
23 May 2023

AperTO - Archivio Istituzionale Open Access dell'Università di Torino

Original Citation:

Significant improvement of glycemic control in diabetic patients with HCV infection responding to
direct-acting antiviral agents

Published version:

DOI:10.1002/jmv.24954

Terms of use:

Open Access

(Article begins on next page)

Anyone can freely access the full text of works made available as "Open Access". Works made available
under a Creative Commons license can be used according to the terms and conditions of said license. Use
of all other works requires consent of the right holder (author or publisher) if not exempted from copyright
protection by the applicable law.

Availability:

This is the author's manuscript

This version is available http://hdl.handle.net/2318/1654943 since 2019-08-01T17:06:56Z



1 
 

This article is protected by copyright. All rights reserved 

Research Article 

SIGNIFICANT IMPROVEMENT OF GLYCAEMIC CONTROL IN DIABETIC PATIENTS 

WITH HCV INFECTION RESPONDING TO DIRECT-ACTING ANTIVIRAL AGENTS† 

Short title: HCV eradication with DAAs improves diabetes 

Alessia Ciancio1, Roberta Bosio2, Simona Bo3, Marianna Pellegrini3, Marco Sacco1, 

Edoardo Vogliotti1, Giulia Fassio2, Andrea Guido Franz Bianco Mauthe 

Degerfeld2, Monica Gallo2, Chiara Giordanino2, Lodovico Terzi di 

Bergamo1,Davide Ribaldone1, Elisabetta Bugianesi1, Antonina Smedile1, Mario 

Rizzetto1,  

Giorgio Maria Saracco1 

1Gastroenterology Unit, Department of MedicalSciences, AOU Città della Salute e della 

Scienza di Torino, University of Turin, Torino, Italy 

2Gastroenterology Unit, San Luigi Hospital, University of Turin,Torino,  Italy 

3Department of MedicalSciences, AOU Città della Salute e della Scienza di Torino, 

University of Turin, Torino, Italy 

Corresponding author: 

Giorgio Maria Saracco, MD, Gastro-hepatology Unit, Department of Medical Sciences,  

AOU Città della Salute e della Scienza di Torino, Corso Bramante 8810126 Torino, 
Italy.  

Tel.: +39-011-6336397.FAX: +39-011-6335927.  

E-mail: giorgiomaria.saracco@unito.it 

Conflicts of interest: none declared. 

Source of funding: none declared. 

 

†This article has been accepted for publication and undergone full peer review but has not been 

through the copyediting, typesetting, pagination and proofreading process, which may lead to 

differences between this version and the Version of Record. Please cite this article as doi: 

[10.1002/jmv.24954] 

Received 14 August 2017; Revised 19 September 2017; Accepted 19 September 2017 

Journal of Medical Virology 

This article is protected by copyright. All rights reserved 

DOI 10.1002/jmv.24954 



2 
 

This article is protected by copyright. All rights reserved 

ABSTRACT 

AIM:Many studies showed insulin resistance amelioration in HCV-patients achieving 

Sustained Virologic Response (SVR) but results on glycaemic control in diabetic 

patients are unclear. 

This study aimed to assess fasting glucose (FG) and glycated haemoglobin (HbA1c) 

values before and after therapy with direct-acting antivirals (DAAs) in HCV-patients 

with type 2 diabetes mellitus (T2DM).  

METHODS:Of the 122 consecutively recruited patients with chronic hepatitis C and 

T2DM, 110 patients were treated with DAAs and 12 remained untreated.  Clinical, 

biochemical, virological and metabolic features were collected both at baseline and at 

12 weeks after the end of therapy (EOT) or after a comparable period of time in 

untreated patients.  

RESULTS:101 patients obtained a SVR (Group 1), while nine were relapsers; Group 2 

(21 patients) was composed by the 9 relapsers and the 12 untreated patients. A 

significant reduction of mean FG (134.3±41.32 mg/dL vs 152.4± 56.40 mg/dL, p= 

0.002) and HbA1c values (46.51±16.15 mmol/mol vs 52.15±15.43 mmol/mol,p< 0.001) 

was found in Group 1 but not in Group 2 (140.6±47.87 mg/dL vs 145.31±30.18 mg/dL, 

p=0.707, and 55.31±20.58 mmol/mol vs 53.38±9.49 mmol/mol, p= 0.780). 

In Group 1, 20.7% of patients could reduce or suspend their antidiabetic therapy 

compared to none in Group 2 (p= 0.03), despite the significant weight increase observed 

in Group 1.  

CONCLUSIONS: SVR induced a significant amelioration of glycaemic control in 

diabetic HCV-patients, despite a significant weight increase; larger prospective studies 

are needed to verify whether these results are maintained over the longterm. This article 

is protected by copyright. All rights reserved 

 

Key words: Anti-hepatitis C virus DAA; Hepatitis C virus; Hepatitis virus 

 

 



3 
 

This article is protected by copyright. All rights reserved 

List of abbreviations in the order of appearance: 

HCV, hepatitis C virus; T2DM, type 2 diabetes mellitus; CHC, chronic hepatitis C; 

HCC, hepatocellular carcinoma; IR, insulin resistance; IFN, interferon; SVR, sustained 

virologic response; DAAs, direct-acting antivirals; FG, fasting glucose; HbA1c, 

glycated haemoglobin; OLT, orthotopic liver transplant; INHS, Italian national health 

system; EASL; European Association for the Study of the Liver; AH, arterial 

hypertension; MS, metabolic syndrome; BMI, body mass index; WC, waist 

circumference; HC, hip circumference; WHR, Waist-to-Hip Ratio; IL28B, Interleukin 

28B; AST, aspartate aminotransferase; ALT, alanine aminotransferase; APH, alkaline 

phosphatase; GGT, gamma glutamyltranspeptidase; TE, transient elastography; US, 

ultrasound scan; KPa, kilopascal; IQR, interquartile range; CAD, coronary artery 

disease; ECG, electrocardiograms; OR, odds ratio;CI, confidence interval; RBV, 

ribavirin; IRS, insulin receptors; SOC, suppressor of cytokines; UKPDS, UK 

Prospective Diabetes Study.
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INTRODUCTION 

A burden of data suggests that Hepatitis C Virus (HCV) can impair insulin signalling 

and boost the onset of type 2 diabetes mellitus (T2DM) beyond and in addition to the 

histological severity of the associated liver disease1-3. The increased metabolic risk 

associated with HCV infection is supported either by cross-sectional and longitudinal 

studies: the prevalence of T2DM in chronic hepatitis C (CHC) ranges between 19%-

33%4,5 and its incidence is increased in patients with CHC after liver transplantation6,7.  

In turn, T2DM in CHC seems not only to accelerate the progression of liver disease8-10 

but also to greatly increase the risk of hepatocellular carcinoma (HCC)11-13, even in 

patients without cirrhosis and after the eradication of HCV infection14.  For this reason, 

reducing the incidence of T2DM and improving the glycaemic control of diabetic 

patients with CHC are of paramount importance.  If HCV is directly involved in the 

development of insulin resistance (IR) and T2DM, its clearance should result in a 

parallel decrease in the risk of DM incidence. Accordingly, a successful eradication of 

HCV could improve IR, glycaemic control and clinical outcomes in patients with 

established T2DM. 

In the era of interferon (IFN)-based therapy, this hypothesis was  very difficult to be 

tested due to the very low Sustained Virologic Response (SVR) rates associated to IR 

and T2DM15-18 for the negative impact of metabolic abnormalities on therapeutic 

efficacy.  Nevertheless, some clinical trials19,20 concurred to demonstrate that SVR was 

associated with improved IR. On the contrary, baseline IR and T2DM do not seem to 

affect the outcomes of Direct-Acting Antivirals (DAAs)-based therapy21-23  and the high 

therapeutic efficacy of novel antivirals will ensure viral eradication in a large number of 
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diabetic patients.  Recent preliminary reports suggest that DAA agents are associated 

with improvement of fasting glucose (FG) and glycated haemoglobin (HbA1c) values 

during24 and after therapy25-27 in diabetic patients.  Although the results of these studies 

suggest benefits of DAAs on glycemic control, their anecdotal format and/or 

retrospective design make questionable a generalization of their conclusions. 

In order to assess whether SVR has a clinical impact on glycaemic control, we 

prospectively recruited HCV-positive patients with T2DM receiving DAAs and 

evaluated their FG andHbA1c levels at baseline and 12 weeks post-treatment; the 

influence of SVR on antihyperglycaemic medication needs was also assessed.  

Potentially confounding factors affecting the results (i.e. weight variation) were 

considered.  

 

 

METHODS 

All the consecutive patients with CHC and T2DM referred to two academic centers of 

North-Western Italy (Gastrohepatologic Clinic of Molinette Hospital, Turin, Italy and 

Gastroenterology Division of San Luigi Hospital, Orbassano, Italy) between January 

and December 2015 were considered. Patients were included into the present study if 

they fulfilled the following criteria at baseline: age > 18 years; positive results for HCV-

RNA by polymerase chain reaction (PCR); CHC at transient elastography; T2DM. 

Exclusion criteria were: lack of written informed consent, patients in waiting list for 

orthotopic liver transplant (OLT), post-OLT patients,  Child-Pugh C patients, active 

alcohol intake, presence of ascites, presence of other concomitant liver diseases such as 
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haemochromatosis, Wilson's disease, drug-related liver disease, autoimmune hepatitis, 

HbsAg carriership, HIV infection, primary biliary cirrhosis, 1-antitrypsin deficiency. 

In 2015, due to Italian National Health System (INHS) rules, only patients with 

advanced liver fibrosis (F3-F4 according to METAVIR Score28) or with severe 

extrahepatic diseases linked to C virus could be reimbursed for treatment with DAAs; 

for this reason, a significant minority of diabetic patients with CHC remained untreated: 

each of them was asked to participate into the study as controls. Out of remaining 

treatable patients, three refused to be treated but accepted to serve as controls. 

Overall, 156 diabetic patients were screened and 122 (78.2%) were included into the 

study. Patients' flow is reported on Figure 1. One hundred and ten patients were treated 

with DAAs for 12-24 weeks (Table 1) according to the European Association for the 

Study of the Liver (EASL) guidelines29, 101 (91.8%) showed a SVR (HCV-RNA 

clearance 12 weeks after the end of therapy); 9 of 110 (8.2%) demonstrated a viremic 

relapse 4 weeks after the end of treatment and remained HCV-RNA positive at week 12.  

Twelve patients were untreated and served as controls for a comparable period of time.  

Overall, 101 patients who achieved SVR were allocated to Group 1 and 21 who did not 

obtain SVR or were untreated were attributed to Group 2. 

At baseline, a complete medical history and physical examination was undertaken and 

the following data were obtained: age, gender, smoking status,family history for T2DM, 

duration of T2DM, type of antidiabetic medication,presence of macro/ microangiopathic 

complications, arterial hypertension (AH), relevant co-morbidities and the metabolic 

syndrome (MS),body mass index (BMI), waist circumference (WC), hip circumference 

(HC),waist/hip ratio (WHR), HCV genotype, Interleukin-28Brs12979860 (IL-28B) 
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status.  Serum samples were drawn after an overnight (12-h) fasting period in order to 

assess the viral load (AmpliPrep®/COBAS Taqman® HCV test, Roche Diagnostics, 

Basel, Switzerland), complete blood count, routine liver biochemistry (alanine 

aminotransferase [AST], aspartate aminotransferase [AST] levels, total bilirubin, 

albumin, alkaline phosphatase [APH], gamma glutamyltranspeptidase [GGT]),FG and 

HbA1c (high-performance liquid chromatography, HPLC G8 Analyzer,  Thoso, USA, 

normal values: 20-38 mmol/mol) values.  Components of the MS, including central 

obesity, hypertriglyceridemia, hypertension and low HDL cholesterol, were recorded. 

The severity of liver fibrosis was determined within 3 months from treatment by 

transient elastography (TE) and patients were stratified according to METAVIR Scale28. 

An abdominal ultrasound (US) was performed in each patient at baseline and at the end 

of the study (EOS).  Baseline and EOS aliquoted plasma samples were stored at -80° C 

until assayed.  Plasma insulin concentrations were assessed in patients who had never 

received antihyperglycemic agents by a double antibody radioimmunoassay (Diagnostic 

Products Corporation, Los Angeles, CA; interassay coefficient of variation <13%).  IR 

was calculated on the basis of fasting glucose and insulin levels according to the 

homeostatic assessment of insulin resistance (HOMA-IR) method30. 

After 12 weeks from the end of therapy (or after a comparable period of time in 

untreated patients), the anthropometric features and the abovementioned serum 

measurements were re-assessed in each patient.  

The study was performed in accordance with the principles of the Declaration of 

Helsinki and approved by the local ethics committee (Comitato Etico Interaziendale 

Città della Salute e della Scienza di Torino, Turin, Italy; Comitato Etico AOU S. Luigi 
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Gonzaga di Orbassano, Orbassano, Italy); written informed consent was obtained from 

all patients. 

 

Definitions 

Smokers were defined as persons smoking more than one cigarette per day or known to 

have smoked within three years before the study recruitment.  BMI was calculated as 

weight in kilograms divided by the square of the height in meters with the subjects 

wearing light clothing but no shoes. WC was measured at the midpoint between the 

lower border of the rib cage and the iliac crest.  HC was measured at the widest point 

between hip and buttocks. WHR was defined as WC (cm) divided by HC (cm). Blood 

pressure was reported as the average of the last three determinations.  Hypertension was 

defined as a systolic or diastolic blood pressure of 130/80 mmHg or higher or a current 

anti-hypertensive treatment31.   

According to the criteria recommended by the Expert Committee on the Diagnosis and 

Classification of Diabetes Mellitus, diabetes was defined as fasting plasma glucose ≥ 

126 mg/dl (7 mmol/l) in two separate measurements32. 

Diagnosis of metabolic syndrome was made according to the criteria suggested by the 

International Diabetes Federation33.   

 

Liver stiffness evaluation 

Liver stiffness measurements were performed within 3 months from the start of the 

study using TE (FibroScan®, Echosens, Paris, France) according to current EASL 
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guidelines34; the validated probe according to BMI was used (M probe if BMI<28 

kg/m2, XL probe if BMI >28 kg/m2).  Results were recorded in kilopascal (KPa); 

patients were fasting for a minimum of 6 hours prior to TE.  Values for each patient 

were calculated as median of a minimum of 10 consecutive measurements and exams 

with an interquartile range (IQR) divided by mean value (IQR/M) of >30% or a success 

rate of 60% were excluded as recommended by current guidelines.  Patients were 

subsequently divided into 4 groups (F0-F1, F2, F3, F4) according to the METAVIR 

Scale28.  Patients with cirrhosis underwent upper endoscopy within 3 months from the 

study inclusion in order to verify the presence of oesophageal/gastric varices.  

 

Diabetic complications 

Coronary artery disease (CAD) was assessed by a conventional 12-lead resting 

electrocardiograms (ECG) interpreted by two trained cardiologists and/or presence of 

documented events, recorded by a physician (i.e. angina, previous myocardial 

infarction, coronary artery bypass graft or other invasive procedures to treat CAD); 

peripheral artery disease was defined when conditions such as ischaemic foot ulcers, 

gangrene, amputation, vascular surgery, transient ischaemic attacks, strokes, 

intermittent claudication, absent foot pulses, abnormal brachial and posterior tibial 

blood pressure using Doppler techniques were reported.  Retinopathy was diagnosed by 

ophthalmoscopy examination performed by an ophthalmologist experienced in diabetic 

retinopathy.  Nephropathy was established by the presence of an albumin excretion rate 

higher than 20 µg/min at least in two of three urine collections.  Distal symmetric 

polyneuropathy was diagnosed by the presence of neuropathic symptoms, an abnormal 
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vibration perception threshold, the absence of ≥2 ankle or knee reflexes and/or an 

abnormal electromyographic test.  Autonomic neuropathy was diagnosed by a loss of 

heart rate variability or postural hypotension. 

 

Statistical analysis 

Patients’ characteristics at baseline and at the end of follow-up were compared between 

groups using the Student t test for continuous variables and the chi-square (or Fisher's 

Exact Test), when expected cell frequencies were less than 5 for categorical variables. 

In particular, weight, waist and hips circumference and biochemical changes were 

analyzed by paired t-test for the interval between baseline to 12 weeks after the end of 

therapy (up to 252 days from baseline).  Association between predictor variables and 

glycaemic control improvement were determined by Odds Ratio (OR) and 95% 

confidence interval (CI) calculated using Cox proportional hazards regression.  

Variables with p< 0.1 in the univariate model were included in the multivariate model. 

 

 

RESULTS 

All patients included in the study protocol were Caucasian; Table 2 summarizes 

baseline demographic, anthropometric and clinical characteristics of patients who 

achieved SVR (Group 1) and those who did not or who had not been treated (Group 2).  

Baseline liver-related and diabetes-related features are reported in Table 3.  Age, 

gender, BMI, abdominal circumferences, hypertension and metabolic syndrome rates, 
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comorbidities, viral genotypes and viremia, IL-28B status, GGT levels were not 

significantly different between the two groups.  Not surprisingly, Group 2 patients had 

significantly lower liver stiffness (p= 0.024) as 57% of them could not have access to 

therapy due to fibrosis lower than F3, according to current INHS rules.  No significant 

differences regarding Child-Pugh status, previous HCC and presence of gastro-

oesophageal varices were found between patients with cirrhosis from both groups. 

Values of FG and HbA1c levels, antidiabetic medications and prevalence of 

macro/microangiopathic complications were comparable between the two groups (Table 

3). 

At the end of the study, Group 1 patients showed a statistically significant decrement of 

FG (134.3±41.32 mg/dL, p= 0.002) and HbA1c (46.51±16.15 mmol/mol, p < 0.001) 

levels; among Group 2 patients, no significant variation in FG (140.6±47.87 mg/dL, p = 

0.707) and HbA1c (55.31±20.58 mmol/mol, p = 0.780) values was found.  Liver 

function and T2DM parameters of both groups before and at the end of the study are 

reported in Table 4.  

To verify whether ribavirin (RBV) might have influenced post-treatment HbA1c values 

through its hemolytic effect, we analyzed treated patients who achieved SVR according 

to the use of the medication: a significant decrease of HbA1c levels was observed both 

in 74 patients receiving RBV   (p= 0.024) and in 27 patients not given RBV (p= 0.007). 

Finally, in order to individuate predictive factors clinically relevant for glycaemic 

amelioration (defined as a ≥20% decrease of HbA1c levels), we used a Cox proportional 

hazard risk model (Table 5).  Based on a multivariable regression analysis, SVR was the 
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only independent predictive factor associated with the improvement of glycaemic 

control (OR= 49.75, 95% CI 2.197-112.67, p= 0.014). 

 

Weight and antidiabetic treatment changes 

Among Group 1 patients, the mean weight change from baseline to SVR was + 

2.61±6.13 kg (p= 0.023); no significant weight variation was observed in Group 2 

patients (+ 0.26±1.34 kg, p= 0.56).  Baseline to SVR, 63 of 101 (62.3%) sustained 

responders gained weight (mean gain 4.13±3.12 kg), 9 (8.9%) lost weight (mean loss 

3.2±2.43 kg) and 29 (28.8%) maintained a stable weight compared to 6 (28.6%, mean 

gain 2.34±1.86 kg), 4 (19%, mean loss 1.85±1.34kg) and 11 (52.4%) respectively 

ofGroup 2 patients (p= 0.02).  Group 1 patients with or without significant improvement 

of glycaemic control (≥20% decrease of HbA1c levels) were then stratified according to 

the weight variation: 18 (28.5%) out of 63 patients showing weight increase achieved a 

significant amelioration of HbA1c values compared to 16 (42.1%, p= 0.074) of 38 

patients demonstrating either weight decrease or stable weight. 

Antihyperglycaemic agents tapering off because of improved glycaemic control was 

exclusively observed in Group 1, in 21 (20.7%) of the 101 patients who achieved SVR 

(p= 0.03); in particular, 8 of 19 (42.1%) patients treated by oral hypoglicaemic drugs 

reduced or suspended their therapy and 13 of 46 (28.2%) patients on insulin therapy 

decreased the dosage or withdrew the treatment, despite their mean weight gain of 

2.85±4.33 kg. 
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Nine (8.9%) patients had to escalate their antihyperglicaemic medications compared to 

1 (4.8%) of Group 2 (p= 0.34); this subset of patients showed a mean weight increase of 

5.8±3.12 kg. 

 

 

DISCUSSION 

In our study, clearance of HCV induced a significant improvement in glycaemic control 

among 101 diabetic patients, as demonstrated by the reduction of FG and HbA1c levels 

12 weeks after the end of treatment with DAAs.  This result was obtained despite the 

weight gain observed in more than 60% of cured patients, suggesting that improved 

glycaemic control was not due to lifestyle change.  The weight increase found in our 

patients was surprising but not unexpected as it was already described by Azad and 

coll.35 who reported a significantly higher mean weight gain in diabetic patients 

compared to non-diabetics treated with sofosbuvir + ledipasvir (+5.8±7.2 pounds versus 

1.9±7.8 pounds, p= 0.03).  The reason for the weight increase observed among diabetic 

patients with SVR is still unexplained; we can speculate that the awareness of being 

definetively cured for HCV might have induced a less stringent nutritional compliance 

in the responders.  Our multivariate analysis did not reveal confounders in the 

association between SVR and glycaemic control improvement, providing indirect 

support for a causal role of HCV in the induction of T2DM.  The way whereby HCV 

induces T2DM is IR3; HCV was shown to impair the hepatocyte insulin signalling 

pathway by several ways36, including the stimulus to the production of tumour necrosis 

factor-α, the serine phosphorylation of the insulin receptors (IRS), the over-expression 
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of the suppressor of cytokines (SOC-3)37,38 and the induction of SOC-739. The 

mechanism through which DAAs therapy ± RBV ameliorates IR has not been fully 

established but it is most likely mediated via viral clearance, rather than a direct 

pharmacological effect.  To date, many reports15,19,20,40 showed that HCV clearance is 

associated with a significant improvement of IR but our study has demonstrated that this 

amelioration translates into a definite clinical benefit for diabetic patients.  In fact, the 

improved glycaemic control had a relevant impact on antihyperglycemic medication 

needs in patients who achieved SVR; if we exclude patients on diet only, more than 

30% of diabetics decreased the dosage or withdrew the treatment.  On the other hand, 9 

(8.9%) patients showing a particularly relevant weight gain (+ 5.8±3.12 kg) had to 

escalate their anti-diabetic therapy despite the viral clearance; for this reason, the 

eradication of HCV in diabetic patients should not preclude proper counselling on diet 

and physical activity continuation. 

If confirmed over the longterm, improvement of glycaemic control might add other 

benefits to diabetics with advanced liver disease who achieved SVR.  First, good 

glycaemic control prevents the onset and progression of acute and long-term diabetes-

related complications and, conversely, poor metabolic control could enhance or 

accelerate diabetes-related events. This is what usually occurs in ordinary HCV-

negative diabetic patients where long-term tight glycemic control is difficult to achieve, 

as demonstrated in the UK Prospective Diabetes Study (UKPDS), showing an 

inexorable decline in glucose control over time41. 

It is reasonable to hypothesize that a successful eradication of HCV would improve 

clinical outcomes in patients with T2DM as reported by a recent study42 showing that in 

diabetic patients with CHC treated with IFN/RBV and followed up for more than 7 
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years, none of those who obtained SVR developed retinopathy and/or neuropathic 

symptoms. 

Secondly, T2DM remains a strong risk factor for HCC development in cirrhotics after 

SVR has been obtained43,44  but a good glycaemic control seems to reduce the incidence 

of HCC45,46. Third, pre-OLT diabetes is associated with increased incidence of post-

OLT mortality47; a recent study48 showed that good glycaemic control pre-operatively 

may protect against the harmful effect of T2DM on infection and is associated with a 

reduced risk of readmission to intensive care unit and a reduced length of stay in 

hospital.  

Our findings have some limitations: although statistically significant, our results are 

issued from a study including a relatively small and selected population of patients with 

HCV infection and mild T2DM and need to be confirmed by larger studies, including 

patients with severe T2DM of long duration.  Moreover, before drawing definite 

conclusions, our study needs a longer follow up period in order to assess whether the 

results obtained by SVR regarding glycaemic control are maintained over the longterm 

and – more important – if this improvement will have an impact on T2DM outcome.  It 

is conceivable that among CHC patients, T2DM natural history may be influenced not 

only by viral clearance but also by genetic and lifestyle-related aspects, such as dietary 

habits, physical activity and adherence to therapy.  We still need to assess if viral 

eradication is “per se” a protection from T2DM complications or whether the 

abovementioned factors play anyway a pivotal role in the outcome of the disease. 
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Finally, the impact of baseline liver steatosis on post-SVR glycemic control was not 

studied and we were not able to report details regarding oral hypoglycemic agents. 

In conclusion, a significant improvement of glycaemic control was observed in diabetic 

patients with CHC who obtained SVR with a clinically meaningful de-escalation of 

antihyperglycaemic therapy; these findings raise the question as to whether the HCV 

eradication may also impacts the future morbidity and mortality due to T2DM.  For this 

reason, close T2DM follow up post-HCV treatment is warrantedand large prospective 

studies are needed to validate these results. 
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FIGURE LEGENDS 

Figure 1.  Flow of the recruited patients. 
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TABLES 

Table 1. Antiviral treatment of diabetic patients. 

 

 
Patients, n (%) SVR, n (%) 

Sofosbuvir + ribavirin 13 (11.8%) 12 (92.3%) 

Sofosbuvir + Daclatasvir 

with or without ribavirin 
11 (10%) 11 (100%) 

Sofosbuvir + Ledipasvir with 

or without ribavirin 
46 (41.8%) 44 (95.6%) 

Sofosbuvir + Simeprevir with 

or without ribavirin 
22 (20%) 18 (81.8%) 

Ombitasvir-Paritaprevir-

Ritonavir with or without 

ribavirin 

6 (5.5%) 5 (83.3%) 

Ombitasvir-Paritaprevir-

Ritonavir + Dasabuvir with 

or without ribavirin 

12 (10.9%) 11 (91.7%) 



26 
 

This article is protected by copyright. All rights reserved 

 

 

Table 2. Baseline demographic, anthropometric and clinical features of 

the patients. 

 

† mean ± SD 

 
Group 1 
(101 pts) 

Group 2 
(21 pts) 

p 

Male, n (%) 71 (70.3%) 14 (66.7%) 0.945 

Age† (years) 61.39 ± 10.92 65.06± 13.12 0.276 

Weight† (kg) 75.29 ± 13.70 76.62 ± 19.33 0.771 

Height† (cm) 169 ± 8 168 ± 12 0.722 

BMI† (kg/m2) 26.58 ± 4.70 27.63 ± 4.81 0.401 

Smokers, n (%) 22 (21.8%) 5 (23.8%) 0.411 

Waist Circumference†(cm) 107.94 ±12.65 101.00 ±8.97 0.067 

Hip Circumference†(cm) 100.84 ±13.09 103.75 ±13.49 0.509 

Waist/Hip ratio 1.07 0.97 0.090 

Arterial Hypertension, n (%) 40 (39.6%) 7 (33.3%) 0.632 

Metabolic Syndrome, n (%) 37 (36.6%) 5 (45.5%) 0.858 

Co-morbidities, n (%) 
 

None 
Cardiovascular disease 

Kidney disease 
Thyroid disease 

Mental depression 
Biliary stones 
Bronchopathy 

Vasculitis 
Dermatologic disease 

 
 

64 (63.4%) 
8 (7.9%) 
3 (3%) 

6 (5.9%) 
4 (4%) 
4 (4%) 
3 (3%) 
2 (2%) 

7 (6.9%) 

 
 

14 (66.7%) 
1 (4.8%) 
2 (9.5%) 
0 (0%) 

2 (9.5%) 
0 (0%) 
0 (0%) 

2 (9.5%) 
0 (0%) 

0.267 
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Table 3. Baseline liver-related clinical, biochemical, virological and 

metabolic features of the patients. 

Abbreviations: IL28B, Interleukin 28B; GGT, Gamma-glutamyltranspeptidase; HCC, 

epatocellular carcinoma; HbA1c, Glycated haemoglobin; OHA, oral hypoglycemic 

agents. 

 Group 1 
(101 patients) 

Group 2 
(21 patients) 

p 

HCV-RNA (log10 IU/mL)* 6.50 (6.11 – 6.76) 6.71 (6.26 – 6.92) 0.391 

Genotype, n (%) 
 

1a 
1b 
2 
3 
4 

 
 

4 (4%) 
55 (54.5%) 
13 (12.9%) 
19 (18.8%) 
10 (9.9%) 

 
 

1 (5%) 
13 (65%) 

1 (5%) 
3 (15%) 
2 (10%) 

0.85 

IL28B, n (%) 
 

CC 
CT 
TT 

 

 
 

22 (22%) 
59 (58%) 
20 (10%) 

 

 
 

12 (57%) 
8 (38%) 
1 (5%) 

 

 
0.06 

Liver stiffness (kPa) * 24.31± 14.79 18.62    12.52 0.11 

Metavir, n (%) 
 

0-1 
2 
3 
4 

 
 

6 (5.9%) 
3 (3%) 

19 (18.8%) 
73 (72.3%) 

 
 

4 (19.1%) 
5(23.8%) 
2 (9.5%) 

10 (47.6%) 

 
0.024 

Cirrhosis, n (%) 
 

Child A 
Child B 

 
 

63 (86%) 
10  (14%) 

 
 

7 (70%) 
3 (30%) 

 
 

0.365 

Previous HCC, n (%) 6 (6%) 1 (5%) 1 

Oesophageal/gastric varices, n (%) 46 (45.5%) 6 (28.6%) 0.235 

 
Diet only 

Diet + OHA 
Diet + insulin 

Diet + OHA+ insulin 
 

 
36 (35.6%) 
19 (18.8%) 
38 (37.6%) 

8 (7.9%) 
 

 
7 (33.3%) 
8 (38.1%) 
4 (19%) 
2 (9.5%) 

 

0.081 

Retinopathy, n (%) 7 (6.9) 3 (14.3%) 0.374 

Nephropathy, n (%) 2 (2%) 0 (0%) 0.436 

Coronary artery disease, n (%) 2 (2%) 0 (0%) 1 

Peripheral artery disease, n (%) 5 (5%) 0 (0%) 0.586 

Neuropathy, n (%) 4 (4%) 0 (0%) 1 

* mean ± SD 
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Table 4. Anthropometric, biochemical and metabolic variations in 

sustained responders and relapsing/untreated patients.  

 Group 1 
(101 patient) 

Group 2 
(21 patients) 

Baseline End of study p Baseline End of study p 

AST (IU/mL) * 42.3 ± 37.6 28.2 ± 11.0 0.02 40.3 ± 38.4 42.2 ± 39.8 0.85 

ALT (IU/mL) * 81.2 ± 77.2 36.0 ± 12.0 <0.001 78.7 ± 67.3 82.2 ± 71.6 0.74 

GGT (IU/mL) * 87.8 ± 81.0 62.5 ± 73.2 0.02 65.2 ± 64.0 67.0 ± 68.1 0.43 

Bilirubin (mg/dL) § 1.0 (0.6 – 1.8) 0.8 (0.7 – 1.1) 0.12 0.9 (0.6 – 1.3) 1.0 (0.7 -  1.4) 0.52 

Albumin (g/L) § 42 (31 – 48) 44 (33 – 49) 0.09 43 (34 – 47) 42 (33 – 48) 0.78 

INR§ 1.3 (1.0 – 1.8) 1.0 (1.0 – 1.5) 0.08 1.2 (1.0 – 1.7) 1.3 (1.0 – 2.1) 0.33 

Leukocytes 
(x103/µL cells) § 

4.2 (2.2 – 7.8) 5.4 (3.3 – 8.2) 0.07 4.4(2.8 – 6.2) 4.1 (2.3 – 7.3) 0.64 

Platelets 
(x103/µL cells) § 

155 (62 – 287) 173 (52 – 274) 0.08 164 (73 – 245) 162 (68 – 274) 0.35 

Glucose (mg/dL) * 152.4 ± 56.4 134.3 ± 41.3 0.002 145.3 ± 30.2 140.0 ± 47.9 0.71 

HbA1c 
(mmol/mol) * 

52.2 ± 15.4 46.5 ± 16.2 <0.001 53.4 ± 9.5 55.3 ± 20.6 0.78 

HOMA-IR* 5.2 ± 2.5 3.1 ± 1.6 <0.001 4.9 ± 2.6 4.6 ± 2.3 0.29 

Body weight (kg) * 75.3 ± 13.7 77.9 ± 19.8 0.02 76.6 ± 19.3 76.9 ± 20.7 0.56 

* mean ± SD 
§ median (range) 

 

Abbreviations: AST, Aspartate transaminase; ALT, alanine transaminase; GGT, 

Gamma-glutamyltranspeptidase; INR, International Normalized Ratio; HbA1c, 

Glycated haemoglobin; HOMA-IR, Homeostasis Model Assessment – Insulin 

Resistance 
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Table 5.Results of the multivariable Cox regression analysis of the factors 

potentially associated with significant improvement of glycaemic control. 

 

 
OR C.I. p 

HCV RNA levels 0.999 0.999-1.000 0.154 

Liver stiffness 1.014 0.970-1.059 0.541 

GGT levels 1.002 0.996-1.009 0.496 

Albumine levels 0.713 0.224-2.275 0.568 

Platelets 0.999 0.999-1.000 0.256 

BMI 1.115 0.976-1.274 0.108 

SVR 49.75 2.197-112.67 0.014 

Insulin therapy 1.379 0.408-4.659 0.605 

Arterial hypertension 1.083 0.339-3.465 0.893 
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Figure 1 


