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Abstract: Hepatitis C infection is one of the main reasons for liver cirrhosis and hepatocellular
carcinoma. In recent years, more and more is being heard about extrahepatic manifestations of
the hepatitis C infection including its possible influence on the development of hypertension and
cardiovascular diseases. In the given work, the frequency analysis of the incidence of hypertension
and cardiovascular diseases among 2898 HCV-infected patients treated in Poland and the assessment
of their relevance to the HCV genotype and the progression of liver fibrosis can be found. The
prevalence of hypertension in the group of analyzed patients was 39% and was significantly associated
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with old age (OR = 1.08 (1.07–1.08)) and female sex, as well as the progression of liver fibrosis
(OR = 1.54 (1.29–1.85)). Hypertension was found in 47.6% of patients with F4 fibrosis, 42.1% of
patients with F3 fibrosis, and 25% of patients with F1 fibrosis. The incidence of cardiovascular disease
in the studied group of patients was as follows: all incidents, 131 (4.52%); including ischemic heart
disease 104, (3.95%); stroke, 2 (0.07%); atherosclerosis, 21 (0.72%); and aneurysms, 4 (0.14%). The
obtained results prove that the prevalence of cardiovascular diseases is significantly associated with
the advanced age of patients and the progression of liver fibrosis. The relevance of sex and the HCV
genotype to the prevalence frequency of cardiovascular diseases in the study group has not been
proven. This being the case, no differences in the frequency of their incidence depending on the HCV
genotype, including genotype 3, was found. Hepatitis C infection as a non-classical risk factor for
cardiovascular disease and hypertension does require further studying.

Keywords: hepatitis C; HCV genotype; hypertension; cardiovascular diseases

1. Introduction

Hepatitis C infection is one of the main reasons for chronic liver diseases, cirrhosis,
and liver cancer in the world contributing to a decrease in life quality and longevity [1–4].

In Poland, about 80% of infections are found with HCV genotype 1b, whereas 14% are
with genotype 3, and 5% of the infected patients are with genotype 4 [5].

The dangers associated with the infection result from: a huge spread of the virus in
the population; few symptoms long-term, or even an asymptomatic course of the disease;
extrahepatic manifestation of the virus; its low detection rate; and lack of vaccination [3].

In recent years, studies have proved that hepatitis C infection also contributes to the
development of metabolic disorders which play a crucial role as risk factors for cardiovas-
cular disease and hypertension. A noticeable influence of HCV on the development of
obesity, insulin resistance, diabetes development, lipid disturbances, and hepatic steatosis
resulted in the fact that metabolic disturbances in the course of the infection are named
‘metabolic and virus syndrome’ by some authors, whereas hepatic steatosis is described
as an organ form of a metabolic syndrome [6–11]. The observed increased presence of
diseases of the heart and vessels among patients suffering from chronic hepatitis C virus
contributed to the indication of HCV as a new risk factor for cardiovascular diseases and
its presence as an extrahepatic manifestation of the hepatitis C infection.

Cardiovascular diseases, including ischemic heart disease, cerebrovascular diseases,
and peripheral vascular diseases, are the reason for about 4.3 million of deaths in Europe
annually which equates to nearly half of all deaths at 48% (54% of women and 43% of men).
In Poland, the numbers equate to 46% of deaths annually (51.1% of women and 40.9% of
men). The incidence frequency of ischemic heart disease increases with the increase in age,
from 5–7% among women within the age range 45–64 to 10–12% among women within the
age range 65–84, and 4–7% among men within the age range 45–64 to 12–14% among men
within the age range 65–84 [12].

The main risk factors for the development of cardiovascular diseases in Poland are
hypertension, lipid disturbances, obesity, diabetes, and smoking. New risk factors seem
to be infectious agents, for example, the influenza virus and human immunodeficiency
virus (HIV). In previous years, the infection of HCV seemed to be indicated as a possible
developmental reason for cardiovascular diseases [13,14].

The potential role of HCV as a risk factor for the development of cardiovascular
diseases seems to be quite complex. On the one hand, the infection leads in a direct way
to chronic inflammation, contributing to the development of arteriosclerosis and function
disturbances of the vascular endothelium; on the other hand, hepatitis C infection leads
in an indirect way to the development of other key risk factors such as diabetes, obesity,
hypertriglyceridaemia, hypertension, and chronic kidney diseases [8–11].
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The mentioned metabolic disturbances with regard to HCV are similar to those which
are observed in the so-called metabolic syndrome (obesity, hypertension, diabetes and
incorrect blood glucose level and glucose intolerance, increased concentration of triglyc-
erides, and decreased concentration of HDL cholesterol in blood serum) which is thought
nowadays to be the main reason for the increased risk of cardiovascular diseases.

The most vital seem to be carbohydrate disorders which result in the development
and increase in atherosclerosis of the coronary arteries as well as brain arteries and
peripheral ones.

The incidence of hypertension, one of the most frequent risk factors for cardiovascular
diseases, amounts to 24.1% among men and 20.1% among women. In Poland, according to
NATPOL 2011, the prevalence of hypertension among persons between the ages of 18–79 in-
creased from 30 to 32% in the last 10 years, which equates to about nine million persons [12].

2. The Aim of the Work

The aim of the work is the frequency assessment of the prevalence of cardiovascular
diseases and hypertension of persons suffering from HCV and an attempt to assess their
relevance to the progression of liver fibrosis and the HCV genotype.

3. Material and Method

The studies covered 2898 patients with chronic HCV, including 1486 women (51%)
and 1412 men (49%) with an age range from 19 to 91 (median age 58), who were qualified
for antiviral treatment based on the EpiTer multicenter study database (Table 1).

Table 1. The characteristics of the study group.

Total Number n = 2898

n (%)

Sex

female 1486 (51.28)

male 1412 (48.72)

Genotype

1 2596 (89,58)

3 219 (7.56)

4 83 (2.86)

Fibrosis (F) **

1 624 (22.74)

2 391 (14.25)

3 462 (16.84)

4 1267 (46.17)

Age (years) 58 (19–91) *
* Median (Range); ** Liver fibrosis was not determined for 154 persons.

The analysis of medical documentation was carried out, without physical examination,
in terms of the incidence and prevalence of cardiovascular diseases and hypertension. HCV
genotype was defined for each patient, and liver fibrosis was assessed by means of liver
biopsy or elastography. In the analyzed work, the definition of HCV genotype 1 includes
genotype 1 with subtypes 1a and 1b.

Inclusion criteria: each patient meeting the criteria for the treatment of chronic hepatitis
C under the Drug Program of the National Health Fund in Poland was included in the study.
Patients over 18 years of age, diagnosed with HCV RNA over at least a 6 month-duration
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and with at least F1 liver fibrosis according to Metavir or extrahepatic HCV manifestations,
regardless of the presence of liver fibrosis, were eligible for treatment.

Exclusion criteria: age under 18, pregnant or breastfeeding, no confirmed HCV RNA in
blood serum, no evidence of fibrosis in liver biopsy or liver elastography, no patient consent.

The presence of cardiovascular diseases and hypertension was assessed on the basis
of the retrospective analysis of the medical records of the patients. Cardiovascular diseases
that were taken into account in the presented study are ischemic heart disease in the form
of: chronic coronary syndrome (stable angina pectoris), previous acute coronary syndrome
(myocardial infarction), previous coronary angioplasty (PTCA), past coronary artery bypass
grafting (CABG), previous ischemic stroke, previous transient ischemic attack (TIA), carotid
atherosclerosis, lower limb atherosclerosis, previous lower limb artery angioplasty, and
aortic aneurysm.

Liver fibrosis was assessed on the basis of classic core needle biopsy or liver elas-
tography performed with the FibroScan Touch 502 device. The histopathological results
of liver biopsies from up to 5 years ago were taken into account, and the results of liver
elastography from up to 1 year ago.

The determination of HCV RNA and HCV genotype was performed in standardized
laboratories by PCR and nucleic acid hybridization methods.

Patients were treated with direct-acting antiviral therapy (DAA) under the Drug Pro-
gram of the National Health Fund in Poland. The type and duration of treatment depended
on the HCV genotype, stage of fibrosis, history of prior treatment, and drug interactions.

Treatment was performed using: sofosbuvir, ledipasvir; sofosbuvir, ribavirin; elbasvir,
grazoprevir; ombitasvir, paritaprevir, ritonavir, dasabuvir; ombitasvir, paritaprevir, riton-
avir; and daclatasvir, asunaprevir. Treatment was combined with ribavirin in certain cases.

The summary statistics for continuous, non-normally distributed variables are pre-
sented as median with range; categorical variables are presented as frequencies. Differences
between continuous variables were analyzed using the Wilcoxon test. Differences for cate-
gorical variables were assessed using the chi-square or Fisher exact test for independence.
The assessment of the factors potentially associated with hypertension and heart diseases
was carried out using univariable and multivariable logistic regression (LR). Variables
significant at the 0.2 level in the univariable models were considered for inclusion in the
multivariable model. The results were considered as statistically significant when the
p-value was lower than 0.05. The statistical analysis was performed with the use of R
software, version 3.0.3.

4. Results

The prevalence of hypertension in the analyzed patients group is significantly associ-
ated with the old age of patients and female sex as well as the progression of liver fibrosis.

Further analysis was carried out by means of logistic regression in order to determine
the independent factors related to the prevalence of hypertension in the study group.

The results obtained by means of logistic regression prove that more frequent hyper-
tension prevalence was related to the progression of fibrosis, OR = 1.54 (1.29–1.85) and
old age, OR = 1.08 (1.07–1.08). Patients infected by HCV genotype 1 or 4 suffered from
hypertension more often than patients with HCV genotype 3.

The incidence of cardiovascular disease in the studied group of patients was as follows:
all incidents, 131 (4.52%); including ischemic heart disease, 104 (3.95%); stroke, 2 (0.07%);
atherosclerosis, 21 (0.72%); and aneurysms, 4 (0.14%).

The obtained results prove that the prevalence of cardiovascular diseases is signifi-
cantly associated with the advanced age of patients and the progression of liver fibrosis.
The relevance of sex and the HCV genotype to the prevalence frequency of cardiovascular
diseases in the study group has not been proven.

Further analysis was carried out by means of logistic regression in order to de-
termine the independent factors related to the incidence of cardiovascular diseases in
the study group.
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5. Discussion

In previous years, studies have proved the relevance of chronic hepatitis C infection
to the increase in risk of cardiovascular diseases, their complications, and the increase in
deaths (1.65 times) in relation to the population of noninfected persons. The increase in
risk of cardiovascular diseases in patients suffering from chronic hepatitis C virus with an
additional risk factor such as diabetes or hypertension is 1.75 times greater in relation to
noninfected persons [14].

It has been proved, on the basis of a profound observational study from Taiwan,
that HCV is an independent factor for a stroke and increases the risk of the incidence of
peripheral atherosclerosis by 1.43 times [15–17].

A decrease in the number of acute coronary syndromes and ischemic strokes has been
proved, with the diseases of patients suffering from chronic hepatitis C virus and treated
casually in comparison to patients who were not treated [18].

American observational studies have proved that patients with the detectable RNA
HCV, suffered statistically more often from a coronary event [19].

As for personal studies of persons suffering from chronic hepatitis C, hypertension has
been found in the cases of more than 39% of the examined group of persons, which equates
to an increase of 7% in comparison to the general population (NATPOL 2011 studies).
Furthermore, women with HCV more often suffered from hypertension (41.6%) unlike in
the general population. More frequent incidence of hypertension was associated with age
of a patient and the progression of fibrosis. Hypertension was found in 46.7% of patients
with F4 fibrosis, 42.1% of patients with F3 fibrosis, and in 25% of patients with F1 fibrosis in
the studied group (Tables 2 and 3).

Table 2. The characteristics of patients—hypertension—in relation to all the study group.

Hypertension

n = 1132

n (%) p

Sex

female 618 (41.6)

male 514 (36.4) 0.004

Genotype

1 1029 (39.6)

3 69 (31.5)

4 34 (41) 0.057

Fibrosis

0–2 286 (28.2)

3–4 797 (46.1) <0.001

Age (years) 62 (22–90) * <0.001
* Median (Range).
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Table 3. Factors associated with the prevalence of hypertension—logistic regression.

Simple LR Multiple LR

OR (CI) p OR (CI) p

Sex M vs. F 0.8 (0.69–0.93) 0.0043 1.13 (0.95–1.34) 0.1781

Age (years) 1.08 (1.07–1.09) <0.001 1.08 (1.07–1.08) <0.001

Fibrosis 3–4 vs. 0–2 2.18 (1.85–2.57) <0.001 1.54 (1.29–1.85) <0.001

Genotype 1 vs. 3 1.43 (1.06–1.92) 0.0183 1.29 (0.93–1.78) 0.1243

Genotype 4 vs. 3 1.51 (0.89–2.54) 0.1228 2.28 (1.26–4.11) 0.0065
OR (CI): odds ratio with 95% confidence interval; SE: standard error of the estimate.

Cardiovascular diseases were found in 4.55% of patients suffering from HCV. The
incidence was characterized by a similar frequency of both women and men, which consti-
tutes a similar percentage in relation to the general population in Poland. More frequent
incidence was associated with the progression of fibrosis and the advanced age of a patient
(Tables 4 and 5). The age of a patient (>45 years old for a man and >55 years old for a
woman) is an independent risk factor for the incidence of hypertension and cardiovascular
diseases both in a general population and in a group of patients with HCV. (Table 5). It
reflects the probability of the emergence of other risk factors. Old age is a potentially longer
time for the overlapping of single risk factors for cardiovascular diseases. As far as the
general population is concerned, male sex is associated with a three times higher risk of
coronary event and four times higher risk of death due to coronary reasons. It is associated
with the presence of other risk factors for cardiovascular diseases such as: smoking, a
raised level of total cholesterol, decrease in HDL cholesterol level, and the incidence of
hypertension. The phenomenon of gender differences is explained with the protective role
of estrogens of premenopausal women: estrogens contribute to the regulation of carbo-
hydrate metabolism and lipid parameters, and the function of the vascular endothelium
and homeostatic system. As far as women with HCV are concerned, hormonal imbalances
are also found with the progression of liver fibrosis, and hormonal imbalances including
the production of estrogens, which is age independent, may contribute to the incidence of
hypertension in the group of patients.

Table 4. The characteristics of patients—cardiovascular diseases—in relation to the all study group.

Cardiovascular
Diseases

n = 131

n (%) p

Sex

female 67 (4.5)

male 64 (4.5) 1

Genotype

1 118 (4.5)

3 10 (4.6)

4 3 (3.6) 0.921

Fibrosis

1–2 32 (3.2)

3–4 92 (5.3) 0.008

Age (years) 66.5 (39–84) * <0.001
* Median (Range).
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Table 5. Factors related to the incidence of cardiovascular diseases—logistic regression.

Simple LR Multiple LR

Estimate SE OR (CI) p Estimate SE OR (CI) p

Fibrosis 3–4 vs. 0–2 0.5589 0.2089 1.75
(1.16–2.63) 0.0075 0.1619 0.2148 1.18

(0.77–1.79) 0.4511

Age 0.0835 0.009 1.09
(1.07–1.11) <0.001 0.0838 0.0094 1.09

(1.07–1.11)

Only the advanced age of a patient related to more frequent incidence of cardiovascular diseases, OR = 1.09
(1.07–1.11), in the analysis by means of logistic regression.

There are a few factors which are associated with a higher frequency of hypertension
incidence in patients with HCV in comparison to the general population. The development
of inflammation seems to be one of the factors which contributes to the development of
arteriosclerosis and vessel damage. Ceramides composed of long-chain saturated fatty acids
contribute to the development of the inflammatory state of patients suffering from HCV. The
consequence of inflammatory state is adipocytes apoptosis, macrophage mobilization, the
creation of inflammatory infiltration, and the release of free oxygen radicals, TNF-alfa, FFA,
and PA I 3, which contribute to the development of hepatic steatosis, insulin resistance,
obesity and, as a consequence, the development of arteriosclerosis and hypertension.
TNF-alpha dysregulates post-receptor pathways for insulin, blocks the connection of an
insulin receptor with IRS-1, inhibits phosphatidyl-inositol-3-kinase, and dysregulates the
synthesis of glycogen, fats, and proteins. IL-6 reduces autophosphorylation of the insulin
receptor and IRS-2 phosphorylation. Oxidative stress also seems to contribute to metabolic
disorders which results in the development of arteriosclerosis and the increase in the blood
pressure of patients suffering with HCV. It may result in insulin resistance due to the
activation of protein kinase, c-Jun N-terminal kinase, which results in the degradation of
IRS [20,21]. The influence of HCV on the activity of cytokines produced by fatty tissue
and the related increase in body mass and development of obesity may be responsible
for the increased number of hypertension cases in patients with HCV. The decreased
concentration of adiponectin, and leptins is observed in the group of patients as well
as the increased concentration of resistin, ghrelinm, and visfatin, which contributes to
inflammation, insulin resistance, lipid disorders, and arteriosclerosis, and as a consequence,
to the development of hypertension [22].

Extrahepatic manifestations of HCV, such as membranous and membranoproliferative
glomerulonephritis which may be the reason for hypertension in the study group but
have not been analyzed in the given study, could also contribute to the received result [7].
Together with the progression of liver fibrosis, the frequency increase in hypertension was
proved in the study group of patients with HCV. Similar results were received in other
studies; however, as far as patients with clinic symptoms of liver cirrhosis in B and C classes
according to the Child–Pugh scale are concerned, especially those with advanced portal
hypertension, ascites, and hepatic failure, lower rather than higher blood pressure results
may be noticed significantly more often. In the studied population of patients with HCV,
hepatic fibrosis was the most often assessed by means of noninvasive methods, mainly
by means of elastography of the liver using the FibroScan method, which may explain
the fact that there were no patients with ascites and clinical features of hepatic cirrhosis
(B and C classes according to the Child–Pugh scale) among patients with advanced fibrosis
of F3 and F4 type. The majority of them were characterized by A class according to the
Child–Pugh scale [22–25].

As far as decompensated cirrhosis is concerned, especially when long-lasting, the
dominance of vasodilation over vasoconstriction is found as well as a decrease in blood
pressure or even its normalization. The given phenomenon is observed among patients
with identified long-term primary hypertension as well as secondary hypertension and
resistant hypertension.
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The incidence of portal hypertension and ascites of patients suffering from cirrhosis
results in significant hemodynamic changes in the cardiovascular system, which as a
consequence, contribute to a decrease in blood pressure rather than its increase due to the
fact that the development of alternative portosystemic connections may be observed. When
visceral vascular endothelium is exposed to increased blood flow and nonphysiological
high blood pressure, it releases nitric oxide as a response to mechanical stimuli: nitric oxide
constitutes a main factor contributing to vasodilation which results in a decrease in blood
pressure and the resistance of peripheral vessels. The development of collateral circulation
contributes to the increased level of vascular endothelial growth factor, which is responsible
for angiogenesis and additionally, activating the endothelial synthesis of NO. Prostacycline
(PG12), carbon monoxide, anandamide, vasoactive intestinal peptide, adrenomedullin,
substance P, glucagon, and bile acids [26–33] play an additional role in vasodilatation.

As far as patients suffering from hepatic fibrosis are concerned, a transient increase in
blood pressure may be noticed, in the first stage, related to stimulation of the sympathetic
nervous system, release of endothelin 1 (ET-1), neuropeptide Y, and stimulation of the
renin–angiotensin–aldosterone system (RAA), which leads to hyperaldosteronism, the
retention of sodium and water and an increased level of vasopressin, which contributes to
the increase in blood pressure without significant pressure increase in the portal vein and an
increase in ascites. Blood pressure related to the progression of fibrosis is not only a result
of functional changes in vessels but also of their remodeling caused by arteriosclerosis
which additionally potentiates action of the HCV [34–36].

Moreover, when making the assessment of the circadian rhythm of blood pressure
of patients with cirrhosis, less pressure reduction is found at night, so called non-dippers,
which probably results from the dysfunction of the autonomic nervous system [37,38].

The relevance between HCV genotype and the incidence of hypertension and cardio-
vascular diseases has not been proved. Low number of patients with an HCV genotype
other than type 1 participating in the study, resulting from the population genotype distri-
bution found in Poland, may have contributed to the above mentioned fact.

In comparison to other research, the received dissimilar results related to the lack
of increase in cardiovascular diseases among patients with HCV may result from a low
percentage of patients with HCV genotype 3 (7.5%), a genotype which is closely associ-
ated with the incidence of metabolic disorders such as insulin resistance, diabetes, lipid
disturbances, arteriosclerosis, and cirrhosis [10,11]. The given analysis compares: the same
number of persons with HCV genotypes 1 and 3; within the age ranges <40, between the
ages of 40 and 60, and >60; with the same progression of fibrosis; and similar as far as
sex is concerned (Tables 6 and 7). No relevance between genotype and hypertension and
cardiovascular diseases was found.

HCV treatment with DAA affects practically all asepsis of hepatic and extrahepatic
HCV manifestations [39].

The introduction of HCV treatment with DAA significantly improved the prognosis
of HCV patients, not only by reducing cardiovascular risk but also by influencing other
risk factors, especially metabolic disorders such as insulin resistance, diabetes, fatty liver
disease, and carotid atherosclerosis. HCV eradication with DAA also aids a reduction
in major adverse cardiac events (MACEs) [40–42]. The influence of HCV treatment with
DAA on the occurrence of MACE is particularly visible in the population of patients with
prediabetes, namely, insulin resistance. In this group of patients, HCV eradication by DAAs
allows a significant reduction in MACEs [43]. A prospective multicenter study of 2204 HCV
patients proved that the clearance of HCV by direct-acting antivirals (DAA) significantly
reduced the annual incidence of cardiovascular events by 0.68%, and the CV risk was
reduced by 2.0–3.5 fold [44].
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Table 6. The analysis of the incidence of hypertension.

Group of patients < 40 years old:

Overall Hypertension

n (%) n (%) p

Sex

female 214 (41.31) 21 (9.8)

male 304 (58.69) 47 (15.5) 0.065

Fibrosis

1 208 (42.11) 14 (6.7)

2 88 (17.81) 13 (14.8)

3 67 (13.56) 6 (9)

4 131 (26.52) 34 (26) <0.001

Fibrosis

0–2 296 (59.92) 27 (9.1)

3–4 198 (40.08) 40 (20.2) 0.001

Genotype N

1 461 (89) 58 (12.6)

3 36 (6.95) 6 (16.7)

4 21 (4.05) 4 (19) 0.567

Age (years) 35 (19–40) * 39 (22–40) <0.001

Group of patients > 60 years old:

Overall Hypertension

n (%) n (%) p

Sex

female 708 (62.71) 427 (60.3)

male 421 (37.29) 240 (57) 0.288

Fibrosis

1 154 (14.53) 80 (51.9)

2 130 (12.26) 66 (50.8)

3 184 (17.36) 117 (63.6)

4 592 (55.85) 374 (63.2) 0.007

Fibrosis

0–2 284 (26.79) 146 (51.4)

3–4 776 (73.21) 491 (63.3) 0.001

Genotype N

1 1057 (93.62) 618 (58.5)

3 57 (5.05) 36 (63.2)

4 15 (1.33) 13 (86.7) 0.071

Age (years) 66 (61–91) 67 (61–90) <0.001
* Median (Range).
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Table 7. Logistic regression in the analyzed age groups.

Simple LR Multiple LR

Age <= 40 Estimate SE OR (CI) p Estimate SE OR (CI) p

Sex M vs. F 0.5192 0.2792 1.68
(0.97–2.91) 0.0629 0.3344 0.2957 1.4

(0.78–2.49) 0.2581

Age (years) 0.1441 0.0329 1.15
(1.08–1.23) 0 0.1325 0.0333 1.14

(1.07–1.22) 0.0001

Fibrosis 3–4 vs. 0–2 0.9252 0.2685 2.52
(1.49–4.27) 0.0006 0.6277 0.284 1.87

(1.07–3.27) 0.0271

Genotype 1 vs. 3 −0.3291 0.4687 0.72
(0.29–1.8) 0.4827 0.0195 0.4857 1.02

(0.39–2.64) 0.968

Genotype 4 vs. 3 0.1625 0.7133 1.18
(0.29–4.76) 0.8198 0.7893 0.7626 2.2

(0.49–9,81) 0.3007

Age 40–60

Sex M vs. F 0.1343 0.1225 1.14
(0.9–1.45) 0.2729 0.2459 0.1318 1.28

(0.99–1.66) 0.0622

Age (years) 0.0754 0.0116 1.08
(1.05–1.1) 0 0.0755 0.0122 1.08

(1.05–1.1) 0

Fibrosis 3–4 vs. 0–2 0.4383 0.1333 1.55
(1.19–2.01) 0.001 0.341 0.1384 1.41

(1.07–1.84) 0.0138

Genotype 1 vs. 3 0.5796 0.2266 1.79
(1.15–2.78) 0.0105 0.6398 0.2359 1.9

(1.19–3.01) 0.0067

Genotype 4 vs. 3 0.7313 0.3732 2.08
(1–4.32) 0.0501 0.9256 0.4004 2.52

(1.15–5.53) 0.0208

Age >60

Sex M vs. F −0.1363 0.1249 0.87
(0.68–1.11) 0.2751 −0.0515 0.1344 0.95

(0.73–1.24) 0.7014

Age (years) 0.0798 0.012 1.08
(1.06–1.11) 0 0.0791 0.0126 1.08

(1.06–1.11) 0

Fibrosis 3–4 vs. 0–2 0.4876 0.1401 1.63
(1.24–2.14) 0.0005 0.4641 0.1434 1.59

(1.2–2.11) 0.0012

Genotype 1 vs. 3 −0.197 0.2816 0.82
(0.47–1.43) 0.4842 −0.3375 0.2981 0.71

(0.4–1.28) 0.2576

Genotype 4 vs. 3 1.3328 0.8077 3.79
(0.78–18,46) 0.0989 1.1807 0.8224 3.26

(0.65–16.32) 0.1511

Factors associated with the incidence of hypertension and results of the logistic regression analysis; OR (CI): odds
ratio with 95% confidence interval; SE: standard error of the estimate.

The reduction in insulin resistance and diabetes mellitus events in HCV patients
treated with DAA is particularly important in the context of reducing cardiovascular risk.
In many recent studies, the influence of HCV on insulin resistance and the development of
type 2 diabetes has been proven. For years, HCV has also been considered a risk factor for
the development of diabetes, and diabetes is a manifestation of extrahepatic HCV. Therefore,
HCV treatment has a beneficial effect on many cardiovascular risk factors [42,43].

HCV treatment with DAA obviously reduces the rate of liver cirrhosis, HCC develop-
ment, the number of liver transplants, and metabolic disorders in the course of the disease.
Recent studies have shown that the type of DAA treatment is also important, especially for
the development of HCC [45,46].

A limitation of the study was, to some extent, the cardiovascular disease analysis
based only on the medical records of the patients, which might not contain all the relevant
data on cardiovascular disease and other relevant risk factors. In addition, although it is
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one of the methods recommended and used routinely in hepatology, the assessment of
liver fibrosis based on liver elastography does not always reflect the actual stage of the
disease. It mainly concerns advanced fibrosis at an F4 level according to Metavir, which
does not always correlate with clinical cirrhosis. Furthermore, although the mean age was
58 years, the youngest patient was 19 years old and the age distribution of the patients
could have influenced the results obtained. With age, the risk of cardiovascular risk factors,
cardiovascular disease, and hypertension increases.

HCV infection leads to many disorders and extrahepatic manifestations, which in-
crease the risk of cardiovascular diseases, especially insulin resistance, diabetes, fatty liver
or atherosclerosis. It has been shown that eradication of HCV infection can reduce this risk,
improving the quality and life expectancy of patients. Early detection of HCV infection
and appropriate DAA treatment is an important factor in reducing this risk. Therefore,
people infected with HCV should be actively searched for by conducting educational and
screening campaigns for the presence of anti-HCV antibodies.

6. Conclusions

Hepatitis C infection seems to be a risk factor for hypertension.
The progression of liver fibrosis is associated with more frequent incidences of hyper-

tension among patients with HCV.
The age of the patient and the progression of liver fibrosis are associated with more

frequent incidences of cardiovascular diseases among patients with HCV.
The HCV genotype does not affect the frequency of incidence of hypertension and

cardiovascular diseases.
HCV infection may be considered a non-classical risk factor for cardiovascular diseases.
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Folia Cardiol. 2016, 11, 209–214. [CrossRef]
29. Manov, E.I.; Runev, N.M.; Donova, T.I.; Tchernev, K.G. Can the development of cardiac dysfunction in patients with liver cirrhosis

and portal hypertension be predicted? Int. J. Cardiol. 2013, 168, 1528–1530. [CrossRef]
30. Orzeł, A.; Marcisz, C. Circulatory system in cirrhosis—Pathophysiological aspects. Cardiol. After Diploma 2011, 10, 58–65.
31. Wong, F.; Liu, P.; Lilly, L.; Bomzon, A.; Blendis, L. Role of cardiac structural and functional abnormalities in the pathogenesis of

hyperdynamic circulation and renal sodium retention in cirrhosis. Clin. Sci. 1999, 97, 259–267. [CrossRef]
32. Hartleb, M. Hemodynamic disorders within systemic circulation as a complication reason for portal hypertension of patients

with cirrhosis. Hepatology 2008, 8, 78–86.
33. Hartleb, M. Circulatory dysfunction syndrome associated with liver cirrhosis. Przegl. Epidemiol. 2005, 59, 549–558.
34. Henriksen, J.H.; Moller, S. Liver cirrhosis and arterial hypertension. World J. Gastroenterol. 2006, 12, 678–685. [CrossRef]
35. Yildiz, R.; Yildirim, B.; Karincaoglu, M.; Harputluoglu, M.; Hilmioglu, F. Brain natriuretic peptide and severity of disease in

non-alcoholic cirrhotic patients. J. Gastroenterol. Hepatol. 2005, 20, 1115–1120. [CrossRef]
36. La Villa, G.; Romanelli, R.G.; Raggi, V.C.; Tosti-Guerra, C.; De Feo, M.L.; Marra, F.; Laffi, G.; Geñtilini, P. Plasma levels of brain

natriuretic peptide in patients with cirrhosis. Hepatology 1992, 16, 156–161. [CrossRef]

http://doi.org/10.5114/ceh.2016.63871
http://doi.org/10.1016/S0168-8278(00)80065-3
http://doi.org/10.1007/s11894-006-0064-y
http://doi.org/10.1111/j.1572-0241.2005.40429.x
http://doi.org/10.1016/j.jdiacomp.2006.01.001
http://doi.org/10.1002/hep.21703
http://doi.org/10.5603/KP.a2015.0235
http://www.ncbi.nlm.nih.gov/pubmed/26620680
http://doi.org/10.1196/annals.1313.092
http://www.ncbi.nlm.nih.gov/pubmed/16014558
http://doi.org/10.1053/j.gastro.2015.09.007
http://www.ncbi.nlm.nih.gov/pubmed/26386298
http://doi.org/10.1016/j.jhep.2014.08.003
http://doi.org/10.1053/j.gastro.2015.08.035
http://www.ncbi.nlm.nih.gov/pubmed/26319013
http://doi.org/10.1136/gutjnl-2014-308163
http://doi.org/10.1016/j.jhep.2014.09.022
http://doi.org/10.1016/j.amjcard.2014.09.020
http://doi.org/10.2337/dc05-2509
http://doi.org/10.2337/diabetes.52.11.2784
http://doi.org/10.1016/S0168-8278(03)00479-3
http://doi.org/10.1002/hep.20993
http://www.ncbi.nlm.nih.gov/pubmed/16447289
http://doi.org/10.1016/j.jacc.2009.12.075
http://www.ncbi.nlm.nih.gov/pubmed/20688208
http://doi.org/10.1007/s12072-008-9109-7
http://www.ncbi.nlm.nih.gov/pubmed/19669380
http://doi.org/10.1136/gut.2006.112177
http://doi.org/10.5603/FC.2017.0052
http://doi.org/10.5603/FC.2016.0032
http://doi.org/10.1016/j.ijcard.2012.11.006
http://doi.org/10.1042/CS19990026
http://doi.org/10.3748/wjg.v12.i5.678
http://doi.org/10.1111/j.1440-1746.2005.03906.x
http://doi.org/10.1002/hep.1840160126


J. Clin. Med. 2022, 11, 5193 13 of 13
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