocytes (109/L) 2±4

Eosinophilis (109/L) 0.5±1

Basophils (109/L) 0.08±0.2

RDW (%) 15±12

Albumin (g/dL) 4±1

Creatinin (mg/dL) 0.9±0.8

Total bilirubin (g/dL) 0.9±0.8

Total cholesterol (mg/dl) 159±45

LDL (mg/dl) 89±33

HDL (mg/dl) 51±14

Triglycerides (mg/dl) 103±60

Fasting blood glucose (mg/dl) 106±32

Fasting insulinemia (mU/L) 9±8

HOMA-IR 2.7±2

ALT: alanine aminotransferase; AST: aspartate aminotransferasee; BMI: 
body mass index; CAP: controlled attenuation parameter; F0/F1: grade 
0-1 of fibrosis; F2: grade 2 of fibrosis; F3: grade 3 of fibrosis; GLE/PIB: 
glecaprevir/pibrentasvir; GGT: γ-glutamyl transferase; HCV: hepatitis C 
virus; HDL: high-density lipoproteins; HOMA-IR: homeostatic model 
assessment of insulin resistance; INR: international normalized ratio; LDL: 
low-density lipoproteins; LSM: liver stiffness measurement; RDW: red cell 
distribution width; S1: mild steatosis; S2: moderate steatosis; S3: severe 
steatosis; SOF/VEL: sofosbuvir/velpatasvir; T2DM, type 2 diabetes mellitus.

Fig. 1. Estimated prevalence among different groups.

As reported in Table II, the mean age was similar across 
groups (62±17 vs. 64±12 vs. 62±13 years; p=0.916), and the 
proportion of males did not differ significantly [n=62 (60%) 
vs. n=8 (57%) vs. n=33 (63%); p=0.833]. Active smoking [n=11 
(11%) vs. n=1 (7%) vs. n=5 (29%); p=0.911] and previous 
drug use [n=23 (22%) vs. n=1 (7%) vs. n=11 (21%); p=0.419] 
variables were also comparable. In contrast, patients with 
cMASLD had a significantly higher BMI (28±8 vs. 24±4 kg/m²; 
p<0.001) and waist circumference (105±20 vs. 94±11 vs. 96±9 
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Table II. Comparisons of patients’ characteristics among groups

Demographic and anthropometric HCV infection 
(N=103)

HCV with liver 
steatosis (N=14)

cMASLD 
(N=52)

p

Age (years) 62±17 64±12 62±13 0.916

Male gender, n (%) 62 (60) 8 (57) 33 (63) 0.833

Active smokers, n (%) 11 (11) 1 (7) 5 (29) 0.911

Previous drug use, n (%) 23 (22) 1 (7) 11 (21) 0.419

BMI (Kg/m2) 24±4 24±4 28±8 <0.001

Waist circumference (cm) 94±11 96±9 105±20 <0.001

Clinical data

Previous ischemic events, n (%) 12 (12) 2 (14) 7 (13) 0.927

Overweight/obesity, n (%) 41 (40) 0 38 (73) <0.001

T2DM, n (%) 17 (16) 0 13 (25) 0.082

Hypertension, n (%) 28 (27) 0 19 (36) 0.025

Presence of at least one cardiometabolic 
comorbidity, n (%) 67 (65) 0 52 (100) <0.001

One cardiometabolic comorbidity, n (%) 39 (38) 0 28 (53) <0.001

≥2 cardiometabolic comorbidities, n (%) 28 (28) 0 24 (46)

CAP (dB/m) 179±45 284±26 298±41 <0.001

S1, n (%) 0 5 (36) 12 (23) <0.001

S2, n (%) 0 2 (14) 9 (17)

S3, n (%) 0 7 (50) 31 (60)

LSM (kPa) 6±2 7±2 7±2 0.006

F0/F1, n (%) 63 (61) 6 (43) 28 (54) 0.048

F2, n (%) 27 (26) 5 (36) 8 (15)

F3, n (%) 13 (13) 3 (21) 16 (31)

HCV genotype 1, n (%) 6 (6) 1 (7) 0 <0.001

HCV genotype 1a, n (%) 28 (27) 0 16 (31)

HCV genotype 1a/1b, n (%) 1 (1) 0 0

HCV genotype 1b, n (%) 29 (28) 3 (21) 8 (15)

HCV genotype 2, n (%) 15 (15) 1 (7) 9 (17)

HCV genotype 2a/2b, n (%) 0 1 (7) 0

HCV genotype 2a/2c, n (%) 6 (6) 1 (7) 5 (10)

HCV genotype 3, n (%) 15 (15) 2 (14) 13 (25)

HCV genotype 3a, n (%) 1 (1) 2 (14) 1 (2)

HCV genotype 4, n (%) 2 (2) 3 (21) 0

Subsequent therapy with SOF/VEL, n (%) 92 (90) 11 (79) 43 (83) 0.353

Subsequent therapy with GLE/PIB, n (%) 11 (11) 3 (21) 9 (17)

Laboratory parameters (mean±SD)

HCV RNA (IU/mL) 2.53 × 10⁶±3.74 × 10⁶ 3.99 × 10⁶±5.44 × 10⁶ 4.84 × 10⁶±7.79 × 10⁶ 0.043

ALT (IU/L) 85±104 163±344 92±108 0.156

AST (IU/L) 68±65 87±72 76±88 0.597

GGT (IU/L) 98±329 110±158 133±183 0.767

ALP (IU/L) 146±89 156±109 137±62 0.717

Platelets (103/μL) 212±106 189±63 138±62 0.426

INR 1±0.1 1±0.1 1±0.1 0.670

Lymphocytes (109/L) 7±11 15±18 3±6 0.001

Neutrophils (109/L) 14±22 21±24 5±10 0.009

Monocytes (109/L) 2±3 5±10 1±1 0.001

Eosinophilis (109/L) 0.6±1 1±2 0.8±1.5 0.074

Basophils (109/L) 0.09±0.2 0.2±0.3 0.05±0.2 0.036



HCV and MASLD� 217

J Gastrointestin Liver Dis, June 2026 Vol. 35 No 2: 212-221

Viral load was significantly higher in cMASLD (4.84×10⁶±7.79 
× 10⁶ IU/mL) compared with HCV infection (2.53×10⁶±3.74 × 
10⁶ IU/mL; p=0.014). Moreover, white blood cell subsets also 
differed: lymphocyte counts were lower in cMASLD (3±6×10⁹/L) 
compared with both HCV infection (7±11×10⁹/L; p=0.020) and 
HCV plus liver steatosis (15±18×10⁹/L; p=0.001), neutrophils 
were reduced in cMASLD compared with HCV only (p=0.011) 
and HCV plus liver steatosis (p=0.011), monocytes were lower 
in cMASLD than in HCV and steatosis (1±1 vs. 5±10×10⁹/L; 
p<0.001), while basophils were also reduced in cMASLD 
compared with HCV plus liver steatosis group (0.05±0.2 vs. 
0.2±0.3×10⁹/L; p=0.010). Metabolic parameters highlighted that 
fasting insulinemia was higher in cMASLD than in the HCV 
plus liver steatosis group (10±4 vs. 7±2 mU/L; p=0.012), with 
HOMA-IR also significantly increased (3±3 vs. 1.7±1; p=0.031), 
as shown in Fig. 2. Fasting blood glucose was higher in cMASLD 
compared with HCV plus liver steatosis (113±37 vs. 91±13 mg/

dL; p=0.024). Lipid profile analysis revealed significantly higher 
total cholesterol in HCV and liver steatosis compared with 
cMASLD (154±42 vs. 111±2 mg/dL; p=0.008) and significantly 
higher HDL in the same group compared with the group with 
patients with HCV alone (67±3 vs. 47±12 mg/dL; p=0.043), as 
reported in Table III.

Finally, in the multivariate logistic regression model adjusted 
for age, gender, and liver fibrosis, HCV RNA was independently 
associated with cMASLD [Odds Ratio (OR)=1.480; 95% 
Confidence Interval (CI): 1.010-2.170; p=0.045]. However, 
although HCV RNA levels were independently associated with 
cMASLD after adjustment for age, gender, and liver fibrosis, 
this association lost statistical significance when genotype 3 
was included in the model (OR=1.441; 95% CI: 0.979-2.121; 
p=0.064), suggesting that the observed relationship may be 
driven mainly by genotype-specific mechanisms rather than 
viral load per se.

Table II (continued)

RDW (%) 16±16 14±1 14±2 0.740

Albumin (g/dL) 4±0.7 4±0.6 4±2 0.389

Creatinin (mg/dL) 0.8±0.4 0.8±0.1 1±1 0.070

Total bilirubin (g/dL) 1±1 1±0.5 1±0.5 0.611

Total cholesterol (mg/dl) 89±31 154±42 111±2 0.015

LDL (mg/dl) 87±37 103±3 90±31 0.825

HDL (mg/dl) 47±12 67±3 58±14 0.043

Triglycerides (mg/dl) 103±71 95±28 105±31 0.976

Fasting blood glucose (mg/dl) 105±30 91±13 113±37 0.063

Fasting insulinemia (mU/L) 9±3 7±2 10±4 0.029

HOMA-IR 2.6±2 1.7±1 3±3 0.068

For abbreviations see Table I.

Fig. 2. Box plot representation for post-hoc analysis. *p<0.05, ***p<0.001.
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Table III. Post-hoc analysis performed among groups

HCV infection 
(N=103)

HCV with liver 
steatosis (N=14)

cMASLD 
(N=52)

HCV infection  vs. 
HCV with liver 

steatosis p

HCV 
infection vs. 
cMASLD p

HCV with liver 
steatosis vs. 
cMASLD  p

Demographic and anthropometric (mean±SD)

Age (years) 62±17 64±12 62±13 0.678 0.896 0.750

BMI (Kg/m2) 24±4 24±4 28±8 0.877 <0.001 0.020

Waist circumference (cm) 94±11 96±9 105±20 0.768 <0.001 0.027

Clinical data (mean±SD)

CAP (dB/m) 179±45 284±26 298±41 <0.001 <0.001 0.281

LSM (kPa) 6±2 7±2 7±2 0.102 0.003 0.857

Laboratory parameters (mean±SD)

HCV RNA (IU/mL) 2.53 × 10⁶±3.74 
× 10⁶

3.99 × 10⁶±5.44 
× 10⁶

4.84 × 10⁶±7.79 
× 10⁶

0.345 0.014 0.609

ALT (IU/L) 85±104 163±344 92±108 0.055 0.767 0.098

AST (IU/L) 68±65 87±72 76±88 0.375 0.508 0.641

GGT (IU/L) 98±329 110±158 133±183 0.880 0.467 0.789

ALP (IU/L) 146±89 156±109 137±62 0.695 0.535 0.471

Platelets (103/μL) 212±106 189±63 138±62 0.414 0.246 0.907

INR 1±0.1 1±0.1 1±0.1 0.444 0.765 0.372

Lymphocytes (109/L) 7±11 15±18 3±6 0.021 0.020 0.001

Neutrophils (109/L) 14±22 21±24 5±10 0.232 0.011 0.011

Monocytes (109/L) 2±3 5±10 1±1 0.004 0.104 <0.001

Eosinophilis (109/L) 0.6±1 1±2 0.8±1.5 0.137 0.159 0.028

Basophils (109/L) 0.09±0.2 0.2±0.3 0.05±0.2 0.038 0.270 0.010

RDW (%) 16±16 14±1 14±2 0.618 0.495 0.932

Albumin (g/dL) 4±0.7 4±0.6 4±2 0.599 0.178 0.791

Creatinin (mg/dL) 0.8±0.4 0.8±0.1 1±1 0.875 0.026 0.159

Total bilirubin (g/dL) 1±1 1±0.5 1±0.5 0.835 0.321 0.716

Total cholesterol (mg/dl) 89±31 154±42 111±2 0.096 0.032 0.008

LDL (mg/dl) 87±37 103±3 90±31 0.543 0.877 0.667

HDL (mg/dl) 47±12 67±3 58±14 0.043 0.065 0.373

Triglycerides (mg/dl) 103±71 95±28 105±31 0.863 0.913 0.829

Fasting blood glucose 
(mg/dl) 105±30 91±13 113±37 0.130 0.142 0.024

Fasting insulinemia 
(mU/L) 9±3 7±2 10±4 0.104 0.079 0.012

HOMA-IR 2.6±2 1.7±1 3±3 0.179 0.112 0.031

For abbreviations see Table I.

DISCUSSION

Steatotic liver disease is increasingly recognized as a 
multifactorial condition in which metabolic and viral factors 
frequently overlap. In particular, HCV infection may coexist 
with metabolic dysfunction, resulting in a combined pathogenic 
profile that is not fully captured by traditional classifications. 
In this regard, our analysis provides an integrated evaluation 
of metabolic and viral factors contributing to steatotic 
liver disease in patients with HCV infection, reclassified 
according to the cMASLD framework. The high prevalence 
of cardiometabolic comorbidities confirms that metabolic 
dysfunction represents a major cofactor in HCV-related 
liver injury. Patients fulfilling cMASLD criteria exhibited 

higher BMI, larger waist circumference, and greater insulin 
resistance, reflecting the metabolic substrate that now defines 
the MASLD spectrum. These findings confirm the recent 
international guidelines about MASLD management, which 
recognize metabolic dysfunction as a central determinant of 
disease progression, irrespective of primary etiology [22]. The 
predominance of HCV genotype 3 among cMASLD cases is 
consistent with its well-known steatogenic profile. Experimental 
data demonstrate that genotype 3 impairs microsomal 
triglyceride transfer protein function and very low-density 
lipoprotein secretion, leading to intracellular lipid retention 
[6, 23]. Indeed, clinical evidence indicates that genotype 3 
accelerates fibrosis progression independently of traditional 
metabolic factors [24]. In our cohort, CAP and LSM values 
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rose progressively from HCV infection alone to cMASLD, 
suggesting that metabolic dysfunction amplifies both steatosis 
and fibrogenesis. The observed CAP values (>280 dB/m) 
correspond to thresholds validated in a recent meta-analysis 
and in accordance with international guidelines [22, 25]. 
Moreover, the distinct lipid profile, with lower total cholesterol 
and HDL levels in cMASLD than in HCV with liver steatosis, 
reflects the dual influence of viral and metabolic factors on 
lipoprotein metabolism. Indeed, HCV replication is known to 
lower serum lipids through the formation of virion-lipoprotein 
complexes, with a rebound after viral clearance [26]. The 
altered leukocyte distribution in cMASLD, though exploratory, 
may signal a chronic inflammatory shift that links metabolic 
dysfunction, immune remodeling, and hepatic fibrogenesis 
[27]. However, some laboratory differences, particularly 
among leukocyte subsets, should be interpreted with caution, 
as multiple unadjusted comparisons increase the possibility of 
chance findings. Indeed, these results are therefore considered 
exploratory and require confirmation in larger cohorts. Our 
multivariate logistic regression suggests that viral replication 
per se may not represent an independent determinant of 
cMASLD once genotype-related steatogenic effects are 
accounted for. Therefore, HCV RNA should be interpreted 
as a proxy of genotype-specific viral-metabolic interactions 
rather than as a direct causal driver of liver steatosis. This 
result conceptually parallels the findings of Cinque et al., who 
applied the MASLD nomenclature to a large cohort of 3,006 
HIV patients, a population frequently burdened by metabolic 
risk and viral coinfections. In their study, 14% of participants 
were coinfected with HCV, and 43% presented with steatotic 
liver disease. Through multivariable logistic analysis, BMI and 
age >50 years emerged as independent predictors of MASLD, 
whereas HCV coinfection was independently associated with 
significant fibrosis, unlike HBV coinfection, which showed 
no effect [28]. These findings support the notion that HCV 
infection may contribute to fibrogenic and metabolic burden 
within the MASLD spectrum, particularly in individuals with 
underlying metabolic susceptibility [7]. Additionally, recent 
evidence from patients with chronic HBV further substantiates 
the role of metabolic dysfunction as a driver of steatotic and 
fibrotic progression within viral liver disease. In this regard, 
Ko et al. [29], retrospectively analyzed 653 patients who 
underwent curative hepatectomy for HCC, stratifying them 
into MASLD+HBV, MASLD-only, and HBV-only groups. 
The coexistence of MASLD and HBV was observed in nearly 
half of all cases and was independently associated with higher 
rates of tumor recurrence and mortality compared with either 
condition alone. Specifically, the presence of concomitant 
MASLD and HBV, male gender, BMI<23 kg/m², absence of 
antiviral therapy, and tumor size ≥5 cm were independent 
predictors of recurrence, while concomitant MASLD+HBV, 
T2DM, AST ≥40 IU/L, and microvascular invasion were 
independently associated with increased mortality [29]. 
These results underscore that metabolic dysfunction amplifies 
the oncogenic potential of chronic viral hepatitis, creating 
a high-risk phenotype for both fibrotic progression and 
hepatocarcinogenesis. Finally, a recent longitudinal study in 
a chronic HBV cohort of patients further refines the concept 
of viral-metabolic interaction. In 535 chronic HBV patients 

receiving long-term antiviral therapy, Adali et al. [30], found 
that baseline MASLD was not independently associated with 
HCC, whereas the accumulation of ≥3 cardiometabolic risk 
factors markedly increased cancer risk. Thus, in the absence of 
active viral replication, metabolic dysfunction itself emerges as 
the main determinant of hepatocarcinogenesis [30].

The implementation of the cMASLD nomenclature 
carries significant clinical and conceptual implications. 
By acknowledging that metabolic dysfunction and viral 
infection frequently coexist and interact synergistically, this 
framework prevents patients with mixed etiologies from being 
overlooked within the MASLD spectrum and promotes a 
unified approach to risk stratification and management [22]. 
This integrative view is particularly relevant for individuals 
with HCV infection, where liver injury often persists despite 
virological cure, highlighting the need to address concomitant 
metabolic risk factors. Within this paradigm, antiviral 
eradication should not represent the endpoint of management 
but rather the starting point for metabolic intervention. 
Comprehensive control of body weight, insulin resistance, 
dyslipidemia, and hypertension is essential to mitigate residual 
risks of fibrosis progression, hepatic decompensation, and 
HCC [4]. The cMASLD framework also has diagnostic and 
prognostic relevance. Indeed, non-invasive tools such as 
CAP and LSM should be interpreted within the metabolic 
context, since combined viral-metabolic injury may produce 
higher LSM values than viral or metabolic disease alone [25]. 
This refined classification may therefore optimize patient 
selection for surveillance programs and emerging antifibrotic 
or metabolic therapies. From a research perspective, the 
cMASLD concept fosters cross-etiologic investigations into 
shared mechanisms, including oxidative stress, lipotoxicity, 
mitochondrial dysfunction, and inflammatory signaling, 
that link viral replication with metabolic inflammation 
[31]. Recognizing cMASLD as a distinct clinical phenotype 
supports the design of personalized therapeutic strategies that 
integrate antiviral, metabolic, and lifestyle-based interventions. 
Ultimately, the cMASLD framework supports a transition 
from an etiology-based to a mechanism-based classification, 
aligning viral hepatitis with the broader MASLD spectrum 
and harmonizing the management of patients with mixed 
liver disease etiologies. This concept, already explored in 
viral coinfections such as HIV/HCV, reflects the evolving 
understanding of liver disease as a multifactorial and 
continuum-driven disorder rather than a collection of isolated 
entities [28]. However, our study has several limitations that 
should be acknowledged. First, the relatively small subgroup 
of patients with HCV and liver steatosis limits the statistical 
power of between-group comparisons and increases the risk 
of type II error. Therefore, findings involving this subgroup 
should be interpreted with caution and considered exploratory 
rather than confirmatory. At the same time, its cross-sectional 
design precludes establishing causal relationships between 
metabolic dysfunction, viral replication, and the development 
of liver steatosis. Longitudinal studies will be needed to 
clarify whether the cMASLD phenotype predicts disease 
progression. Moreover, the study was based on a cohort from 
two different referral Centers in Southern Italy, which may 
restrict the generalizability of the findings and reduce the 
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statistical power of subgroup analyses. Furthermore, given the 
exploratory nature of this study, multiple comparisons were not 
formally adjusted for multiplicity. Therefore, findings should 
be interpreted as hypothesis-generating. Finally, unmeasured 
lifestyle and nutritional factors may have influenced hepatic fat 
accumulation and insulin resistance, potentially confounding 
the results.

CONCLUSIONS

Applying the cMASLD nomenclature to patients with HCV 
infection provides a framework for understanding mechanisms 
of liver injury driven by both viral and metabolic factors. Our 
findings suggest that metabolic dysfunction may contribute 
to disease severity in chronic liver diseases of viral origin. 
From a clinical perspective, our data highlight the role of a 
multidisciplinary approach to cMASLD management.
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