
12

JMRR

ISSN: 2763-5740Journal of Medical Resident Research, 2022; 2:12-17 • jmrr.cremesp.org.br

HEPATITIS C VIRUS INFECTION IN PATIENTS
 WITH DIABETES MELLITUS TYPE 2: 
A SEROPREVALENCE STUDY 

Infecção pelo Vírus da Hepatite C em Pacientes com Diabetes Mellitus 
Tipo 2: um Estudo da Soroprevalência

Sabrina Gesteira de Souza1 | Karina Yara Martins2 | Juliano Machado de Oliveira3 | Lize Vargas Ferreira3

1 MD by Universidade Federal de Juiz de Fora
2 Internal medicine resident physician at Universidade Federal de Viçosa
3 Professor of medicine at Universidade Federal de Juiz de Fora

ABSTRACT

Objectives: To evaluate the seroprevalence of hepatitis C virus (HCV) infection in diabetic patients treated at the type 2 diabetes 
mellitus (T2DM) outpatient clinic of the University Hospital of the Federal University of Juiz de Fora, Brazil (HU-UFJF). Methods: 
This is a cross-sectional study, in which a convenience sample of 145 patients with T2DM was evaluated. Demographic, clinical 
and anthropometric data were collected and testing for anti-HCV antibodies was performed. Results: a seroprevalence of 2.76% 
was found in the sample, with a 95% confidence interval of [1,07%, 6,87%]. The only other variable that had a statistically signifi-
cant difference between the HCV-positive and HCV-negative groups was the waist circumference, which was greater in the HCV-
-positive group. Conclusion: Considering the potential for worse outcomes of hepatitis C when associated with T2DM, as well as 
worse glycemic control in HCV-infected patients, we suggest that active screening for this viral infection should be performed in 
patients with T2DM, through routine serology, which is feasible within the scope of Primary Care.
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INTRODUCTION
Hepatitis C is one of the most com-

mon causes of chronic liver disease 
worldwide1. It is caused by the hepatitis 
C virus (HCV), a member of the Flavivi-
ridae family, the same as the dengue and 
yellow fever viruses. The epidemiologi-
cal bulletin on viral hepatitis, prepared 
by the Brazilian Ministry of Health (MS) 

in 2021, reported a detection rate of con-
firmed cases of hepatitis C of 4.4 per 
100,000 inhabitants in Brazil2. Mathema-
tical models, in turn, estimate that 0.7% 
of the Brazilian population between 15 
and 69 years of age is seropositive for 
HCV3, while the worldwide seropreva-
lence is estimated at 1.4%4.

The clinical manifestations of hepati-

tis C show great individual heterogenei-
ty, and may progress, in many cases, to 
cirrhosis and liver cancer. As the disease 
usually has a long asymptomatic period, 
the diagnosis is often only made in ad-
vanced stages of the disease. Due to this 
reason, it is estimated that 80% of all in-
dividuals infected with HCV worldwide 
are unaware of their serological status5. 
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This rate depends on testing, because 
in countries with more resources, whe-
re more people are tested, this number 
drops to 54%. On the other hand, it rea-
ches 92% in the poorest countries6.

The advent of treatments that allow 
the cure of hepatitis C led the World 
Health Organization (WHO) to set the 
goal of eradicating the disease by 20307. 
However, one of the obstacles to treat-
ment is indeed the identification and 
diagnosis of asymptomatic cases, which 
reinforces the need for better screening 
programs6. In Brazil, the MS currently re-
commends that all people over 40 years 
of age be tested at least once in their life-
time. Some groups at higher risk for the 
disease should be tested regardless of age 
and more frequently. This is the case, for 
example, of homeless people, sex worke-
rs, health professionals, and men who 
have sex with men, among others8.

Previous studies have shown that 
the risk of HCV infection in patients 
with type 2 diabetes mellitus (T2DM) is 
higher. A meta-analysis that included 
78,051 individuals reported a statistically 
significant odds ratio of 3.5 for HCV in-
fection in T2DM patients compared to 
non-diabetic patients9. Other studies 
have also demonstrated the opposite way 
of association. A meta-analysis that in-
cluded 34 studies identified that patients 
with HCV infection have a statistically 
significant odds ratio of 1.68 to also have 
the diagnosis of T2DM, compared to pa-
tients without the virus infection. Pros-
pective studies also follow the same line, 
indicating a 67% greater risk of patients 
with HCV developing T2DM10. Therefore, 
many authors consider the association 
between the two diseases bidirectional11.

The pathophysiological mechanisms 
by which many patients with HCV de-
velop T2DM are not fully established12. 
Hypotheses suggest that HCV can alter 
insulin cell signaling, leading to resis-
tance to the hormone and preventing it 
from regulating glucose metabolism13-15. 
Other possible mechanisms would be 
lower insulin secretion and dysregulation 
of hepatic glucose production12. Although 
the mechanism is unknown, it is known 
that patients with HCV and insulin resis-
tance (IR) tend to present with a quicker 
progression to liver cirrhosis and hepato-
cellular carcinoma (HCC) than those wi-
thout IR16. Furthermore, in patients with 

advanced cirrhosis, T2DM increases the 
risk of liver cancer by four to five times, 
leading to worse outcomes17.

Taking into account these findings, 
it is possible to conclude that patients 
with T2DM can be considered a group 
with specific clinical and epidemiological 
characteristics regarding HCV infection, 
both due to the higher risk of infection 
and to the worse outcomes more fre-
quently observed in this group. Thus, tes-
ting and screening strategies should con-
sider these issues, especially considering 
the high number of patients unaware of 
their status, but who risk an eventual late 
diagnosis leading to worse outcomes. 
The present study therefore seeks to stu-
dy the seroprevalence of HCV infection 
in diabetic patients treated at the T2DM 
outpatient clinic of the University Hos-
pital of the Universidade Federal de Juiz 
de Fora (HU-UFJF), in the city of Juiz de 
Fora, Brazil. Our objective is to carry out 
a cross-sectional epidemiological diagno-
sis to contribute to future public health 
policies aimed at improving the diagno-
sis of HCV, to identify undiagnosed cases 
and expand treatment availability.

METHODS
This is a cross-sectional study that 

evaluated a convenience sample of 145 
patients with T2DM, after obtaining a fa-
vorable opinion from the Research Ethics 
Committee (CEP) of the HU-UFJF, under 
Certificate of Ethical Assessment Apro-
val (CAAE) No. 76969417.3.0000.5133.

All patients with T2DM seen from 
September 2017 to March 2018 at the 
Endocrinology outpatient clinic of the 
HU-UFJF Health Care Center (HU/CAS), 
in the city of Juiz de Fora, Brazil, were 
invited to undergo a rapid screening test 
for HCV after their clinic appointment.

The medical chart was reviewed to 
gather demographic (gender and age), 
clinical (time since diagnosis of T2DM, le-
vels of glycosylated hemoglobin (HbA1c), 
total cholesterol, HDL, LDL, triglyceri-
des, aspartate aminotransferase/AST and 
alanine aminotransferase/ALT) and an-
thropometric (weight, height, body mass 
index – BMI – and waist circumference) 
data. Waist circumference was measured 
at the midline between the costal margin 
and the upper edge of the iliac crest, at 
the time of the HCV testing.

Anti-HCV antibody testing was per-

formed using the Alere HCV kit (pro-
duced by SD-65, Republic of Korea, and 
imported to Brazil by Alere SA), with a 
diagnostic sensitivity of 99.4% and spe-
cificity of 99.7%18,19. This is a qualitative, 
immunochromatographic, single-use, 
disposable test that provides visual re-
sults after 20 minutes for anti-HCV anti-
body detection.

Microsoft Excel 2016 was used to tabu-
late the data and obtain descriptive statis-
tics and the seroprevalence rate of HCV 
infection in the sample. The two-sample, 
one-tailed Student’s t test was then used 
to compare the patients with positive 
serology to those with negative serolo-
gy regarding clinical, demographic and 
anthropometric variables, considering 
the hypothesis that seropositive patients 
have worse metabolic parameters.

The seroprevalence rate obtained 
in the sample was then used to calcu-
late a 95% confidence interval (CI) for 
an estimated seroprevalence rate in a 
population with similar characteristics 
(patients with T2DM in an outpatient set-
ting). The Wilson score method was used 
for this purpose, since this is the most 
appropriate test for samples in which 
the observed proportions are small20.

RESULTS
A total of 145 patients who underwent 

the rapid test for anti-HCV antibodies 
were included. No patient refused to 
be tested or sign the informed consent 
form, and therefore, no patients were 
excluded from the study. The majority 
of the sample was female (66.2%), and 
the mean age was 61 years, ranging 
from 49 to 73 years. HCV seropositivity 
was identified in 2.76% of the patients 
studied, with a 95% CI [1.07%, 6.87%]. 
The mean time since T2DM diagnosis 
was 10.9 years ± 8.44.

The mean HbA1c level in the total 
sample was 7.6% ± 1.88%. As for the lipid 
profile, we found a mean total cholesterol 
level of 174.2 mg/dL; a mean HDL level of 
45.2 mg/dL; and a mean LDL level of 95.9 
mg/dL. The mean triglyceride level was 
170.5 mg/dL. Regarding liver enzymes, 
we found a mean AST level of 26.5 mg/dL 
and a mean ALT level of 29.5 mg/dL. The 
mean BMI was 31.7 kg/m2 ± 7.00.

The only characteristic that signifi-
cantly differed between anti-HCV sero-
positive patients compared to seronega-
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tive ones was the waist circumference, 
which was higher in the seropositive 
group (mean = 116.5 cm, standard devia-
tion = 2.12 cm) compared to the serone-
gative group (mean = 106.4 cm, standard 
deviation = 14.47 cm); t(143) = 2.405, p 
= 0.009. Table 1 summarizes the clini-

cal-demographic findings of the entire 
sample, as well as those of each group.

DISCUSSION
In this study, we found a HCV seropo-

sitivity rate of 2.76% in outpatients with 
T2DM (95% CI: 1.07% 0 6.87%). This fin-

ding, from the endocrinology outpatient 
clinic at HU-UFJF, is almost numerically 
twice the prevalence estimated by the 
WHO in the world population, which 
is 1.4% (reported 95% CI: 1.2%-1.5%)4. 
However, it is not possible to conclude 
that the populational seropositivity rate 
in similar patients with T2DM is higher 

TABLE 1 - Clinical and demographic characteristics of the total sample of patients with type 2 diabetes mellitus and of the he-
patitis C seropositive and seronegative groups

CHARACTERISTIC

CHARACTERISTIC

SEX (M:F)

TOTAL (N=145)

TOTAL (N=145)

Mean Mean Mean

49 (33.8%):96 (66.2%)

HCV POSITIVE (N=3)

HCV POSITIVE (N=3)

Standard-deviation Standard-deviation Standard-deviation

1 (33.3%):2 (66.7%)

HCV NEGATIVE (N=142)

HCV NEGATIVE (N=142)

48 (33.8%):94 (66.2%)

Age (years)

BMI (kg/m2)

HDL (mg/dL)

AST (mg/dL)

LDL (mg/dL)

ALT (mg/dL)

Time since diagnosis 
of DM (years)

Glycosylated 
hemoglobin % (HbA1c)

Total cholesterol
(mg/dL)

Triglycerides 
(mg/dL)

Waist 
circumference (cm)

61.4

31.7

45.2

26.5

95.9

29.5

10.9

7.6

174.2

170.5

106.6

12.07

7.00

13.22

12.51

5.52

15.55

8.44

1.88

43.41

107.37

14.39

22.03

2.81

22.63

28.99

75.66

2.83

4.24

1.91

56.57

33.23

2.12

74.7

31.5

74.0

37.5

111.5

27.0

5.0

8.6

191.0

100.5

116.5*

61.1

31.7

44.7

31.3

95.7

34.6

11.0

7.6

173.9

171.2

106.4*

11.75

7.07

12.63

51.77

35.08

53.77

8.46

1.88

43.41

107.49

14.47

DM: diabetes mellitus; BMI: body mass index; HDL: high density lipoprotein; LDL: low density lipoprotein; AST: aspartate aminotransferase; ALT: alanine aminotransferase.
* p = 0.009
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than the global prevalence reported by 
the WHO, due to the overlapping IC of 
the two reported rates. Regarding the 
prevalence in the Brazilian population, 
the rate found in this study was almost 
four times higher than the rate found in 
a large sample of 484,300 patients who 
underwent rapid testing for HCV, which 
was 0.76%. The same study used a ma-
thematical model to extrapolate the fin-
ding for the total Brazilian population, 
considering other variables. The study 
found an estimated prevalence of 0.7%4, 
a value not contained in the CI of this 
sample. Although no CI was reported for 
the Brazilian population study, this fin-
ding suggests that the seropositivity in 
the general population in Brazil is lower 
than that observed in patients with 
T2DM undergoing outpatient treatment, 
considering the limitations of this study.

Another finding that should be hi-
ghlighted in this sample was the high 
prevalence of clinical phenotypes asso-
ciated with IR. In addition to having lon-
gstanding T2DM, most patients also had 
centripetal obesity and dyslipidemia, 
although, on average, their glycemic 
control was fair (mean HbA1c: 7.6%). 
However, these variables did not show a 
statistically significant difference betwe-
en HCV seropositive and seronegative 
groups, except for waist circumferen-
ce, which was significantly greater in 
the HCV-positive group. This particu-
lar finding is interesting, as it is in line 
with the results of a case-control study 
conducted in Taiwan, which also found 
a higher prevalence of increased waist 
circumference in HCV-seropositive pa-
tients compared to controls21. Another 
study that evaluated the rate of visceral 
adiposity in patients with hepatitis C – 
another way of estimating the amount 
of visceral fat – found an association of 
this measure with the degrees of stea-
tosis and hepatic necroinflammation, 
as well as with a higher HCV viral load, 
regardless of IR. The authors suggested 
this finding reflects dysfunction of the 
adipose tissue in patients with hepatitis 
C, which could play a direct role in the 
pathophysiology of the infection. This 
could be mediated by the endocrine and 
immunological functions of the adipose 
tissue, on which HCV could act by favo-
ring the production of pro-inflammatory 
cytokines22. In addition, findings that 

indicate greater adiposity – such as gre-
ater body fat mass and higher levels of 
hepatic steatosis – were also associated 
with the presence and faster progression 
of liver fibrosis in patients infected with 
HCV, as well as greater viral resistance to 
antiviral therapy with interferon. From 
these findings, it is believed that adipose 
tissue may favor the progression of HCV 
infection, possibly due to immunologi-
cal mechanisms such as T cell dysfunc-
tion resulting from leptin resistance23.

The high prevalence of IR and T2DM 
in HCV patients has already been widely 
studied, as was the opposite associa-
tion9,10. Therefore, the association be-
tween HCV and T2DM is thought to be 
bidirectional, that is, the HCV may pre-
dispose to the onset of T2DM and aggra-
vate it, but IR itself may worsen the evo-
lution and prognosis of the infection11. 
This hypothesis is supported by stu-
dies that have shown that patients with 
T2DM and HCV have a higher incidence 
of complications resulting from T2DM, 
which reinforces the importance of HCV 
screening in this population24. Likewi-
se, studies have reported a reduction in 
HbA1c levels in patients who achieved 
viral suppression after treatment with 
direct-acting antivirals against HCV25.

The exact pathophysiological me-
chanism that mediates the association 
between IR and HCV infection is not 
completely established. One of the 
hypotheses postulates that HCV has a 
direct action on hepatocytes, causing 
a decrease in insulin receptor expres-
sion, an increase in its degradation, and 
phosphorylation of its serine residues, 
which would result in resistance to the 
hormone. In addition, another hypothe-
sis suggests an indirect action of HCV, 
by inducing the expression of inflamma-
tory cytokines such as Tumor Necrosis 
Factor Alpha (TNF-α) and Interleukin 6 
(IL-6), which promote the activation of 
molecular cascades that lead to IR24-
26. Furthermore, there is also evidence 
that HCV proteins, such as NS5A (HCV 
nonstructural protein 5A), induce the 
expression of the phosphoenolpyruvate 
carboxykinase and glucose 6-phosphata-
se genes, which are enzymes that make 
up the neoglucogenesis pathway, and 
therefore lead to an increase in blood 
glucose levels27-29.

Another point that deserves attention 

is the influence of IR and T2DM on the 
clinical outcomes of patients with hepa-
titis C. Studies indicate diabetic patients 
with hepatitis C, with or without cirrho-
sis, have worse clinical outcomes compa-
red to non-diabetics, such as increased 
risk of developing HCC17,30. In those with 
cirrhosis, however, there is an increased 
risk of developing ascites, renal failure 
and bacterial infections17. The use of me-
tformin, in turn, was associated with a 
lower incidence of HCC, liver transplan-
tation, and death due to liver complica-
tions in patients infected by HCV with 
T2DM and cirrhosis31. Furthermore, the 
presence of IR can negatively impact the 
treatment of HCV, as studies have shown 
a lower rate of sustained viral suppres-
sion in these patients following treat-
ment with ribavirin and peginterferon 
alfa, which were the treatment of choice 
for HCV until recently32. The combina-
tion of metformin with this treatment 
scheme, however, not only improved the 
IR, but also increased the rate of sustai-
ned viral suppression33.

More recently, new drugs with a di-
rect antiviral action were approved for 
the treatment of HCV. They can eradi-
cate the virus in most cases, apparently 
irrespective of the presence of IR before 
treatment34. However, even if these dru-
gs may lead to a complete and sustai-
ned eradication of the virus, T2DM still 
seems to negatively influence clinical 
outcomes. This is suggested by a study 
with 33,000 patients infected with HCV, 
in which the presence of T2DM before 
treatment with direct-acting antivirals 
was associated with higher mortality and 
negative hepatic outcomes (cirrhosis and 
decompensations), even after sustained 
viral suppression. In those with cirrhosis 
before treatment, T2DM was associated 
with the development of HCC, despite 
viral suppression35. Thus, although stu-
dies have also shown that eradicating the 
virus reduces IR and also leads to better 
T2DM control34, clinicians should remain 
vigilant regarding patients with this co-
morbidity, even after viral suppression35. 
Finally, the importance of diagnosing 
and treating T2DM in these patients is 
reinforced by findings that indicate that 
metformin may decrease the risk of HCC 
after successful antiviral treatment36.

This study has limitations that must be 
discussed. First, the sample size is small, 
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considering the expected prevalence of 
HCV infection in this population, based 
on previous literature. This may have re-
sulted in low statistical power, hampering 
the detection of a possible statistically 
significant difference between the pre-
valence of HCV in the sample and its es-
timated prevalence in the general popu-
lation, according to WHO data. However, 
our findings, although not statistically 
significant, are compatible with a pre-
vious meta-analysis that reported an odds 
ratio of 3.5 for the diagnosis of hepatitis 
C in diabetic patients compared to con-
trols9. This limitation also hampered the 
power to detect possible differences in 
other laboratory parameters, although an 
interesting finding involving visceral adi-
posity was observed in diabetic patients. 
The lack of other data in the sample also 
prevented the assessment of other para-
meters that could be addressed, such as 
the degree of liver fibrosis and viral load. 
Also, a rapid serological test was used for 
the diagnosis of the infection, which, des-
pite its good specificity and sensitivity18, 
was not confirmed by another method. 
Therefore, there was a risk of false positi-
ves and false negatives. Finally, the cros-
s-sectional design of the study does not 
allow further conclusions about possible 
causal relationships between variables.

In summary, this study reinforces the 
importance of screening for hepatitis C 
in patients with T2DM, since, 2.76% of 
the participants in a random sample, 
whose serological status was previously 
unknown, tested positive for HCV. It is 
true that the primary objective of treating 
hepatitis C is to eradicate the virus from 
the organism and, therefore, to reduce 
the incidence of complications resulting 
from chronic liver disease, the transmis-
sibility of the virus and its comorbidities. 
Currently, there are highly effective thera-
peutic alternatives with fewer side effects, 
which make it easier to achieve these go-
als and even allow envisioning to eradica-
te hepatitis C by 2030. However, it is neces-
sary to aim not only for such outcomes, 
but also for longer survival with a better 
quality of life for the patient. For this, it 
is necessary to go beyond the eradication 
of HCV, because, as discussed, other sys-
temic changes, especially T2DM, are asso-
ciated with complications and lower sur-
vival, even after total viral suppression34. 
Thus, this study draws attention to the im-

portance of routine screening for T2DM 
in patients with HCV, aiming at early 
diagnosis and treatment, which is feasible 
in primary care, including in individuals 
with normal liver function.
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