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Purpose: The aim of the present work was to investigate whether hepatitis C virus treatment by directly acting antivirals obligate
shifting patients with type 2 diabetes from oral hypoglycemic drugs to insulin therapy.
Methods: This was a prospective study including 92 treatment-naïve patients with chronic hepatitis C virus infection and type 2
diabetes who were eligible for treatment with directly acting antivirals (sofosbuvir + daclatasvir ± ribavirin). Patients in the study were
divided into two groups; group 1 included 22 patients on insulin therapy and group 2 included 70 patients on oral antidiabetic
medications. Patients were advised to keep on their anti-diabetic treatment.
Results: All our patients achieved sustained virologic response with significantly lower HbA1c 12 weeks after the end of therapy
(p. values 0.001 for group 1 and group 2). There was no statistically significant difference in HbA1c level post-treatment between both
groups (p. value 0.352).
Conclusion: Achievement of sustained virologic response using interferon free, directly acting antivirals-based regimen was
associated with significantly lower HbA1c 12 weeks after the end of therapy. The type of treatment used for type 2 diabetes (oral
drugs or insulin) did not affect improved glycemic control observed after achieving sustained virologic response.
Keywords: directly acting antivirals, hepatitis C virus, sustained virologic response, type 2 diabetes

Introduction
The prevalence of chronic hepatitis C virus (HCV) infection is higher in patients with type 2 diabetes mellitus (T2DM)
compared to those without diabetes.1 On the other hand, T2DM is considered as one of the most common extrahepatic
manifestations of chronic HCV infection;2 the prevalence of T2DM among patients with chronic HCV infection is 13%-33%.
Strict control of blood glucose levels could improve survival in HCV patients.3

Chronic HCV infection is associated with increased insulin resistance (IR); a hallmark in pathogenesis of T2DM.2

Achievement of sustained virologic response (SVR) led to decreasing incidence and prevalence of T2DM during the
interferon (IFN) era of HCV treatment.4 The new era of treatment of HCV infection depends on IFN-free regimens.
Direct-acting antivirals (DAAs) target non-structural proteins of HCV resulting in arrest of viral replication5 with highly
encouraging results.6 The impact of viral eradication on IR was observed even in patients without diabetes treated with
DAAs.7 In chronic HCV patients with T2DM, DAAs therapy is associated with both better fasting blood glucose (FBG)
and HbA1c controls.4
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Both T2DM and HCV infection represent major health problem in Egypt. The international diabetes federation (IDF)
listed Egypt among the world top 10 countries in the number of patients with diabetes.8 Regarding HCV prevalence,
Egypt has been widely regarded as having an epidemic, with the highest recorded prevalence of HCV infection in the
world with an overall anti-HCV antibody prevalence of 14.7%.9,10

Potential interactions could exist between DAAs and oral hypoglycemic medications11 and it is not known whether
this interaction could affect glycemic control in patients with T2DM undergoing treatment with DAAs to a degree that
necessitates shift to insulin therapy.

Methods
Patients
This was a prospective study included patients attending at outpatient clinic of Tanta University Hospitals in the period
from April 2018 to April 2019. Out study included 100 patients with T2DM and chronic HCV infection who were
eligible for treatment with DAAs. Eight patients did not attend at follow up; so finally a total of 92 patients were
included. After careful analysis of clinical and laboratory parameters of our patients, they were prescribed IFN-free,
DAAs-based regimen for HCV eradication. All our patients were advised to continue their regular anti-diabetic
medications.

Inclusion Criteria
● Age between 18 and 75 years.
● Naïve patient of chronic HCV infection.
● Positive results for HCV RNA by polymerase chain reaction (PCR).
● T2DM: patients with known T2DM on oral drugs or on insulin.
● Thyroid stimulating hormone (TSH) levels within normal limit (0.5˗4.5 mIU/L).

Exclusion Criteria
● Co-infection with hepatitis B virus (HBV) or human immunodeficiency virus (HIV).
● Patients with other causes of liver disease (Hemochromatosis,
● Wilson’s disease, Budd Chiari, auto-immune hepatitis, drug related liver disease).
● Immunologically mediated diseases eg ulcerative colitis, crohn’s disease, idiopathic thrombocytopenic purpura,
systemic lupus erythematosus.

● Patients with Child Pugh B or C.12

● Pregnancy.
● Active malignancy (hepatic or extrahepatic).
● Patients with recent ischemic cardiovascular events over the past 6 months.
● Lack of written informed consent.
● Patients with intravenous drug abuse or with unhealthy alcohol use (includes unhealthy alcohol consumption and
risky drinking behaviors; the later term means drinking amounts of alcohol that exceed recommended limits without
meeting diagnostic and statistical manual of mental Disorders (DSM-5) criteria for alcohol use disorder).13,14

● Estimated glomerular filtration rate (eGFR) below 30 mL/hour according to Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation.15

● Patients on other medications known to have interactions with DAAs.

All Patients in the Study Were Subjected to the Following
● Thorough history taking and complete physical examination.
● Laboratory investigations:
○ Fasting and postprandial glucose.
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○ Alanine amino transferase (ALT), aspartate amino transferase.
(AST).

○ Bilirubin.
○ Serum albumin.
○ Prothrombin time, activity and international normalized ratio.
○ Serum creatinine and eGFR using CKD-EPI equation.15

○ HbA1c.
○ TSH
○ Full blood count.
○ Fib 4 index calculation.16

○ PCR for HCV RNA:

RNA Isolation from Plasma
Automatic extraction of viral RNA was done according to the manufacturer’s protocol using the QIAamp1 Viral RNA
Mini-Kit (cat#1048147, QIAGEN1, Qiagen, Hilden, Germany).

Detection of HCV-RNA in Plasma by Quantitative Real-Time PCR
Detection of HCV viral load in the plasma was performed with the Artus1HCV-RG RT-PCR Kit (cat no. 4518265,
QIAGEN1, Qiagen) by standardized quantitative real-time PCR according to the manufacturer’s protocol, and amplifica-
tion was done by the ABI 7500 Fast Real-Time PCR Thermal cycler (Applied Biosystems, Foster City, CA, USA).
Negative and positive controls were obtained from healthy volunteers and HCVinfected patients, respectively.

Pelvic abdominal ultrasonography to assess liver (size, border, hepatic veins and echogenicity), spleen size, portal
vein diameter and ascites.

HbA1c and PCR for HCV RNA were assessed 12 weeks after the end of treatment. This is to assess for SVR and
because of the known hemolytic effect of ribavirin with possible impact on HbA1c.17

Statistical Analysis of Data
The data was collected, presented and statistically analyzed with the computer program SPSS version 19 (SPSS
Inc., Chicago, IL, USA). For quantitative data, the Kolmogorov test for normality was performed. For normally
distributed data, values were expressed as mean (±SD) and independent samples t test (t) was performed for
comparison between two groups. For data that were not normally distributed median and interquartile range
(IQR) (expressed as 25th-75th percentiles) were calculated and MannWhitney test (ZMW), and Spearman’s rank-
order correlation were used. For qualitative data, Pearson’s Chi square (X2

ChS) test was used to examine
association between two variables. Significance was adopted at probability (p) value < 0.05 for interpretation
of results of tests.18

Results
This study was a prospective study that included 92 patients with chronic HCV infection and T2DM, attending outpatient
clinic at Tanta University Hospitals during the period from 1st of September 2017 to the end of August 2018. The patients
were divided into 2 groups; group 1 including 22 patients on insulin therapy and group 2 including 70 patients on oral
hypoglycemic drugs. Baseline clinical and demographic characteristics of both groups are shown in Table 1. Baseline
laboratory characteristics of both groups are shown in Table 2. Half of our patients had liver cirrhosis assessed by
pelviabdominal US (11/22 patients in group 1 and 35/70 patients in group 2). Fib4 index was not significantly different
between both groups (p. value 0.470) at study beginning (Table 3).

Patients were advised to continue their usual anti-diabetic medications. Types of anti-diabetic medications used in
both groups are shown in Table 4. All our patients received DAAs-based regimen (sofosbuvir + daclatasvir ± ribavirin).
All of them achieved SVR 12 weeks after the end of therapy. We found that HbA1c levels were significantly reduced in
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both groups at 12 weeks after the end of treatment (p. values 0.001 for group 1 and group 2), with no difference in HbA1c

level post treatment between both groups (p. value 0.352) (Table 5).

Table 1 Baseline Clinical and Demographic Characteristics of the Studied Groups

Parameter (Unit) Groups Tests of Significance

Group 1 Group 2 p. value

Age (years) (Mean ±SD) 55.81 ± 14.19 51.64± 8.24 0.09

Diabetes duration (months) 8.41 ± 5.1 3.61 ± 3.14 0.001*

Sex Female n (%) 17 (77.3%) 47 (67.1%) 0.368

Male n (%) 5 (22.7%) 23 (32.9%)

BMI (Kg/m2) 29.26 ± 3.46 28.91 ± 3.23 0.673

Note: *Significant at p value < 0.05.
Abbreviations: BMI, body mass index, SD, standard of deviation.

Table 2 Baseline Laboratory Characteristics of the Studied Groups

Parameter (Unit) Groups Tests of Significance

Group 1 Group 2 p. value

Albumin (gm/L) (Mean ±SD) 41.30± 4.90 39.10± 4.90 0.09

ALT (IU/L) (Mean ±SD) 4.13 ± 0.49 3.91 ± 0.49 0.618

AST (IU/L) (Mean ±SD) 70.00± 48.76 75.78± 55.56 0.605

Bilirubin (µmol/L) (Mean ±SD) 16.42± 8.72 16.93 ± 9.58 0.380

Creatinine (µmol/L) (Mean ±SD) 64.05± 21.35 61.00 ± 7.54 0.486

Fasting blood glucose (mmol/L)
(Mean ±SD)

14.46± 5.85 11.43± 5.70 0.021

Hb. (gm/L) 140.90±13.80 139.00±19.00 0.320

Total leukocytic count /mm3 6.70 ± 2.27 6.91 ± 2.88 0.894

Platelet count /mm3 168.86±74.88 169.25±80.43 0.974

Fib4 index 3.68 ± 3.05 3.74 ± 8.03 0.470

Abbreviation: SD: standard of deviation.

Table 3 Comparison of Liver Status (by Pelviabdominal US) and Fib4 Index Between Both Groups

Parameter (Unit) Groups Total p. value

Group 1 Group 2

Liver status (by pelviabdominal

ultrasound)

Normal 2 10 12 0.791

Bright 9 25 34

Cirrhotic 11 35 46

Total 22 70 92

Fib4 index 3.68 ± 3.05 3.74 ± 8.03 0.470
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Discussion
A large number of studies reported an increased risk for T2DM in patients with chronic HCV infection. There was
a higher prevalence of T2DM in those patients.19–21

Chronic HCV infection is associated with increased IR.2 A metaanalysis showed that patients with IR had lower rate
of SVR. Homeostatic Model Assessment of Insulin Resistance (HOMA-IR) was lower in patients who achieved SVR.22

We found that achievement of SVR, 12 weeks after end of therapy, is associated with improved glycemic control
indicated by significant reduction of HbA1c 12 weeks post-treatment.

This positive impact of SVR on glycemic control was proved during the IFN era of HCV treatment.23–25 The use of
DAAs therapy for treatment of patients with chronic HCV infection is now widely adopted, achieving SVR in nearly all
patients.26 Our study showed that achievement of SVR was associated with improved glycemic control post-treatment
with IFN-free, DAAs-based anti-HCV therapy; an effect that was independent on the type of treatment received for
T2DM whether insulin or oral drugs. Butt et al found that DAAs-treated patients had longer diabetes-free survival rates,
compared to untreated and PEG/RBV-treated persons; an effect that was more pronounced in persons with more
advanced liver fibrosis. In that study, there was no significant difference in diabetes-free survival rates between untreated
and PEG/RBV-treated persons.27

In our study, we used HbA1c as a marker for glycemic control. Some of the studies evaluated impact of SVR on
glycemic control using HbA1c alone,28,29 others assessed both FBG and HbA1c,30–32 while some studies used FBG
only.33 In many studies, improved glycemic control was also evident by a reduction in the use of anti-diabetic
medications, significant reduction in the dose of insulin or the occurrence of hypoglycemic episodes in patients who
achieved SVR.21,28,30,33–36 We did not record change in antidiabetic medications after treatment or the number of patients
who had hypoglycemic episodes.

The impact of SVR on glycemic control was observed early during development of DAAs. An example was observed in
3a stage of chronic HCV, genotype 1, treated with 3D combo paritaprevir/ritonavir + dasabuvir + ombitasvir; where post hoc
analysis of 6 studies showed a significant drop in FBG in the group of patients who received treatment compared to the group
that received placebo.37 This effect was also evident in two Japanese studies on patients infected with genotype 1b on
sofosbuvir and ledipasvir.28,29 Similar results were observed in studies involving the use of different DAAs regimens35,36,38

and also in patients who received DAAs after liver transplantation.39 Drazilova et al found that a significant decrease of
fasting glycemia occurred in patients who achieved SVR after treatment with different DAAs-based regimens. In their study,

Table 4 Types of Anti-Diabetic Medications in Both Groups

Group 1 Group 2

Premixed insulin (70%)
Insulin glargine+ rapid acting insulin (30%)

Metformin+sulfonylureas (42%)
Meformin + Dipeptidyl peptidase-4 inhibitor (40%)

Metformin+ Thiazolidinediones (18%)

Table 5 Comparison of HbA1c Before and After Treatment in Both Groups

HbA1c Group 1 Group 2 p. value

Before treatment Mean ± SD 75.31 ± 17.39 67.67±17.42 0.076

Mean ± SD 9.04 ± 1.59 8.34 ± 1.59

Twelve weeks after treatment Mean ± SD 59.01 ± 6.44 58.58 ± 9.40 0.352

Mean ± SD 7.55 ± 0.59 7.51 ± 0.86

p. value 0.001* 0.001*

Note: *Significant at p value < 0.05.
Abbreviation: SD, standard of deviation.
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30 patients were on antidiabetic medication before the start of DAA therapy (13 were on oral antidiabetics, and 17 were on
insulin). Three insulin treated patients needed to reduce insulin dose due to documented hypoglycemia.21

Data from studies on patients from other countries cannot be simply extrapolated to our population due to variation in
social and environmental factors as well as difference in the prevalent HCV genotype. It is known that genotype 4 is the
most common HCV genotype in Egypt representing 90% of infections.40

A study in Egypt that found a positive impact of SVR on IR manifested by a significant reduction of fasting insulin, and
HOMA-IR. The study excluded patients with diabetes and included exclusively patients with genotype 4.33 Another study
involved 460 Egyptian patients with chronic HCV infection who received sofosbuvir+daclatasvir ± ribavirin for 12 weeks
showed that SVR was associated with better glycemic control indicated by a composite end-point given by the reduction of
FBG (of a minimum of 20 mg/dL) or HbA1c (of a minimum of 0.5%), with the need to reduce the dose of anti-diabetic
medications in 26% of patients who achieved a SVR.32 Similar findings were shown in another study that included 60 chronic
HCV patients with diabetes, who received different sofosbuvir-based regimens (majority of patients had genotype 4).31

Our study showed that viral eradication was associated with improved glycemic control, however, few studies
failed to show this correlation.41,42 Montenegro et al found an association between the presence of anti-HCV
antibodies at baseline and a higher incidence of T2DM in the following 20 years only in patients with elevated
ALT.43 A retrospective study concluded that the incidence of glucose abnormalities was not significantly different
between patients with long-term SVR and those with persistently positive HCV- RNA.44 Another prospective
study involving patients with genotype 1a/b failed to find a positive impact of SVR on HbA1c (31% of patients
had HIV and 17% had T2DM). Patients were treated with different DAAs regimens (sofosbuvir, ledipasvir,
beclabuvir, daclatasvir, and asunaprevir) and one patient was treated with IFN, ribavirin, and telaprevir. The
result of that study should be taken cautiously because of low number of patients with T2DM comorbidity, and
different DAAs regimens used.45

Whether to use insulin or oral drugs for treatment of T2DM in patients with chronic HCV infection remains
a question for active research. Some oral drugs have beneficial effects in patients with liver disease independent on
their impact on glycemia. For example, thiazolidinediones showed improvement in ALT and liver histology in patients
with non-alcoholic fatty liver disease46 and IR;47 two major problems in patients with T2DM and chronic HCV infection.
However this class is not recommended in patients with advanced liver cirrhosis.48

It is not known whether the type of antidiabetic medication could affect the improved glycemic control obtained after
achievement of SVR in our patients. In our study, all patients were advised to continue their usual antidiabetic
medications whether oral drugs or insulin. We found that the type of anti-diabetic medication did not affect SVR or
improved glycemic control that occurred with achieving SVR. Abdel Alem et al showed that a decline in FBG occurred
after SVR regardless of the treatment received in a group of 60 patients with T2DM and chronic HCV infection.31

In conclusion, we found that achievement of SVR in patients with T2DM and chronic HCV infection under treatment
with DAAs was associated with significant reduction of HbA1c. This effect was observed whether patients were on oral
drugs or on insulin; so no need to change anti-diabetic regimen in patients with T2DM and chronic HCV infection on
starting treatment with DAAs.

There are several limitations to our study. First, we did not assess the impact of SVR on IR. Second, we did not
include other factors that could have led to improvement of glycemic control eg diet, sport, and changing lifestyle. The
study included one ethnic group in one treatment center. The length of the analysis was limited. A larger multicenter
study is needed to confirm the results. This study should include other parameters that might be affected with SVR eg
improvement in ALT, liver histology, cardiovascular risk, lipid profile and HOMA-IR. Long-term follow up of patients is
recommended to evaluate long-term impact of SVR on parameters of glycemic control.

Data Sharing Statement
The datasets used and/or analyzed during the current study are available from the corresponding author on reasonable
request.
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