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Chronic hepatitis C virus (HCV) infection is correlated with cerebrovascular and cardiovascular disease
(CVD). This study aimed to assess the effect of treatment with DAAs on vascular endothelial function
in cirrhotic and non-cirrhotic HCV infected patients without any CVD risk factors. Fifty chronic HCV geno-
type 4 infected patients, without cardiovascular risks who have been listed to receive sofosbuvir/da-
clatasvir with ribavirin combination as triple therapy for 3 months were prospectively recruited.
Endothelial dysfunction markers as soluble vascular cell adhesion molecule-1 (sVCAM-1) and Von wille-
brand factor (vWf) and inflammation marker (IL6) were estimated at baseline and 3 months post the end
of therapy (SVR). All patients achieved SVR. VCAM1 level was significantly improved after HCV clearance
with DAA in cirrhotic HCV patients (P = 0.002) compared to patients with mild liver fibrosis (P = 0.006).
Levels of vWF also decreased significantly in cirrhosis and non-cirrhosis groups after SVR (P < 0.001 and
P = 0.011, respectively). Systemic inflammatory marker (IL6) showed significant decrease in cirrhotic
patients (P = 0.001). While, IL6 level did not change significantly in non-cirrhotic group (P = 0.061).
Also at SVR, noninvasive liver fibrosis indices have been reduced significantly in the two groups
(P < 0.001). HCV clearance by new DAA treatment improves the vascular endothelial dysfunction in
Egyptian HCV infected patients with different levels of liver fibrosis and with no risk factors for endothe-
lial dysfunction or CVD.
� 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Globally, chronic hepatitis C virus (HCV) infection affects over
71 million individuals about 1% of world population (Lombardi
et al., 2019). Egypt has the highest incidence of HCV infection glob-
ally, with an estimated 11.9% of population where genotype 4 con-
stitutes 94.1% of HCV infection (Kouyoumjian et al., 2018).

HCV is the primary contributor of chronic hepatic disease,
including cirrhosis and hepatocellular carcinoma. HCV infection
is a systemic disease that not only causes liver injury but damages
other organs as well. Many HCV patients have extra hepatic com-
plications, as cryoglobulinemia, kidney disease, insulin resistance,
type 2 diabetes mellitus, cerebrovascular, cardiovascular disease
(CVD), non-Hodgkin lymphoma, erectile dysfunction and venous
thromboembolism (van der Meer 2015; Ambrosino et al. 2016;
Gentile et al. 2018). A recent meta-analysis found that patients
with positive HCV infection are at increased risk for cardiovascular
(CV)-related morbidity and mortality (Roed et al. 2012; Petta et al.
2016). Infection with HCV has been linked with an elevated risk of
sub-clinical atherosclerosis, coronary artery disease, peripheral
artery disease, cerebrovascular and CV incidents (Babiker et al.
2017; Adinolfi et al. 2014). The main cause of an elevated incidence
of cerebro- and CV events in HCV patients is a proatherogenic
effect of HCV infection because of immune response activation,
chronic subclinical inflammation and endothelial dysfunction
induced by the virus (Moucari et al. 2008; Ampuero and Romero-
Gómez 2015).

Generally, endothelial dysfunction was established as the earli-
est stage in atherosclerosis process (Sitia et al. 2010), and is devel-
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oping as a new risk factor for CVD on its own (Hinderliter and
Caughey 2003). All the typical CV risk factors as hyperlipidemia,
elevated blood pressure, and diabetes are linked with endothelial
dysfunction (Sitia et al. 2010). Endothelial dysfunction includes
release of inflammatory mediators, cytokines, adhesion molecules
and pro-thrombotic factors (Hansson 2005). Von Willebrand factor
(vWF: Ag), a glycoprotein mainly derived from endothelium, is
released by activated endothelial cells into the circulation. This
biomarker has a role in more cellular activation as well as in pro-
moting activation of platelet and coagulation, and can be easily
assessed (Ridker et al. 2004; Antonova et al. 2013). Soluble vascu-
lar adhesion molecule 1 (sVCAM-1) has been found to be associ-
ated with endothelial dysfunction as well as the risk of CVD
(Antonova et al. 2013).

Endothelial dysfunction has been examined in HCV patients
with human immunodeficiency virus (HIV) co-infection (de
Castro et al. 2010; Masiá et al. 2011), patients infected with HCV
on haemodialysis (Oyake et al. 2008; Zaki 2017) and in people with
liver cirrhosis (Barone et al. 2015; Chen et al. 2012). However,
there are insufficient data for HCV mono-infected patients. In the
above populations, HCV infection is consistent with elevated
serum endothelial dysfunction markers (de Castro et al. 2010;
Antonova et al. 2013).

Optimal treatment for chronic HCV genotype 4 infected patients
is progressing quickly; the optimal therapy for long period was
interferon-based therapy as pegylated interferon and ribavirin
combination, with reasonable response rates and more side effects
(Abdel-Razek and Waked 2015). After the investigation of direct
acting antiviral drugs (DAAs) which target non-structural proteins
essential for viral RNA replication, as daclatasvir (DCV) and sofos-
buvir (SOF), the length of therapy has been significantly reduced
with very high rates of sustained virological response (SVR) and
fewer side effects (Elsharkawy et al. 2017). Finally, recent studies
showed a SVR in HCV infected patients reduced mortality rate, pro-
gression of decompensated cirrhosis, and hepatocellular carcinoma
appearance (Romero-Gómez et al. 2005), and decreased signifi-
cantly risk of CVD and stroke (Li et al. 2019). In addition, recent
studies suggest that HCV eradication with DAAs treatment has a
direct positive vascular effect, which enhances endothelial function
and reduces serum markers of endothelial dysfunction (Schmidt
et al. 2018). Therefore, the objective of this study was to assess
the impact of DAAs therapy on vascular endothelial function in cir-
rhotic and non-cirrhotic patients with chronic HCV infection.
2. Patients and methods

A single–center prospective study was conducted to evaluate
the effect of new HCV therapy (DAAs) on vascular endothelial dys-
function. Fifty patients with chronic HCV genotype 4 infection aged
18 to 75 years were recruited from viral hepatitis center, Daman-
hour Fever Hospital, affiliated to National Committee for Control
of Viral Hepatitis, January 2019 to January 2020. Patients were
listed for 3 months regimen of sofosbuvir/daclatasvir with rib-
avirin combination as triple therapy. Patients were classified into
two groups: Group I has 25 cirrhotic HCV infected patients, and
Group II has 25 non cirrhotic HCV infected patients. The classifica-
tion was done according to the severity of hepatic fibrosis, which
was evaluated by an abdominal ultrasonography signs of liver cir-
rhosis as recorded elsewhere (Gentile et al. 2009), fibrosis score 4
(FIB-4), a noninvasive procedure, using 4 factors according to this
equation: Age (years) � aspartate aminotransferase (AST) (IU/L) /
platelet count (109 /L) x

p
alanine aminotransferase (ALT) (IU/L),

where FIB-4 score is>3.25 = F3–F4 (severe fibrosis or cirrhosis)
and FIB-4 score<1.45 = F0–F1 (mild fibrosis) (Sterling et al. 2006;
Xu et al. 2014), and APRI score. APRI score is the index of AST to
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platelet ratio, a non-invasive procedure, where APRI score
is � 0.5, it is a good predictor that there is very little or no fibrosis
present, and whether the APRI score is � 1.5, it is a strong predictor
of cirrhosis.

2.1. Selection of patients

Patients included in this study who had positive HCV RNA PCR
and received oral fixed dose of SOF and DCV with ribavirin combi-
nation as triple therapy for 3 months. Exclusion criteria included
co-infection with hepatitis B virus (HBV) or HIV or presence of
other hepatic diseases as autoimmune liver disease, cholestasis,
Wilson disease, hemochromatosis, metabolic disease, patients
who underwent a liver transplantation, cryoglobulinemic vasculi-
tis, patients who<18 or>75 years old, pregnant female, decompen-
sated cirrhosis, hepatocellular carcinoma or extra hepatic
malignancy, chronic renal failure, history of cerebrovascular dis-
ease or CVD or obese patients whose body mass index (BMI) equal
to or above 30. Patients with history of previous treatment with
anti HCV medicine, diabetes mellitus, chronic autoimmune dis-
eases or treated with immunosuppressant drugs and/or drugs-
induced steatosis or statins are also excluded from the study.

2.2. Clinical assessments

Before treatment, a complete history was taken from all
patients, and physical examination including general and abdomi-
nal examination was done to check inclusion and exclusion crite-
ria. Data was collected from each patient including age, gender,
smoking status, height, weight. BMI was calculated for each
patient.

2.3. Definitions

Body mass index was measured as weight (kg)/squared meter
of height (m2). If BMI was � 30, patient was categorized as obese.
Hypertension was defined as systolic blood pressure equal to or
above 130 mm Hg and/or diastolic blood pressure equal to or
above 85 mm Hg or use of blood pressure lowering drugs. SVR
was described as undetectable HCV-RNA levels 3 months post
the termination of antiviral therapy.

2.4. Laboratory procedures

From each patient, blood samples were collected after fasting
overnight (12-h) into serum gel separator tubes (SST) containing
EDTA in order to investigate complete blood count (CBC), hemoglo-
bin, platelet count, white blood cells (WBCs), anti-HCV antibody,
HBsAg, routine liver biochemistry as ALT, AST, serum albumin,
serum total bilirubin, international randomized ratio (INR), alpha
fetoprotein (AFP), serum creatinine, fasting blood glucose concen-
tration, glycated hemoglobin percent (Hb A1C%), and pregnancy
test (for female). All parameters were measured at hospital labora-
tories. HCV RNA testing was done with use of a real-time HCV RNA
PCR (Cobas Ampliprep, Cobas Taqman 48, Roche) according to the
instructions of manufacturer. Abdominal ultrasound was per-
formed using the Toshiba Aplio XG ultrasound machine (Toshiba).
Electrocardiograms (ECG) and echocardiography were used to
diagnose any CV abnormalities prior to therapy.

2.5. Patients’ follow up

After initiation the regimen of DAAs therapy, patients were fol-
lowed up every month until completion of the regimen and
3 months after the end of treatment to evaluate SVR12. All partic-
ipants were followed up to 3 months after the end of treatment by
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the following: liver function test: AST, ALT, serum total bilirubin,
fasting blood glucose concentration, hemoglobin A1C, serum crea-
tinine, hemoglobin, platelet count, white blood cells, PCR assay for
HCV-RNA.

2.6. Assessment of endothelial dysfunction

Endothelial dysfunction was assessed by circulating markers as
vWF Ag and sVCAM-1 that reflect the degree of endothelial damage
and correlate with liver fibrosis in chronic HCV infection (Antonova
et al. 2013). Assessment of markers had been done at two time
points at baseline (pre-treatment) and at 3 months post-
treatment (at SVR point). At each time point blood samples were
collected into SSTs and kept at room temperature 10–20 min to
coagulate, and centrifuged twenty minutes at the speed of 2000–
3000 r.p.m. and then serum was frozen immediately in aliquots at
�80 �C until analysis. VCAM-1 and vWF: Ag levels were analyzed
in serum using the human VCAM-1 and human vWF Ag ELISA kits,
respectively (Shanghai Sunredbio (SRB) Technology Co., Ltd.),
according to the instructions of manufacturer. Interleukin 6 (IL6)
level was evaluated using human IL6 ELISA kit (Shanghai Sunredbio
(SRB) Technology Co., Ltd.) as systemic inflammatory parameter.

2.7. Liver fibrosis assessment

Liver fibrosis was evaluated in all patients using FIB-4 score, and
APRI Score at two time points at baseline (pre-treatment) and at
3 months post-treatment

2.8. Antiviral therapy

Patients participated in the study received regimen of DAAs for
3 months in accordance with the national treatment protocol in
Egypt, AASLD (Panel et al. 2015). All patients in the study received
the same regimens of therapy which included combination of SOF,
DCV and ribavirin as a triple therapy in oral fixed dose of 400 mg
and 60 mg for SOF and DCV respectively, once daily however the
dose of ribavirin not fixed as it is weight –based dose and calcu-
lated as following, for patients weighing < 75 kg, daily dose was
1000 mg or 1200 mg for patients weighing > 75 kg divided depend-
ing on tolerability of patient. According to NCCVH (National Com-
mittee for Control of Viral Hepatitis) ribavirin given for cirrhotic
patients and difficult to treat non cirrhotic patients who have
one of these criteria: total serum bilirubin < 1.2 mg/dl, serum
albumin < 3.5 g/dl, INR > 1.2, platelet count < 150,000/mm3.

2.9. Ethics

This study was conducted in compliance with Helsinki Declara-
tion of the World Medical Association. Ministry of Health and the
Research Ethics Committee of the Faculty of Pharmacy, Damanhour
University approved the study protocol (Ref.no. 1118 PP 7). Each
participant signed informed consent.

2.10. Statistical analysis

Data analysis was done using IBM SPSS software package ver-
sion 20.0. (Armonk, NY: IBM Corp). Numbers and percentages (%)
were used for expressing qualitative data. To determine if variables
follow a normal distribution, Kolmogorov-Smirnov tests were
used. Continuous variables were presented using mean, range,
standard deviation, median and interquartile range (IQR). Statisti-
cally significant results were determined at P-value < 0.05. The
comparison between non-parametric categorical variables was
done with the Chi-square test (v2). For non-parametric quantita-
tive data, the comparison between pre- and post-DAAs therapy
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was determined with the Wilcoxon-Rank test, and the comparison
between means was determined with Mann–Whitney U test. Com-
parison between the means of two studied groups was performed
with Student t-test for normally distributed quantitative variables.
For normally distributed quantitative variables, comparison
between two means from the same group at different times was
done with Paired t-test.
3. Results

3.1. Patients’ characteristics

Fifty chronic HCV patients aged between 32 and 70 years were
included in the study, where 25 patients were allocated in the
group 1 ‘‘HCV patients with cirrhosis” and 25 in the group 2
‘‘HCV patients with mild fibrosis”. Patients’ baseline demographic
and clinical characteristics are showed in Table 1. Patients with
HCV cirrhosis showed significant increase in mean age (57.52 ± 8.
68 years vs 49.16 ± 9.23 years; P = 0.002) compared to non cirrhotic
patients with male prevalence (52% in cirrhosis patients vs 36% in
non-cirrhosis patients; P = 0.254). Cirrhotic patients had signifi-
cantly higher baseline AST, ALT (P < 0.001) and AFP (P < 0.001)
and showed significant decrease in platelets and WBCs
(P < 0.001, <0.001, respectively) compared to non cirrhotic
patients. There was no difference in total bilirubin, serum crea-
tinine, serum albumin, and INR (P = 0.152, 0.883, 0.868, and
0.979 respectively) was found between the two studied groups
as well as in the average of BMI (P = 0.210), and systolic
(P = 0.936) and diastolic blood pressure (P = 0.400). Of the 25
HCV cirrhotic patients, 11 patients (44%) had platelet
count > 100.000/mm3. All patients were naïve to antiviral treat-
ment. Patients participated in the study had less comorbidities:
no patients in both groups had DM, hypertension or was smoker.
All 50 patients were compliant with the regimen of DAAs and com-
pleted the study.
3.2. Clinical assessments

All 50 patients (100%) achieved SVR after DAAs. Biochemical
data changes in both groups are shown in Table 2. All data were
evaluated at 2 points: before treatment, 3 months post treatment
(SVR) in cirrhosis and non-cirrhosis groups. At SVR, a significant
decrease in ALT, AST level was observed in both groups
(P < 0.001). Platelet levels increased significantly in cirrhosis and
non-cirrhosis groups (P = 0.001, P < 0.001, respectively), and biliru-
bin levels showed a significant reduction in cirrhotic and non-
cirrhotic patients (P = 0.001, P = 0.036, respectively). No statistically
significant improvement in fasting glucose levels was observed
while HbA1C% decreased significantly in cirrhosis and non-
cirrhosis groups (P = 0.049 and P = 0.001, respectively). Blood hemo-
globin has been decreased significantly in the two groups after SVR.
3.3. Endothelial function assessment

At baseline, cirrhotic patients showed vWF-Ag level of 184.2 ±
42.37 ng/ml and sVCAM-1 of 45.58 ± 12.47 ng/ml, while levels of
vWF-Ag and sVCAM-1 were 131.8 ± 27.01 ng/ml and 25.0 ± 6.85
ng/ml, respectively in non-cirrhotic patients.

At SVR, a significant improvement in vWF-Ag and sVCAM-1
levels from [184.2 ± 42.37 to 134.3 ± 44.28 ng/ml (P < 0.001),
and from 45.58 ± 12.47 to 36.58 ± 14.88 ng/ml (P = 0.002), respec-
tively] in cirrhotic patients was found. Further, a significant
improvement in vWF-Ag and sVCAM-1 levels from [131.8 ± 27.0
1 to 103.9 ± 32.97 ng/ml (P = 0.011), and from 25.0 ± 6.85 to 18.



Table 1
Patients’ baseline characteristics and clinical features in studied groups.

Total
(n = 50)

Group I: Cirrhosis
(n = 25)

Group II: Non
Cirrhosis (n = 25)

p

No. % No. % No. %

Sex
Male 22 44 13 52 9 36 0.254
Female 28 56 12 48 16 64
Age (years) 53.34 ± 9.82 57.52 ± 8.68 49.16 ± 9.23 0.002*
Weight (kg) 67.08 ± 8.33 68.28 ± 8.72 65.88 ± 7.91 0.313
Height (cm) 165 ± 7.54 165 ± 7.88 165 ± 7.35 1.000
BMI (kg/m2) 24.61 ± 2.16 25 ± 1.93 24.23 ± 2.35 0.210
Systolic 121.8 ± 8.69 121.92 ± 8.04 121.72 ± 9.45 0.936
Diastolic 78.98 ± 6.81 79.80 ± 6.51 78.16 ± 7.13 0.400
Smoking 0 0 0 0 0 0 –
Previous antiviral treatment 0 0 0 0 0 0 –
HBs Ag 0 0 0 0 0 0 –
Q HCV RNA(x103/IU/ml) 858.5(184 – 1560) 380(158.2 – 1210) 1060(232 – 1570) 0.222
Hb (g/dl) 13.62 ± 1.33 13.95 ± 1.41 13.29 ± 1.17 0.077
WBCs (x103/mm3) 6.01 ± 1.95 4.75 ± 1.05 7.27 ± 1.81 <0.001*
AST (IU/L) 64.28 ± 41.73 94.96 ± 36.64 33.60 ± 15.89 <0.001*
ALT (IU/L) 46.0 (32 – 86) 82.0 (40–103) 32.0 (30 – 53) <0.001*
AFP (ng/ml) 2.88 ± 1.42 3.53 ± 1.46 2.24 ± 1.06 0.001*
S. albumin (g/dl) 3.72 ± 0.44 3.71 ± 0.45 3.73 ± 0.43 0.868
Total bilirubin (mg/dl) 0.98 ± 0.41 1.06 ± 0.39 0.89 ± 0.43 0.152
Platelet count (*10^9/l) 148 (110 – 250) 110 (88–131) 250 (177 – 264) <0.001*
INR 1.23 ± 0.18 1.23 ± 0.18 1.23 ± 0.18 0.979
Serum fasting glucose mg/dl 89.90 ± 11.01 88.44 ± 10.21 91.36 ± 11.79 0.354
HbA1C% 5.62 ± 0.75 5.66 ± 0.79 5.57 ± 0.72 0.677
Serum Creatinin (mg/dl) 0.72 ± 0.18 0.73 ± 0.19 0.72 ± 0.17 0.883
Platelet count (h100) (*10^9/l) 11 22 11 44 0 0 <0.001*

BMI: body mass index. HBs Ag: hepatitis B antigen, Hb: hemoglobin concentration, WBCs: white blood cells, AST: aspartate aminotransferase, ALT: alanine aminotransferase,
AFP: Alpha-fetoprotein, INR: international normalized ratio, HbA1C%: glycated hemoglobin percent.

* : Statistically significant at P � 0.05.

Table 2
Biochemical data of patients in both groups at baseline and SVR.

Cirrhosis group (n = 25) P value Non Cirrhosis (n = 25) P value

Baseline SVR Baseline SVR

Hb (g/dl) 13.95 ± 1.41 13.12 ± 1.47 tp = 0.003* 13.29 ± 1.17 12.40 ± 1.32 tp < 0.001*
WBCs (x103/mm3) 4.75 ± 1.05 4.78 ± 0.97 tp = 0.913 7.27 ± 1.81 6.89 ± 2.02 tp = 0.135
AST (IU/L) 94.96 ± 36.64 29.68 ± 6.47 tp < 0.001* 33.60 ± 15.89 20.32 ± 4.57 tp < 0.001*
ALT (IU/L) 82 (40 – 103) 26 (19 – 35) Zp < 0.001* 32 (30 – 53) 22 (18 – 25) Zp < 0.001*
Total bilirubin (mg/dl) 1.06 ± 0.39 0.80 ± 0.23 tp = 0.001* 0.89 ± 0.43 0.70 ± 0.32 tp = 0.036*
Platelet count (x109/l) 110 (88 – 131) 139 (102 – 176) Zp = 0.001* 250(177 – 264) 275 (247 – 360) Zp < 0.001*
Serum fasting glucose mg/dl 88.44 ± 10.21 88.0 ± 7.93 tp = 0.608 91.36 ± 11.79 91.32 ± 8.20 tp = 0.962
HbA1C% 5.66 ± 0.79 5.49 ± 0.57 tp = 0.049* 5.57 ± 0.72 5.31 ± 0.43 tp = 0.001*
Serum Creatinine (mg/dl) 0.73 ± 0.19 0.85 ± 0.11 tp < 0.001* 0.72 ± 0.17 0.77 ± 0.16 tp = 0.003*

Hb: hemoglobin concentration, WBCs: white blood cells, AST: aspartate aminotransferase, ALT: alanine aminotransferase, HbA1C%: glycated hemoglobin. SVR: Sustained viral
response.

* : Statistically significant at P � 0.05.
t : Paired t-test.
Z : Wilcoxon signed ranks test.
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76 ± 8.92 ng/ml (P = 0.006), respectively] was found in non-
cirrhotic patients (Figs. 1, 2).

Serum IL6 was also determined as a marker of systemic inflam-
mation in both groups at baseline and SVR points. At baseline, cir-
rhotic patients showed IL6 level of 258.7 ± 72.60 ng/ml, while in
non-cirrhotic patients the level was 235.0 ± 53.77 ng/ml. At SVR,
a significant reduction in IL6 level with cirrhotic group from 258.
7 ± 72.60 to 212.9 ± 86.78 ng/ml (P = 0.001). While, there was
insignificant change in IL6 level in non-cirrhotic group
(P = 0.061) was found (Fig. 3).

3.4. Noninvasive liver fibrosis assessment

At baseline, cirrhotic patients had FIB4 score with a mean
5.78 ± 1.82 and APRI score with a mean 2.19 ± 0.90 and non-
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cirrhotic patients had FIB4 with a mean 1.17 ± 0.42 and APRI score
with a mean 0.39 ± 0.19. At SVR, a significant improvement in FIB4
and APRI score from [5.78 ± 1.82 to 2.83 ± 1.66, and from
2.19 ± 0.90 to 0.62 ± 0.31, P < 0.001), respectively] in cirrhotic
patients was observed. Also, a significant improvement in FIB4
and APRI score from [1.17 ± 0.42 to 0.79 ± 0.22, and from
0.39 ± 0.19 to 0.19 ± 0.07, P < 0.001, respectively] was found in
non-cirrhotic patients (Table 3).

No safety issues were identified, with no serious side effects,
and no participant required to discontinue or modify SOF or
DCV doses. Six patients (12%) needed ribavirin dose adjustment
because of anemia (by 800 mg daily in each case). No patient
had any infectious or other disease that could affect inflamma-
tion or endothelial function at baseline and during treatment
periods.



Fig. 1. VWF Ag levels in patients with and without cirrhosis, at baseline (before therapy) and at SVR. *: Statistically significant at P � 0.05. SVR: sustained virological
response, VWF Ag: vonwillebrand factor antigen.

Fig. 2. Levels of VCAM-1 in patients with and without cirrhosis, at baseline (before therapy) and at SVR. SVR: sustained virological response, VCAM: vascular cell
adhesion molecule. *: Statistically significant at P � 0.05.
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Fig. 3. Levels of IL6 in patients with and without cirrhosis, at baseline (before therapy) and at SVR. SVR: sustained virological response, IL6: interleukin 6. *: Statistically
significant at P � 0.05.

Table 3
Comparison between baseline and SVR according to noninvasive liver fibrosis indices in each group.

Cirrhosis group (n = 25) P value Non Cirrhosis (n = 25) P value

Baseline SVR Baseline SVR

FIB4
Mean ± SD. 5.78 ± 1.82 2.83 ± 1.66 Zp < 0.001* 1.17 ± 0.42 0.79 ± 0.22 Zp < 0.001*
Median (IQR) 5.64 (4.60 – 6.06) 2.33 (1.39 – 3.40) 1.17 (1.0 – 1.26) 0.72 (0.61 – 0.97)
APRI score
Mean ± SD. 2.19 ± 0.90 0.62 ± 0.31 tp < 0.001* 0.39 ± 0.19 0.19 ± 0.07 tp < 0.001*
Median (IQR) 1.95 (1.46 – 2.80) 0.58 (0.39 – 0.91) 0.29 (0.27 – 0.56) 0.18 (0.14 – 0.21)

FIB4: fibrosis score 4, APRI score: the index of aspartate aminotransferase to platelet ratio, SVR: Sustained viral response.
* : Statistically significant at P � 0.05.
t : Paired t-test,
Z : Wilcoxon signed ranks test.
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4. Discussion

Treatment of HCV patients with DAA has been proven to be very
efficient in improvement of liver manifestations and extra hepatic
complications (Tada et al. 2017; Mohanty et al. 2019).

HCV, besides hepatic manifestations, has been linked with
endothelial dysfunction and chronic inflammation as an indepen-
dent risk factor for cerebrovascular and CV events (Roed et al.
2014; Rafieian-Kopaei et al. 2014).

Recent studies have been reported that HCV eradication with
DAAs enhanced vascular endothelial function and therefore
decrease atherosclerosis and CV events (Di Minno et al. 2020;
Nahon et al. 2017). Our study is the first that conducted to assess
the effect of HCV eradication with new DAAs on endothelial dys-
function in Egyptian HCV monoinfected patients at different
degrees of hepatic fibrosis (mild fibrosis and compensated cirrho-
sis) and without risk factors for endothelial dysfunction or CVD.

Our study showed that HCV clearance and achieving SVR fol-
lowing DAAs treatment improved endothelial dysfunction and
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coagulation abnormalities, and therefore decrease subclinical
atherosclerosis through a decrease of VCAM-1, vWF: Ag and IL6
levels to a variable degree in both studied groups suffering from
baseline endothelial dysfunction.

Our results were in line with the recent multicenter and
prospective study (HEPCAR Study) of HCV patients treated by DAAs
with long follow-up period which demonstrated significant reduc-
tion in levels endothelial dysfunction markers VCAM-1 and e-
selectin at SVR point in all participants and continued in reduction
during follow-up for one year (Muñoz-Hernández et al. 2020).

Our findings were also in consistent with J.S. Davis et al. (Davis
et al. 2018) who observed that serum markers of endothelial dys-
function reduced during and post DAAs and no significant
improvement in systemic inflammation as estimated by IL6,
although J.S. Davis et al. limited their research to patients without
significant fibrosis only and used different DAAs regimens to those
included in our study. In addition, J.S. Davis et al. used serum
Angiopoietin-2 and E-selectin as markers of endothelial dysfunc-
tion whereas our study used VCAM-1 and vWF: Ag.
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The improvement of endothelial function after HCV eradication
with new DAAs has been also documented by F.P. Schmidt et al.
(Schmidt et al. 2018), who observed a significant decrease in circu-
lating levels of the endothelial cell-adhesion molecules (VCAM-1,
ICAM-1, E-Selectin) in 20 HCV non-cirrhotic patients treated with
DAAs.

Our findings showed that endothelial dysfunction markers
(VCAM-1, vWF) were significantly higher (P > 0.001) in cirrhotic
patients compared to patients with mild fibrosis before treatment.
These results supported by Michele Barone et al. (Barone et al.
2015) who showed that endothelial dysfunction links with liver
fibrosis in chronic HCV infection and reported that developed
endothelial dysfunction in patients with liver cirrhosis was 6.9
higher compared to patients with mild liver fibrosis. The findings
of this study are in agreement with previous trails which demon-
strated that the higher level of sVCAM-1 and vWF: Ag was associ-
ated with the degree of liver fibrosis in chronic HCV infected
patients (Antonova et al 2013).

The improvement in endothelial dysfunction markers (sVCAM-
1 and vWF: Ag), which is the initial step for subclinical atheroscle-
rosis after SVR with DAAs in patients with cirrhosis, was observed
in this study. These results agreed with the study which showed
that viral clearance with DAAs improved carotid atherosclerosis
in patients with advanced fibrosis/compensated cirrhosis (Petta
et al. 2018). While other trials are in contrast with these results
(Ichikawa et al. 2019; Di Minno et al. 2020).

We had expected that the improvement in the endothelial func-
tion and vascular healing is more significant in patients without
cirrhosis than cirrhotic patients as these patients had lower degree
of endothelial dysfunction than the other group and this expecta-
tion was concluded from similar results in previous study (Di
Minno et al. 2020). In contrast, we reported a more significant
decrease in VCAM1 and vWF levels at SVR in cirrhotic patients
who had higher degree of endothelial dysfunction than the other
group. This is in agreement with Mu~noz-Hernandez et al.
(Muñoz-Hernández et al. 2020) who found that successful DAA
treatment in HCV patients without a history of CV disease has been
shown to decrease the risk of CV disease by improving endothelial
function, which showed more improvement in patients with worse
baseline status. These results supported by Nicola Coppola et al.
(Coppola et al. 2019) who found that the achievement of SVR12
by DAAs regimens has a significant improvement in renal dysfunc-
tion as extrahepatic manifestation of HCV infection more in
patients with CKD or cirrhosis than patients without cirrhosis or
CKD at baseline.

From our findings, we suggest that HCV infection is the main
factor directly affect the vascular endothelium and this assumption
is confirmed by the significant improvement in endothelial func-
tion markers occurred after HCV clearance by DAAs, regardless to
a significant change in systemic inflammation in both groups. Fur-
ther, these findings are confirmed by a continuous decrease in
endothelial dysfunction markers after the end treatment. The same
was reported by Mu~noz-Hernandez et al. (Muñoz-Hernández et al.
2020) where a continuous improvement in vascular function
markers at SVR time and 1 year after treatment was observed.
Therefore, the effect is unlikely to be associated with the pleiotro-
pic effect of DAA.

Proteins of HCV can stimulate endothelial cells activation and
elevate oxidative stress in these cells (Urbaczek et al. 2014). More-
over, the virus invaded carotid plaques indicating its local athero-
genic role in plaque tissue (Boddi et al. 2007). However, if
endothelial cells are not affected by HCV, proteins derived from
HCV tend to cause endothelial cell inflammation probably by
increasing IL8 production by NF-Kappa B dependent pathways
(Balasubramanian et al. 2005). As a consequence, HCV infected
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patients have a pro-coagulant state (Papatheodoridis et al. 2003;
Poujol-Robert et al. 2004) as vascular endothelial damage leading
to lack of a healthy barrier between vessel and blood components.

vWf is a glycoprotein (GP) that is necessary for normal
hemostasis. Serum vWf concentrations are elevated after injury
to endothelial cells (Boneu et al. 1975). Interestingly, by estimating
vWf level we found a significant decrease in vWf concentrations in
both groups after antiviral treatment, supporting a vascular heal-
ing and improvement of coagulation state in our patients after suc-
cessful treatment. As elevated vWf levels increased risk, not only of
portal vein thrombosis, but also venous thromboembolism, pul-
monary embolism, cerebrovascular and CV ischemic events, so this
may have an important role in reducing morbidity and mortality in
these patients.

There is no evidence of all the pathways causing the recovery of
endothelial function after treatment with DAAs. Certain medica-
tions affect endothelial function through modifying metabolic
pathways. Some studies revealed that infection with HCV could
be linked with increased risk of insulin resistance (Moucari et al.
2008) and the achievement of SVR with DAAs therapy is related
to risk reduction of insulin resistance (Delgado–Borrego et al.
2010) and a reduction of type 2 diabetes mellitus development
(Arase et al. 2009). Interestingly, our results confirmed such find-
ings as compared to baseline data, both groups showed significant
reduction in HbA1C after SVR.

Regarding liver fibrosis assessment, the present study revealed
that 3 months after DAAs therapy a significant reduction in nonin-
vasive values of APRI and FIB-4 indices was reported in both groups
compared to baseline data. These results have verified that DAAs
could reduce liver inflammation and fibrosis in patients with
HCV in a little period following SVR achievement. Our findings
are in matching with past researches which showed a significant
decrease in APRI and FIB-4 after DAA therapy (Haseltine et al.
2015; Alem et al. 2018).

The study has some limitations include the lack of vascular
endothelial function examination by brachial artery flow–medi-
ated dilation assessment at each time-point (pretreatment with
DAA and at SVR), and was dependent only on the assessment of cir-
culating markers of endothelial dysfunction. Relatively small sam-
ple size and limited time of follow-up period are considered
another limitation of our study.
5. Conclusion

In conclusion, DAAs used for treatment of chronic HCV infection
has been proven to be very efficient in improvement the degree of
endothelial function and therefore decrease risk of atherosclerosis
and CV events in Egyptian HCV infected patients with different
levels of hepatic fibrosis and with no risk factors for endothelial
dysfunction or CVD. Besides the improvement of liver inflamma-
tion and function.
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