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Effects of hepatitis C virus genotypes and viral load on glucose
and lipid metabolism after sustained virological response with
direct-acting antivirals

Jucéli Marcia Hendges Sparvoli* @, Antonio Cardoso Sparvoli! ©, Afonso Alexandre Pereiral ©,
Ana Luisa Machado de Paula! ©, Lais Garcia® ®, Carla Vitola Goncalves?

SUMMARY

OBJECTIVE: The objective of this study, carried out at the university hospital of the Federal University of Rio Grande, was to assess whether the
treatment of chronic hepatitis C with direct-acting antivirals and the sustained virological response will affect the metabolic influences of the hepatitis
C virus and whether these effects will vary according to genotypes and virus load.

METHODS: Thisis anintervention pre-post study, carried out from March 2018 to December 2019, evaluating 273 hepatitis C virus patients treated
with direct-acting antivirals. Inclusion criteria included being monoinfected with hepatitis C virus and achieving sustained virological response .
Exclusion criteriaincluded the presence of decompensated cirrhosis or co-infected with hepatitis B virus or humanimmunodeficiency virus. Genotypes,
genotype 1 subtypes, and hepatitis C virus viral load were analyzed. Glucose metabolism was evaluated by the Homeostasis Model Assessment-insulin
resistance indices: Homeostasis Model Assessment-B, TyG, and HbA1c, measured at the beginning of treatment and in sustained virological response.
Statistical analysis with a T test by paired comparison of the means of the variables in the pretreatment and in the sustained virological response.
RESULTS: Homeostasis Model Assessment-insulin resistance analysis: there were no significant differences between pretreatment and sustained
virological response. Homeostasis Model Assessment-f analysis: significant increase in genotype 1 patients (p<0.028). TyG index analysis: significant
increase in genotype 1b (p<0.017), genotype 3 (p<0.024), and genotype non-1 with low viral load (p<0.039). HbA1c analysis: significant decrease in
genotype 3 (p<0.001) and genotype non-1 patients with low viral load (p<0.005).

CONCLUSION: We detected significant metabolic influences after sustained virological response: impairment in lipid profile and improvements in

the glucose metabolism. We found significant differences in genotype dependence, genotype 1 subtypes, and viral load.
KEYWORDS: Genotype. Hepatitis C. Lipid metabolism. Insulin resistance. Viral load.

INTRODUCTION

Hepatitis C virus (HCV) can induce insulin resistance (IR)
regardless of the severity of liver disease, demonstrating that
this virus can induce this metabolic effect even in the prelimi-
nary stages of the disease'. The influence of HCV on lipid met-
abolic pathways has also been demonstrated, with evidence of
significant changes after sustained virological response (SVR),
suggesting a direct viral effect?. The viral cycle depends on
cholesterol metabolism in host cells, which causes hypolipid-
emia during chronic infection®. The possible influence of HCV
genotypes on lipid and glucose metabolism remains not well
defined®. Overall, there is a great variability in the geographical
distribution of HCV genotypes. In Brazil, the most prevalent
genotype is 1 (G1) (64%), followed by genotype 3 (33%), and
genotypes 2 and 4 (3%)°. There is evidence that the eradication

of G1 is more beneficial in relation to IR than the eradication
of genotypes 2 and 3*4.

In addition to the genotype, some studies associate elevated
levels of viral load (VL) with the presence of IR in patients
with chronic hepatitis C*°. However, other studies found no
association between VL value, IR, and type 2 diabetes melli-
tus (T2DM)71.

The most commonly used method to evaluate the influence
of SVR on glucose metabolism employs the Homeostasis Model
Assessment (HOMA) indexes. The HOMA index estimates
IR (HOMA-IR) and cell-B function (HOMA-)%. Another
proposed method for measuring IR is the TyG index, a prod-
uct of fasting triglyceride levels and blood glucose’. Glycated
hemoglobin (HbA1c)", widely used in daily practice, provides
an additional analysis of metabolic effects.
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Metabolic effects of hepatitis C virus genotypes and viral load after sustained virological response

Considering the effectiveness of direct-acting antivirals
(DAAs) and the association of HCV with systemic disorders,
it can be expected that the eradication of the virus will improve
metabolic parameters and reduce the rates of IR and T2DM in
patients with chronic infection''. However, the effect of SVR on
glucose control is still not clear'*'%. The present study aimed to
compare glucose and lipid metabolism in patients with chronic
hepatitis C treated with DAAs in pretreatment and SVR, with

special attention to genotypes and VL.

METHODS

This was an intervention pre-post study that initially evalu-
ated 481 patients eligible for treatment with DAAs, treated
at the Dr. Miguel Riet Corréa Jr. University Hospital of the
Federal University of Rio Grande (FURG) from March 2018
to December 2019. The study was approved by the ethics and
research committee in the health area of FURG (CEPAS),
under the process number: 23116.00516/2018-56. The
CAAE registration number generated on the Brazil platform is
82698018.0.00005324. All patients read and signed free and
informed consent forms before participating in the study. The
treatment followed the inclusion and duration criteria of the
Clinical Protocol and Therapeutic Guidelines for Hepatitis C
and Co-infections 2018/2019".

Inclusion criteria were as follows: monoinfected by HCV,
achieving SVR, and living in the Rio Grande or Sio José do
Norte municipalities. Exclusion criteria were as follows: the
presence of decompensated cirrhosis, patients co-infected with
hepatitis B virus or human immunodeficiency virus (HIV),
severe psychiatric or cognitive disorders, chronic renal failure,
type 1 DM, steroid or anabolic use, and alcohol consump-
tion. According to these criteria, Figure 1 shows the number
of patients who were included in this study. The diagnosis of
T2DM, pre-diabetes, and normoglycemic followed the criteria
adopted in the Guidelines of the Brazilian Society of Diabetes,
2019-2020".

The genotypes and subtypes of G1 and VL were evalu-
ated by the real-time polymerase chain reaction technique.
Undetectable VL, after the 12th week of treatment, was con-
sidered as SVRP.

For the evaluation of glucose metabolism, the following indi-
ces were used: HOMA-IR'®, HOMA-B'¢, TyG’, and HbAlc.
The parameters evaluated were measured at the beginning of
treatment and in SVR. For comparison analysis, the patients
were subdivided into groups according to genotypes and sub-
types of genotype 1 and VL to demarcate their respective influ-
ences on glycidic and lipid metabolism.
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Preliminary data analysis consisted of checking the frequency
in search of extreme values, categorization, and creation of
derived variables, and then using the T test to compare means.
Next, the analysis of the means and their respective standard
deviations of the variables in the pretreatment and the SVR
were carried out. The confidence interval of the means was also
calculated, followed by the T test for paired comparison of the
means, adopting a p<0.05 as significant. All these analyses were
performed using the statistical package.

This project was approved by the ethics and research com-
mittee in the health area of FURG (CEPAS) under the process
number: 23116.00516/2018-56.

RESULTS

A total of 273 patients participated in this study. The mean
age was 57 years old, 70.7% were white, and 52.7% were
male. Regarding liver injury, 78 (28.6%) were cirrhotic, and
92 (33.7%) were classified as FO or F1. About the glucose pro-
file, 125 (45.8%) patients were prediabetic and 50 (18.3%)
were diabetic. As for laboratory tests, we highlight a significant
increase in the values of triglycerides, total cholesterol (TC),
and low-density lipoproteins (LDL), but not in high-density
lipoproteins (HDL) in SVR (Table 1).

The HOMA-IR index did not have significant differences
between pretreatment and SVR (Table 2). Using the HOMA-(3,
we found a significant increase in those with G1 (89.29-103.97;
p=0.028), a trend to significance in genotype 3 (87.51-99.61;
p=0.058), and in subgroup G1 with low VL (85.15-96.34;
p=0.05), there was a significant increase (Table 1).

Table 2 shows a significant increase in the TyG index in
G1b patients (4.51-4.57; p=0.017), genotype 3 (4.48—4.54;
p=0.024), and non-1 genotype (N1G) with low VL (4.51—
4.57; p=0.039). Regarding HbA1c values in pretreatment and
SVR, there was a significant decrease in patients with geno-
type 3 (5.85-5.54; p=0.001) and N1G with low VL (5.90-
5.59; p=0.005).

DISCUSSION

It is estimated that approximately two-thirds of patients
with chronic hepatitis C may experience extrahepatic man-
ifestations, which are especially important in metabolic
alterations'. Some clinical studies have suggested improve-
ments, after antiviral treatment, in glucose metabolism'"%,
In addition, the effect of HCV modulating the metabolic
pathways of intrahepatic cholesterol biosynthesis to promote
viral replication can generate significant changes in lipid
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481 patients

190
Exclusions

291 patients were included at the start of
treatment

18
Exclusions

273 Patients participated in the survey

43 (8.9%) Refusals

37 (7.69%) resided in other municipalities

28 (5.82%) Child B

7 (1.45) Chronic renal

58 (12%) Coinfected

5 (1.03) Use of corticosteroids

7 (1.45%) Use of alcohol

4 (0.83) Severe psychiatric or cognitive disorders

1(0.2%) Type 1 Diabetes Mellitus

13 (4.47%) did not respond to treatment

5 (1.72%) did not undergo the tests at
the end of treatment

Figure 1. Flowchart of excluded patients.

metabolism in SVR?. However, positive and negative meta-
bolic changes were described with treatment with DAAs'"",
and a better understanding of this issue is necessary in dif-
ferent populations.

We draw attention to the fact that 64.1% of the patients
surveyed have lipid metabolism disorders, while in the general
Brazilian population, it is estimated that 7.5-18.5% are pre-
diabetic and 7.7% diabetic?®, which is in accordance with the
hypothesis of the association of HCV with IR and T2DM and

in agreement with other authors™*.
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In this study, after SVR, there was a significant increase
in TC, LDL, and triglycerides, but not in HDL. Studies con-
ducted with patients with genotype 1 mostly observed a sig-
nificant increase in the rates of TC, LDL, and triglycerides
after SVR*?. Similarly, Jain et al.?, in a prospective study
with 50 individuals, all HCV genotype 3, demonstrated that
TC and LDL increased significantly with SVR, but there were
no changes in HDL and triglycerides. As antiviral treatment
would affect lipid metabolism, it is not well established?. We
highlight that the worsening observed in lipid metabolism
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Table 1. Anthropometric and laboratory data and comparison parameters.

Age (meanzSD) 57.03(*11.11)
<54 years 98(35.9)
55-64 years 113(41.4)
>65 years 62(22.7)
Color
White 193(70.7)
Nonwhite 80 (29.3)
Genre
Male 144(52.7)
Female 129 (47.3)
Weight (mean£SD) 73.54 (£14.69) 0.127
WC Abdominal (meanxSD) 73.21(x14.72) 94.04 (£11.99) 0.206
Adequate 73(29.3) 94.38 (+11.87)
Inadequate 200 (70.7)
BMI (mean£SD) 25.59 (+4.76) 27.73 (4.84) 0.093
<24.9(81) 81(29.7)
25-29.9 (116) 117 (42.9)
>30(74) 75(27.5)
Glycemic profile (meanSD) 101.84 (£27.29) 107.79 (£31.70) 0.976
With normal blood glucose 98 (35.9)
With prediabetes 125 (45.8)
With diabetes 50(18.3)
Glycemic/genotypes (meanSD)
Genotype 1 (146) 105.02 (+21.01) 104.27 (£22.23) 0.541
enotype 2 (38) 115.47 (£42.31) 116.00 (£37.23) 0.889
Genotype 3 (87) 109.28 (+28.10) 110.25 (+40.57) 0.775
Profile triglycerides (meantSD)
Genotype 1 (146) 101.87 (£66.30) 105.30 (+66.47) 0416
Genotype 2 (38) 104.95 (£49.45) 109.51 (£54.57) 0.563
Genotype 3 (87) 79.85 (£31.56) 100.94 (£76.15) 0.031
Laboratories (mean+SD)
Total cholesterol 166.37 (£36.91) 185.52 (+38.41) <0.001
LDL 97.30 (£33.86) 111.80 (£36.66) <0.001
HDL 49.59 (£14.23) 50.26 (£13.66) 0.652
Triglycerides 95.44 (£55.67) 104.47 (x67.50) 0.006

BMI: body mass index; WC: waist circumference; HbA1c: glycated hemoglobin; HDL: high-density lipoprotein; LDL: low-density lipoprotein; SD: standard
deviation; SVR: sustained viral response.
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makes an evolutionary control of this profile in patients who
obtained SVR necessary.

Regarding the influence of genotypes on IR, when SVR
was calculated, the HOMA-IR index did not detect signifi-
cant differences between genotypes, but it was observed that
the HOMA-f index improved significantly in patients with
G1. This finding is in agreement with the research by Huang
et al., in which 72.3% of the patients were G1, and also ver-
ified a significant improvement in B-cell function, suggesting
that this genotype may have an important action on the 3 cells
of the pancreas. Regarding the TyG index, we saw worsening in
patients with G1b and genotype 3, suggesting a more hypolip-
idemic action of these agents. About HbA1c, there was signifi-
cant improvement only in patients with genotype 3, suggesting
a greater beneficial metabolic effect of SVR in these individuals.
This result is in accordance with the research by Jain et al.?.
However, we agree with the statement that more studies are
needed for a better understanding of this phenomenon’.

In relation to the different genotypic influences on IR,
there are specific associations with genotypes, but the causal
relationship remains unclear®. Thus, we see that these results
are complex and sometimes contradictory, suggesting that the
analysis of the influences of genotypes may be obscured by
other factors acting on glucose metabolism. However, from a
practical point of view, the improvement of HbAlc obtained
with SVR in patients with genotype 3 suggests the importance
of this treatment on glucose metabolism.

When analyzing the isolated influence of VL, no signifi-
cant role was detected in relation to glucose metabolism. Other
researchers*® indicated that higher VL levels are associated with
the presence of IR in patients with chronic hepatitis C. In con-
trast, in another study’ with nondiabetic patients, IR was not
associated with VL. The present study agrees with these find-
ings, because even in a population of normoglycemic, predia-

betic, and diabetic patients, no association between SVR and
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Erratum

Pages 5 and 6 on Table 2, it should read
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