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 Abstract
 Context. Hepatitis C and diabetes represent 
important health problems globally. The new-onset diabetes 
after transplantation is a particular entity that appears due to 
the use of immunosuppression among transplanted patients. 
 Objective. We aim to describe the clinical and 
biological aspects of severe hyperglycemia in a kidney 
transplant recipient undergoing Interferon-free therapy for 
chronic hepatitis C, discussing the interference of different 
factors with the glucose metabolism. 
 Design. The occurrence of diabetes in a patient with 
history of renal transplantation and Interferon-free treated 
hepatitis C was studied from both clinical and paraclinical 
points of view. 
 Subjects and methods. When presenting to the 
hospital, extensive blood tests were performed on the patient, 
revealing significant hyperglycemia and an elevated level of 
blood tacrolimus. Creatinine clearance was calculated. ECG 
presented T-wave alterations. Intensive insulin protocol 
was applied, the case being managed in a multidisciplinary 
approach. 
 Results. Blood glucose and tacrolimus were 
slowly normalized, under therapy. The antiviral treatment 
was continued, with the achievement of sustained virologic 
response. 
 Conclusions. Diabetes mellitus can have many 
causes, hepatitis C and transplantation both having an impact 
on glucose metabolism. The association of the three entities 
should be carefully managed, due to its enhancing effect on 
morbidity and mortality.

 Key words: chronic hepatitis C, kidney transplant, 
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INTRODUCTION

 Diabetes mellitus and hepatitis C are both 
growing worldwide epidemics. Approximately 180 
million people are globally reported to be affected 
by the hepatitis C virus (HCV) infection, while 415 
million individuals are currently estimated to have 

diabetes mellitus (1, 2). Apart from the fact that it leads 
to chronic hepatitis C, liver cirrhosis and hepatocellular 
carcinoma (HCC), HCV can interfere with glucose 
homeostasis, patients with chronic hepatitis C being 
at a higher risk of developing type 2 diabetes, by 
comparison with healthy individuals, as well as when 
compared with other causes of liver disease, such as the 
hepatitis B virus (3). 
 Furthermore, the HCV infection is associated 
with a significantly higher prevalence in individuals 
undergoing long-term hemodialysis and in kidney 
transplant recipients, leading to an increase in morbidity 
and mortality (4, 5).
 A particular type of diabetes has been recently 
described, respectively the new-onset diabetes after 
transplantation (NODAT), with an occurrence rate 
between 2% and 53% of all transplanted patients (6). 
The first International Consensus Guidelines for the 
diagnosis and management of NODAT were published 
in 2003, and updated in 2014 (7).
 The continuous efforts to improve the 
management of chronic hepatitis C resulted in the 
development of direct acting antivirals (DAAs), which 
have so far shown promising effects, increasing the 
rates of sustained virologic response and having a very 
good profile of safety and efficacy, even in transplanted 
patients. However, there are yet no guidelines regarding 
the use of these agents in kidney transplant recipients 
(8-11).

CASE PRESENTATION

 A 42-year-old Caucasian man was admitted 
to our hospital, complaining of fatigue, blurred vision, 
trouble concentrating, headache, nausea, discrete 
abdominal pain and increased thirst, symptoms that 
had appeared during that same day and had become 
progressively aggravated. He had a history of chronic 
glomerulonephritis at the age of 12, which led to stage 5 
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chronic kidney disease (CKD) and hemodialysis by the 
age of 20, followed by his first kidney transplant from 
his mother. He was also diagnosed with chronic hepatitis 
C at the age of 38, for which he received interferon 
based therapy, with good outcome and undetectable 
viremia at the end of treatment. After chronic renal 
transplant rejection, he underwent a second kidney 
transplantation at the age of 40. The procedure was 
followed by viral reactivation, as the patient initially 
received immunosuppressive therapy with 10 mg of 
tacrolimus, 1.5 g of mofetil mycophenolate and 30 
mg of prednisone daily, in the first 6 months after 
the transplantation – a period during which the blood 
tacrolimus level maintained between 10.3-12.2 ng/ 
mL. The dosage of the immunosuppressive drugs was 
progressively adjusted and lowered during the next 
year and a half, under the guidance of a nephrologist 
specialized in kidney transplant follow-up. 
 At the moment of the admission in our 
clinic, the patient was on his third week of receiving 
Interferon-free therapy with Ritonavir boosted 
Paritaprevir, Ombitasvir and Dasabuvir. The eligibility 
for the Interferon-free therapy was established based 
on Fibromax evaluation (resulting into a F3 degree of 
fibrosis), increased viral load (205000 copies/ mL) and 
a glomerular filtration rate (GFR) of 41 mL/ min/ 1.73 
m2 (Stage 3 CKD). 
 Before starting antiviral therapy, the patient 
had been receiving daily immunosuppression with 
2 mg of tacrolimus, 1 mg of mofetil mycophenolate 
and 5 mg of prednisone. At the initiation of antiviral 
treatment, the patient had been instructed to lower the 
dose of tacrolimus to 2 mg per week (as recommended 
by current guidelines), while maintaining the same 
doses of mofetil mycophenolate and prednisone. It is 
also worth mentioning from the patient’s history that, 
during the last year and a half and prior to the Interferon-
free treatment initiation, the tacrolimus levels were 
maintained between a minimum of 4.3 and a maximum 
of 9 ng per mL. The patient had accidentally overlapped 
antiviral treatment and tacrolimus administration 
for two days at the beginning of therapy, afterwards 
continuing with the recommended 2 mg of tacrolimus 
weekly.
 Physical examination at the moment of 
hospitalization revealed anxiety, confusion, dehydrated 
skin, sinus tachycardia and a blood pressure of 110/ 70 
mmHg; there was a 3/6 systolic heart murmur, audible 
in the aortic area, but no further abnormalities were 
found. The neurologic examination was within normal 
limits. 

 The laboratory findings showed significant 
hyperglycemia (790 mg of glucose per dL), as well as 
a high level of blood tacrolimus (over 30 ng per mL). 
The previous tacrolimus determination had been made 
20 days prior to this event and had revealed a value of 
6 ng per mL.
 The patient had no personal history of glucose 
metabolism impairment. None of the periodic blood 
tests following the transplantation showed any increase 
in the glycemic levels, that were always maintained 
between 75 and 90 mg per dL. However, the glycated 
hemoglobin (HbA1c) at admission had a value of 7.4%. 
There were no previous measurements of HbA1c as it 
was unnecessary, taking into consideration the fact that 
this was a non-diabetic patient. 
 The creatinine clearance was 38 mL/min. A 
urine stick evaluation was positive for ketones, as well 
as for glucose. It is worth mentioning that glycosuria 
was never present at the previous evaluations of the 
patient.
 Although the patient had hepatitis C virus 
infection, the biological liver parameters were within 
normal ranges at the moment of the admission, as well 
as prior to this episode.
 Intensive insulin protocol was applied, with a 
target glycemia of 150 mg/dL, and the administration 
of tacrolimus was discontinued. The patient was 
continuously and strictly monitored and the case was 
managed by a multidisciplinary team, consisting in 
an internist, a diabetologist and a nephrologist. Two 
days after admission the patient presented angina 
pectoris – like symptoms, with normal troponin levels 
and T-wave alterations on the ECG; echocardiography 
only revealed mild valvular abnormalities and was, 
otherwise, normal, while stress test for ischemia turned 
out to be positive, resulting in the association of nitrates 
to the therapeutic scheme.
 On follow-up, blood glucose and tacrolimus 
level had slowly decreased, reaching the normal 
values within several weeks (Fig. 1). The patient was 
discharged with the recommendation of a second-
generation sulfonylurea (gliquidone), in order to 
maintain the blood sugar level under control. 
 Furthermore, the antiviral therapy with DAAs 
was not interrupted and the patient achieved sustained 
virologic response (SVR), by maintaining the same 
therapeutic scheme, which resulted in undetectable 
viremia at 24 weeks after completion of antiviral 
therapy. There were no signs of impaired liver function 
before or during Interferon-free therapy.

P<0.05 is considered as significant
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DISCUSSION

 In this paper, we reported a severe case 
of hyperglycemia in a kidney transplant recipient 
undergoing Interferon-free therapy for chronic 
hepatitis C, although the precise factor that caused 
the glucose metabolism impairment remains unclear 
in this situation, especially since the treatment of 
HCV infection with DAAs has been correlated with 
improved insulin sensitivity and satisfying glycemic 
control in patients already diagnosed with diabetes 
mellitus (12-14).
 There is evidence that HCV induces glucose 
impairment both directly, via viral proteins, and, 
indirectly, by altering pro-inflammatory cytokines 
(15). It appears that the viral core proteins increase the 
degradation of insulin receptor substrate-1 (IRS-1), 
thus preventing its association with the insulin receptor 
(16-18). On the other hand, the indirect effect of the 
virus consists in the production of interleukin-6 (IL-
6) and tumor necrosis factor alpha (TNF-alpha) from 
sinusoidal liver cells. These cytokines interfere with 
insulin signaling pathways, leading to an enhancement 
in the gluconeogenesis process (19).
 Not only the virus itself, but also interferon 
alpha therapy for chronic hepatitis C can play a key 
role in the pathogenesis of diabetes mellitus, due to 
its immunomodulatory effect (20). The mechanism 
by which interferon alpha induces type 1 diabetes 
may involve the activation of the JAK-STAT 
pathway, expressing interferon-stimulated genes, 
such as cytokines and adhesion molecules genes, thus 
triggering autoimmunity in genetically susceptible 

subjects (21, 22). In the presented case, the patient 
had previously received interferon alpha treatment at 
age 38 (with good response and undetectable viremia 
at the end of therapy). It is therefore possible that this 
substance may have produced changes at molecular 
levels, that only became evident 4 years later, in 
association with other factors, such as the long-
term steroid intake (prednisone), which is known to 
determine an impairment in glucose transporter 2 
(GLUT-2) expression. Not only do steroids exacerbate 
hyperglycemia in diabetic patients, but they also lead 
to the development of diabetes mellitus in healthy 
patients, with an incidence of 46% (23, 24).
 It has also been demonstrated that the use of 
immunosuppressive agents, such as corticosteroids, 
calcineurin-inhibitors (for example, tacrolimus or 
cyclosporine), and sirolimus is related to new onset 
diabetes, in patients who underwent transplantation (25).
 Tacrolimus is one of the most commonly used 
immunosuppressive drugs across the globe and it can 
have important side effects, such as nephrotoxicity, 
neurotoxicity, the aforementioned new onset diabetes 
after transplant, gastrointestinal and hepatic toxicity 
as well as microangiopathy, cardiomyopathy or post-
transplant lymphoproliferative disease. Tacrolimus 
induced hepatic toxicity remains, however, an 
uncommon side effect and its mechanism is yet unclear 
(26). There is evidence found in rat models that high 
doses of tacrolimus may produce cholestasis, through 
the inhibition of glutathione biliary excretion (27).
 In our patient’s case, there was only one 
significant side effect due to tacrolimus over dosage, 
despite the highly elevated levels of the drug – the acute 

Figure 1. Blood glucose and tacrolimus level evolution under therapy: the glucose levels are in grey, while the tacrolimus levels are in black.
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episode of hyperglycemia and the onset of diabetes 
mellitus. The mechanisms involving tacrolimus in the 
development of diabetes are incompletely described; 
current data suggest that tacrolimus suppresses 
pancreatic insulin secretion (28).
 New onset diabetes mainly occurs during 
the first 6 months after the transplant, because 
within this period the patients receive high doses of 
immunosuppressive agents (29). Besides the role of 
these drugs, there are several risk factors for post-
transplant development of diabetes, including ethnicity, 
older age, familial history of diabetes, male sex of 
recipient, the presence of HLA phenotypes, donor-
recipient mismatch, male sex of donor, personal history 
of acute rejection, autosomal dominant polycystic 
kidney disease, the type of immunosuppressive therapy 
chosen, obesity, pre-transplant hypertriglyceridemia, 
HCV infection, cytomegalovirus infection (30, 31). 
 Hyperparathyroidism, both primary and 
secondary, can determine glucose intolerance and 
insufficient insulin release, thus leading to diabetes. 
Literature data show that increased levels of intact 
parathormone are associated with new-onset diabetes 
after transplantation (32, 33).
 The patient we chose to present already had 
HCV infection, as well as a personal history of acute 
rejection of the previous kidney transplant and a male 
donor, but he had no signs of hyperparathyroidism.
 A particularity of the case consists in the 
elevation of glycated hemoglobin at admission, but with 
normal glycemic levels during the previous 2 years. 
As we already well know, the role of this parameter 
is to identify chronic hyperglycemia in the prior 2 or 
3 months, being correlated with the risk of diabetic 
complications. Having less biological variability 
than blood glucose, the determination of glycated 
hemoglobin is recommended for diabetes diagnosis, as 
well as for risk stratification (34).
 Higher levels of HbA1c may appear due to 
changes in the glycation rate, associated with aging 
and impaired renal function (35). Also, HbA1c can 
become elevated in cases of overt hypothyroidism, 
iron or vitamin B12 deficiency, alcoholism, 
hyperbilirubinemia, uremia, chronic use of aspirin or 
opiates (36). Furthermore, the use of corticosteroids, 
anti-seizure medication and human immunodeficiency 
virus (HIV) infection treatment, may lead to increased 
levels of glycated hemoglobin, often associated with 
autoimmunity (37, 39). In our patient’s case, the 
elevation of HbA1c can be, therefore, explained by 
the chronic use of prednisone, as well as by the renal 

function impairment.
 Unlike the Interferon based regimens, the use 
of direct acting antivirals has been demonstrated to have 
minimal side effects in kidney transplant recipients (8-
11). However, there is still little information concerning 
these patients, as no specific therapy protocol exists.
 Paritaprevir is a non-structural protein 3/4A 
protease inhibitor. Being primarily metabolized 
by cytochrome P450 3A (CYP 3A), it requires co-
administration with a CYP 3A inhibitor – ritonavir, 
which acts as a pharmacokinetic enhancer for 
paritaprevir. Ombitasvir inhibits NS5A, while dasabuvir 
acts on NS5B non-nucleoside polymerase (39). The 
pharmacologic interaction between tacrolimus and 
these direct acting antivirals may explain the high levels 
of tacrolinemia found in our patient, and implicitly, the 
occurrence of diabetes mellitus in this case, as there 
is an important action overlap between the tacrolimus 
and the antivirals. Tacrolimus is metabolized by CYP 
3A and then it is transported by the transmembrane 
P-glycoprotein; the immunosuppressive drug also has 
a role in the inhibition of organic anion transporting 
polypeptide 1B1 (OATP1B1), which is known to 
be an uptake transporter in the liver. CYP 3A, the 
transmembrane P-glycoprotein, as well as OATP1B1 
interfere with paritaprevir disposition. CYP 3A is 
also involved in the metabolism of dasabuvir (40). 
Therefore, the initiation of Interferon-free therapy 
in transplanted individuals should be associated with 
a decrease in the tacrolimus dose, as well as in the 
frequency of administration.
 In conclusion, patients with chronic HCV 
infection are at an increased risk of developing 
diabetes mellitus, process that may occur by various 
mechanisms, implicating the virus both directly and 
indirectly. The association between the two entities is, 
however, a two-way one, as the diabetes also worsens 
hepatitis C outcome.
 New-onset diabetes after transplantation is a 
severe complication that often appears due to the use of 
immunosuppressive agents, significantly increasing the 
morbidity and mortality. Therefore, another important 
association is the one between HCV infection and 
transplantation, both of the entities having an impact 
on glucose metabolism.
 The particularity of our case consists in 
the diagnosis of severely unbalanced diabetes with 
recent onset in a patient with multiple risk factors 
(HCV chronic infection, impaired renal function, 
immunosuppressive therapy with corticosteroids and 
tacrolimus) in the setting of all oral antiviral treatment. 
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