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ABSTRACT

Background: Hepatitis C virus (HCV) infection is considered to increase the possibility of incidental type 2
diabetes mellitus (Type 2 DM) in prone subjects, independent to the stage of liver disease. The approaches
through which HCV infection initiates T2DM include direct effects of HCV, insulin resistance,
proinflammatory cytokines and other immune-mediated mechanisms.

Obijectives: Assessing the outcome of direct acting antiviral drugs for therapy of chronic HCV infection on
insulin resistance and blood sugar control in type 2 diabetes mellitus.

Patients and Methods: This study was carried out on 270 type 2 DM patients with genotype 4 chronic HCV.
240 patients were exposed to direct acting antiviral agents (DAAS) in the form of sofosbuvir plus daclatasvir
with or without ribavirin for 12 weeks, while the residual 30 patients did not give DAAs and used as a
control group. Patients who attained the sustained virologic response (SVR) 12 weeks after DAAs (226
patients, 94.2%) were categorized into three groups based on the end-point of blood sugar control, i.e. the
achieved blood sugar control group with chronic hepatitis (group A) which composed of 83 patients
(36.7%), the achieved blood sugar control group with liver cirrhosis child A (group B) which comprised 76
patients (33.6%), and the non-achieved blood sugar control group with liver cirrhosis child B (group C)
which included 67 patients (29.6 %).

Results: In group A, 30 patients (36.1%), and group B, 25 patients (32.1%) required to decrease the dose of
antidiabetic therapy. There were no statistically significant variations between our groups as regard to age,
sex, and body mass index (BMI). Patients in group C (Liver cirrhosis Child-Pugh classification B with non-
achieved blood sugar control) have positive family history of type 2 DM and prolonged duration of DM if
compared to group A, and group B.

Conclusion: In type 2 diabetic patients with chronic HCV, the usage of direct acting antiviral agents led to a
substantial improvement in blood sugar control and should be closely observed for antidiabetic dosage
reduction to halt hypoglycemic events. Eradication of HCV ameliorates insulin resistance as demonstrated by
a reduction of plasma insulin, HbAlc, and HOMA-IR. Achievement of diabetic control in HCV patients
treated with direct acting antiviral agents was of great value, especially in patients with mild liver disease
(Child-Pugh class A), short duration of diabetes, and negative family history of T2DM, but was not
correlated to body mass index, age, and sex.
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INTRODUCTION

Chronic hepatitis C virus (HCV)
infects about 170 million subjects over the
world and is a principal cause of chronic
liver disease, including liver cirrhosis and
hepatocellular carcinoma (Bose and Ray,
2014). Egypt account for the most
frequent region contracting HCV infection
all over the worldwide (15%), and
genotype 4 (90%) is the most predominant
one (Amer et al., 2015). The therapy for
hepatitis C virus (HCV) has prominently
modified since the recent evolution of
direct-acting antiviral agents (DAAS).
DAAs have improved the sustained
virologic response (SVR) rate to over 90%
with minimal adverse events and shorter
duration of therapy. The short period of
treatment enables for an obvious
comparability of the biological changes in
the body pre and post eradication of HCV
(Bachofner et al., 2017).

HCV infection is almost associated
with metabolic alterations, including
insulin  resistance, impaired fasting
glucose, hepatic steatosis, and lipid
metabolic abnormalities (Kaddai and
Negro, 2011 and Hashim et al., 2017). It
is wide acceptable that HCV infection is
linked to multiple metabolic abnormalities
including hypolipidemia, hepatic steatosis
and metabolic syndrome (Kawaguchi et
al., 2011, Huang et al., 2013 and Chang,
2016). Various studies have also
established an increase in the widespread
prevalence of blood glucose abnormalities
in HCV patients as compared to controls
(Dai et al., 2015, and Pandya et al.,
2017). So, the virus has been concerned
with the development of insulin resistance
(IR) by modification of cellular gene

expression and impeding insulin signaling
pathways.

Patients with chronic HCV infection
has a significantly higher prevalence of
insulin resistance (IR) and type 2 diabetes
mellitus (type 2 DM), irrespective of the
stage of liver disease if compared to
controls or infected patients with hepatitis
B virus (HBV) (Dawood et al., 2017).
T2DM is one of the most prevalent non-
communicable diseases throughout the
world, affecting about one-third of
individuals with chronic HCV infection
(Naing et al., 2012, Group IDFDA., 2015,
and Cho, 2016). Increasing evidence
suggests that HCV raises the risk of
incidental type 2 diabetes mellitus
(T2DM) in predisposed subjects (White et
al., 2008, Eslam et al., 2011 and Meissner
et al., 2015). The mechanism by which
HCV initiates type 2 diabetes mellitus is
insulin resistance (Eslam et al., 2011 and
Negro, 2014). HCV was demonstrated to
impede the hepatocyte insulin signaling
pathway by several mechanisms (Kaddai
and Negro, 2011), including the induction
of tumor necrosis factor- o (TNF- a)
production, upregulation of the serine
phosphorylation of the insulin receptor
substrates (IRS), the over-expression of
the suppressor of cytokines (SOC-3)
(Persico et al., 2009) and stimulation of
SOC-7 (Pazienza et al., 2010). However,
although HCV affects mainly the liver, the
whole body insulin sensitivity is also
compromised in chronic HCV patients
independent of the metabolic syndrome,
as evidenced by the studies of (Vanni et
al., 2009) and (Milner et al., 2010). This
means that the infected hepatocytes might
produce proinflammatory cytokines that
induce bioactive endocrine actions at
extrahepatic sites, such as the skeletal
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muscle. The virus-mediated metabolic
effects, may act on host-related genetic
and environmental factors, aggravating
insulin resistance and perhaps leading to
the occurrence of incidental T2DM (Vanni
et al., 2016).

The aim of this study was to assess the
outcome of direct acting antiviral drugs
for therapy of chronic HCV infection on
insulin resistance and blood sugar control
in patients with type 2 diabetes mellitus.

PATIENTS AND METHODS

This study was carried out on 270
patients with type Il diabetes mellitus and
had genotype 4 chronic HCV and was
collected from the outpatient clinics of the
Departments of Internal Medicine and
Tropical Medicine of Al-Azhar University
Hospitals between July 2016 and June
2017. All patients with chronic HCV
genotype 4 infection, for 20 years or more
were included in this study. The exclusion
criteria included the following conditions:
positive HBsAg, human
immunodeficiency virus infection,
autoimmune hepatitis, hemochromatosis,
al-antitrypsin deficiency, and Wilson’s
disease. The study protocol was approved
by the Ethics Committee of the Al-Azhar
University Faculty of Medicine, and the
chosen subjects gave their informed
consent to be involved in the study.

Two hundred forty patients given the
DAAs consisting of sofosbuvir plus
daclatasvir with or without ribavirin for
three months, while the other 30 patients
did not take DAAs and used as a control
group. Baseline clinical and demographic
data (age, sex, weight, height, body mass
index (BMI), ascites, encephalopathy,
duration and family history of type 2 DM

and anti-diabetic  medications)  were
determined. Laboratory values including
liver enzymes, total bilirubin, albumin,
prothrombin time, international
normalized ratio (INR), Child-Pugh score,
alpha-fetoprotein ~ (AFP),  creatinine,
glycated hemoglobin (HbAlc), Fasting
plasma glucose (FPG), insulin,
homeostatic model assessment insulin
resistance  (HOMA-IR), quantitative
HCV-RNA by polymerase chain reaction
test, total cholesterol, high density
lipoprotein cholesterol (HDL-C), and low-
density lipoprotein cholesterol (LDL-C)
were analyzed. Post-treatment
demographic (weight, height, and body
mass index) and laboratory investigations
(fasting plasma glucose, plasma insulin
level, HbA1C, and HOMA-IR, alpha
fetoprotein, and quantitative HCV-RNA
by PCR) were done at the time that
sustained virologic response at 12 weeks
(SVR12) was achieved. The degree of
liver disease was assessed by using the
Child-Turcotte-Pugh score (CTP). None
of our patients developed ascites or
encephalopathy. Only patients with CTP
class A and B were included. During the
study duration, all patients were
encouraged to keep their usual diet
regimen and normal physical activity.
Diabetes was confirmed by the insulin
level, hemoglobin Alc > 6.5%, and
fasting plasma glucose > 126 mg/dL or 2
hour post load glucose > 200 mg/dl. For
better evaluation of advancement in blood
sugar control, we used a composite end-
point given by a decrease in fasting
plasma glucose (FPG) or HbAlc.

As a result to the post-therapy performed
SVR after 12 weeks (226 patients, 94.2%),
patients were subcategorized into three groups
according to the endpoint of blood sugar
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control, i.e. the achieved blood sugar control
group with chronic hepatitis (group A) which
composed of 83 patients (36.7%), the
achieved blood sugar control group with liver
cirrhosis child A (group B) which comprised
76 patients (33.3%), and the non-achieved
blood sugar control group with liver cirrhosis
child B (group C) which included 67 patients
(29.4 %).

Statistical Analysis:

The data were analyzed using the statistical
package for the Social Sciences Software
(version 25.0; SPSS Inc., Chicago, IL)

package. Independent Student’s t-test was
used to test the differences in the mean values
for the continuous variables, Chi-square test
was used to test the differences in the
proportion of the categorical variables, and
analysis of variance (ANOVA) test was used
when more than two groups were compared
using Tukey test. The Pearson correlation
coefficient (r) was used to determine the
correlation between variables. Multivariate
logistic regression was used to adjust the
confounding factors. Statistical significance
was set at P < 0.05.

RESULTS

Two hundred seventy consecutive
adult patients, 158 females (58.5%) and
112 males (41.5%) with mean age 41.4 +
12.2 years of them, 240 patients were
treated for chronic HCV and were
concluded in this study. The mean body
mass index was 26.5 + 4.6 kg/m?, with
normal BMI in 4 (1.7%) patient,
overweight in 168 (70%), and obese in 638
(28.3%) patients. Sustained virologic
response (SVR) after 12 weeks of direct
acting antiviral agents (DAAs) occurred
in 226 patients (94.2%). According to the
improvement in fasting plasma glucose
and/or glycated hemoglobin 3 months
after DAA therapy, we classified our
patients into three groups: group A which
composed of 83 patients with chronic
hepatitis C and improved blood sugar
control, group B which comprised 76
cirrhotic Child-Pugh class ‘A’ patients
and improved blood sugar control, group
C which included 67 cirrhotic Child-
Pugh class ‘B’ patients with non-
improved blood sugar control. In group
A, 30 patients (36.1%) needed to
decrease the dose of antidiabetic
treatment; 5 of 11 patients needed to
reduce the insulin dose and 25 of 69

patients needed to reduce the Gliclazide
dose, while 5 patients with no
medications showed a significant
reduction in both FPG and HbAlc. In
group B, 25 patients (32.1%) needed to
decrease the dose of antidiabetic
medications; 4 out of 7 patients needed to
reduce the insulin dose and 21 of 66
patients needed to reduce the Gliclazide
dose. In group C, 11 patients (14.3%)
needed to reduce the dose of antidiabetic
medications; 6 out of 52 patients
decreased the insulin dose, and 5 out of
25 patients decreased the dose of oral
hypoglycemic drugs. None of the
achieved blood sugar control patients
(group A and B) needed to reduce the
dose of metformin or dipeptidyl
peptidase-4 (DPP4) inhibitors. There
were no statistically significant variations
between our groups as regard to age, sex,
weight, height and body mass index
(BMI). Patients in group C (Liver
cirrhosis Child-Turcotte- Pugh class B
with Non-achieved blood sugar control)
had positive family history of type 2 DM
and prolonged duration of DM if
compared to groups A, and B (Table 1).



245

OUTCOME OF ERADICATION OF CHRONIC HEPATITIS C VIRUS...

Table (1): Demographic and clinical parameters of our patients

Parameters Groups Controls Group A Group B Group C
Age, (years, Mean + SD) 435+145 | 41.4+12.7 | 394+119 | 42.6+10.9
Sex

e Male, n (%) 12 (40%) 36 (42.4%) 32 (41%) 32 (41.6%)

e Female, n (%) 18 (60%) 49 (57.6%) 46 (59%) 45 (58.4%)
Duration of DM (years)

e Range 1.2-3 1-3 1-6 7-17

e Mean*SD 2.2+0.5 1.9+0.7 47+13 13.1+25*
Family history of DM

e  Positive, n (%) 15 (50%) ** 0 (0%) 5 (6.4%) 49 (63.6%)

e Negative, n (%) 15 (50%) 85 (100%) | 73(93.6%) | 28 (36.4%)
Type of antidiabetic medications:

e Insulin, n (%) 0 (0%) 11 (12.9%) 7 (9%) 52 (67.5%)

e  Oral hypoglycemic drugs, n (%) 22 (73.3%) | 69 (81.2%) | 66 (84.6%) | 25 (32.5%)

e Notherapy, n (%) 8 (26.7%) 5(5.9) 5 (6.4%) 0 (0%)
Liver disease

e  Chronic hepatitis, n (%) 30 (100%) | 85 (100%) 0 (0%) 0 (0%)

e Liver cirrhosis Child-A, n (%0) 0 (0%) 0 (0%) 78 (100%) 0 (0%)

e  Liver cirrhosis Child-B, n (%) 0 (0%) 0 (0%) 0 (0%) 77 (100%)
DAAs regimen for HCV

e Sofosbuvir + Dalatasvir, n (%) - 85 (100%) | 78 (100%) 0 (0%)

e  Sofosbuvir+Daclatasvir+Ribavirin, n (%) - 0 (0%) 0 (0%) 77 (100%)
Weight, kg (Mean + SD) 728+7.1* | 73.6+5.7 72.0+3.9 77.9+8.6
Height, Cm (Mean + SD) 169.2+4.2* | 167.8+3.3 | 1674+3.2 | 167.8+4.2
BMI, Kg/m? (Mean + SD) 254+4.0* | 26.1+5.2 25.7+3.8 27.7+4.8

*= Significant. SD= Standard deviation. BMI= Body mass index

There were statistically significant
variations between our patient groups and
controls as regard to alanine
aminotransferase (ALT), aspartate
aminotransferase (AST), total bilirubin,
serum albumin, international normalized

ratio, Child-Turcotte- Pugh classification
of liver cirrhosis, a-fetoprotein, plasma
insulin,  fasting  plasma  glucose,
glycosylated hemoglobin, homeostatic
model assessment insulin resistance, and
HCV-RNA by PCR (Table 2).

Table (2): Laboratory characteristics of our patients

Groups Controls Group A Group B Group C F P value
Parameters Mean + SD Mean + SD Mean + SD Mean + SD
ALT (UIL) 34.8+39 | 459+112 | 43.3+93 49.1+10.4 | 2.982 | 0.001
AST (UIL) 3L1+43 48.7£85 46.4%7.3 58.6+£80 | 3.639 | 0.001
(Tnﬂgl‘:jﬁ')“r“b'” 0854015 | 1.06+0.09 | 1.13+0.06 1.30+0.11 | 3.883 | 0.001
Albumin (gm/dL) 374016 | 3.98+0.09 | 3.74%0.16 3.17+023 | 6.260 | 0.001
INR 1.37+0.15 | 1.16+008 | 1.37+0.16 204+017 | 5041 | 0.001
CTP Score 1.0£0.1 1.1+0.1 1.5+ 0.24 2.6£0.3 1.982 | 0.002
o fetoprotein(ng/mL) | 3.69+052 | 571+156 | 5.61+1.59 580+187 | 2.786 | 0.001
Plasma insulin 560+145 | 1435+437 | 7.77+559 | 11.50+7.39 | 3.132 | 0.001
(mIU/mL)
Fasting plasma 128.57 + 184.58 + 136.27 +
glucose (mg/mL) 16.74 17.79 24.40 15543+3402 | 1.6% 0.003
HbALC (%) 745 +0.17 | 7.96 059 | 7.59 £0.41 | 8.07 +0.75 | 3.474 | 0.001
HOMA-IR 1.75 +0.27 | 6.57 +2.18 | 2.85 +3.04 | 4.98 £394 | 2.867 | 0.001
HCV-RNA by PCR 78666.67 + | 55154118 + | 501128.21 + | 800259.67 | o0n | 0001
(1U/mL) 19700.05 356220.59 | 363093.97 291131.97 ' '

ALT= Alanine aminotransferase. AST= Aspartate
aminotransferase. INR= International normalized
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ratio. CTP= Child-Turcotte-Pugh.
HbAlc=Glycosylated hemoglobin. HOMA-IR=
Homeostatic model assessment-Insulin resistance.

Three months following DAAs
therapy, the main value of reduction in
fasting plasma glucose and HbAlc in
group ‘A’ was 32.9 mg/dl and 0.66 %,
respectively, with a maximum reduction
of 20 mg/dl and 0.7 % respectively in
almost of our patients. In group ‘B’ the
main value of reduction in fasting plasma
glucose and HbAlc was 29.5 mg/dl and
0.53%, respectively, with a maximum
reduction of 80 mg/dl and 1.3 %
respectively, in most of our patients in

HbAlc was 9.47 mg/dl and 0.27 %,
respectively, with a maximum reduction
of 10 mg/dl and 0.3% respectively, in
most of our patients in this group. There
were statistically significant variations as
regard to plasma insulin concentrations,
homeostatic model assessment (HOMA) -
insulin  resistance (HOMA-IR), alpha-
fetoprotein, and HCV-RNA by PCR
between the three groups of our patients
with a statistically significant reduction in
plasma insulin level, fasting plasma
glucose, and glycosylated hemoglobin,
alpha fetoprotein, and HCV-RNA by
PCR in group A, B, and C (Table 3).

this group. In group ‘C’ the main value of
reduction in fasting plasma glucose and

Table (3): Plasma insulin, fasting plasma glucose, HbAlc, HOMA-IR, a-fetoprotein,
and HCV-RNA by PCR before DAASs, and three months after therapy

Groups Group A Group B Group C
Mean = SD Mean = SD Mean = SD = P
P t Before After Before After Before After value
arameters DAAs DDAs DAAs DDAs DAAs DDAs
Tr'gim 1435+ | 1315+ | 7.77+ 6.73 + 11.60 + 1150+ | o ch | 0001
(UML) 4.38 3.03 5.59 3.51 7.39 7.38
18457+ | 15171+ | 13627+ | 106.79+ | 15543+ | 14596+
FPG (mg/dL) | 4779 16.53 24.40 15.60 34.02 3690 | >4 | 0001
7.96 + 7.30 + 7.60 + 707 + 7.80 +
HbA1c (%) 059 043 oAl 037 | 807075 0.73 24.33 | 0.001
6.57 % 502+ 2.85+ 191+ 474+
HOMA -IR 18 e 300 36 | 498+3.94 389 31.75 | 0.001
571+ 5.25 + 561+ 513+ 541+
AFP (ng/dL) . ce e 50 e, | 580188 e 14.36 | 0.001
551541.18 | 7058.82 | 501128.21 | 10897.44 | 800259.67 | 61818.18
'_F',g\é RI'L\'J'/A‘ tl)y + + + + + + 7.10 | 0.001
(UMD | 356920.50 | 46389.23 | 363093.97 | 73257.88 | 201131.97 | 168536.48

FPG= Fasting plasma glucose. HbAlc= Glycosylated Hemoglobin. HOMA-IR= Homeostatic model
assessment-Insulin resistance.

There were statistically significant
correlations  between the sustained
virologic response (SVR) with fasting
plasma glucose, glycosylated

hemoglobin, plasma insulin, and
homeostatic model assessment-insulin
resistance (HOMA-IR) in our patients pre
and post therapy with DAAs (Table 4).
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Table (4): Correlation between FPG, Hblc, plasma insulin and HOMA-IR before and
after DAAs as regard to the sustained virologic response

Groups

Before DAAs After DDAs r Significance
Parameters
FPG(mg/dL) Mean + SD 159.53+32.81 135.27+£31.70 0.977 0.001
HbAlc (%) Mean + SD 7.88+0.63 7.39+0.62 0.800 0.001
Insulin (mlU/mL) | Mean + SD 11.33+6.45 10.54+5.66 0.607 0.001
HOMA-IR Mean + SD 4.85+3.46 3.92+2.82 0.881 0.001

FPG= Fasting plasma glucose. HbAlc= Glycosylated Hemoglobin. HOMA-IR= Homeostatic model
assessment-Insulin resistance.

Pugh class A, negative family history for
type 2 DM, shorter duration of type 2
DM, and body mass index less than 30
(Table 5).

Multivariate regression analysis was
done for adjustment of predicting factors,
and the results revealed that diabetic
control was achieved by the presence of
the following factors: Child-Turcotte-

Table (5): Multivariate logistic regression analysis for factors affecting diabetic
control with DAAs

Analysis

. B P value Odds ratio 95% CI
Variables
Duration of DM (< 6 years) 0.721 0.012 0.881 0.198 — 0.972
F.H of DM(Negative) 0.917 0.001 2.95 1.995 — 4.250
CTP score (Child A) 0.862 0.021 0.422 0.203 -0.878

Cl= confidence interval. DM= diabetes mellitus. F.H= Family history. CTP= Child-Turcotte-Pugh.

DISCUSSION

The relationship  between HCV
infection and T2DM remains unclear, but
has been widely hypothesized. The
prevalence of diabetes mellitus in the
United States population did not differ in
patients with and/or without HCV
infection in one study (Ruhl et al., 2014).
On the other side, numerous studies
support the link between these two
conditions. Patients with chronic HCV
infection are more susceptible to develop
T2DM if compared to healthy individuals
and patients with other chronic liver
diseases (Hammerstad et al., 2015). The
cause of T2DM in infected patients with
HCV has been postulated to develop from
either ‘hepatogenous’ T2DM arises from
the advancement of liver disease or

“classical” T2DM resulting from insulin
resistance that is initiated by chronic HCV
infection (Bose and Ray, 2014). The
difference between *hepatogenous’ T2DM
and “classical’T2DM is important;
actually, as a result to different studies
(Pashun et al., 2016 and Vanni et al.,
2016), the “classical’ T2DM is considered
clinically different from *‘hepatogenous’
T2DM, Dbecause the latter is less
frequently associated with
microangiopathy.

In this study, 226 (94.2 %) patients
achieve the sustained virologic response
(SVR), of whom 159 (70.4%) had an
improvement in blood sugar control
following 3 months of direct acting
antiviral therapy. In the achieved blood
sugar control groups (group A, and B), 30
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patients (36.1%), and 25 patients (32.1%)
respectively needed to decrease the dose
of antidiabetic agents. Also, 5 patients in
group A (6.02%), and 5 patients in group
B (6.6%) not on any medications for type
2 diabetes mellitus had achieved diabetic
control after 3 months of DAA therapy.
No hypoglycemic events were not
observed in our patients with baseline
normal or near normal fasting plasma
glucose and/or HbAlc, thus we excluded
the hypoglycemic adverse effects of
DAA:s.

The effect of direct acting antiviral
therapy on type 2 diabetes mellitus is
disagreeing. One study concluded that
deactivation of HCV with interferon-a or
interferon-a.  plus Ribavirin treatment
provided an important amelioration in
blood sugar control in spite of the
genotype (Miki et al., 2012). Another
study founded that danoprevir therapy for
HCV infection may reduce insulin
resistance in genotype 1 HCV patients
(Moucari et al., 2010). In contrary with
prior studies, a third study concluded that
direct acting antiviral therapy with
sofosbuvir and ledipasvir led to the
development of new-onset T2DM (Premji
etal., 2015).

Insulin  resistance is supposed to
initiate “classical” HCV-mediated T2DM,
but the exact relationship remains
uncertain. Previous studies revealed that
HCV may deteriorate glucose homeostasis
through two mechanisms, firstly via the
direct effect of wviral proteins, and
secondly  through  modification  of
proinflammatory cytokine levels
(Kawagushi and Sata, 2010). The HCV
was shown to impede the hepatocyte
insulin signaling pathway by several

mechanisms: the viral core protein
suppresses the insulin receptor substrate-1
(IRS-1) association with its insulin
receptor by the increasing IRS-1
breakdown through upregulation of serine
phosphorylation or increased activity of
suppressor of cytokine signaling 3 (SOC-
3) (Del Campo et al., 2010 and Bose &
Ray, 2014). These effects on the insulin
signaling pathway compromise
downstream signaling and appropriate
regulation of glucose homeostasis.
Indirectly, HCV-mediated production of
the proinflammatory cytokines IL-6 and
TNF-alpha from sinusoidal liver cells
impedes the insulin signaling pathways,
thus enhancing gluconeogenesis
(Antonelli et al., 2014). However,
although HCV affects mainly the liver, the
whole body peripheral insulin sensitivity
is also compromised in CHC patients
without metabolic syndrome, as shown by
recent studies (Miquilena-Colina et al.,
2011 and Petta et al., 2011).This suggests
that the infected hepatocytes may be able
to produce inflammatory mediators that
encourage endocrine effects at
extrahepatic sites, such as the skeletal
muscle. The virus-prompted metabolic
disturbances may react with host-
concerned genetic and environmental
factors, exacerbating insulin resistance
and perhaps leading to the development of
T2DM (Bose and Ray, 2014).

In this study, there were statistically
significant raised concentrations of plasma
fasting glucose, HbAlc and HOMA-IR
prior to DAAs therapy in our patients
when compared with controls. Following
sustained virologic response (SVR) with
DAAs, the fasting plasma glucose and
HbA1c levels were significantly decreased
in patients who had achieved diabetic
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control (group A, and B), but not in group
C (the non-achieved blood sugar control
group with liver cirrhosis child B).
Moreover, HOMA-IR were significantly
improved 3 months after eradication of
HCV with DAAs in all groups of our
patients, but BMI was not a significant
predictor in ameliorating diabetic control
with DAAs therapy. Our results are in
accordance with (Kawaguchi & Mizuta,
2014) and (Vanni et al. 2016) who
decided that eradication of HCV with
DAAs improves both B-cell function and
insulin resistance. Another study by (El-
Zayadi and Anis , 2012) failed to prove
this relationship. In this study, HOMA-IR
was enhanced and correlated significantly
with serum HCV-RNA concentrations 12
weeks following eradication of HCV.
Actually, non-significant changes in BMI
pre- and post- DAA therapy, and the
significant correlation of HOMA-IR with
serum HCV-RNA levels, may indicate
that viral replication has a direct role in
the occurrence of IR. A latest study
documents this hypothesis, showing an
amelioration of IR in patients who
established sustained virologic response
after  successful  antiviral  therapy.
Furthermore, IR was more prevalent and
IR predictors were elevated in chronic
HCV patients than in chronic HBV
patients chose as a control group in this
study and very well correlated with
chronic HCV patients as regard to clinical,
biologic, and  histologic  features
(Kawaguchi and Mizuta, 2014).

Effective eradication of HCV infection
can ameliorate glucose homeostasis and
reduce antidiabetic dosage requirements.
In the current study, 30 patients (36.1%)
of group ‘A’ needed to decrease the dose
of antidiabetic treatment; 5 of 11 patients

needed to reduce the insulin dose and 25
of 69 patients needed to reduce the
Gliclazide dose, while 5 patients with no
medications showed a  significant
reduction in both FPG and HbAlc. In
group ‘B’, 25 patients (32.1%) needed to
decrease the dose of antidiabetic
medications; 4 out of 7 patients needed to
reduce the insulin dose and 21 of 66
patients needed to reduce the Gliclazide
dose but 5 patients with no medications
showed a significant reduction in both
FPG and HbAlc. In group C, 11 patients
(14.3%) needed to reduce the dose of
antidiabetic medications; 6 out of 52
patients decreased the insulin dose, and 5
out of 25 patients decreased the dose of
oral hypoglycemic drugs. None of the
achieved blood sugar control patients
(group A and B) needed to reduce the
dose of dipeptidyl peptidase-4 (DPP4)
inhibitors or metformin. A prior study
explained an amelioration in non-insulin
dependent T2DM when chronic HCV
genotype 1 patients were successfully
treated with pegylated-interferon alpha
and ribavirin (Kim et al., 2009). Another
study demonstrated an improvement of
glycemic control confined to the treatment
phase in an insulin-dependent T2DM
patient with HCV who did not recover
with interferon and ribavirin therapy
(Huang et al., 2013). Another study
determined an improvement  of
hyperglycemia in type 2 DM patients
treated with IFN-a and ribavirin for
chronic HCV infection (Kawaguchi and
Mizuta, 2014).

In our study, the percentage of patients
with positive family history of T2DM
significantly decreased in the achieved
blood sugar control groups (group A, and
B) compared with the non-achieved blood
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sugar control group (group C). In patients
with negative family history of T2DM, the
possibility of insulin resistance was most
likely due to chronic HCV infection only.
So, treatment of HCV infection, assisted
in the amelioration of insulin resistance
and hyperglycemia in contrast to those
with hereditary insulin resistance. It might
be useful to -categorize patients into
inherited IR or HCV-mediated IR to
understand the appropriate effect of
eradication of HCV on type 2 diabetic
patients with chronic HCV infection.
Thus, in the absence of family history of
T2DM in chronic HCV patients, the
diagnosis of HCV-mediated IR was more
likely. In this study, the longer the
duration of type 2 DM, the more B-cell
exhaustion and the less improvement in
blood sugar control. This was evidenced
from the shorter duration of type 2 DM in
achieved blood sugar control groups
(group A {1-3 years} and B {1-6 years})
if compared to group C (the non-achieved
blood sugar control group) where the
duration of type 2 diabetes mellitus ranged
from 7-17 years. Our findings, as
respected for the duration of type 2 DM
were in agreement with the results done
by (Dawood et al., 2017) who concluded
that, the duration of T2DM was
significantly longer in the non-improved
glycemic control group compared with the
improved  glycemic  control  group.
Another study by (El-Zayadi and Anis,
2012) failed to document the role of DM
duration in pathogenesis of insulin
resistance.

In our study, a significant amelioration
in diabetes control in the form of
controlled FPG and HbAlc, was detected
after effective eradication of HCV with
DAA therapy. This improvement in

diabetes  control  continued  after
eradication of viral infection during the
duration of the study in spite of an
increase in the patient’s body mass index.
Thus, controlling T2DM should be
recommended before starting HCV
therapy to raise the response rates (Ghany
et al., 2009). However, with the future
progresses in direct acting antiviral
therapies, viral clearance not only
possible, regardless of poor diabetic
control, but also may be an effective
measure of ameliorating diabetic control.

In this study, 29.6% of diabetic
patients with non-achieved blood sugar
control and had sustained virologic
response (group C) did not achieve the
diabetic control during the study period.
This can be explained by several factors,
i.e. patients with Child- Turcotte-Pugh
class B were significantly higher in the
non-achieved blood sugar control group,
thus the severity of liver disease may play
a significant role in the modification of
diabetic control state. HCV infection may
disturb glucose level by an immune-
mediated impairment of B-cells and is not
related to IR. Thus, (Naing et al., 2012)
suggested that HCV infection is more
likely to initiate diabetes in genetically
susceptible subjects. However, further
genetic and environmental studies are
required to explain the role of HCV in
affecting glucose homeostasis. Almost all
patients with Child-Turcotte- Pugh class B
with non-achieved blood sugar control
group had normal FPG and HbAlc. Our
findings were in accordance with the
results of (Dawood et al., 2017) as regard
to uncontrolled diabetic control in Child-
Turcotte- Pugh Class B patients (group
C). The interconnection between liver
fibrosis and IR is complex to assess.
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Because of the significance of the liver in
carbohydrate metabolism and breakdown
of insulin, progressive liver fibrosis may
affect insulin clearance, resulting in an
elevated plasma insulin levels despite of
the status of insulin secretion. These
findings revealed that the relationship
between IR and HCV infection is initiated
at early stages of liver disease. The main
mechanism of the progression of fibrosis
in relation to insulin resistance may be
related to direct stimulation of hepatic
stellate cells by hyperinsulinemia /
hyperglycemia, leading to increased
production of the connective tissue growth
factor with resultant accumulation of
extracellular matrix (Hsu et al., 2014).

In our study, the plasma insulin level
was significantly elevated in our patients
than controls, with a significant reduction
in plasma insulin level following DAAs
treatment, especially in patients with
achieved blood sugar control groups
(group A, and B). These suggested that
hyperinsulinemia may be a presenting
factor for the development of insulin
resistance in type 2 diabetes mellitus that
is associated with chronic HCV infection.
The causes by which T2DM may induce
chronic HCV infection are multifactorial.
First, T2DM is a prevalent endocrine
disorder in which insulin resistance (IR) is
the main pathophysiologic event that is
aggravated by excess glucose production
from the liver, and / or a defect in insulin
secretion, all of which participate in the
occurrence of hyperglycemia in type 2
DM (Bugianesi et al., 2012 and Negro,
2014). Based on some in vitro studies, It
has been suggested that replication of
HCV may be facilitated by
hyperinsulinemia and/or hyperglycemia
observed in patients with IR and T2DM

(Kostandi et al., 2011 and Kukla et al.,
2015). Moreover, T2DM may be
associated with a reduced immune
response, which leads to unbalanced
immune dysfunction (Antonelli et al.,
2014). Both IR and T2DM may play a
role in the modification of the natural
course of HCV infection, thus leading to
enhanced liver changes in the form of
steatosis, steatohepatitis, and liver fibrosis
(Adinolfi et al., 2016 and Ballestri et al.,
2016). Furthermore, most patients with
diabetes mellitus often exposed to
repeated blood extractions to perform
blood sugar controls at home with the
cooperation of family members. It would
be instructive for diabetic patients to carry
out a medical record established on the
definitive risk factors accompanied with
viral hepatitis (e.0. transfusion,
hospitalization, and surgical operations)
and other parameters that may affect the
definitive alteration of hepatic function
(e.g. alcohol abuse and hemochromatosis).

In this study, we have noticed that the
serum alpha-fetoprotein at the baseline
value significantly elevated in our patients
with or without achieved diabetic control
(group A, B, and C) if compared to
controls. Three months following DAA
therapy, the mean value of serum a-
fetoprotein significantly decreased in all
groups of our patients. Based on these
findings, AFP value may be used as an
alternative biomarker for prediction of
SVR. Performing AFP on starting therapy
with DAAs (e.g. week 0 and week 4)
rather than the polymerase chain reaction
may be used as a biomarker to study the
outcome of response to HCV therapy with
DAAs and should be supported with
future studies. Our results as regard to
alpha-feto protein were in agreement with



252

ARAFAT KASSEM et al.

the findings observed by (Stine et al.,
2017) who concluded that decreased AFP
levels following treatment with DAAs
may be used as a surrogate biomarker for
likelihood of SVR.

CONCLUSION

In type 2 diabetes mellitus patients
with uncontrolled hyperglycemia, the
intake of direct acting antiviral agents led
to a significant amelioration in blood
sugar control and those patients should be
closely observed for reduction of the
dosage of anti-diabetic medications to
prevent hypoglycemic episodes and also
to adjust the dose of these medications
either insulin or oral hypoglycemic agents
before therapy with DAAs to augment the
response rates. Clearance of HCV
improves FPG, plasma insulin level,
HbAlc and HOMA-IR. However, insulin
resistance may be improved with
clearance of HCV with DAA therapy.
Improvement in diabetic control in
patients with HCV treated with direct
acting antiviral agents is of great value in
patients with mild liver disease either
chronic hepatitis or Child-Pugh class A
liver cirrhosis, with short duration of
diabetes, and with negative family history
of T2DM, but is not correlated to body
mass index, age, and sex. Prospective
studies should be addressed to assess the
long-term outcomes of direct acting
antiviral agents on diabetic control, and to
study the correlation between glycemic
control and SVR with the future advances
in DAAs. In addition, other studies should
be conducted to discover the effect of
regression in liver function tests after
DAA therapy on the long term
complications of T2DM.
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