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w.halota@wsoz.pl (W.H.); mpawlowska@cm.umk.pl (M.P.)

9 Pomeranian Center of Infectious Diseases, Department of Infectious Diseases, Medical University of Gdańsk,
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Abstract: HCV infection is one of the main reasons for liver cirrhosis and hepatocellular carcinoma.
In recent years, one finds more and more extrahepatic manifestations of HCV infection, including its
possible influence on the development of diabetes. In the presented work, one finds the frequency
analysis of the incidence of diabetes among 2898 HCV infected patients treated in Poland, and the
assessment of their relevance to the HCV genotype and the progression of fibrosis. The results
indicate that the hepatitis C infection seems to be a risk factor for diabetes in persons with more
advanced liver fibrosis, for older people, and for the male gender. Thus, one found no differences
regarding the frequency of its incidence depending on HCV genotype, including genotype 3.

Keywords: hepatitis C virus; genotype HCV; diabetes

1. Introduction

Chronic hepatitis C virus is one of the main reasons for chronic liver diseases globally
and one of the most often occurring reasons for liver cirrhosis and hepatocellular carcinoma
(HCC), contributing to a decrease in life quality and longevity.

It is commonly thought that there are six main HCV genotypes marked from 1 to 6.
The prevalence varies worldwide. In Poland, one finds the dominating HCV genotype 1b
in about 80%, whereas genotype 3 refers to 14%, and genotype 4 refers to 5% of infected
patients.

The danger associated with the infection results from a huge virus spread in the
population, long-term affliction with few symptoms or even an asymptomatic course of
the disease, low detection rate, lack of vaccination, and neglect at health care units where
infections occur most often (about 80% of cases).

In 80% the HCV infection transforms into the chronic form. About 20% of patients de-
velop cirrhosis after 20 years of disease history, and 1–5% develop hepatocellular carcinoma.

Recent studies have proved that hepatitis C infection also contributes to the develop-
ment of various metabolic disorders compared with healthy persons. A noticeable influence
of HCV on the development of obesity, insulin resistance, carbohydrate disturbances, 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 organic form of metabolic syndrome [1–6].

The introduction of HCV treatment with DAA-direct-acting antiviral therapy signifi-
cantly improved the prognosis of HCV patients, reducing the rate of liver cirrhosis, HCC
development, 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 [7–9].

Diabetes is a chronic metabolic disease characterized by hyperglycemia resulting from
disturbances in insulin secretion and effects.

It is estimated that there are 387 million people who have diabetes worldwide. About
3 million live in Poland. According to a report by the Assessment Panel of diabetes
epidemiology in Poland from 2016, 2.7 million people suffer from diabetes, 1.22 million
being women and 0.96 million being men, representing 6.1% of the female and 5.1% of the
male population. Taking into account the estimated number of persons who suffer from the
disease but are not diagnosed (36% of men and 15% of women), the total number of persons
who have diabetes in Poland may be equal to 1.5 million men and 1.44 million women,
representing 7.6% of the population of adult Poles. Autoimmune diabetes constitutes about
5%, type-II diabetes 85–90%, and the remaining portion constitutes other forms of diabetes
(NATPOL, Receptometr Sequence; NHF report) [10–16].
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2. The Aim of the Work

This study aimed to evaluate the influence of the HCV genotype on the prevalence
of diabetes mellitus, to evaluate the overall incidence of diabetes in HCV patients, and to
attempt to assess their relationship with the progression of liver fibrosis.

3. Material and Method

The studies covered 2898 patients with chronic HCV, including 1486 women (51%)
and 1412 men (49%) with an age range of from 19 to 91 (median age 58), who were qualified
for antiviral treatment based on the EpiTer multicentre study database (Tables 1 and 2).

Table 1. The characteristics of the study group.

Total Number n = 2898

n (%)

Gender

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.

Table 2. Age distribution depending on HCV fibrosis.

Age Fibrosis 0–2
n-1015

Fibrosis 3–4
n-1729

Median (Range) Median (Range)

52 (19–84) 59 (21–91)

The analysis of medical documentation was carried out regarding physical examina-
tion according to the incidence and prevalence of diabetes. The HCV genotype was defined
for each patient. Liver fibrosis was assessed by means of a liver biopsy and elastography. In
the analyzed work, the definition of HCV genotype 1 includes genotype 1a and 1b together.

4. Results

Table 3 shows the characteristics of patients with diagnosed diabetes and patients who
do not suffer from it. The analysis proves that the incidence of diabetes is associated with
the old age of patients—p < 0.001, with male gender—p < 0.001, and with the progression
of liver fibrosis—p < 0.001. Patients with more advanced liver fibrosis more often suffer
from diabetes.

Further data analysis was carried out by means of logistic regression (Tables 4 and 5)
in order to determine independent factors related to the prevalence of diabetes.



J. Clin. Med. 2022, 11, 379 4 of 10

Table 3. The characteristics of patients and the incidence of diabetes.

Overall Diabetes Yes
n = 483

Diabetes No
n = 2415

n (%) n (%) n (%) p

gender

female 1486 (51.28) 208 (14) 1278 (86)

male 1412 (48.72) 275 (19.5) 1137 (80.5) <0.001

fibrosis

1 624 (22.74) 52 (8.3) 572 (91.7)

2 391 (14.25) 40 (10.2) 351 (89.8)

3 462 (16.84) 73 (15.8) 389 (84.2)

4 1267 (46.17) 278 (21.9) 989 (78.1) <0.001

fibrosis

0–2 1015 (36.99) 92 (9.1) 923 (90.9)

3–4 1729 (63.01) 351 (20.3) 1378 (79.7) <0.001

genotype

1 2596 (89.58) 435 (16.8) 2161 (83.2)

3 219 (7.56) 41 (18.7) 178 (81.3)

4 83 (2.86) 7 (8.4) 76 (91.6) 0.094

age [years] 58 (19–91) * 62 (30–86) * 57 (19–91) * <0.001
* Median (Range).

Table 4. Factors associated with the prevalence of diabetes—logistic regression. OR (CI): odds ratio
with 95% confidence interval; SE: standard error of the estimate.

Simple LR Multiple LR

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

Gender M vs. F 0.3961 0.1005 1.49 (1.22–1.81) 0.0001 0.6248 0.1117 1.87 (1.5–2.32) <0.0001

Age [years] 0.0408 0.0043 1.04 (1.03–1.05) <0.0001 0.0433 0.0049 1.04 (1.03–1.05) <0.0001

Fibrosis 3–4 vs. 0–2 0.9382 0.1246 2.56 (2–3.26) <0.0001 0.6923 0.1284 2 (1.55–2.57) <0.0001

Genotype 1 vs. 3 −0.1348 0.181 0.87 (0.61–1.25) 0.4566 −0.1496 0.1921 0.86 (0.59–1.25) 0.4361

Genotype 4 vs 3 −0.9166 0.4312 0.4 (0.17–0.93) 0.0335 −0.8808 0.4701 0.41 (0.16–1.04) 0.061

Table 5. Factors related to the incidence of diabetes—results of logistic regression OR (CI): odds ratio
with 95% confidence interval.

Simple LR Multiple LR

OR(CI) p OR(CI) p

Sex M vs. F 1.49 (1.22–1.81) 0.0001 1.87 (1.5–2.32) <0.0001

Age [years] 1.04 (1.03–1.05) <0.0001 1.04 (1.03–1.05) <0.0001

Fibrosis 3–4 vs. 0–2 2.56 (2–3.26) <0.0001 2 (1.55–2.57) <0.0001

Genotype 1 vs. 3 0.87 (0.61–1.25) 0.4566 0.86 (0.59–1.25) 0.4361

Genotype 4 vs. 3 0.4 (0.17–0.93) 0.0335 0.41 (0.16–1.04) 0.061

The results of logistic regression proved that men more often suffered from diabetes
than women—OR = 1.87 (1.5–2.32) as far as persons suffering from HCV are concerned,
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and more frequent incidence of diabetes was associated with the progression of fibrosis:
OR = 2 (1.55–2.57) and older age: OR = 1.04 (1.03–1.05).

The obtained results have not proved the relevance between the prevalence of diabetes
and the HCV genotype.

5. Discussion

The liver helps maintain a correct serum glucose level through the following processes
one may find in hepatocytes: glycogenolysis, glycogenesis, glycolysis, and gluconeogenesis.

In case of low glucose value, or a deficiency of glucose in an organism, a liver synthe-
sizes it using the processes of gluconeogenesis and glycogenolysis, whereas in the case of
hyperglycemia or an excess of glucose in the food, the liver stores it in the form of glycogen,
as well as in the organs and fat tissue in the form of triglycerides [10,17].

The liver is also a place of insulin degradation. The insulin level of liver blood flow
through portal circulation is much higher than the level in system circulation, and is
mostly subject to an uptake, even when first flowing through the liver, binding with insulin
receptors on the surface of hepatocytes [10,18,19].

It has been proved that the development of insulin resistance and the disorders in
the economy of carbohydrate associated with it depends on the degree of liver damage
(hepatocytes) [19–22].

As far as the analysis is concerned, the prevalence of diabetes in patients suffering
from chronic hepatitis C virus was found more frequently than in the general population
group—16.7% vs. 7.6%. In the study group, 19.5% of men suffered from it and 14% of
women. According to multicenter population studies (NATPOL, Receptometr, NHF report),
6.1% of women and 5.1% of men have diabetes (diagnosed by a doctor notwithstanding the
treatment), whereas taking into account the additional estimate of patients with diabetes so
far undiagnosed (about 36% of the men and 15% of the women), the total number of persons
suffering from diabetes in Poland may constitute 7.6% of the adult Polish population with
a higher incidence in men [12–15].

The increased interest of people with diabetes in the study group may provide proof
of HCV’s influence on the development of carbohydrate disorders, including diabetes.
Owing to the observations which prove that there is a greater number of men suffering
from diabetes, one may expect that, taking into account undiagnosed and unexamined
persons, diabetes is found more frequently in men than women.

Epidemiological data also point out the relevance of HCV infection and the develop-
ment of carbohydrate economy disorders—impaired fasting glucose, glucose intolerance,
or even diabetes. As estimated, the prevalence frequency of carbohydrate disorders in
patients with chronic hepatitis C virus is 4 to 10 times higher than in the population of
healthy persons, and occurs in 14% to 30% of patients. As for the population study (Third
National Health and Nutrition Examination Survey [NHA-NES III]), patients aged 40 and
more with HCV suffered 3 times more frequently from diabetes than healthy people did,
whereas the prevalence of diabetes in patients with diabetes risk factors could be even
11 times higher, as in the analyzed group of patients [23–25]. Another case study conducted
by Custro and partners proved the frequency of diabetes to be 4 times higher in patients
with HCV compared to the population of healthy persons. In the study group, 40% of
persons had impaired glucose tolerance (11.7% in the general population), and 7% were
suffering from diabetes (4.9% in the general population) [18,25].

As far as the analyzed group was concerned, the incidence of diabetes was observed
more frequently in older people—OR = 1,04 (1.03–1.05). More frequent diabetes prevalence
is also associated with the patient’s age, especially persons >65, where it occurs 25–30%.
According to POLSENIOR studies, 18% of patients aged 65 and over suffered from diabetes,
whereas impaired fasting glucose level and glucose intolerance were found in 20% [12,14].

Insulin resistance in old age is associated with impaired compensation mechanisms
related to decreased insulin secretion by the pancreas. Moreover, together with age pro-
gression, the total mass of fat tissue increases, muscle tissue decreases. One also observes
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the increase of abdominal obesity, change of eating habits, a decrease in physical activity,
as well as the possible influence of medicines and underlying diseases, which may affect
the development of diabetes.

As far as the study is concerned, one finds a more frequent incidence of diabetes in
patients with the chronic hepatitis C virus together with the progression of cirrhosis of the
liver—OR = 2(1.55–2.57). The impairment of liver function in 50% of cases, and in the case
of liver cirrhosis in 80%, contributes to the development of glucose intolerance, and in 10%
to the development of diabetes. The patients suffer from carbohydrate disorders even when
experiencing a higher serum insulin level which may show tissue resistance to insulin
secretion—insulin resistance. The development of insulin resistance in liver diseases results
from the defect of liver parenchyma and the decrease of glucose metabolism capacity. The
defect of glucose metabolism of patients with liver cirrhosis results also from receptor
hepatocytes defects. The defect of active parenchyma also compromises the metabolism of
hormones that increase blood glucose levels, those which are insulin antagonists such as
glucagon and growth hormone [17,26].

Based on long-term observations, it has been proved that the following risk factors
result in the development of diabetes in patients with HCV: old age, HCV genotype 3,
serious liver fibrosis or cirrhosis, positive diabetes family history, and kidney or liver
transplants [17,26,27].

In our study, no relevance was found between HCV genotype and the incidence of
diabetes in the study group of patients with chronic hepatitis C virus. This may result from
the low patient rate, patients with the HCV genotype of other than 1 taking part in the
study, and from the population genotype distribution occurring in Poland.

Low interest of patients with the HCV genotype 3 (7.5%) may contribute to it as
well, a genotype especially associated with the occurrence of metabolic disorders-insulin
resistance, diabetes, lipid disorders, arteriosclerosis, and hepatic steatosis.

The increase of the diabetes risk factor as far as hepatitis C virus is concerned seems
to be associated with insulin resistance and chronic inflammatory reaction resulting from
the increased synthesis of pro-inflammatory cytokines—mainly Tumour Necrosis Factor
(TNF) alfa and interleukin 6 (IL-6). The increase of insulin level results from insulin
resistance, insulin which is not effectively used by tissues, secondary hyperinsulinemia, and,
consequently, the increase of the serum glucose level and the development of carbohydrate
disorders. Insulin resistance also increases the lipolysis of fat tissue and the access of free
fatty acids, leading to live steatosis. The process of insulin resistance refers mainly to all
HCV genotypes, however, in the case of HCV genotype 3, it is expressed the most and
co-exists with a lower rate of HOMA index [17,26].

The development of insulin resistance is also associated with the direct virus influence
on the insulin signaling pathway. As far as HCV genotype 3 is concerned, the lipids of the
virus may directly affect intra-hepatic insulin signaling through the expression decrease of
a peroxisome proliferator-activated receptor (PPAR alfa). It controls the expression of genes
of mitochondrial palmitoyltransferase-1 carnitine (CPT-1), which reduces mitochondrial
beta-oxidation responsible for the catabolism of fatty acids and acetyl oxidase CoA (AOX).

One of insulin’s resistance mechanisms in patients with chronic liver diseases is
acquired resistance to growth hormone (GH), which results from the increase of pro-
inflammatory cytokines, mainly of TNF-alfa [28–31].

Acquired resistance to GH results, in consequence, in the decrease of insulin-like
growth factor level 1 (IGF-1) and GH compensatory growth, which secondarily increases
insulin resistance.

Insulin resistance through the increased flow of free fatty acids (FFA) to a liver, hyper-
triglyceridemia, and hyperinsulinemia contributes to severe hepatic steatosis and cirrhosis.
In recent studies, it has been proved that the reduction of insulin receptor substrate 1
(IRS-1) and Kinase B (PKB/Akt) plays a vital role regarding the origin pathomechanism of
insulin resistance in patients with HCV is concerned. Moreover, HCV affects the SOCS-3
suppressor of cytokines signaling proteins which are directly stimulated by HCV core
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proteins, and contribute to the degradation of IRS-1 and IRS-2 by the conduction inhibition
in the insulin signaling pathway [32].

Core proteins in HCV genotype 3 affect IRS-1 degradation through the decrease
of synthesis of peroxisome proliferator-activated receptor-gamma (PPAR gamma) and
the stimulation of the synthesis of SOCS-7 regulatory protein. Insulin resistance is also
associated with the increased level of pro-inflammatory cytokines—TNF alfa, IL-6. The
presence of insulin resistance in the metabolic liver steatosis is co-dependent on its increase
and does not prove to be a beneficial factor determining fibrosis progression [33–38].

The risk increase of diabetes development is also associated with the increased release
of a leptin, resistance, and decreased release of adiponectin by fat tissue [39–41].

Patients with HCV may also have obesity, metabolic syndrome, or NAFLD, which
contributes to insulin resistance and the development of diabetes. The mechanisms of
insulin resistance and diabetes are complex in patients with liver disease, but also depend
on their etiology. Complex mechanisms are found primarily in patients with NAFLD or
obesity, but NAFLD or obesity may overlap with HCV infection, and then we potentially
have several pathophysiological mechanisms of disorders in glucose metabolism-primary
metabolic and secondary “viral”. Diabetes mellitus type 2 or obesity also leads to the
development of fatty liver disease, steatohepatitis, or cirrhosis due to fatty liver disease in
HCV patients. Additionally, diabetes or obesity are factors leading to faster progression of
fibrosis [42].

The common mechanism of prediabetes and diabetes in patients with obesity, metabolic
syndrome, NAFLD, or HCV is insulin resistance. Insulin resistance in obesity, metabolic
syndrome, and NAFLD is closely associated with increased visceral adipose tissue mass.
This latter shares a directly proportional release of mediators from adipocytes-leptin and
resistin, which inhibit the sensitivity to insulin action. Insulin resistance determines an
accumulation of free fatty acids (FFAs) inside the liver, due to increased hepatic lipogenesis
and the missed suppression of lipolysis of the adipose tissue, and the accumulation of
intrahepatic fat. Determining, in turn, a modification of insulin signaling pathways, thus
worsening the systemic state of insulin resistance. Genetic and epigenetic factors, diet,
lifestyle, chronic inflammation, oxidative stress, and microbiota may also be involved in
the development of prediabetes, diabetes, and NAFLD [42].

Diabetes and obesity are also independent factors of HCC development, especially
in HCV patients. Obesity, NAFLD, diabetes mellitus type 2, or the metabolic syndrome
overlap on HCV infections also contribute to a faster fibrosis progression and may cause
a worse response to HCV treatment [42,43]. The liver biopsy is very important in the
differential diagnosis, especially for the determination of NASH and cirrhosis of the liver
due to metabolic steatosis-insulin resistance, type 2 diabetes, or metabolic syndrome in
differentiation with changes in the course of HCV [44].

The incidence of diabetes is also associated with a poor response to anti-virus treat-
ment. Whereas effective treatment results in the decrease of insulin resistance and de-
creased level of fasting blood glucose, which may suggest a direct influence of HCV on its
development [7,45–47]. Metabolic disorders in HCV patients, especially insulin resistance,
may cause a poorer response to DAA therapy due to the formation of RAS-Resistance
associate mutations [48].

Recent studies—2426 patients with HCV, 42% of whom had liver fibrosis stage F0-F2
and 58% of whom had liver fibrosis stage F3–F4—have shown that effective HCV treatment
with DAA was associated with significant reductions in HOMA-insulin resistance and
HOMA-β-cell function, an increase in HOMA-insulin sensitivity, and a reduction of the
prevalence of diabetes in this group of patients [9].

Effective treatment of HCV with DAA also reduces the incidence of cardiovascular
disease and events [49]. A study on 770 HCV-positive prediabetic patients showed that
treatment with DAA reduces the risk of cardiovascular events [50].

Chronic hepatitis C virus is still a serious problem for contemporary medicine. On
the one hand, detection comes too late due to the asymptomatic course of the disease. On
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the other hand, there is the risk of developing serious complications associated with the
progression of the infection. There are also some extrahepatic symptoms of HCV infection,
which contribute to, among others, metabolic disorders observed throughout the course of
the disease.

The development of liver steatosis, obesity, insulin resistance, and accompanying
diabetes, as well as lipid disorders, contribute to the progression of fibrosis, faster develop-
ment of liver cirrhosis, and hepatocellular carcinoma; as well as worsening the response to
anti-virus treatment, which constitutes some reinforcement and protection element of a
virus.

As far as chronic hepatitis C virus is concerned, one finds some characteristic elements
for a so-called metabolic syndrome, that is, a set of risk factors of cardiovascular diseases,
owing to the fact that HCV infection has been treated in the last years as a metabolic liver
disease which may also be a risk factor for arteriosclerosis and cardiovascular diseases;
coronary artery disease, a stroke, and peripheral vascular disease.

Presently, it is still being discussed whether HCV is a risk factor of diabetes, and
whether diabetes is a risk factor of extrahepatic manifestation of infection.

In the light of current research, it should be concluded that HCV infection is a risk
factor for developing insulin resistance and diabetes, regardless of the HCV genotype,
and that effective DAA treatment reduces their incidence. Therefore, screening for HCV
infection in diabetic patients is important, as well as active screening for HCV infections in
the general population for early detection and treatment, which may reduce the incidence
of diabetes.

6. Conclusions

1. Hepatitis C infection is a risk factor for insulin resistance and diabetes.
2. The age of the patient, male gender, and the progression of fibrosis are associated with

more frequent incidences of diabetes in patients suffering from HCV.
3. The HCV genotype does not affect the prevalence frequency of diabetes, and HCV

genotype 3 infection does not affect the risk increase of diabetes.
4. The elimination of HCV may contribute to reducing the incidence of diabetes, too.
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14. Zdrojewski, T.; Rutkowski, M.; Bandosz, P.; Gaciong, Z.; Jędrzejczyk, T.; Solnica, B.; Pencina, M.; Drygas, W.; Wojtyniak, B.;
Grodzicki, T.; et al. Prevalence and control of cardiovascular risk factors in Poland. Assump- tions and objectives of the NATPOL
2011 Survey. Kardiol. Pol. 2013, 71, 381–392. [CrossRef] [PubMed]

15. Diabetes Prevalence and Costs of the National Health Fund and Patients-A.D. 2017; Expert Opinion Prepared by the National
Institute of Public Health-PZH, the Committee for the Assessment of Diabetes Epidemiology in Poland and for the Assessment
of Diabetes Costs and their Determinants in Poland, the Committee of Public Health of the Polish Academy of Sciences and
PEX PharmaSequence. Available online: https://www.pzh.gov.pl/wpcontent/uploads/2020/01/Ekspertyza_cukrzyca_raport_
ko%C5%84cowy.pdf (accessed on 8 December 2021). (In Polish)

16. Stone, B.G.; Van Thiel, D.H. Diabetes mellitus and the liver. Semin. Liver Dis. 1985, 5, 8–28. [CrossRef]
17. Maeno, T.; Okumura, A.; Ishikawa, T.; Kato, K.; Sakakibara, F.; Sato, K.; Ayada, M.; Hotta, N.; Tagaya, T.; Fukuzawa, Y.; et al.

Mechanisms of increased insulin resistence in non-cirrhotic patients with chronic hepatitis C virus infection. J. Gastroenterol.
Hepatol. 2003, 18, 1358–1363. [CrossRef]

18. Noto, H.; Raskin, P. Hepatitis C infection and diabetes. J. Diabetes Its Complicat. 2006, 35, 279–283. [CrossRef] [PubMed]
19. Zein, N.N.; Abdulkarim, A.S.; Wiesner, R.H.; Egan, K.S.; Persing, D.H. Prevalence of diabetes mellitus in patients with end-stage

liver cirrhosis due to hepatitis C, alcohol, or cholestatic disease. J. Hepatol. 2000, 32, 209–217. [CrossRef]
20. Sene, D.; Limal, N.; Cacoub, P. Hepatitis C virus-associated extrahepatic manifestation: A review. Metab. Brain Dis. 2004, 19,

357–381. [CrossRef]
21. Sterling, T.K.; Barlow, S. Extrahepatic manifestations of hepatitis C virus. Curr. Gastroenterol. Rep. 2006, 8, 53–59. [CrossRef]
22. Zein, C.O.; Levy, C.; Basu, A.; Zein, N.N. Chronic hepatitis C and type II diabetes mellitus: A prospective cross-sectional study.

Am. J. Gastroenterol. 2005, 100, 48–55. [CrossRef]
23. Mehta, S.; Brancati, F.; Sulkowski, M.; Strathdee, S.; Szklo, M.; Thomas, D. Prevalence of type 2 diabetes mellitus among persons

with hepatitis C virus infection in the United States. An. Intern. Med. 2000, 133, 592–599. [CrossRef]
24. Mehta, S.H.; Brancati, F.L.; Strathdee, S.A.; Pankow, J.S.; Netski, D.; Coresh, J.; Szklo, M.; Thomas, D.L. Hepatatitis CX virus

infection and incydent type 2 diabetes. Hepatology 2003, 38, 50–56. [CrossRef] [PubMed]
25. Chen, L.K.; Chou, Y.C.; Tsai, S.T.; Hwang, S.J.; Lee, S.D. Hepatitis C virus infection- related type 1 diabetes mellitus. Diabet. Med.

2005, 22, 340–343. [CrossRef]
26. Petit, J.M.; Bour, J.B.; Galland-Jos, C.; Minello, A.; Verges, B.; Guiguet, M.; Brun, J.M.; Hillon, P. Risk factors for diabetes mellitus

and early insulin resistance in chronic hepatitis C. J. Hepatol. 2001, 35, 279–283. [CrossRef]

http://doi.org/10.1186/1471-2334-12-S2-S2
http://www.ncbi.nlm.nih.gov/pubmed/23173556
http://doi.org/10.1016/S1590-8658(07)80003-X
http://doi.org/10.1111/j.1478-3231.2011.02537.x
http://www.ncbi.nlm.nih.gov/pubmed/21651699
http://doi.org/10.1111/j.1469-0691.2010.03432.x
http://www.ncbi.nlm.nih.gov/pubmed/21091831
http://www.ncbi.nlm.nih.gov/pubmed/14578255
http://doi.org/10.1111/j.1478-3231.2009.01993.x
http://doi.org/10.1186/s12967-019-2033-x
http://doi.org/10.1111/dom.14168
http://doi.org/10.1111/j.1365-2893.2009.01224.x
http://www.ncbi.nlm.nih.gov/pubmed/20002564
http://doi.org/10.1111/dme.13949
http://www.ncbi.nlm.nih.gov/pubmed/30889281
http://doi.org/10.5603/DK.2017.0001
http://doi.org/10.5603/KP.2013.0066
http://www.ncbi.nlm.nih.gov/pubmed/23788344
https://www.pzh.gov.pl/wpcontent/uploads/2020/01/Ekspertyza_cukrzyca_raport_ko%C5%84cowy.pdf
https://www.pzh.gov.pl/wpcontent/uploads/2020/01/Ekspertyza_cukrzyca_raport_ko%C5%84cowy.pdf
http://doi.org/10.1055/s-2008-1041754
http://doi.org/10.1046/j.1440-1746.2003.03179.x
http://doi.org/10.1016/j.jdiacomp.2006.01.001
http://www.ncbi.nlm.nih.gov/pubmed/16504840
http://doi.org/10.1016/S0168-8278(00)80065-3
http://doi.org/10.1023/B:MEBR.0000043982.17294.9b
http://doi.org/10.1007/s11894-006-0064-y
http://doi.org/10.1111/j.1572-0241.2005.40429.x
http://doi.org/10.7326/0003-4819-133-8-200010170-00009
http://doi.org/10.1053/jhep.2003.50291
http://www.ncbi.nlm.nih.gov/pubmed/12829986
http://doi.org/10.1111/j.1464-5491.2005.01412.x
http://doi.org/10.1016/S0168-8278(01)00143-X


J. Clin. Med. 2022, 11, 379 10 of 10

27. Mason, A.L.; Lau, J.Y.; Hoang, N.; Qian, K.; Alexander, G.J.; Xu, L.; Guo, L.; Jacob, S.; Regenstein, F.G.; Zimmerman, R.; et al.
Association of diabetes mellitus and chronic hepatitis C virus infection. Hepatology 1999, 29, 329–333. [CrossRef]

28. Lecube, A.; Hernandez, C.; Genesca, J.; Simo, R. Proinflammatory cytokines, insulin resistence, and insulin secretion in chronic
hepatitis C patients: A case- control study. Diabetes Care 2006, 29, 1096–1101. [CrossRef]

29. Klover, P.J.; Zimmers, T.A.; Koniaris, L.G.; Mooney, R.A. Chronic exposure to interleukin-6 causes hepatic insulin resistance in
mice. Diabetes 2003, 52, 2784–2789. [CrossRef] [PubMed]

30. Knobler, H.; Zhornicky, T.; Sandler, A.; Haran, N.; Ashur, Y.; Schattner, A. Tumor necrosis factor alpha induced insulin resistance
may mediate the hepatitis C virus—Diabetes association. Am. J. Gastroenterol. 2003, 98, 2751–2756. [CrossRef]

31. Picardi, A.; Gentilucci, U.V.; Zardi, E.M.; Caccavo, D.; Petitti, T.; Manfrini, S.; Pozzilli, P.; Afeltra, A. TNF-alpha and growth
hormone resistance in patients with chronic liver disease. J. Interferon Cytokine Res. 2003, 23, 229–235. [CrossRef] [PubMed]

32. Aytug, S.; Reich, D.; Sapiro, L.E.; Bernstein, D.; Begum, N. Impaired IRS-1/P13-kinase signaling in patients with HCV: A
mechanism for increased prevalence of type 2 diabetes. Hepatology 2003, 38, 1384–1392. [CrossRef] [PubMed]

33. Bernsmeier, C.; Duong, F.H.; Christen, V.; Pugnale, P.; Negro, F.; Terracciano, L.; Heim, M.H. Virus induced overexprerssion of
protein phosphatase 2A inhibits insulin signalling in chronic hepatitis C. J. Hepatol. 2008, 49, 429–440. [CrossRef] [PubMed]

34. Duong, F.H.; Filipowicz, M.; Tripodi, M.; La Monica, N.; Heim, M.H. Hepatitis C virus inhibitsinterferon signaling through up
-regulation of protein phosphatase 2A. Gastroenterology 2004, 126, 263–277. [CrossRef]

35. Christen, V.; Treves, S.; Duong, F.H.; Heim, M.H. Activation of endoplasmic reticulum stress response by hepatitis viruses
up-regulates protein phosphatase 2A. Hepatology 2007, 46, 558–565. [CrossRef]

36. Persico, M.; Capasso, M.; Persico, E.; Svelto, M.; Russo, R.; Spano, D.; Croce, L.; La Mura, V.; Moschella, F.; Masutti, F.; et al.
Supressor of cytokine signaling 3 (SOCS3) expression and hepatitis C virus—Related chronic hepatitis: Insulin resistance and
response to antiviral theraphy. Hepatology 2007, 55, 529–535.

37. Ueki, K.; Kondo, T.; Kahn, C.R. Suppressor of cytokine signaling 1(SOCS-1_ and SOCS-3 cause insulin resistance through
inhibition of tyrosine phospholyration of insulin receptor substrate proteins by discrete mechanisms. Moll. Cell. Biol. 2004, 24,
5434–5446. [CrossRef]

38. Jiang, L.L.; Li, L.; Hong, X.F.; Li, Y.M.; Zhang, B.L. Patients with nonalcoholic fatty liver disease display increased serum resistin
levels and decreased adiponectin levels. Eur. J. Gastroenterol. Hepatol. 2009, 21, 662–666. [CrossRef] [PubMed]

39. Bertolani, C.; Sancho-Bru, P.; Failli, P.; Bataller, R.; Aleffi, S.; DeFranco, R.; Mazzinghi, B.; Romagnani, P.; Milani, S.; Gines, P.; et al.
Resistin as an intrahepatic cytokine:overexpression during chronic injury and induction of proinflamatory actions in hepatic
stellate cells. Am. J. Pathol. 2006, 169, 2042–2053. [CrossRef]

40. Cua, I.H.Y.; Hui, J.M.; Bandara, P.; Kench, J.G.; Farrell, G.C.; McCaughan, G.W.; George, J. Insulin resistance and liver injury in
hepatitis C is not associated with virus-specyfic changes in adipocytokines. Hepatology 2007, 46, 66–73. [CrossRef]

41. Romero-Gómez, M.; Fernández-Rodríguez, C.M.; Andrade, R.J.; Diago, M.; Alonso, S.; Planas, R.; Solá, R.; Pons, J.A.; Salmerón, J.;
Barcena, R.; et al. Effect of sustained virological response to treatment on the incidence of abnormal glucose values in chronic
hepatitis C. J. Hepatol. 2008, 48, 721–727. [CrossRef]

42. Rinaldi, L.; Pafundi, P.C.; Galiero, R.; Caturano, A.; Morone, M.V.; Silvestri, C.; Giordano, M.; Salvatore, T.; Sasso, F.C. Mechanisms
of non-alcoholic fatty liver disease in the metabolic syndrome. A narrative review. Antioxidants 2021, 10, 270. [CrossRef]

43. Dewidar, B.; Kahl, S.; Pafili, K.; Roden, M. Metabolic Liver disease in diabetes—From mechanisms to clinical trials. Metabolism
2020, 111S, 154299. [CrossRef]

44. Masarone, M.; Rosato, V.; Aglitti, A.; Bucci, T.; Caruso, R.; Salvatore, T.; Sasso, F.C.; Tripodi, M.F.; Persico, M. Liver biopsy in type
2 diabetes mellitus: Steatohetatitis represents the sole feature of liver damage. PLoS ONE 2017, 12, e0178473. [CrossRef]

45. Poustchi, H.; Negro, F.; Hui, J.; Cua, I.H.Y.; Brandt, L.R.; Kench, J.G.; George, J. Insulin resistance and response theraphy in
patients infected with chronic hepatitis C virus genotypes 2 and 3. J. Hepatol. 2008, 48, 28–34. [CrossRef]

46. Steinmuller, T.H.; Stockmann, M.; Bechstein, W.O.; Settmacher, U.; Jonas, S.; Neuhaus, P. Liver transplantation and diabetes
mellitus. Exp. Clin. Endocrinol. Diabetes 2000, 108, 401–405. [CrossRef]

47. D’Souza, R.; Sabin, C.A.; Foster, G.R. Insulin resistance plays a significant role in liver fibrosis in chronic hepatitis C and in the
response to antiviral theraphy. Am. J. Gastroenterol. 2005, 100, 1509–1515. [CrossRef]

48. Di Stefano, M.; Faleo, G.; Mohamed, A.M.F.; Morella, S.; Bruno, S.R.; Tundo, P.; Fiore, J.R.; Santantonio, T.A. Resistance associated
mutations in HCV patients failing DAA Treatment. New Microbiol. 2021, 44, 12–18. [PubMed]

49. Adinolfi, L.E.; Petta, S.; Fracanzani, A.L.; Copolla, C.; Narciso, V.; Nevola, R.; Rinaldi, L.; Calvaruso, V.; Staiano, L.; Di Marco, V.;
et al. Impact of hepatitis C virus clearance by direct -acting antivirial treatment on the incidence of major cardiovascular events:
A prospective multicenter study. Atherosclerosis 2020, 296, 40–47. [CrossRef] [PubMed]

50. Sasso, F.C.; Pafundi, P.C.; Caturano, A.; Galiero, R.; Vetrano, E.; Nevola, R.; Petta, S.; Fracanzani, A.L.; Coppola, C.; Di Marco, V.;
et al. Impact of direct acting antivirals (DAAs) on cardiovascular events in HCV cohort with pre-diabetes. Nutr. Metab. Cardiovasc.
Dis. 2021, 31, 2345–2353. [CrossRef] [PubMed]

http://doi.org/10.1002/hep.510290235
http://doi.org/10.2337/dc05-2509
http://doi.org/10.2337/diabetes.52.11.2784
http://www.ncbi.nlm.nih.gov/pubmed/14578297
http://doi.org/10.1016/j.amjgastroenterol.2003.06.002
http://doi.org/10.1089/107999003321829944
http://www.ncbi.nlm.nih.gov/pubmed/12804065
http://doi.org/10.1016/j.hep.2003.09.012
http://www.ncbi.nlm.nih.gov/pubmed/14647049
http://doi.org/10.1016/j.jhep.2008.04.007
http://www.ncbi.nlm.nih.gov/pubmed/18486982
http://doi.org/10.1053/j.gastro.2003.10.076
http://doi.org/10.1002/hep.21611
http://doi.org/10.1128/MCB.24.12.5434-5446.2004
http://doi.org/10.1097/MEG.0b013e328317f4b5
http://www.ncbi.nlm.nih.gov/pubmed/19282764
http://doi.org/10.2353/ajpath.2006.060081
http://doi.org/10.1002/hep.21703
http://doi.org/10.1016/j.jhep.2007.11.022
http://doi.org/10.3390/antiox10020270
http://doi.org/10.1016/j.metabol.2020.154299
http://doi.org/10.1371/journal.pone.0178473
http://doi.org/10.1016/j.jhep.2007.07.026
http://doi.org/10.1055/s-2000-8136
http://doi.org/10.1111/j.1572-0241.2005.41403.x
http://www.ncbi.nlm.nih.gov/pubmed/33453702
http://doi.org/10.1016/j.atherosclerosis.2020.01.010
http://www.ncbi.nlm.nih.gov/pubmed/32005004
http://doi.org/10.1016/j.numecd.2021.04.016
http://www.ncbi.nlm.nih.gov/pubmed/34053830

	Introduction 
	The Aim of the Work 
	Material and Method 
	Results 
	Discussion 
	Conclusions 
	References

