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Abstract
Background: Hepatitis C virus (HCV) is a significant cause of chronic hepatitis, cirrhosis, and hepatocellular carci‑
noma worldwide. Liver disease is not the only problem caused by chronic HCV infection; many extrahepatic compli‑
cations, such as insulin resistance, can be associated with HCV infection. The aim of this study was to assess the effect
of achieving a sustained virological response after treatment with directly acting antiviral drugs on insulin resistance
in patients with chronic HCV infection.
Results: This prospective study was conducted on 46 HCV patients with type 2 diabetes mellitus who received
directly acting antiviral drugs for HCV infections. Fasting insulin, fasting blood glucose, and lipid profiles were assessed
in all patients at three time points: before treatment, at the end of treatment, and 12 weeks after the end of treatment.
Despite using three different directly acting antiviral drug regimens, all patients achieved a sustained viral response,
regardless of the regimen used. the Homeostatic Model Assessment for Insulin Resistance decreased significantly at
the end of treatment; however, when recalculated at week 12 after end of treatment, the reduction of the Homeo‑
static Model Assessment for Insulin Resistance was not significant compared to the baseline levels. Total cholesterol
and low-density lipoproteins increased at the end of treatment and continued to increase for 12 weeks after the end
of treatment.
Conclusions: Improvements in insulin resistance and glycemic control were noted in HCV patients at the end of
treatment with directly acting antiviral drugs; this effect was also apparent after 12 weeks. An increase in the levels of
total cholesterol and low-density lipoprotein can be expected after treatment with directly acting antiviral drugs.
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Background
Infection with hepatitis C virus (HCV) is a major cause
of chronic hepatitis, cirrhosis, and hepatocellular carcinoma (HCC) [1]. Liver disease is not the only problem
caused by chronic HCV infection; many extrahepatic
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complications, such as insulin resistance (IR), are associated with HCV infection [2]. Some reports have suggested that chronic HCV patients have a high prevalence
of metabolic disorders [3]. Modifications to these disorders can be expected after viral eradication [4]. As a
result of these metabolic imbalances, HCV increases
the incidence of type 2 diabetes mellitus (T2DM) in susceptible individuals, mainly through the development of
IR [5]. Although HCV is primarily a hepatic infection,
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insulin sensitivity is compromised in chronic HCV
patients in the absence of metabolic syndrome [6]. One
possible explanation for this phenomenon is that infected
hepatocytes might release mediators that provoke endocrine effects at extrahepatic locations, such as skeletal
muscle. The interaction between the metabolic effects of
HCV and host-related genetic and environmental factors
can result in worsening of IR, ending in the development
of T2DM [4, 7]. Once it has developed, T2DM hastens
the development of liver injury, leading to an upsurge in
HCC risk, and worsening the response to antiviral treatments [5]. The risk of cardiovascular disease increases
because of factors including possible direct viral effects,
the presence of existing systemic chronic inflammatory
conditions, and possible interactions with metabolic disorders [8].
There have been significant changes in HCV management following the discovery of the oral, interferon-free,
direct-acting antivirals (DAAs) that replaced the previous interferon-based standard of care therapy [9, 10].
Because of the association between HCV and the development of IR and T2DM, it was postulated that the clearance of HCV may cause a decrease in T2DM incidence.
Successful HCV treatment should also improve clinical
outcomes in T2DM patients [11]. Studies are needed to
investigate the impact on insulin signaling pathways of
treating HCV with DAAs and the possibility of improvement of glucose metabolism.

Methods
In the period between December 2017 and December
2018, 46 patients with confirmed chronic HCV infection and IR were enrolled in the study. Those patients
were recruited from the New Cairo Viral Hepatitis Treatment unit, one of the specialized viral hepatitis treatment
facilities affiliated to the Egyptian National Committee
for Control of Viral Hepatitis (NCCVH) [12]. They were
eligible to receive HCV antiviral therapy according to the
standardized protocol issued by NCCVH [13, 14]. The
main criteria for inclusion were: age between 18 and 75,
HCV RNA positivity, and having IR (HOMA test) > 2.5
[15]. Criteria for exclusion included total serum bilirubin
> 3 mg/dl, serum albumin < 2.8 g/dl, INR ≥ 1.7, hemoglobin < 10 g/dl, platelets < 50,000/mm3, HCC or extrahepatic malignancy, pregnancy, and the presence of other
liver diseases such as HBV or autoimmune hepatitis.
Patients had a complete history taken, and had a thorough clinical examination and anthropometric evaluation, including measurement of weight and height, and
calculation of body mass index (BMI). Laboratory investigations included fasting blood sugar (FBS), fasting insulin (FI), and the calculation of the homeostatic model
assessment of IR (HOMA-IR = (FPI × FPG)/22.5) [16].
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Lipid profiles, hepatitis markers (HCV antibody, HBsAg,
and HCV RNA quantitative PCR), kidney function tests,
and alpha-fetoprotein were also assessed. Abdominal
ultrasound examinations were performed for all patients.
These investigations were performed at three time points:
at baseline, at the end of treatment (EOT), and 12 weeks
after the EOT.
Statistical analysis

The SPSS statistical package was used for data analysis.
Data were expressed as mean ± SD for parametric data,
and median ± interquartile range for non-parametric
data. Means were compared using paired t tests and
repeated measure ANOVA tests, while for non-parametric values, Wilcoxon rank, and Friedman tests were
used. P values less than 0.05 were considered to be statistically significant, and P < = 0.01 was considered highly
significant.

Results
The mean age of the study patients was 55.89 years, and
27 of them (59%) were females. Most of the study subjects were overweight or had early obesity, however there
were no significant changes in the mean BMI during the
phases of the study. Ten patients (22%) were hypertensive, and two patients (0.04%) had hypothyroidism and
were receiving thyroxin. Regarding DM management,
most of the included patients did not use insulin (about
61%) but 39% of patient needed insulin in their DM management. Also, insulin sensitizers were not used in DM
management.
Patients were assigned to groups receiving one of three
different DAA regimens, according to the treatment
availability and the protocol used. The combination of
sofosbuvir/daclatasvir (SOF/DAC) with or without ribavirin (RBV) was the most frequently used regimen (63%
of patients). The other two groups received a fixed-dose
combination of ombitasvir/paritaprevir-ritonavir (OMB/
PAR/RIT) with RBV (30%), or sofosbuvir/ledipasvir
(SOF/LED) (7%).
An indicator of insulin resistance, HOMA-IR, was significantly decreased at the EOT compared to baseline
levels [HOMA-IR: 5.25 (3.35–7.65) vs. 3.74 (2.59–5.45),
P = 0.001]. However, when baseline HOMA-IR levels
were compared to those reported 24 weeks post-treatment, there was a tendency toward a decrease, but the
difference was not statistically significant [HOMA-IR:
5.25 (3.35–7.65) vs. 4.83 (3.72–6.66), P = 0.114]. FI levels decreased significantly directly after treatment [14.75
(9.50–22.60) vs.10.35 (8.60–16.00); P = 0.000]. The FI
level 12 weeks after treatment was lower than the starting level, but was not statistically significant [10.35
(8.60–16.00) vs. 13.75 (9.00–18.20); P = 0.045]. When
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Fig. 1 Changes in HbA1c over the course of the study

Fig. 2 Changes in serum LDL over the course of the study

comparing HbA1c levels at baseline with those at the
EOT, a significant decrease was noticed (7.56 ± 1.01 vs.
7.00 ± 1.52 2; P = 0.013), reflecting the effect of IR on the
control of plasma glucose level (Fig. 1). However, when
comparing the level at the EOT to that at 12 weeks after
the EOT, a significant increase was reported (7.00 ± 1.52
vs. 7.57 ± 1.17; P = 0.000). Lipid metabolism was significantly influenced by HCV treatment (Fig. 2). Serum
cholesterol and low-density lipoproteins (LDL) levels
increased significantly after the EOT (156.98 ± 43.41 vs.
172.37 ± 36.64; P = 0.002, and 91.97 ± 36.09 vs. 105.73
± 30.64; P = 0.007, respectively), and this effect persisted at 12 weeks after EOT (156.98 ± 43.41 vs. 173.89 ±

42.62; i= 0.003, and 91.97 ± 36.09 vs. 110.19 ± 33.50; P
= 0.000, respectively). The detailed changes in the studied parameters throughout the study checkpoints are
listed in Table 1.

Discussion
HCV infection can be associated with extrahepatic manifestations, such as IR [17, 18]. The pathophysiology of IR
associated with HCV infection is controversial. Advanced
fibrosis and liver cirrhosis can lead to metabolic derangements, which, in turn, result in IR [19]. IR is associated
with specific HCV genotypes, G1 and G4, in which there
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is a direct correlation between viremia and IR levels, and
the development of type II DM [20]. This finding was one
of the main drivers behind conducting this study, as G4
HCV is widespread in Egypt [13].
In the current study, HOMA-IR levels were significantly decreased at the EOT compared to baseline levels;
however, this was not the case when baseline levels were
compared with those reported at 24 weeks post-treatment. In the latter situation, there was a tendency toward
a decrease, but the decrease was not statistically significant. This phenomenon has previously been reported in a
previous research where obesity did not affect the results
[21] and could be partly explained by the tight control of
diet, and hence better glycemic control, taken by patients
with diabetes during the HCV treatment period. The
finding of improved IR after HCV treatment was common in most reports discussing the subject, with only a
few studies reporting different results. When DAAs are
first used, some reports suggested that the SOF/LED
combination could worsen IR. raising the risk of hyperglycemia [22, 23]. However, later studies confirmed the
acceptable safety margins of DAAS [24]. In a study that
involved non-diabetic Egyptian patients who received
DAAs, the mean FBS improved at the EOT, indicating
better glycemic control; however, HOMA-IR was significantly increased at the EOT, indicating an increase in
insulin resistance [25]. In contrast to previous findings,
several studies produced results very similar to those of
the present study with respect to the effect of treatment
with DAAs on IR. Adinolfi et al. reported a reduction in
HOMA-IR, increased insulin sensitivity, decreased insulin secretion, and reduction of serum glucose and insulin
levels after treatment with DAAs in non-diabetic patients
with HCV G1 and advanced liver fibrosis (F3-4) [26].
HOMA-IR was significantly lower at the end of DAAs
treatment with SIM/SOF in an Egyptian cohort of nondiabetic naïve patients with different grades of fibrosis
and G4 HCV infection [27]. In another study from Egypt,
pretreatment HOMA did not differ in responders and
non-responders to DAAs (P = 0.098), while IR decreased
significantly in responders compared to those who did
not achieve a sustained virologic response (SVR) (P <
0.0001), and HOMA improved significantly in patients
with SVR than in non-responders (P = 0.001) [28]. These
results indicate that the improvement of IR after viral
eradication could be reflected in the blood glucose levels, and a parallel improvement in glycemic control can
be anticipated. It is also possible that the hypoglycemic
agents used should be adjusted to avoid fluctuations in
the plasma glucose levels of patients following successful
antiviral therapy.
In our study, HbA1c levels showed a significant
decrease at EOT compared to pretreatment levels.
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Reductions in FBS and HbA1c have also been noted
after DAA therapy in many studies [21, 29, 30]. This
observation suggests a need for close monitoring for
a possible reduction in anti-diabetic drugs, especially
insulin and sulfonylurea, to avoid hypoglycemic events.
This approach has also been suggested by other studies
[31]. The need for escalating anti-diabetic therapy during HCV treatment has been reported by other studies
[32]. Similar improvements in glycemic control were
demonstrated, even before the era of DAAs; however,
these studies were confounded by treatment-induced
weight loss, a common side effect of interferon [33, 34].
Previous studies have suggested that patients with
chronic HCV infection had significantly lower total
cholesterol and triglyceride levels compared with
healthy controls matched for age, sex, and BMI [35–37].
In the present study, both total cholesterol and LDL
levels increased significantly after the EOT compared
to baseline levels, while HDL levels did not show a significant change. Some studies have suggested a need for
repeated measurements of serum lipid levels in patients
who responded to antiviral therapy, as viral elimination
may uncover some patients with previously undervalued cardiac risk [38]. An increase in serum LDL early
in the course of antiviral therapy (SOF/RBV) was noted
in patients who cleared the virus [3]. Similarly, an interferon-free antiviral treatment study showed a rapid
increase in total LDL and HDL cholesterol levels after
4 weeks, with a rapid decline in patients who did not
achieve a SVR [39]. This observation was confirmed
by an Egyptian study showing a significant elevation
of serum cholesterol and LDL levels after the end of a
course of SOF/SIM treatment [27].
Data from literature explained these alterations in the
lipid profile after HVC treatment by the fact that HCV
affects the expression of some proteins involved in the
lipid metabolism. It was shown that HCV increases the
expression of LDL receptors on the membrane of the
hepatocytes allowing more LDL molecules to enter.
On the other hand, it decreases the expression of the
enzyme proprotein convertase subtilin/Kexin type 9
(PCSK9) which is responsible for LDL receptor degradation. Consequently, these effects can be reversed
causing an increase in plasma LDL after successful
treatment of HCV [40].

Conclusions
Improvements in IR and glycemic control were noted
in HCV patients at the EOT with DAAs; however, this
effect was not observed 12 weeks after the commencement of treatment. An increase in the levels of total
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cholesterol and LDL can be expected after treatment
with DAAs.
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