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ABSTRACT:
OBJECTIVE: HCV infection is more common among adults with type 2 diabetes and possibly it can
aﬀect the glycemic control in patients with diabetes. This study was conducted to ﬁnd whether
eradication of CHC infection with direct acting antiviral (DAA) agents is associated with good
glycemic control in patients with type 2 diabetes or otherwise.
MATERIAL AND METHODS: Among 545 patients with diabetes who were treated with DAA
(Interferon & Ribavirin free regimen) for chronic HCV infection, were included in the study. Changes
in average (HbA1c) levels and use of ant diabetic medication 6 months before and after DAA
treatment were compared between patients who achieved sustained virologic response (SVR) and
those who did not achieve SVR.
RESULTS: In patients with high base line HbA1c, the drop in HbA1c in reference to DAA treatment
was greater in those who achieved SVR (1.99%) in comparison to those who did not (1.70%)
(Adjusted mean diﬀerence 0.29, p=0.02). The doses of anti diabetic agents decreased more in
subjects who achieved SVR in comparison to those who met treatment failure. This was evident for
those who were using Insulin for control of their diabetes, which dropped signiﬁcantly from 46.4%
to 41.3% in patients achieving SVR compared with a slight increase from 48.7% to 50.2% in those
who were in treatment failure group.
CONCLUSION: It is hereby concluded that improved glycemic control is associated with
eradication of HCV with DAA based regimens evidenced by decrease in mean HbA1c and decreased
insulin as well as oral anti diabetic agents use in SVR achievers.
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INTRODUCTION:
Epidemiological statistics describe that the
global prevalence of HCV infection is 1% and
aﬀects more than 71.1 million people in 2015[1].
There is higher prevalence of Type 2 diabetes
mellitus (T2DM) in HCV infected population[2].
Chronic HCV infection is also associated with
impaired glucose tolerance and ultimately leads
to development of
insulin resistance[3].The
etiology of T2DM in HCV infected patients is
either caused by advanced liver disease
resulting in hepatogenous T2DM or by direct
viral induced insulin resistance responsible for
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classical T2DM[4]. The association between HCV
infection and Diabetes was for the ﬁrst time
described by Allison et al. in 1994[5]. A large
number of studies have shown that patients
with chronic hepatitis C are at high risk to
develop type 2 diabetes (T2D) in comparison to
healthy people, and even when compared to
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patients with other liver diseases including
hepatitis B while other epidemiological studies
have found that patients with T2DM will be at
higher risk for poor outcomes of their HCV
infection, including a lower SVR, progression to
ﬁbrosis and cirrhosis. The risk of HCC is also
higher[6]. In patients with metabolic syndrome,
it has been found that HCV infection increases
the risk of T2DM by 11 folds[7].The insulin
resistance and development of T2DM in patients
with CHC is attributed to multiple mechanisms.
HCV infection increases serine proteins and
threonine phosphorylation of insulin substrate 1, that promotes insulin resistance (IR)[8,9].
Additionally HCV infection increases the release
of pro-inﬂammatory cytokine, such as TNF
alpha, IL-6 and oxidative stress[10,11].
It cannot be over emphasized that if HCV
infection indeed worsens glycemic control, the
HCV eradication evidenced by sustained
virologic response (SVR) may lead to
improvement in glycemic control in these
patients with diabetes. In addition, achieving
successful treatment with DAAs may prevent
the development of the IR in future. The
published data shows that in patients treated
with interferon for HCV who achieved SVR,
there was a two thirds reduction in the risk of
T 2 DM [ 1 2 - 1 5 ] .
Previously, treatments with
interferon based regimens were also associated
with improved IR[16].
HCV infection and T 2 DM are two chronic
diseases contributing to a signiﬁcant morbidity
and mortality. So we decided to conduct this
study to compare diabetic patients through
changes in HbA1c level and use of ant diabetic
medications before and after treatment with
DAAs for eradication of their HCV infection in
SVR achievers versus non-achiever group.
No similar study on this aspect was conducted in
this locality in past.
MATERIAL AND METHODS
A total of 545 HCV positive patients irrespective
of presence of liver cirrhosis but with Type 2
diabetes who underwent treatment with DAAs
for HCV treatment were enrolled and studied
between 15 June 2017 and 14 December 2018.
Patients were enrolled from outpatient
department or admitted in medical department
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of Allied hospital and Mian Muhammad trust
hospital Faisalabad. All patients were older than
21 years of age; both males and females gave
informed consent before their participation.
EXCLUSION CRITERIA
·
Patients without T2DM prior to antiviral
treatment.
·
Patients with liver cancer, primary or
secondary.
·
Patients with interferon containing regimen
were excluded due to confounders like
weight loss and anemia.
·
Patients on Ribavirin containing regimens
were excluded because of Ribavirin induced
hemolytic anemia that could artiﬁcially
decrease HbA1c levels (17-19).
·
Patients with end stage renal disease.
·
Pregnant/lactating females.
DEFINITION OF DIABETES
Type2 diabetes was established in accordance
with American diabetes association
guidelines[20]. Evidence of hyperglycemia was
established with at least two blood sugar levels
in the range of raised glucose levels or either a
measurement of HbAIc > 6.5% or an active
prescription of/ for anti diabetic medication over
past one year prior to enrollment.
SAMPLE COLLECTION
Venous Blood sample was used for detections of
HCV by enzyme linked immunosorbant assay
and conﬁrmed by HCV RNA and genotyping by
using polymerase chain reaction (PCR). In
addition the laboratory investigations included
were; complete blood count, total bilirubin,
serum albumen, prothrombin time with INR and
serum creatinine levels. Liver cirrhosis was
conﬁrmed by if the patient had previous/ recent
reliable investigations (Abdominal Ultrasound,
ﬁbroscan and/or CT scan of Abdomen if
required).
SVR
Sustained virological response was deﬁned as a
viral load below the lower limit of detection ≥ 12
weeks after the end of treatment[21].
DIRECT ACTING ANTI VIRAL AGENTS
DAAs used for eradication of HCV were either a
combination of DACLATSAVIR/ SOFOSBUVIR or
VALPATSAVIR/SOFOSBUVIR or LEDISPAVIR/
SOFOSBUVIR for a period of three month.
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CHANGES IN HbA1c BEFORE AND AFTER
TREATMENT
HbA1c is now one of the best tests used for
diagnosis as well as monitoring of diabetes as it
measures the integrated index of glycemic over
the life span of red blood cells[22]. HbA1c is also
endorsed by the ADA as a diagnostic test for
type 1 and type2 diabetes. The advantage of
using HbA1c as a diagnostic measure is that
there is no need to fast and it provides
metabolic control for the preceding 2 to 3
months. A cut oﬀ value of greater than 6.5% is
diagnostic of diabetes[20]. The mean of patients
who underwent treatment with DAAs was
calculated for a period of six month period
before therapy and nine months after
treatment, three month period of therapy with
DAA was excluded to avoid direct eﬀect of
antiviral treatment on HbA1c level as it reﬂects
glycemic control over the preceding three
months.
CHANGES IN ANTIDIABETIC
MEDICATIONS PRE AND POSTTREATMENT
Observations were done for all anti diabetic
medications taken prior to HCV treatment
(pretreatment) and until 6 months after end of
treatment (post-treatment), categorized into
the following 8 classes: dipeptidyl peptidase 4
inhibitors, glucagon-like peptide 1 agonists,
Insulin, α-glucosidase inhibitors, metformin,
meglitinides, sulfonylureas, and sodiumglucose co-transporter 2 inhibitors. We divided
above medications in three groups
·
Percentage of patients receiving any oral
ant diabetic agents (OAAs).
·
Percentage of patients receiving Insulin
only.
·
Percentage of patients receiving
combination of insulin and metformin.
RESULTS
BASELINE DATA
In our study a total of 545 patients who were
infected with HCV and suﬀering from type2
diabetes, were treated with Interferon and
Ribavirin free regimens, age ranged from 21 to
70 years. The major bulk of patients comprised
of the group between 31-40 years of age
(68.62%). Amongst this study sample 378
(69.35%) were male and 167 (30.65%) were
female, the average BMI was 30.4 kg/m2 and
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were treated with either DACLATASAVIR/
SOFOSBUVIR 312 (57.24%) or VALPATASVIR/
SOFOSBUVIR
230 (42.20%) or
LEDIPASVIR/SOFOSBUVIR 3 (0.55%).
Cirrhosis was detected in 153 (28%) and
decompensated Cirrhosis was found in 68
(12.5%).The number of patients according to
treatment modality for T2D were as follows.
Some 63.48% of patients were on oral ant
diabetic agents, 19.08% were on insulin and
17.44% on insulin as well as metformin.
Comparison of patients in relation to SVR
achievement shows that there were more
cirrhotic patients who could not achieve SVR
which makes 46% of total non achievers as
compared to 26% in SVR achievers. The
number of decompensated cirrhotic patients in
non achiever group was higher in comparison to
SVR achievers (22.6 vs 11.9%). The patients
using oral anti diabetic agent were almost same
in SVR achievers versus non achievers. Same is
the case about individuals on Insulin or Insulin
+ metformin group. There were also signiﬁcant
diﬀerences in reference to serum bilirubin,
albumin, PT with INR and Platelet count
between two groups (Table 1).
CHANGES IN HbA1c ASSOCIATED WITH
SVR
Cumulative pretreatment HbA1c was 7.51%.
However the drop in average HbAIc level after
the treatment with DAA was greater in those
achieving SVR (from 7.51 to 7.36), a mean drop
of 0.15%.The patients with treatment failure
there was an increase in HbA1c (from 7.51 to
7.64) showing a rise of 0.13, the drop in HbA1c
associated with DAA treatment was greater in
those who achieved SVR (1.99%). Adjusted
mean diﬀerence of 0.29 with p=0.02.
CHANGES IN ANTI DIABETIC
MEDICATIONS
Insulin requirement was decreased in
population of patients (from 49.2% to 40%
signiﬁcantly) who achieved SVR then in who did
not (they had an increase in insulin use from
(40.4% to 52.8% AMD -3.2%, P=0.03)
This reduction was more observed in patients
with a low pretreatment HbA1c level of ≤ 7.3%.
In addition metformin use was reduced in SVR
achieving group. The use of metformin
decreased from; before DAA therapy to after
DAA therapy by 26.2% in SVR achievers versus
a 10.4% decline in treatment failure group.
JUMDC Vol. 10, Issue 3, July-September 2019

AKHTER M.S., AHMA M., et al.

IMPACT OF SUCCESSFUL TREATMENT OF HCV

TABLE 1: BASELINE CHARACTERISTICS OF PATIENTS ENROLLED.

Gender
Male
Age, years (mean±SD)
Genotype (%)
1
2
3
DAA HCV treatment regimens
(%)
DAC/SOF
VLP/SOF
LDV/SOF
Cirrhosis (%)
DCLD (%)
Laboratory results (%)
Anemia*
Creatinine > 1.1mg/dl
Platelet count <100k/µL
Bilirubin > 1.1mg/dL
Albumin < 3.5g/dL
INR > 1.1
Glycemic control
HbA1c % mean ± SD
Diabetic medication
Oral antidiabetic agents (%)
Insulin (%)
Insulin+Metformin (%)

Total patients
(N=545)

No SVR
(N= 36)

SVR
(N=509)

69.35%
38.10±11.23

68.24
37.42±10.45

69.22
38.02±10.96

003 (00.55)
026 (04.77)
516 (94.67)

Nil (0.00)
01(3.84)
35(6.78)

03(100)
25 (96.15)
481 (93.21)

312 (57.24)
230 (42.20)
003 (00.55)

24 (7.70)
12 (5.22)
Nil (0.00)

288( 92.30)
218 (94.78)
03 (100.00)

28
12.5

46
22..6

26
11.9

32.0
22.8
21.0
15.0
30.2
26.0

36.0
19.2
29.4
25.0
42.2
35.4

30.0
21.2
17.3
13.2
24.4
22.6

7.51±0.5

7.64±0.4

7.36±0.4

63.48
19.08
17.44

64.5
22.0
13.5

65.2
18.2
16.6

*Anemia is deﬁned as a hemoglobin concentration of < 13g/dL in men and < 12 g/dL in women.

TABLE 2: DISTRIBUTION OF PATIENTS ACCORDING TO AGE GROUPS

AGE LIMIT
21-30
31-40
41-50
51-60
61-70

NO OF PATIENTS
49
374
65
45
12
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PERCENTAGE %
8.99
68.62
11.92
8.25
2.20
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TABLE 3: DISTRIBUTION OF PATIENTS ACCORDING TO VALUE OF HBA1C
HbA1c
6.6-7.0
7.1-7.5
7.6-8.0
8.1-8.5
8.6-9.0

ALL
PATIENTS(N=545)
46
347
58
62
32

NO SVR
ACHIEVERS(n=36)
Nil
18
12
5
1

SVR
ACHIEVERS(n=509)
57
384
32
14
22

TABLE 4: DISTRIBUTION OF PATIENTS ACCORDING TO TYPE OF THERAPY FOR T2D.
TYPE OF THERAPY
ORAL
ANTIDIABETIC
AGENTS (%)
INSULIN (%)
INSULIN AND
METFORMIN(%)

ALL PATIENTS

SVR ACHIEVERS

346 (63.48%)

NO SVR
ACHIEVERS
64.5 (%)

104 (19.08%)

22.0 (%)

18.2 (%)

95 (17.43%)

13.5 (%)

16.6 (%)

65.2 (%)

TABLE 5: IMPACT OF HCV SVR ON ANTIDIABETIC MEDICATION
CHANGE IN DOSE OF
ANTIDIABETIC MEDICATION
ORAL ANTIDIABETIC
AGENTS(%)

BASE LINE
DOSE

INSULIN (%)
INSULIN AND METFORMIN (%)

DISCUSSION
We did this study to ﬁnd out impact of HCV viral
eradication on control of diabetes when treated
with direct acting antiviral agents for HCV in
local population in clinical settings. In our study
male population predominated as enrolled for
study, which comprised of more than two thirds
of total subjects. Close to 80% of the individuals
were between thirty one to ﬁfty years of age.
Our results in relation to gender distribution and
prevalent age are diﬀerent from study done by
Muhammad Sadik Memon et al[23] where the
main age group is about 40 years plus and that
makes 64.8% with a mean age of 46.1%. This is
because of the fact that they have done
frequency distribution study while our study
was an interventional one.
The frequency distribution of HCV genotypes in
our study is also diﬀerent from that of
28

NON SVR
ACHIEVERS
78.04

SVR
ACHIEVERS
56.20

28.20
22.78

15.25
14.36

Muhammad Sadik Memon et al. This is because
of diﬀerent study sample and population.
However the most common Genotype in both
the studies is Genotype 3 which makes 94.6%
of all in our study and 86.1% in study done by
Sadik Memom and colleagues[23].
Our study demonstrated that HCV SVR achiever
group had better glycemic control in
comparison to non achievers. These ﬁndings
are in line with Justine Hum et al[15]. The baseline
HbA1c in our patients was 7.51% with a fall to
7.36% in SVR achiever group in comparison to
an increase of HbA1c to 7.64% in non SVR
group. This makes statistically signiﬁcant
diﬀerence in two groups with a P value of 0.03.
The most common agents to treat diabetes
mellitus were oral ant diabetic agents which
were used in 63.4% of patients under study.
Some 19% patients were treated with Insulin
and 17% with a combination of Insulin and
JUMDC Vol. 10, Issue 3, July-September 2019
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achievement was independent of the regimen
used to treat their diabetes.
As two groups were treated similarly for their
control of diabetes, and their dose of ant
diabetic agents and Insulin were only modiﬁed
as per patient's glycemic indices. All the
patients were treated in the same way for
hepatitis C eradication. So at the end of follow
up, the diﬀerence in HbA1c among two groups
points towards the ﬁnding that this was because
of SVR achievement in second set of patients.
We found that advanced liver disease in the
form of cirrhosis of liver and decompensated
liver disease were associated with non SVR
achievement. Among laboratory parameters
raised serum bilirubin above 1.1 mg/dL, serum
albumin below 3.5G/dL and platelet count
below 100000/cmm and INR >1.1 were
associated with non SVR achievement (Table1).
These ﬁndings also point towards an advanced
liver disease. These ﬁndings are in line with
studies already done to ﬁnd out correlation with
advanced liver disease and SVR achievement
with diﬀerent antiviral regimens.
Our study was also supported by almost similar
results by p.pavone et al which reﬂects marked
improvement in glycaemic control after
successful treatment of HCV with DAA therapy
irrespective of genotype as evident by
signiﬁcant change in HbA1c[13].
In contrast a study conducted by R.Premji et al
shows increased incidence of new- onset T2DM
in patients treated with DAA therapy with
Ledipasvir and sofosbuvir , but this study was in
genotype 1 patients while in our study most of
patients were of genotype 3 [14] .
In this study we found that all three drug
combinations were highly eﬀective in achieving
SVR in hepatitis C patients. As we had only three
patient of Genotype1 enrolled in the study and
were treated with Ledipasvir/Sofosbuvir
combination. All three achieved SVR but further
discussion cannot be justiﬁed because of small
number of patients. The largest group of
patients(57.24%) was treated with
Dacltasvir/Sofosbuvir. This combination
showed an SVR of 92.3% which shows it to be
very eﬀective combination on our subjects.
Valpatisvir/Sofosbuvir combination was used in
230(42.2%) patients. This regimen showed an
SVR of 94.78%, again proving it to be highly
eﬀective to treat and achieve SVR in hepatitis C
patients.
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CONCLUSION
In the light of the ﬁndings of our study, it is
hereby concluded that improved glycemic
control is associated with eradication of HCV
with DAA based regimens evidenced by
decrease in mean HbA1c and decreased insulin
as well as oral anti diabetic agents use in SVR
achievers.
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