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Type 2 diabetes

Endocrinology and Metabolic

Unusual clinical course

Type 2 diabetes is a well described extra-hepatic manifestation of hepatitis C infection (HCV). Eradication of
HCV has led to improvements in insulin resistance but to date has not been shown to induce remission of
diabetes.

We report a case of a 49-year-old man with HCV and a 2-year history of T2DM on oral agents. He was initially
treated with peg-interferon/ribavirin (peg-IFN/rib) but did not achieve a HCV treatment response. Four years
later he was retreated with peg-IFN/rib plus an HCV protease inhibitor (boceprevir). His HbAlc at the start of
treatment was 7.9%. Antiviral response to HCV-therapy correlated with a significant improvement in glucose
control without a change in diabetes therapy or improvement in adherence. He achieved a sustained virolog-
ical response and within a year of completing antiviral therapy he no longer required medical therapy for dia-
betes. Two years after the completion of HCV treatment, the patient has maintained an HbAlc of 5.8% with-
out any diabetes medications.

This case provides evidence of the important relationship between HCV and diabetes and highlights the poten-
tial reversibility of glucose abnormalities with successful eradication of HCV. Increased awareness of this as-
sociation may improve detection of undiagnosed HCV infection, identify patients with reversible causes of di-
abetes, guide therapeutic decisions for HCV treatment, and improve outcomes in patients with both diseases.

alpha-Fetoproteins ¢ Antiviral Agents ¢ Carcinoma, Hepatocellular ¢ Diabetes Mellitus, Type 2 ¢
Hepatitis C ¢ Insulin Resistance
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Background

The World Health Organization estimates that approximate-
ly 185 million people are infected with HCV worldwide [1].
Diabetes is also a global health care challenge. Approximately
347 million individuals worldwide have diabetes, with type 2
diabetes accounting for 90% of all cases [2]. An association
between these two chronic diseases was first recognized in
1994 and since then several epidemiological studies have dem-
onstrated an increased prevalence of type 2 diabetes among
HCV-infected patients compared with HBV infection, chron-
ic liver disease from other causes, and healthy controls [3-8].
The mechanism by which HCV impairs glucose metabolism is
not clear. Although alterations in insulin-signalling pathways
have been implicated, the process is likely multifactorial, in-
cluding host factors and HCV genotype [6].

The presence of insulin resistance and type 2 diabetes in
HCV has been associated with poor response to interferon-
ribavirin HCV antiviral therapy, acceleration of liver fibrosis,
and increased risk of hepatocellular carcinoma (HCC) [9-12].
Several observational studies have demonstrated that eradi-
cation of HCV is associated with improved insulin sensitivity
and may reduce the long-term risk of diabetes in this popu-
lation [13-15]. Case reports have described improvements in
glycemic control with treatment of HCV with both IFN/Ribavirin
and IFN/Ribavirin/telaprevir; however, the improvements were
limited to the treatment phase [16,17]. In both these cases,
there was evidence of recurrence of diabetes once HCV anti-
viral therapy ended. This is the first reported case to demon-
strate complete remission of diabetes with viral clearance be-
yond the treatment phase.

Case Report

A 49-year-old man with no history of diabetes was referred to
Endocrinology with polyuria, polydipsia, fasting blood sugar of
18 mmol/L, and a hemoglobin Alc (HbA1lc) of 10% (Table 1).
His past medical history included hemophilia, blood transfusion
acquired HCV, non-alcoholic steatohepatitis, and early-stage
cirrhosis. He had previously received pegylated-interferon/riba-
virin (peg-IFN/rib) treatment for HCV and did not achieve a sus-
tained virological response (SVR). The patient was diagnosed
with type 2 diabetes and was started on Metformin 500 mg
twice daily and Gliclazide 80 mg twice daily. Within a month,
his HbAlc was 7.7% and fasting blood sugars ranged between
5-7 mmol/L. He continued to adhere to the prescribed treat-
ment of oral agents over the next 2 years and maintained an
HbA1lc between 4.6 and 8.6%

In 2011, he was retreated with a 48-week course of peg-IFN/
rib plus a HCV protease inhibitor (boceprevir). His HbAlc at
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the start of treatment was 7.9%, with no change in diabetes
medications. Antiviral response to HCV-therapy correlated
with a significant improvement in glucose control based on
random glucose levels and HbAlc measurements (Figure 1).
He achieved a sustained virological response (free of viremia
6 months following completion of HCV treatment) and within
a year of completing antiviral therapy no longer required dia-
betes medications. More than 2 years after the completion of
HCV antiviral treatment, the patient remains aviremic and has
maintained an HbAlc of 5.8% without diabetes medication.
His weight remained relatively stable during this period with
no significant lifestyle changes (Figure 1). In addition to the
improvements in glucose metabolism described, we also ob-
served decreasing levels of alpha-fetoprotein (AFP) during treat-
ment, which paralleled the improvements in HbAlc (Figure 2).

Discussion

Despite the extensive literature describing an association, type
2 diabetes is often under-recognized as an extrahepatic man-
ifestation of HCV. Epidemiological studies estimate the prev-
alence type 2 diabetes among HCV-infected patients to vary
between 14.5% and 33% [18]. Insulin resistance has been impli-
cated as the precursor to development of HCV-medicated type
2 diabetes and may be present in up to 70% of HCV-infected
patients [19]. This case report illustrates the relationship be-
tween HCV and type 2 diabetes, highlights the potential re-
versibility of glucose abnormalities with successful HCV erad-
ication, and draws attention to the need for further research
into the association between impaired insulin signalling and
alpha-fetoprotein levels (AFP).

Mechanisms for impaired insulin sensitivity in HCV
infection

Despite extensive research in this area, the exact mechanism
by which HCV impairs insulin sensitivity and leads to increased
burden of diabetes is not well understood and is likely mul-
tifactorial. HCV infection is specific to the liver. However, in-
sulin sensitivity appears to be impaired both in the liver and
the periphery [20,21]. HCV impairs insulin signaling through
direct and indirect mechanisms [22]. HCV directly impacts in-
sulin signaling by interacting with specific proteins such as
serine/threonine kinases that subsequently lead to inhibi-
tion or increased degradation of insulin signaling molecules
[6,23]. HCV may also indirectly cause insulin resistance in the
periphery by inducing the production of pro-inflammatory cy-
tokines that impair insulin signaling pathways in uninfected
tissues [20]. Changes in metabolic parameters described with
chronic HCV infection differ by genotype, suggesting that the
mechanisms by which these signaling molecules are impact-
ed are genotype-dependent. Viral steatosis is more common
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Table 1. Hematologic and biochemical laboratory measures pre and post HCV-antiviral therapy (IFN/Rib/boceprevir) for HCV
genotype 1 b.

12-months after  24-months after
start of treatment start of treatment
(Oct 2012) (Oct 2013)

Pre-treatment
with Bocepravir
(Nov 2011)

Pre-treatment
with IFN/Rib
(Oct 2011)

Investigations

HbA1c (%) 10.0 8.6 7.9 4.6 5.8a
 Fasting glucose (mmoll) - 184 - a2 - —_—
© Random glucose (mmolil) - - 03 07 64 a5
" Hemoglobin gy 138 133 ns 08 138
Castomy s 68 129 2 Y
Caromwy s 33 s ss o
Cerom 207 B 8 156 0
HCVRNA (U/M) 468x10°b - ~ 143x10°  Notdetected  Notdetected
 Totalcholesterol (mmoll)  s1c s0d - a2 33a
©HDL<c (mmoll) 09c 09d - 124 1s0a
| IDlc(mmol)  32¢ L ~ 25 1s6a
 Trglycerides mmoll)  20c¢  18d . S o1 066a
CqsH(muwy 0 140 o8 243 .
 FreeTa(pmol) 124 - - - .
*Creatinine (umol) 7w n &1 9 88
CAbumin@y) 00 2 S s w6
APy 754 1609e  NA  28f 22

Fibroscan (June 2013)

Cirrhosis (left/caudate lobe hypertrophy; nodular hepatic contour). Fibrosis score of F4.

a — December 2013; b — January 2009; ¢ — November 2009; d — January 2011; e — July 2012; f — June 2012. HbA1c — hemoglobin Alc;
AST-; ALT-; GGT-; HCV — hepatitis C virus; HDL-c — high density lipoprotein cholesterol; LDL-c — low density lipoprotein cholesterol;
TSH - thyroid stimulating hormone; Free T4 — free thyroxine; AFP — alpha fetoprotein.

among HCV-genotype 3-infected patients, and, in contrast,
there is a higher prevalence of insulin resistance among HCV-
genotype 1 and 4 infection [6,24].

HCV treatment, insulin resistance, and glycemic control

Several observational studies have demonstrated that suc-
cessful treatment of HCV with IFN/Ribavirin leads to improved
insulin sensitivity and may reduce the long-term risk of type
2 diabetes [10,13-15]. Tahrani et al. reported a case of im-
proved glycemic control and hypoglycemic episodes requiring
cessation of diabetes therapies during treatment with IFNo-
Ribavirin (Table 2) [16]. In contrast to our patient, the improve-
ments in glycemic control were not maintained. After 24 weeks
of treatment, HCV polymerase chain reaction remained positive
and HCV treatment was stopped. Six months post-treatment,
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the glycemic control had deteriorated based on an HbAlc of
8.2%. The difference between the above-cited case and our pa-
tient may be due to the differences in antiviral treatment re-
sponse and persistent viremia in the patient described above.

In recent years, the treatment of HCV has evolved rapidly
with the development of direct-acting antiviral (DAA) thera-
pies (protease inhibitors, NS5a inhibitors, and nucleotide and
non-nucleotide polymerase inhibitors). The effect of DAA HCV
treatments on insulin resistance and long-term risk of type 2
diabetes has yet to be clearly established. A randomized con-
trolled trial of HCV mono-infected study participants receiving
14 days of monotherapy with the protease inhibitor Danoprevir
found that serum HCV RNA and HOMA-IR correlated significant-
ly (Spearman rho=0.379, p<0.0001) [25]. At the end of 14 days
of Danoprevir monotherapy, the mean decrease in HCV RNA
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Figure 1. Changes in glucose metabolism with Interferon/Ribavirin/boceprevir treatment for HCV genotype 1b. The above depicts the
changes in hemoglobin Alc (blue line) and glucose levels (red line) that were observed in a 49-year-old man with hepatitis C
genotype 1b before, during, and after hepatitis C antiviral treatment (Interferon/Ribavirin/boceprevir). Abbreviations: HbA1lc-

hemoglobin Alc.
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Figure 2. Changes in AFP and glucose levels with Interferon/Ribavirin/boceprevir treatment for HCV genotype 1b. The above depicts
the reduction in alpha-fetoprotein levels (red line) that paralleled improvements in glucose metabolism [hemoglobin Alc
(green line), glucose levels (blue line)] that were observed in a 49-year-old man with HCV genotype 1b after receiving HCV-
antiviral treatment (Interferon/Ribavirin/ boceprevir). Abbreviations: HbAlc hemoglobin Alc; AFP alpha-fetoprotein.
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Table 2. Case reports of HCV-infected individuals experiencing improvements in glycemic control with antiviral treatment of HCV.

References Sex BMI

HCV and therapy

Diabetes treatment and

Tahrani et al. M 40 30.8 24 weeks
(2006) [15] kg/m? IFN-o/Rib
p IFN-a2a/Rib
Tallén de Lara 44.0 e
etal F >0 kg/m? Telaprevir
T L) (12-weeks)

ot e
(pre-antiviral therapy)
Lispro
(Humalog Mix) 6 months post-treatment:

and Metformin Alc 8.2% on diet alone.

HbA1c 7.7%

Sitagliptin 50 mg od
SVR Metformin 500 mg od
HbA1c not provided

1 month after telaprevir
stopped patient resumed
diabetes medications

IFN — interferon; Rib — ribavarin; HbAlc — hemoglobin Alc.; SVR — sustained virological response.

was 2.2+1.3 log10 IU/ml (p<0.0001) in patients who received
the active drug (n=40), which correlated with a decrease in
mean HOMA-IR score by 1.6+1.1 (p<0.0001). In contrast, HCV-
RNA and HOMA-IR remained unchanged in placebo recipients.

A recently published case report further suggests that telapre-
vir, a NS3/4A protease inhibitor, may improve glucose metabo-
lism (Table 2) [17]. In this case, a patient developed recurrent
episodes of hypoglycemia shortly after initiating triple thera-
py (IFN/Ribavirin and telaprevir), which required discontinua-
tion of all diabetes medications. Similar to the previously de-
scribed case, but in contrast with our patient, improvements
in glycemic control were not maintained when antiviral ther-
apy ended, despite achieving an SVR. While the differences
in outcomes may be due to host factors, the authors of this
case report suggest that the protease inhibitor may have a
direct antidiabetic effect. Interestingly, our patient continued
to show improvement in glucose metabolism post-treatment,
with diabetes therapy being reduced and eventually discon-
tinued over 12 months. This suggests a mechanism of impair-
ment that extends beyond the direct viral effects of HCV or
HCV therapy and improvements in glucose metabolism, which
may reflect decreased inflammation and liver fibrosis with
improved liver function. Further studies are needed to estab-
lish the mechanisms by which HCV induces insulin resistance
and the effects that different HCV therapies have in improv-
ing glycemic outcomes.

HCV, insulin resistance, and AFP

In addition to the improvements in glucose metabolism de-
scribed, we observed decreasing levels of alpha-fetoprotein
(AFP) during treatment, which paralleled the improvements
in HbA1c (Figure 2). AFP is an oncofetal protein associated
with hepatic malignancies and liver regeneration [26,27]. HCV
core protein, inflammation, necrosis, and hepatocellular inju-
ry have all been suggested as causes for elevated AFP levels
in chronic HCV infection [26-29]. Although type 2 diabetes
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and insulin resistance have been identified as risk factors for
the progression of liver fibrosis and development of hepato-
cellular carcinoma, the mechanism by which this occurs is not
clear [9-12]. The relationship between AFP and insulin resis-
tance was recently examined in a retrospective analysis of 300
HCV-infected patients [30]. This study demonstrated that whole-
body insulin resistance and hepatic fibrosis correlated directly
with elevated levels of AFP. In addition, this group conducted
a pilot study examining the effects of a lifestyle modification
program on insulin resistance and AFP levels. Lifestyle mod-
ification over a 3-month period correlated with improved in-
sulin resistance and a reduction in AFP levels. The parallel im-
provements in AFP and glycemic control demonstrated in our
patient are likely in part a reflection of resolving inflamma-
tion and hepatocellular injury. However, these findings draw
attention to the need for further prospective studies to un-
derstand the relationship among insulin resistance, AFP, and
hepatocarcinogenesis.

Conclusions

This case highlights the interaction between HCV and type 2
diabetes, as well as the potential reversibility of impaired glu-
cose metabolism with viral eradication. It further suggests the
need for close monitoring of glucose levels and the potential
need for dose adjustments of diabetes therapies during treat-
ment of HCV to prevent hypoglycemia. Studies are needed to
delineate the impact of different HCV antiviral therapies on
insulin signalling pathways and the potential for improving
glucose metabolism. This knowledge will help inform patient
care, guide therapeutic selection, and improve liver and meta-
bolic outcomes for HCV-infected patients with type 2 diabetes.

Furthermore, this case highlights the association between in-
sulin resistance and AFP levels. Although the improvements
in both parameters with HCV antiviral therapy are in part a re-
flection of decreased inflammation and liver injury, additional




evaluation for causative relationship(s) among HCV, insulin re-
sistance, AFP, and HCC are necessary.
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