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Abstract

Association between chronic hepatitis C (CHC) infection and insulin resistance (IR) is still
challenging. The study assessed the impact of using direct acting antivirals (DAAs) on IR and the
effect of IR on the treatment response. A total of 101 Egyptian patients with CHC who were
eligible to Sofosbuvir based treatment were prospectively involved. All the patients were
subjected to baseline liver function test, fasting and post prandial blood glucose, fasting insulin,
quantitative HCV PCR and abdominal ultrasound. All the patients received sofosbuvir and
daclatasvir with or without ribavirin for 12 weeks. HOMA-IR evaluated IR, both at baseline and
at the end of treatment.

The results showed that patients' mean age was 48.59+10.56 years; with female dominance
(58.4%). An overall sustained response (SVR) was successfully achieved in 96 patients (95.04%).
Baseline IR (defined as HOMA-IR >2) was identified in 64 patients (63.4%) with a median value
of 3.07. Patients with positive sustained virologic response (SVR) had lower median values of
HOMA-IR than those with negative SVR; both at baseline and the end of treatment (p=0.004,
p=0.04; respectively). By the end of treatment, ALT, AST, and FBG showed a significant
decrease (p=0.0001). Fasting insulin and HOMA-IR showed a slight improvement (p>0.05).
Keywords: Insulin resistance, HOMA-IR, chronic hepatitis C, direct acting antivirals drugs

Introduction model assessment (HOMA) index. Interes-
Hepatitis C virus (HCV) infection is a  tingly, euglycemic insulin clamp studies
major health problem with a global preva-  showed that IR in CHC has both a hepatic
lence of 2.35%, and around 160-170 mill-  and a peripheral component i.e., in muscles
ions were chronically infected (Lavanchy, and was related to viral load but not to liver
2011). A recent estimate showed a preva-  fat content (Milner et al, 2010).
lence of 2.8%, equating to more than 185 The underlying mechanism of IR in CHC
million infections worldwide (Mohd-Hana- is still unclear. Some studies suggested an
fiah et al, 2013). Egypt showed the highest  inflammatory role (Lecube et al, 2006).
prevalence worldwide (Polaris Observatory Impaired glucose uptake may also play a
HCV Collaborators, 2017) where the HCV  role where the surface expression of Glucose
genotype 4 is the most prevalent (Sievert et Transporters (GLUT1 & 2) were suppressed
al, 2011). Numerous extrahepatic manifes-  in HCV infected cells (Kasai et al, 2009).
tations have been reported in patients with Insulin resistance is strongly associated with
HCV, suggested a systemic disease rather  worse outcomes, enhanced fibrosis progress-
than just a localized liver disease (Desbois ion that might be an independent predictor
and Cacoub, 2017). Chronic hepatitis C  of liver-related mortality in HCV population
(CHC) is accompanied by glucose metabolic (Younossi et al, 2013).
derangements, development of insulin resis- The introduction of new interferon-free
tance (IR), and type 2 diabetes mellitus  direct-acting antivirals (DAAS) is associated
which is common in Egypt (EI-Tawdy et al,  with the high potency, better tolerability,
2016) and measured using the homeostatic higher resistance barrier, shortened treat-
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ment dura-tion, all oral regimen, fewer drug
interactions and reduced pill burden
(Schinazi et al, 2014).

The present study aimed to assess the im-
pact of using direct acting antivirals (DAAS)
on insulin resistance (IR) and the effect of
IR on the treatment response.

Patients and Methods

For this prospective cohort study, 101
CHC patients, eligible for DAAs treatment,
were included in the period between Nove-
mber 2016 and October 2017 at Ain Shams
University Hospitals and Damanhour Hos-
pital. The study was conducted in accor-
dance with the ethical principles of the 1975
declaration of Helsinki, and was approved
by the local ethical committee. A written
informed consent was obtained from all the
participants after explaining the aim and
concerns of the study. Eligible patients were
18 years or older and had HCV/PCR
positivity. The following patients were ex-
cluded: the HBV co-infection, alcoholics,
diabetics, any contraindication to DAAs
(e.g. hepatocellular carcinoma, extrahepatic
malignancy, current or planned pregnancy or
lactation, active substance abuse), previous
exposure to IFN or DAAS therapy.

All patients were subjected to a thorough
clinical examination with estimation of
body mass index (BMI), calculated as BMI=
Weight (Kg)/ Height squared (m?). Baseline
laboratory investigations were obtained for
proper selection of patients who are eligible
for treatment, including complete blood
count (CBC), liver and kidney profile,
HBsAg, HBclgG, Alfa-fetoprotein, fasting
and post prandial blood glucose, glycated
haemoglobin  (HbAlc), fasting insulin,
guantitative HCV/RNA by the Real-Time
PCR using the Cobas Ampli Prep/Cobas
TagMan HCV-RNA assay (Roche Dia-
gnostics; Pleasanton, CA, USA) with the
threshold of detection =151U/ml, and the
abdominal ultra-sound. IR was determined
by HOMA-IR using the following formula:
fasting glucose (mmol/L) mutiplied by
fasting insulin (mIU/L) divided by 22.5;
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where IR was defined as HOMA-IR >2 (Pa-
tel et al, 2011).

According to the national guidelines of
HCV treatment and the nationally available
drugs at the study time, patients received
either Sofosbuvir/Daclatasvir or Sofosbuvir/
Daclatasvir/Ribavirin (If was difficult to
treat; with any of the following: serum
albumin <3.5g/dl and/or total bilirubin > 1.2
and/or INR >1.2 and/or platelet count <
150,000/mm?) for 12 weeks.

During treatment period, patients had a re-
gular follw up visits every 2 weeks at the
outpatient clinic. CBC, liver and renal fun-
ction tests were repeated every 4 weeks. A
guantitative HCV/PCR was done at the end
of treatment, and 12 weeks later to assess
SVR. HOMA-IR calculation was repeated at
the end of treatment.

Statistical methods: Data were revised,
coded, tabulated and introduced to a PC
using statistical package for social science
(SPSS for Windows version 17 , SPSS Inc.,
Chicago, IL, USA). Significance level was
set at 0.05. Mean + standard deviation (SD)
was used for parametric numerical data
while median and interquartile range (IQR)
for non-parametric numerical data. Frequen-
cy and percentage were used to express non-
numerical data.

Chi squared (y?) and Fisher’s exact test
(F) were used to compare the non-numerical
variables, when appropriate. The numerical
variables were compared using Student's t-
test, Mann Whitney (U) test. Paired t- test
and Wilcoxon signed rank test were used to
compare numerical values measured twice
for the same study group. Spearman correla-
tion test was used to assess the strength of
correlation between 2 numerical variables.

Results

The study included 101 patients with
chronic hepatitis C who were eligible for the
DAAs therapy. Their mean age was 48.59
+10.56years; the females dominant (58.4%).
BMI ranged between 22.3 & 30.9 with a
mean of 25.4+2.27kg/m?. Ninety one patie-
nts (90.1%) received Sofosbuvir/Daclatasvir



but only ten patients (9.9%) received Sofos-
buvir/Daclatasvir/Ribavirin. An overall SVR
was successfully achieved in 96 patients
(95.04%). Baseline IR (defined as HOMA-
IR > 2) was reported in 64 patients (63.4%)
with a median value of HOMA-IR 3.07.

The relationship between the baseline IR
and patients' personal data was given. IR
was significantly higher in females, non
smokers and hypertensive patients.

Baseline PCR showed a significant higher
median value among males rather than fe-
males (825,500 vs. 319,000; p=0.003). But,
there were no significant differences be-
tween those with IR and those without re-
garding PCR. Baseline PCR was positively
correlated with ALT, AST; & negatively
correlated with patients' age, FBG, fasting
insulin, and HOMA-IR, yet none of the rela-
tions was statistically significant (p>0.05).

On studying the relationship of HOMA-IR
and the acheivement of SVR, the patients
with positive SVR had lower median values
of HOMA-IR than those with negative SVR;
both at baseline and the end of treatment
[2.7 (1.3-4.7) vs. 8.8 (5.8-11.3) ; p=0.004
and 2.3 (1.5-4.7) vs. 18.4 (4.5-21.2); p=0.04;
respectively].

ALT, AST, and FBG showed a significant
decline at the end of treatment (52.99+£29.16
vs. 25.91+12.29, 49.9+27.5 vs. 26.13+9.76
& 93.54+9.62 vs. 89.05+9.12; respectively)
(p=0.0001). But, fasting insulin and HOMA-
IR showed a slight improvement [median
(IQR):13.4 (6.3-21.2) vs.11.5 (7.2-22.3) &
3.1 (1.4-5.1) vs. 2.5 (1.6-4.8); respectively],
yet, the difference didn't reach statistical
significance (p>0.05).

The details were given in tables (1, 2, 3, 4
&5).

Table 1: Relationship between baseline insulin resistance and patients' personal data

Personal Data Baseline Insulin resistance p
Positive (n=64) Negative (n=37)
Age (years) 50.1+9.7 45.9+11.6 0.05*
BMI (Kg/m?) 29.9+1.8 26.2+2.75 0.013*
Male (%)/Female (%) 20(47.6)/44(74.6) 22(52.4)/15(25.4) 0.006**
Smoker (%)/Non-smoker (%) 7(36.8)/57(69.5) 12(63.2)/25(30.5) 0.008**
Hypertensive (%)/Non-hypertensive (%) 8 (100)/55 (59.8) 0 (0)/37 (40.2) 0.025***

*Student t-test , **Chi Squared test, ***Fisher exact test

Table 2: Relation between baseline PCR and personal, ultrasound data and baseline IR

Variable Baseline PCR p
Median IQR
Male 825,500 265,000-2,800,000 0.003
Female 319,000 153,000-910,000
Smoker 495,000 180,000-1,070,000
Non-smoker 429,500 202,000-1,470,000 0.636
Normal liver by U/S 484,500 215,000-1,320,000
Abnormal liver by U/S 450,000 188,110-1,470,000 0.882
Positive IR 466,000 201,500-1,335,000
Negative IR 460,000 160,000-1,160,000 0.693

PCR: polymerase chain reaction, IQR: interquartile range, IR: insulin resistance
Table 3: Correlation between baseline PCR and other laboratory parameters

Baseline PCR
Laboratory parameter [ p
Age -0.097 0.33
ALT 0.083 0.407
AST 0.095 0.346
FBG -0.06 0.554
F. insulin -0.06 0.551
HOMA-IR -0.053 0.602

PCR: Polymerase chain reaction, rs: spearman correlation, FBG: fasting blood glucose, F. insulin:
fasting insulin, ALT: Alanine transaminase, AST: Aspartate transaminase, HOMA-IR: Homeostasis model

assessment-insulin resistance
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Table 4: Relation between HOMA-IR (at baseline & end of treatment) and SVR achievement

SVR
HOMA-IR SVR +ve (n=96) SVR -ve (n=5) p
Median IQR Median IQR
At baseline 2.7 1.3-4.7 8.8 5.8-11.3 0.004
At end of treatment 2.3 1.5-4.7 18.4 45-21.2 0.04

SVR: sustained virologic response, IQR: Interquartile range, HOMA-IR: homeostasis model
assessment-insulin resistance
Table 5: Changes in main laboratory parameters before and after treatment

Laboratory parameter At baseline At end of treatment p
ALT (M£SD) 52.99+29.16 25.91+12.29 0.0001*
AST (M%£SD) 49.9+27.5 26.13+9.76 0.0001*
FBG (M+SD) 93.54+9.62 89.05+9.12 0.0001*
F. insulin [median (IQR)] 13.4 (6.3-21.2) 115 (7.2-22.3) 0.435**
HOMA-IR [median (IQR)] 3.1(1.4-5.1) 2.5(1.6-4.8) 0.993**

*Paired t test, **Wilcoxon signed rankALT: alanine transaminase, AST, aspartate transaminase, FBG: fasting
blood glucose, F. insulin: Fasting insulin, HOMA-IR: homeostasis model assessment-insulin resistance

Discussion

Many studies evaluated the association
between HCV chronic infection and IR, yet,
the results were conflicting. With the deve-
lopment of the DAA therapies, HCV can be
successfully eradicated; with high safety and
efficacy (Dhingra et al, 2014). The mutual
effect between DAA HCV treatments and
IR still has to be cleared..

In the present study, the prevalence of IR
among cases was 63.4%, a result that was
contradictory to a recent Iranian study which
recorded a much lower prevalence (26.9%)
and declared that the CHC could not be
considered a risk factor for IR (Eshraghian
et al, 2017). This difference might be
explained by the difference in genotypes as
genotype 4 is most prevalent among
Egyptian patients while genotype 1 and 3 are
the most frequent in Iran.

The relationship between IR & HCV
genotype is still debatable. Hui et al. (2003)
reported that patients with genotype 3 had
significantly lower HOMA-IR than other
genotypes even after the adjustement of
other variables. Despite similarity in the
genotype 4, in a cohort of Egyptian patients
with CHC, IR was reported in only 31% of
nondiabetic patients (Amer et al, 2016). It
seemed that the difference might be due to
their use of a higher cut off of HOMA-IR >
3.0.

In agreement with the present study, when
using a cut-off level similar to (HOMA > 2
as indicating IR), Péres et al. (2013) showed
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the prevalence of IR was similarly high
(65% & 57% in genotype 1& genotype 3,
respectively) So, it worthnoting that using
diffierent HOMA-IR cut-off levels to define
IR played a major role in heterogeneity in
the prevalence results.

Generally, it is well known that males
poses a higher risk for IR and diabetes, but
the protective effect of female decreases
with age, particularly in women above the
age of 50, considered an average age for
menopause (Gayoso-Diz et al, 2011). In the
present study, female patients were the
predominant in having IR (p=0.006); a
finding that might be attributed to the older
age of the present patients (mean age
48.59+10.56 years).

Consequently, the females were associated
with directly measured IR in the setting of
HCV infection (Mukhtar et al, 2013). Of
note, HCV itself increases the risk of IR,
thus, the sex effect on IR parameters might
be overwhelmed by the complex interplay
between virus and host in a way that differs
from the non-HCV population.

The present study showed a significant
impact of HOMA-IR on acheiving the SVR,
where the median values of HOMA-IR (both
at baseline and at the end of treatment) were
significantly lower in the patients who had
positive SVR (p= 0004, 0.04; respectively).
To the present author’s knowledge, no re-
cent data is available about the effect of IR
on SVR in patients receiving new DAAs.

The present results agreed with Saady et



al. (2013) in Egypt who showed that pre-
treatment IR was an independant negative
predictor of SVR (OR 1.15; p<0.001)

Moreover, two published meta-analyses
examined the effect of IR on SVR including
fourteen studies with more than 2700 pa-
tients. Some of these studies did not find an
association between IR and achievement of
SVR; with a baseline HOMA-IR less than 3
and a low prevalence of advanced fibrosis
(Eslam et al, 2011; Deltenre et al, 2011).
Besides, IR did not appear to be strongly
associated with SVR (p= 0.68), even after
controlling for genotype; the odds ratio for
the association between IR and SVR was not
altered as 1.02 (0.89-1.16); p=0.81 (Bran-
dman et al, 2012). Notably, the standard of
care at the time of all these studies was
pegylated IFN and ribavirin and not DAA.

At the end of treatment, there was a reduc-
tion in mean value of FBG, median values of
fasting insulin and HOMA-IR [93.54-+9.62
vs. 89.05+9.12, 13.4 (6.3-21.2) vs. 115
(7.2-22.3), 3.1 (1.4-5.1) vs. 2.5 (1.6-4.8); p=
0.0001, 0.435, 0.993; respectively].

These results went with the study which
elucidated the mutual impact between the
treatment response and parameters of the
glucose abnormalities after DAAS therapy in
CHC patients. It was found that the mean IR
declined at the follow up end from 2.7+£2.9
to 2.6+1.8 (p=0.75) but without significantly
different (Huang et al, 2017).

In a retrospective study evaluating 149
HCV-positive diabetic patients who received
different DAA regimens, FBG analysis
revealed a significant reduction during
treatment (p=0.007); with a reduction mean
value -52.86mg/dL.The results were neither
dependent on the DAA regimen nor HCV
genotype (Pavone et al, 2016).

Conclusion

The insulin resistance (IR) was highly
prevalent among Egyptian patients with
Chronic Hepatitis C with a negative impact
on SVR.

The use of DAAs may ameliorate IR at the
end of treatment using DAAs.
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CHC among Egyptian patients is accom-
panied by a high prevalence of IR. Further-
more, IR has a negative impact on SVR; yet,
just using DAAs in treating HCV may ame-
liorate IR at the end of treatment even before
reaching SVR. Such final conclusions have
to be confirmed by controlled clinical trials
with long-term follow-up.
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