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Abstract

Chronic hepatitis C virus (HCV) and diabetes mellitus (DM) are two public health problems that impact health
care systems with overall high costs. HCV infections cause liver manifestations such as hepatitis, cirrhosis
and hepatocellular carcinoma. They have also been involved in the pathogenesis of extrahepatic manifes-
tations among which are metabolic disorders such as DM. Longitudinal and cross-sectional studies have
reported a higher incidence and prevalence of DM in patients with chronic HCV infections. DM accelerates
histological and clinical progression of chronic HCV infections and leads to cardiovascular complications.
Recently, progress has been made in treatment with the introduction of new medications such as direct-acting

antiviral drugs that improve glycemic control in these patients.
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INTRODUCTION

Worldwide, hepatitis C virus (HCV) infections and diabe-
tes mellitus (DM) are two of the main public health pro-
blems facing health care systems. They place a heavy overall
burden on health care finance, especially in developing
countries. (1,2)

Currently, DM is defined as a group of metabolic disea-
ses whose common characteristic is hyperglycemia caused
by a deficit in the secretion and/or action of insulin. (3)
Chronic hyperglycemia in DM has been associated with
long term damage to, and dysfunction and failure of eyes,
kidneys, nerves, heart and blood vessels. This affects the
quality of life and increases mortality rates. (3, 4)

DM is classified as either type 1 or type 2 (TYPE 2).
Type 1 accounts for 5% to 10% of DM cases and is cha-
racterized by the destruction B cells in the pancreas due to
an autoimmune mechanism associated with the HLA-DR/

Hepatitis C, chronic hepatitis C, diabetes mellitus.

DQ haplotype. It leads to absolute insulin deficits. Islet
cell cytoplasmic autoantibodies (ICA) are predictive and
diagnostic markers for T1D. Other autoantibodies found
include anti-glutamic acid decarboxylase (anti-GAD),
anti-insulin antibodies (anti-IA) and anti-protein tyrosine
phosphatase (PTP) antibodies (IA-2, IA-2 beta). (S, 6)
Type 2 diabetes accounts for 90% to 95% of the patients
with DM. It is characterized by insulin resistance and
varying degrees of insulin deficit. It can also lead to increa-
sed glucose production in the liver. There are probably
several causes of this type of DM, but its specific etiology is
not known exactly. (7)

The prevalence of chronic HCV infections ranges bet-
ween 1.2% and 3.8% depending on geographic region. (8)
Approximately 130 to 175 million people are currently
infected: 3 to 4 million more are infected each year, and
350,000 people die from the disease every year. (9) Itis the
main cause of liver transplantation in developed countries
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and is the main cause of morbidity and mortality related to
the liver. (10, 11)

HCV is a common cause of chronic liver diseases including
hepatitis, cirrhosis and hepatocellular carcinoma. It also invol-
ved in the pathogenesis of several autoimmune and rheuma-
tologic diseases including arthritis, vasculitis, sicca syndrome,
late cutaneous porphyria, lichen planus, kidney disease,
thyroid diseases and pulmonary fibrosis. It is also involved in
the development of lymphoproliferative disorders of  cells
and has been associated with extrahepatic manifestations
including metabolic alterations including DM. (14)

The objective of this work is to review the evidence of
association of chronic HCV infections and DM related to
epidemiology, pathogenesis, clinical symptoms, treatment
and prevention.

METHODOLOGY

We conducted a search of the web using the following
MeSH terms and keywords: hepatitis C, chronic hepatitis
C, diabetes mellitus, epidemiology, physiopathology, diag-
nosis, therapeutics, and antiviral agents.

The search was limited to studies conducted in humans
that were published in English or Spanish from the initial
description of the association in 1994 to November 2018.
The Cochrane, Central Controlled Trials, Medline, Embase
and Science Citation Index electronic databases were used
and then supplemented with manual searches. Publications
considered to be most relevant by the authors were chosen.

OVERVIEW

The liver plays an important role in carbohydrate metabo-
lism. Chronic liver diseases frequently involve alterations in
glucose homeostasis, carbohydrate intolerance and insulin
resistance which may eventually lead to DM (Figure 1).
(15-17) Moderate asymptomatic elevation of aminotrans-
ferases is also common in DM patients, especially those
with TYPE 2, and has been associated with fat infiltration
of the liver. (18)

Progression of liver fibrosis is responsible for the develop-
ment of insulin resistance and type 2 diabetes, but DM can
occur in early stages of liver disease. (19, 20) Initially, long-
term hepatocyte damage was considered to be a cause of
alterations in glucose homeostasis, but various studies have
shown that patients with other chronic liver diseases such as
hepatitis B virus (HBV) infections have lower prevalences of
DM than do patients with chronic hepatitis C. (21-24)

The prevalence of HCV antibodies in the population with
type 2 diabetes varies between 1.78% and 12.1%. (25, 26)
Cross-sectional studies with a control groups of non-dia-
betic individuals have established that patients with type 2
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Figure 1. Relationship between HCV and metabolic abnormalities.

diabetes have a higher prevalence of HCV antibodies than
does the general population. (27-30) In contrast, the pre-
valence of HCV antibodies in patients with type 1 diabetes
does not exceed the prevalence in the general population.
(31) The NHANES III study found that people over 40
years of age with HCV infections have three times the pro-
bability of having type 2 as do those who are not infected.
Non association with TYPE 1 was detected. (32) Another
large community-based study has established that people
between 39 and 49 years of age who have type 2 are very
likely to test positive for the HCV antibody. (33)

Evaluations of patients with HCV and cirrhosis show that
the prevalence of type 2 varies from 19.6% to 50%, a higher
range than that reported for patients with chronic hepa-
titis. (34) A prospective study that compared S0 patients
with cirrhosis due to HCV and S0 patients with cirrhosis
without HCV found a higher prevalence of DM and hig-
her baseline blood insulin levels in patients with HCV. It
would appear that the presence of advanced liver disease is
a strong diabetogenic factor, like HCV itself. (34).

The clinical consequence of the high prevalence of HCV
infections in type 2 patients is that mild elevations of serum
aminotransferases should not automatically be attributed to
nonalcoholic fatty liver disease, and tests for HCV should be
mandatory for diabetic patients with altered liver profiles. (35)

There is insufficient information about the duration of
HCV in patients with DM to allow evaluation of their tem-
poral relationship. One study has reported that all patients
with HCV and type 2 had histories of blood transfusions
10 to 20 years prior to the onset of DM. (31) Another
study found that type 2 was diagnosed 18 years after HCV
infections. (36) A study of the temporal sequence in dia-
betic HCV positive patients found that HCV diagnoses
preceded those of DM in 73% of cases. (37)
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There are risk factors for HCV before the onset of DM in
52% of people who have both HCV and type 2, while none
had risk factors for HCV after the onset of DM. (15) The
absence of any epidemiological factor for HCV infections
among diabetic patients and the evidence suggesting that
the infection precedes DM supports the idea that the virus
can cause or predispose HCV patients to develop DM.
Nevertheless, definitive conclusions should be made on
the basis of prospective studies. Age, obesity, family his-
tories of DM, African-American origins, and coinfections
of HCV and human immunodeficiency virus (HIV) are all
risk factors associated with the development of DM. (38,
39) In contrast, the hypothesis that some specific HCV
genotype predisposes those infected to the development
of DM, or somehow protects the development of DM,
remains controversial. (40)

Post-transplant diabetes mellitus (PTDM) is a medical
condition that can arise following kidney and liver trans-
plantation. Its incidence has increased in recent decades.
(41) Independent risk factors for PTDM include adminis-
tration of immunosuppressive agents to prevent and treat
rejection, donor origin, and factors related to the recipient.
(42) Chronic HCV infection is one current indication for
orthotopic liver transplantation. The prevalence of PTDM
in liver transplant recipients infected with HCV is between
40% and 64% which is significantly higher than the preva-
lence reported in patients transplanted for other causes of
liver failure. In addition, it has been established that HCV
is an independent risk factor for development of PTDM.
(42) The incidence of HCV can reach 50% in patients
with end-stage renal disease and has been identified as an
independent risk factor for development of PTDM after
kidney transplantation. (43) All these data reinforce the
hypothesis that HCV is more likely to be a cause than a
consequence of DM. In addition, the relationship between
HCV and DM can contribute substantially to the harmful
effects of the virus on patient and graft survival after liver or
kidney transplantation. (43)

The link between HCV infections and DM has been
explored both by assessing the prevalence DM and by stu-
dying impaired fasting glucose (IFG). A cohort of patients
with chronic HCV hepatitis was observed to have almost
three times more glucose abnormalities than did HCV
negative patients including those with other liver diseases
(32% versus 12%). Among the patients with HCV infec-
tions, a higher prevalence of DM and IFG was found (17%
versus 7%, and 15% versus 5%, respectively). No differen-
ces were observed in cirrhotic patients with or without
HCV infections. These findings suggest that the genuine
connection between HCV infections and DM begins in the
early stages of liver disease. (40)
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The high prevalence of impaired glucose metabolism
found in patients with HCV infections suggests that they
should be considered a high-risk group who should be
screened for DM and IFG. Lecube et al. performed oral
glucose tolerance tests (OGTI') on S0 patients with chro-
nic hepatitis C and 50 HCV negative patients in whom DM
had not been diagnosed. Both groups were matched by age,
body mass indexes (BMI) and sex. OGTT diagnosed new
cases of DM in 18% of the HCV patients and diagnosed
new cases of IFG in 30 % of these patients while only 4%
and 18% of the HCV negative patients were found to have
DM and IFG, respectively. (44)

Table 1 defines criteria for diagnosis of DM according to
the American Diabetes Association (ADA). (45)

Table 1. Criteria for diagnosis of DM

Criteria Quantity
Random blood glucose* =200 mg/dL
Fasting blood glucose* =126 mg/dL
OGTT* =200 mg/dL
HBA =6.5%

1C

* Diagnosis requires two abnormal results from the same sample or from
two separate samples. HBA : glycosylated hemoglobin; OGTT: oral
glucose tolerance test.

PATHOGENIC MECHANISMS INVOLVED IN HCV
DIABETOGENIC ACTION

HCV Effects and Insulin Resistance

Hepatitis C is hepatotropic non-cytopathic virus whose
genome has been identified in tissues beyond the liver
including pancreatic acinar cells and epithelial cells of the
pancreatic duct. (46) Post-mortem studies reveal that HCV
replicates in the pancreas, and animal models suggest a direct
effect of infection on insulin resistance in the liver. (47)

The virus has a 9.6 Kb ribonucleic acid (RNA) genome
which encodes approximately 3,010 amino acids and
is transported in structural proteins (core, E1, E2) and
non-structural proteins (NS3-NSSB). These proteins play
important roles in the development of insulin resistance
and oxidative stress at the cellular level through reactive
oxygen species. (48) The core protein, alone or in combi-
nation with other viral proteins, increases phosphorylation
of the insulin receptor substrate-1 (IRS1) which is the basis
of insulin resistance. (49) Phosphorylated IRSI activates
phosphatidylinositol 3 kinase (PI3K). Activation of PI3K
and Akt is essential for many of the metabolic effects of
insulin (Figure 2). (50) Therefore, defective association of
PI3K with IRS1 and loss of activation of PI3K may contri-
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bute to insulin resistance and increased prevalence of DM
in subjects infected with HCV. Finally, this mechanism
promotes translocation of glucose transporter 4 (GLUT4)
to the plasma membrane to improve glucose uptake. (51)
In addition, the core protein can directly activate insulin
signaling inhibitors such as the mammalian target of rapa-
mycin (mTOR), the suppressor of cytokine signaling 3
(SOCS3), and c-Jun N-terminal kinases (JNKs). (52) In
addition, HCV increases stress on the endoplasmic reticu-
lum which activates protein phosphatase 2 (PP2) which
inhibits two adenosine monophosphate activated protein
kinase (AMPK) and Akt which are key gluconeogenesis
regulators. (52)

Insulin receptor

IRS1 |

PI3K Active TNF-q < HCV core proteins gnd
nonstructural proteins

Akt |

Figure 2. Mechanism by which HCV interferes with insulin signaling.
TNE-a: tumor necrosis factor alpha.

Recent evidence supports the existence of a virus indu-
ced extrahepatic component of insulin resistance, an indi-
cation that the molecular pathogenesis of glucose metabo-
lism abnormalities observed in HCV infections is much
more complex than previously thought. (51)

Inflammatory Cytokines

Innate viral evasion strategies and human genetic determi-
nants are the basis of the transition from acute infections to
viral persistence and chronic infection. Host genetic factors
can influence infection outcomes and responses to antiviral
therapy. Recent studies reveal a complex interaction bet-
ween each patient’s genetic context, viral factors, and host
factors related to the innate immune trigger which dictates
control of HCV infections and immunity. (53)

Beyond the direct effects of HCV on IRSI and PI3K,
the core protein can induce insulin resistance indirectly
through stimulating secretion of inflammatory cytokines.

In patients with chronic HCV, inflammation induced by
the virus causes hypersecretion of insulin-resistant inflam-
matory cytokines such as interleukin 6 (IL-6) and TNF-a.
(52, 54, 5S) Inflammatory cytokines also regulate protein
suppressors of the cytokine signal as part of a negative
feedback circuit by attenuating their signal. (56) This phe-
nomenon may contribute to increases in gluconeogenesis
due to the loss of Akt-mediated inhibition of the expres-
sion of the phosphoenolpyruvate carboxykinase (PEPCK)
gene. In this context, it is interesting to note that leptin can
modulate the action of insulin in liver cells by antagonizing
phosphorylation of insulin-stimulated IRS1. This increases
expression of the FEPCK gene and decreases expression of
glucokinase resulting in increased gluconeogenesis. (57)
Increased gluconeogenesis after HCV infection results in
increased production and accumulation of lipids media-
ted by inhibition of AMPK. (58) The lipolysis stimulating
effect of TNF-a leads to elevated serum levels of free fatty
acids which reduce insulin sensitivity. (59, 60)

Cytokines are intercellular mediators involved in viral
control and HCV-induced liver damage. The complex
cytokine network that operates during an initial infection
allows coordinated and effective development of innate
and adaptive immune responses, but the virus interferes
with cytokines at various levels and escapes the immune
response by inducing a T,2 profile. Inability to control
infection leads to recruitment of inflammatory infiltrates
in the hepatic parenchyma by interferon gamma (IFN-y)
and induces chemokines CXCL9, CXCL10 and CXCL11
which results in sustained liver damage and eventually cirr-
hosis. (61, 62) Eslam et al. have found polymorphisms in
the IFNL3 region (IL-28B) that are associated with spon-
taneous recovery and which were induced by treatment of
infection. (63)

The most important extrahepatic systemic diseases rela-
ted to HCV (mixed cryoglobulinemia, lymphoproliferative
disorders, autoimmune thyroid diseases, and Type 2 DM)
are associated with alterations in the complex regulation of
the cytokine/chemokine network involving inflammatory
chemokines and the T, 1 response. (61, 62)

HCV and Type 1 DM

Various mechanisms have been postulated. Although HCV
can infect extrahepatic tissues, its participation in the onset
of type 1 DM has not yet been clarified. (64) Aside from
direct mechanisms which have not been demonstrated,
HCV infection initiates or accelerates an immune reaction
against f cells. HCV p cell infection can regulate the expres-
sion and secretion of the CXCL10 gene and recruitment of
Thl lymphocytes which secrete IFN-y and TNF-a. They
induce secretion of CXCL10 by P cells and thus perpe-
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tuate the immune cascade. This cascade can lead to {3 cell
dysfunction in genetically predisposed subjects (Figure 3).
(65) In addition, molecular mimicry with an HCV-related
autoimmune trigger involving glutamic acid decarboxylase
(GAD), which shares a similar 65 amino acid sequence with
antigenic regions of the virus polyprotein, has been sugges-
ted. (66) Another possibility is induction of antibodies that
react against GAD and the development of DM mediated by
interleukin 18 (IL-18) and other inflammatory cytokines.
(67) IL-18 plays a pathogenic role in type 1 DM because it
is involved in acceleration of the development of manifest
disease. It can induce T, 1 and/or T,2 responses depending
on the surrounding cytokines. In addition, it plays a patho-
genic role in various diseases including acute liver failure.
(67, 68) Other inflammatory cytokines such as TNF-a and
IL-1B, which are elevated in patients with acute hepatitis,
can also induce autoimmune diabetes. (69)
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Figure 3. Potential regulation of endocrine manifestations of HCV in
pancreatic islet B cells
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Iron Overload

High concentrations of ferritin are associated with insulin
resistance and with increased risk of type 2 DM in healthy
people, and increased ferritin levels have been reported in
HCV patients. (70) Ferritin is an acute phase reactant that
may be altered by inflammatory processes, and evidence
suggests that there is a low degree of inflammation in type
2 DM. Patients with HCV infections without DM do not
have high levels of ferritin, so it has been suggested that
DM, and not the HCV infection, is a risk factor for high
iron concentrations. However, more prospective studies
are needed to evaluate this relationship. (70) In addition,
hepatic iron deposits can cause insulin resistance by inter-
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fering with the ability of insulin to suppress hepatic glucose
production. (70)

Hepatic Steatosis

Hepatic steatosis occurs more commonly in HCV patients
than in HBV patients: it occurs in more than 50% of chronic
HCV patients. (71) Mild steatosis is associated with ele-
vated BMI and visceral obesity while moderate to severe
steatosis is directly caused by the virus. (52) Genotypic dif-
ferences related to progression of liver disorders have also
been described. Steatosis in HCV genotype 4 infection is
an expression of metabolic syndrome caused by activa-
tion of inflammatory mechanisms as well as obesity and
insulin resistance. The degree of steatosis in this genotype
is independent of viral load and antiviral therapy does not
improve it. (72) Genotype 3a is mainly related to severe
steatosis. (52)

Hepatic steatosis may contribute to DM associated with
HCV due to damage of the ability of insulin to decrease
gluconeogenesis and promote liver fibrosis. (71)

DM in HCV Infected Patients Treated with Interferon
Alfa (IFN-a)

Some studies have shown a high prevalence of pancreatic
autoimmune markers in patients with HCV during or after
IFN-a therapy which is probably due to the immunostimu-
latory effects of these cytokines. (73) IFN-a has antiviral,
antiproliferative and immunomodulatory activity. In pre-
disposed individuals, it can induce a diabetogenic process.
For this reason, islet cell and anti-GAD autoantibodies
should be investigated before and during treatment to iden-
tify individuals who are at high risk of developing type 1
DM. (73) Some patients may develop de novo pancreatic
autoimmunity and be at risk of developing DM. Patients
who are initially positive for organ specific autoantibodies,
especially specific pancreas and thyroid autoantibodies,
and those who undergo seroconversion, are at high risk of
developing clinical autoimmune disease after treatment.
(74) IFN-a increases the expression of HLA class I anti-
gens, activates natural killer cells and T lymphocytes and
can be an important cofactor in the development of a T, 1
immune reactions. (75) Timely suspension of therapy is
rarely accompanied by clinical regression of DM. (74)

Cancer in HCV and DM infection
The main characteristic of diabetic patients is insulin resis-

tance which is crucial for progression of fibrosis and which
negatively impacts responses to antiviral treatment in sub-
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jects with chronic HCV. (76) Reduced insulin sensitivity is
the basis of compensatory hyperinsulinemia and elevated
levels of insulin-like growth factor type 1 (IGF-1) which
stimulates cell proliferation and inhibits apoptosis. This
phenomenon has strong mitogenic effects on a wide variety
of cancer cell lines. (77) At the same time, insulin activates
the IGF-1 receptor which promotes growth and modulates
cell cycle progression. Excess insulin can indirectly lead to
the development of cancer by increasing the amount and
bioavailability of circulating IGF-1. Obesity and physical
inactivity also cause hyperinsulinemia and therefore are
also associated with accelerated cancer progression. (78)

Chronic HCV is a progressive form of liver disease that
leads to cirrhosis and HCC. (13) Patients with diabetes
and HCV infections have higher risks of HCC than do non-
diabetic individuals, so DM seems to have a selective impact
on the development of HCC. (79) Patients with type 2 DM
who achieve good glycemic control by reaching HbA1_levels
of less than 7% can reduce the risk of HCC. (80)

TREATMENT AND PREVENTION

Clinical studies of HCV patients have reported improve-
ment in glycemic control and insulin resistance with direct-
acting antiviral agents (DAA) in patients who have DM as
well as in those who do not. (81-83) Diabetic patients who
receive DAA should be strictly monitored so that diabetes
medications, mainly insulin and sulfonylureas, can be redu-
ced to avoid hypoglycemia. (84)

The advent of HCV therapies has helped uslearn that the
first interferon-based treatments acted as facilitators in the
development of DM. (85) However, oral antiviral therapies
have been accompanied by decreasing incidence of DM.
A study of 5,127 patients treated for HCV found an inci-
dence of 6.2% among those who achieved sustained viro-
logical response in contrast to 21.7 % of the patients who
had therapeutic failure after 3.7 years of follow-up (adjus-
ted hazard ratio: 0.79; 95% CI: 0.65-0.96). (86) Li et al.
followed 1,395 HCV patients who also had type 2 DM who
maintained sustained virological responses for an average
period of 2.7 years. They found significant less complica-
tions such as acute coronary syndrome (Hazard ratio: 0.36;
p <0.001), terminal chronic kidney disease (Hazard ratio:
0.46; p <0.001), cerebrovascular events (sub-hazard ratio:
0.34; p <0.001), and retinopathy (sub-hazard ratio: 0.24; p
<0.001), when than in untreated patients. (87)

Other variables such as HbA _that are related to DM have
also been identified. Recent studies have shown that HbA
decreased more in patients who achieved sustained virological
response (0.6% to 0.98%) than in those for whom treatment
failed. (88, 89) These endocrine benefits provide additional
justification for considering antiviral treatment for all patients

with HCV and DM. (89) In addition, the treatment of HCV
in patients with DM could decrease the prevalence of compli-
cations including chronic nephrology. (90)

Various factors including viral genotype, host genetic fac-
tors and comorbidities can alter this response. (91) Some
research has reported that obesity and hypercholesterole-
mia may interfere with the sustained viral response sugges-
ting additional therapeutic options for HCV. These include
dietary changes, antidiabetic medications and statins
although it is not yet clear if biguanides such as metformin
are the best oral diabetes treatments while statins have not
been able to inhibit HCV replication in vivo even though
they can in vitro. (92, 93, 94)

The potential relationship between HCV infections and
the development of DM increases the need to implement
prevention measures. These should be directed to lifestyle
changes that can reduce the risk of developing DM and
HCYV infections, and should include regular screening for
DM in patients with HCV infections plus analysis of other
risk factors such as obesity, dyslipidemia and alcohol con-
sumption that can accelerate the progression of both. (95)

Additional studies are necessary to improve prevention
policies and promote adequate and cost-effective programs
for monitoring and treating diabetic patients with chronic
HCV. Multifactorial treatment should be implemented to
cure two diseases: DM and chronic HCV.

CONCLUSIONS

HCV and DM infection are two disorders which have
large high impacts on health and health care throughout
the world. The high prevalence of type 2 DM in HCV
patients with chronic hepatitis correlates with the increa-
sing amount of evidence that this infection is a risk factor
for developing DM and other alterations in carbohydrate
metabolism. The specific mechanisms through which HCV
is associated with DM appear to involve direct viral effects,
insulin resistance, inflammatory cytokines, chemokines,
cytokine signaling suppressors and other immune media-
ted mechanisms. These mechanisms are initiated in the
early stages of liver disease.

Age, obesity, family histories of DM, African-American
origins and HCV-HIV coinfections are risk factors associa-
ted with the development of DM among people infected
with HCV. Studies should be carried out to evaluate alte-
rations in the carbohydrate metabolism of these patients.
Data regarding associations of chronic HCV and type 1
DM are scarce, but it has been reported that IFN-a the-
rapy can stimulate pancreatic autoimmunity and, in certain
cases, lead to development of type 1 DM. Diabetic patients
with chronic HCV have greater risks of developing cirrho-
sis and HCC than do non-diabetic patients with chronic
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HCV. DAA treatment improves glycemic control and insu-
lin resistance. Additional studies are needed to improve
prevention policies and promote adequate and cost-effec-
tive programs for diagnosis, treatment and monitoring of
diabetic patients with chronic HCV.
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