
Citation: Constantinescu, A.M.;

Marian, P.; John, H.T.; Manole, F.;

Jurca, T.; Negrut, N. Assessment of

Glecaprevir/Pibrentasvir Treatment’s

Influence on Biochemical and

Metabolic Markers in Patients with

Chronic Hepatitis. Gastrointest. Disord.

2024, 6, 894–904. https://doi.org/

10.3390/gidisord6040063

Academic Editor: Consolato M. Sergi

Received: 2 October 2024

Revised: 9 November 2024

Accepted: 11 November 2024

Published: 13 November 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Article

Assessment of Glecaprevir/Pibrentasvir Treatment’s Influence
on Biochemical and Metabolic Markers in Patients with
Chronic Hepatitis
Alina Maria Constantinescu 1, Paula Marian 2,*, Harrie Toms John 3,* , Felicia Manole 1,4, Tunde Jurca 1,5

and Nicoleta Negrut 1,6

1 Faculty of Medicine and Pharmacy, Doctoral School of Biomedical Sciences, University of Oradea,
410087 Oradea, Romania; alina.constantinescu76@yahoo.com (A.M.C.); manole.felicia@gmail.com (F.M.);
jurcatunde@yahoo.com (T.J.); lnm_n10@yahoo.com (N.N.)

2 Department of Medical Disciplines, Faculty of Medicine and Pharmacy, University of Oradea,
410073 Oradea, Romania

3 Department of Anaesthesia and Intensive Care, County Emergency Hospital of Bihor,
410169 Oradea, Romania

4 Department of Surgical Disciplines, Faculty of Medicine and Pharmacy, University of Oradea,
410073 Oradea, Romania

5 Department of Pharmacy, Faculty of Medicine and Pharmacy, University of Oradea, 410028 Oradea, Romania
6 Department of Psycho-Neuroscience and Recovery, Faculty of Medicine and Pharmacy, University of Oradea,

410073 Oradea, Romania
* Correspondence: paula.marian85@gmail.com (P.M.); tomsharrie@gmail.com (H.T.J.)

Abstract: Background/Objectives: Liver function tests (LFT) are essential for diagnosing and moni-
toring liver status in patients with chronic hepatitis. In addition, tracking the systemic implications
reflected in the changes in metabolic parameters is essential for correctly managing the cases. This
study addresses the critical gap in the literature by evaluating the effects of glecaprevir/pibrentasvir
on key liver function markers (AST, ALT, GGT, TB) and metabolic parameters (TC, TG, HbA1c)
in patients with chronic hepatitis C (CHC). Moreover, this study will evaluate the impact of gle-
caprevir/pibrentasvir on A2MG, which provides insights into its effects on liver fibrosis. Awareness
of these effects is critical for the optimal management of patients during and following antiviral
therapy to ensure that therapeutic success does not come at the expense of overall liver and metabolic
health. These parameters should be monitored as they supply clinicians with essential data, in-
forming treatment more accurately and ensuring a holistic approach in CH patients. Methods:
This study consists of 104 patients with chronic hepatitis C treated with glecaprevir/pibrentasvir
and monitored from January to June 2024. Assessments comprised standard liver markers, lipid
profiles, glycated hemoglobin, and alpha-2-macroglobulin, as well as specific non-invasive tests of
liver injury. Results: 95.2% of the patients experienced a sustained virologic response. Biochemical
markers and total cholesterol values were significantly decreased with glecaprevir/pibrentasvir
therapy. Non-significant elevations in total bilirubin and glycated hemoglobin support the drug’s
favorable tolerability profile. Conclusions: In the treatment of chronic hepatitis C patients, glecapre-
vir/pibrentasvir therapy leads to normalization in biochemical markers (AST, ALT, and GGT), as
well as in total cholesterol.

Keywords: direct-acting antiviral; glecaprevir/pibrentasvir; metabolic markers; biochemical markers;
chronic hepatitis C

1. Introduction

Chronic hepatitis (CH) caused by hepatitis B and C is regarded as an essential global
health problem that affects many people in the world. Worldwide, over 58 million people
are known to have hepatitis C virus (HCV), and many of these will progress to chronic
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liver disease if untreated [1]. Although the prevalence of HCV is decreasing, HCV infection
remains a concern for the World Health Organization due to the significant number of cases
among children and adolescents and the high mortality associated with its complications [2].
Long-term inflammation of the liver in CH could result in serious complications such
as cirrhosis, liver failure, and the development of hepatocellular carcinoma (HCC) [3];
therefore, all patients require reflex testing for HCV RNA for screening purposes. The
advent of direct-acting antiviral drugs has marked a therapeutic revolution due to their high
treatment success rate [4]. These diseases are a major cause of morbidity and mortality but
also put pressure on healthcare systems. Hence, it is important to know the pathophysiology
of various disease processes and how these interventions impact key biomarkers, improving
patient outcomes.

Over time, CH fails to eliminate the virus, so liver inflammation and damage persist.
Chronic inflammation can also be long-lasting and eventually develop into fibrosis, where
the overproduction of extracellular matrix proteins leads to liver scarring. When fibrosis
advances, cirrhosis ensues, in which liver architecture and function are largely compro-
mised. The risk of developing HCC in cirrhosis is high, and early detection must be made
to improve optimal management [5].

CH is managed through liver function tests (LFTs), crucial for monitoring the liver’s
health and a treatment plan. This test panel includes aspartate aminotransferase (AST or
TGO) and alanine aminotransferase (ALT or TGP), widely used markers for hepatocellular
injury. Since both enzymes are excreted into the blood after the injury of hepatocytes, they
represent good markers for hepatic inflammation and lesioning [6]. These two biomarkers
were elevated in patients with active liver diseases, indicating their potential for disease
tracking or monitoring response to treatments [7]. Another important marker is gamma-
glutamyl transferase (GGT), especially for alcohol-related liver disease [8]. Total bilirubin
(TB) indicates the liver’s ability to metabolize the unconjugated part of breakdown products
from red blood cells. Elevated values are noted in diseases such as CH and cirrhosis,
indicating liver dysfunction where TB contents tend to be high [9].

Liver dysfunction is not the only pathology altered by CH; systemic effects, mediated
through metabolic parameters, are involved. Dyslipidemia, an abnormal blood lipid level,
is common among patients with chronic liver disease. The biochemical determinations for
lipid metabolism, primarily under hepatic control, may present alterations in the levels
of total cholesterol (TC) and triglyceride (TG) [10]. In addition, CH could affect glucose
metabolism [11], leading to changes in glycated hemoglobin (HbA1c) that reflect long-term
blood sugar levels. Properly evaluating these metabolic parameters will help in knowing
how one body part affects another and thus move the therapy toward holistic care for
a patient.

Another biomarker in CH is alpha-2-macroglobulin (A2MG), which is highly impor-
tant in identifying liver fibrosis within patients with chronic hepatitis C (CHC) during the
early stages [12]. This large protein, in addition to containing a broad-spectrum protease
inhibitor (and therefore participating in the control of many inflammatory processes), is
associated with the extent of fibrosis in patients with CHC and is important in evaluating
liver disease severity [13].

Glecaprevir/pibrentasvir—a fixed-dose combination of glecaprevir (g) and pibrentasvir
(p) approved for the treatment of CHC—has been shown to achieve high rates of sus-
tained virologic response (SVR) across diverse genotype subpopulations. This direct-acting
antiviral (DAA) targets two essential proteins for viral multiplication: NS3/4A protease
and NS5A protein. It stops viral replication, leading to most patients’ viral clearance [14].
Clinical trials with glecaprevir/pibrentasvir demonstrated a high SVR rate in various HCV
genotypes. Its relatively short treatment duration and favorable safety profile make it
an attractive choice in various clinical scenarios [15]. Despite its high efficacy in virus
clearance, further research on its effect on liver function markers and metabolic parameters
must be conducted.



Gastrointest. Disord. 2024, 6 896

This study addresses the critical gap in the literature by evaluating the effects of
glecaprevir/pibrentasvir on key liver function markers (AST, ALT, GGT, TB) and metabolic
parameters TC, TG, HbA1c) in patients with CHC. Moreover, the study will evaluate the
impact of glecaprevir/pibrentasvir on A2MG, which provides insights into its effects on
liver fibrosis. Awareness of these effects is critical for the optimal management of patients
during and following antiviral therapy to ensure that therapeutic success does not come at
the expense of overall liver and metabolic health. These parameters should be monitored,
as they supply the clinician with essential data, allowing them to inform treatment more
accurately and ensure a holistic approach in CH patients.

2. Results

This study included 150 patients, but after applying the exclusion criteria, 104 patients
remained. Table 1 presents the characteristics of the study group. SVR was achieved in
99 (95.2%) cases.

Table 1. Characteristics of the study group.

Parameter Study Group

DD

Age, years, mean ± SD (min, max) 54.17 ± 10.49 (19, 69)

<25, years, n (%) 2 (1.9)

25–45, years, n (%) 7 (6.7)

46–60 years, n (%) 56 (53.8)

>60 years, n (%) 39 (37.5)

Male gender, n (%) 44 (42.3)

Urban residence, n (%) 61 (58.7)

Clinical data

FibroSure, n (%)

F0 29 (27.9)

F1 31 (29.9)

F2 21 (20.2)

F3 23 (22.1)

SteatoTest, n (%)

S0 32 (30.8)

S1 32 (30.8)

S2 15 (14.4)

S3 25 (24.0)

ActiTest, n (%)

A0 30 (28.8)

A1 35 (33.7)

A2 22 (21.2)

A3 17 (16.3)

NashTest, n (%)

N0 51 (49.0)

N1 37 (35.6)

N2 16 (15.4)
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Table 1. Cont.

Parameter Study Group

AshTest, n (%)

H0 104 (100)

Co-morbidities, n (%) 49 (47.1)

hypertension 16 (15.4)

diabetes 17 (16.3)

dyslipidemia 14 (13.4)

obesity 2 (1.9)

Paraclinical investigations, mean ± SD

ALT, (U/L) 89.55 ± 66.25

AST (U/L) 74.87 ± 16.74

GGT (U/L) 72.12 ± 24.20

TB (mg/dL) 4.14 ± 2.94

TC (mg/dL) 259.49 ± 164.54

HbA1c (mg%) 6.41 ± 1.34

TG (mmol/L) 4.86 ± 1.92

A2MG (g/L) 3.29 ± 0.48
DD—demographic data; HbA1c—glycated hemoglobin; ALT—alanine aminotransferase; AST—aspartate aminotrans-
ferase; GGT—gamma-glutamyl transferase; TB—total bilirubin; TC—total cholesterol; HbA1c—Hemoglobin A1c;
TG—triglycerides; A2MG—alpha-2-macroglobulin; n—number; M—mean; SD—standard deviation; min—minimum;
max—maximum.

No statistically significant association was identified between age group, gender,
environment, co-morbidities, and SVR [χ2(3) = 1.351, p = 0.717; χ2(1) = 0.011, p = 0.915;
χ2(1) = 0.754, p = 0.385; χ2(1) = 0.107, p = 0.744], as is presented in Figure 1.
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Logistic model analysis showed that FibroSure, SteatoTest, ActiTest, NashTest scores
were not significantly associated with SVR (χ2 = 6.803, df = 3, p = 0.078; χ2 = 3.945, df = 3,
p = 0.267; χ2 = 3382, df = 3, p = 0.336; χ2 = 4582, df = 2, p = 0.101) (Figure 2). In the case of the
AshTest score, all patients in this study had the same score (H0); as a result, an association
between this score and SVR could not be determined.
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Statistically significant differences were indicated between the initial (1) and final (2)
values for the following biochemical markers: ALT, AST, GGT, TC, TG, and A2MG. The
data are summarized in Table 2.

Table 2. The evolution of laboratory parameters.

Parameter M ± SD p-Value

ALT_1 (U/L) 89.55 ± 66.25
<0.001 *ALT_2 (U/L) 38.65 ± 12.72

AST_1 (U/L) 74.87 ± 16.74
<0.001 *AST_2 (U/L) 33.83 ± 5.67

GGT_1 (U/L) 72.12 ± 24.20
<0.001 *GGT_2 (U/L) 45.79 ± 11.31

TB_1 (mg/dL) 4.14 ± 2.94
0.208TB_2 (mg/dL) 4.62 ± 3.07

TC_1 (mg/dL) 259.49 ± 164.54
0.003 *TC_2 (mg/dL) 207.77 ± 32.90

HbA1c_1 (mg%) 6.41 ± 1.34
0.300HbA1c_2 (mg%) 6.62 ± 1.45

TG_1 (mmol/L) 2.72 ± 0.73
<0.001 *TG_2 (mmol/L) 4.86 ± 1.92

A2MG_1 (g/L) 3.29 ± 0.48
<0.001 *A2MG_2 (g/L) 5.98 ± 2.22

HbA1c—glycated hemoglobin; ALT—alanine aminotransferase; AST—aspartate aminotransferase; GGT—gamma-
glutamyl transferase; TB—total bilirubin; TC—total cholesterol; HbA1c—Hemoglobin A1c; TG—triglycerides;
A2MG—alpha-2-macroglobulin; M—mean; SD—standard deviation; p-value as determined by t-test, *—
statistical significance.
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3. Materials and Methods
3.1. Study Design

The study was conducted between January 2022 and June 2024, with patients being
followed up at the gastroenterology section of the Pites, ti County Hospital, Romania. The
subjects included in the study were treatment-naive patients diagnosed with CHC who
were referred to the department for antiviral medication. All patients signed informed
consent. This study was approved by the Ethics Commission of Pitesti County Hospital
(Approval No. 01/01.03.2019) and complies with the Declaration of Helsinki of the World
Medical Association. SVR was considered in patients who had undetectable HCV (ribonu-
cleic acid) RNA 12 weeks after DAA therapy. The inclusion and exclusion criteria were
applied to the initial cohort of patients (Figure 3).
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Inclusion criteria are as follows:

• Age over 18 years;
• Confirmed diagnosis of CHC;
• Signed informed consent to participate in the study.

Exclusion Criteria are as follows:

• FibroSure score—F4;
• NashTest score—N3;
• AshTest score—A3;
• Coinfections with other hepatitis viruses (B and D) or human immunodeficiency

virus (HIV);
• Previous antiviral treatment for CHC;
• Liver/kidney transplant;
• Change in the treatment of associated diseases during the study;
• Transferred to another hospital;
• Death before completion of DAA therapy;
• Cancer.
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All patients included in the study were treated with glecaprevir/pibrentasvir
(100 mg g/40 mg p). The administered dose was 300 mg g and 120 mg p, taken orally
once a day. The duration of treatment was eight weeks, according to the standard protocol
for patients with CHC without cirrhosis and previous antiviral treatments. All patients
remained on their previous hypolipidemic and diabetic therapy.

3.2. Data Collection

Before initiating antiviral treatment with glecaprevir/pibrentasvir and 24 h after
completing the treatment, the following biochemical parameters were evaluated: ALT
(normal range 0–55 U/L), AST (normal range 0–34 U/L), GGT (normal range 0–64 U/L),
TB (normal range < 1.2 mg/dL), TC (normal range 0–200 mg/dL), TG (normal range
0–1.7 mmol/L), HbA1c (normal range 4.8–5.6%), A2MG (normal range 1.3–3 g/L), and
hepatitis C viral load (normal range—undetectable levels).

At the time of inclusion in the study, all patients were tested for hepatitis B virus
deoxyribonucleic acid (HBV-DNA), hepatitis D virus RNA (HDV-RNA), and HIV RNA.

To evaluate liver fibrosis, steatosis, necro-inflammatory activity, and other aspects of
liver disease, patients underwent the following specific non-invasive tests:

• FibroSure (FibroTest) for the evaluation of hepatic fibrosis with the following inter-
pretation scale:

# F0: no fibrosis;
# F1: mild fibrosis;
# F2: moderate fibrosis;
# F3: severe fibrosis but no cirrhosis;
# F4: cirrhosis.

• SteatoTest for evaluating liver steatosis with the following interpretation scale:

# S0: no steatosis;
# S1: mild steatosis (5–33% of hepatocytes affected);
# S2: moderate steatosis (34–66% of hepatocytes affected);
# S3: severe steatosis (more than 66% of hepatocytes affected).

• ActiTest for evaluation of the hepatic necro-inflammatory activity with the following
interpretation scale:

# A0: no activity;
# A1: mild activity;
# A2: moderate activity;
# A3: severe activity.

• NashTest for evaluation of the presence and severity of non-alcoholic steatohepatitis
(NASH), with the following interpretation scale:

# N0: no NASH;
# N1: mild NASH;
# N2: moderate NASH;
# N3: severe NASH.

• AshTest for evaluation of the presence and severity of alcoholic steatohepatitis (ASH),
with the following interpretation scale:

# H0: no ASH;
# H1: mild ASH;
# H2: moderate ASH;
# H3: severe ASH.

Blood samples were collected from all patients before starting antiviral treatment and
24 h after completion. The biochemical parameters were measured using standardized
laboratory methods. All patients were monitored for treatment side effects, and the data
were collected and analyzed to evaluate the changes in biochemical parameters before and
after treatment.
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3.3. Statistical Analysis

Data were collected and entered into IBM SPSS Statistics Software [version 29.0.2.0 (20)].
A descriptive analysis was performed to present the demographic and clinical characteris-
tics of the patients. The association of different clinical scores with the therapeutic response
were classified through ordinal regression. Changes in the mean values of biochemical
parameters from baseline to end-point therapy were tested using a paired t-test. Statistical
significance was considered at a p-value less than 0.05.

4. Discussion

The high prevalence of hepatitis C globally, along with its silent progression toward
potentially severe late-stage complications, underscores the necessity for early detection
and treatment. With an acute phase that is often oligosymptomatic or asymptomatic, ap-
proximately 70% of cases progress to chronic infection [16]. The World Health Organization
aims to eliminate hepatitis C infections by 2030 [17]. Research on antiviral medication
has focused on molecules with direct-acting mechanisms and pan-genotypic effects. The
fixed-dose combination of g/p represents a first-line treatment for HCV infections, regard-
less of genotype (1–6) [18]. However, the literature describes liver injuries associated with
this therapy, potentially inducing re-activation of hepatitis B and transient decompensa-
tion [18,19].

The demographic data from the post-marketing observation studies (PMOS) cohorts
are comparable to the cohort from this study regarding patient age (with a predominance of
patients under 65 years, 84% vs. 62%). However, there are differences related to sex (57.6%
male vs. 42.3%). The presence of comorbidities differs significantly from that observed
in randomized clinical trials (47.1% vs. 74.6%) but is relatively similar to that determined
in PMOS (46.9%) [16]. There are differences related to the types of comorbidities; in the
study, hypertension, diabetes, dyslipidemia, and obesity were predominant. The average
age of the evaluated patients was 54.17 ± 10.49, similar to the average age in other studies
(56 years, 52 years) [20,21].

Regarding the SVR, the results of studies, both randomized (97.5%) and real-world
(97.6%), including the present study (95.2%), support a very high rate, with no association
identified with age, sex, background, or the presence of comorbidities [16].

A meta-analysis conducted by H-Y Hung et al. in 2022 identified nine studies regard-
ing drug-induced liver injuries. The SVR (for 7650 participants) was 95%, as were the
results of our study (95.2%) [22]. Similarly, a study published by S. Yaras et al. in 2023 on
686 patients with CHC and diabetes mellitus) showed an SVR of 91.4% after 12 weeks of
treatment [20].

In large, randomized trials, rapid decreases in serum aminotransferases were observed
in CHC patients treated with glecaprevir/pibrentasvir, similar to our study (89.55 ± 66.25
vs. 38.65 ± 12.72). Transient increases in aminotransferase levels, as mentioned in the
literature, occurred in only about 1% of patients; the mechanism is less well understood,
likely involving the synthesis of a toxic/immunogenic metabolite or drug interactions [18].
The ALT, AST, and TB levels determined at the initiation of treatment were lower than those
observed in the present study. In both studies (the one published by S. Yaras et al. [20] and
the present study), the mean values of liver markers tended to normalize post-treatment,
supporting the safety of therapy administration even in concurrent diabetes mellitus. This
meta-analysis also reports minimal changes in TB, AST, and Hb. Hyperbilirubinemia was
more frequently observed in patients with cirrhosis. The present study indicates approxi-
mately double initial levels of hepatic markers (AST, ALT, GGT), with a tendency towards
normalization upon re-evaluation (24 h after therapy completion). Hyperbilirubinemia can
occur during glecaprevir/pibrentasvir treatment and is considered an adverse reaction [23].
Data analysis suggests that total bilirubin levels showed insignificant increases compared
to the initial measurement (p = 0.208). A study published by H. Okubo et al. in 2018
(n = 33 patients) indicated an increase in TB in 15% of evaluated patients (grade ≥ 2) [23].
In a study on 236 patients, published by H. Tamai and J. Okamura in 2023, liver injuries
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were highlighted in approximately 62% of the evaluated patients. There was no severe
increase (grade ≥ 3) in liver markers (AST, ALT, ALP) in any patient. TB and GGT showed
severe increases in less than 4% and less than 0.5%, respectively [19]. In the present study,
data analysis suggests a decrease in hepatic markers (AST, ALT, GGT), with a tendency
toward normalization.

The mechanism of action of glecaprevir/pibrentasvir on the lipid profile is unclear;
the liver plays a crucial role in lipid metabolism, so improved liver function may lead
to better cholesterol and triglyceride levels. A 2021 prospective observational study on
101 patients aimed to monitor lipid profile changes [24]. In this study, lipid values improved
similarly to the present; TC decreased toward normal levels. In N. Akutsu et al.’s study, the
TG levels were within normal limits at the beginning and at 8 and 12 weeks of treatment,
compared to the present study, where values were elevated both initially and post-treatment.
Published studies indicate that the lipid profile changes depending on the administered
medication [25,26]. T.T. Tran et al., in a phase 3 study (2018), suggest a TG decrease of
28.6 mg/dL and a glucose reduction of 11.2 mg/dL [27], which could be explained by
improved liver function and reduced insulin resistance.

The prevalence of type 2 diabetes mellitus associated with CHC in this study cohort
was 16.3%, approximately half of the general prevalence identified. The mechanisms
underlying increased hepatic insulin resistance and stimulation of lipolysis are complex,
involving inflammatory cytokines, increased phosphorylation of insulin receptor substrate-
1, and tumor necrosis factor-α [28].

S. Estefan et al. underline the reduction in blood glucose levels, HbA1c, and insulin
after DAA therapy. In our study, the HbA1c level increased insignificantly 24 h after
completing the treatment [29]. This explanation could be attributed to the fact that approxi-
mately 50% of patients who achieved SVR had controlled blood glucose levels. Increasingly,
cases have been reported where, following DAA therapy, glycemic profiles improved, and
the need for insulin and oral antidiabetic medications was reduced [28,30].

Regarding the liver fibrosis marker, the initial mean value of A2MG (an extracellular
macromolecule with a broad-spectrum protease inhibitor role) was close to normal; upon
re-evaluation, the mean value doubled [31]. No data are available in the medical literature
regarding the evolution of this parameter under glecaprevirpibrentasvir treatment.

Logistic model analysis in the present study showed that FibroSure, SteatoTest, Ac-
tiTest, and NashTest scores were not significantly associated with SVR. Logistic regression
applied in the study by L.W. Madsen et al. in 2022 indicates that low initial viral load and
genotype 3 are predictors of therapeutic response [32]. Multivariate regression analysis,
used in another study, identified age and TB as independent risk factors [19].

Medical literature supports a holistic approach to patients with CH in addition to
standard treatment. Introducing antioxidants into patients’ diets, such as vitamins C, D,
and E, quercetin, Silybum marianum, and polyphenols (found in fruits, vegetables, and
green tea), will help reduce characteristic inflammation, decrease insulin resistance, and
improve the lipid profile [33,34].

Strengths and Limitations of the Study

This study’s strength lies in the significant number of patients and the wide range of
evaluated parameters. To our knowledge, this is the first study of its kind in Romania. The
limitations of this study include the lack of evaluation of lipid-lowering medication (statins
or fibrates) and the replacement of statins with ezetimibe two weeks before the start of g/p
treatment, according to guidelines. Cholesterol fractions were not evaluated.

5. Conclusions

The therapeutic combination of glecaprevir and pibrentasvir, used in treating patients
with CHC, improves biochemical markers (AST, ALT, GGT) and TC. The increase in
HbA1c is insignificant, suggesting a safe profile for therapy administration in patients with
diabetes mellitus.
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