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V.; Mărginean, C.M.; Pîrvu, D.-C.;
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Abstract: A high risk of developing insulin resistance (IR) and, eventually, type 2 diabetes mellitus
(T2DM) is associated with chronic hepatitis C virus (HCV). Multiple mechanisms can account for
the development of IR in chronic HCV patients, steatosis or fatty liver that can lead to metabolic
syndrome, and the inflammatory process associated with the presence of HCV infection. In this
article, we analyze the reported values of homoeostasis model assessment (HOMA-IR) before and
after successful direct-acting agents (DAAs) treatment in the literature (23 studies) at certain intervals,
respectively 12, 24, and 52 weeks depending on the presence of T2DM among patients. The meta-
analysis showed improvement of IR in most cases except for three studies that presented a minimal
increase in HOMA-IR value for the non-T2DM group at the 12- and 24-week check-ups possibly
hinting at a prediabetes group. All other studies showed an important decrease in HOMA-IR post-
DAA treatment specifically for the T2DM group. The most significant change in HOMA-IR values
was noticed after 24 weeks in all categories. Our meta-analysis showed that clearance of HCV leads
to improvement of IR, especially in the case of patients with T2DM.

Keywords: hepatitis C; insulin resistance; diabetes; meta-analysis

1. Introduction

A group of metabolic risk factors known as metabolic syndrome raises the risk of both
type 2 diabetes mellitus (T2DM) and atherosclerotic cardiovascular disease. It is believed
that insulin resistance (IR) contributes to the onset of metabolic syndrome [1–3]. Central
obesity, high blood pressure, reduced high-density lipoprotein (HDL) cholesterol, elevated
fasting glucose, and increased triglyceride levels are all included in a recently proposed
description of metabolic syndrome [1].

According to clinical definitions, IR is a disease that makes cells less responsive to
an established amount of insulin, necessitating larger doses of insulin to produce the
same cellular response [4]. IR is evaluated using insulin’s capacity to regulate blood sugar
levels. IR is influenced by both environmental and genetic variables, and it is crucial for

Reports 2022, 5, 42. https://doi.org/10.3390/reports5040042 https://www.mdpi.com/journal/reports

https://doi.org/10.3390/reports5040042
https://doi.org/10.3390/reports5040042
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/reports
https://www.mdpi.com
https://orcid.org/0000-0001-7398-5689
https://orcid.org/0000-0002-1523-9116
https://orcid.org/0000-0002-8162-5955
https://doi.org/10.3390/reports5040042
https://www.mdpi.com/journal/reports
https://www.mdpi.com/article/10.3390/reports5040042?type=check_update&version=1


Reports 2022, 5, 42 2 of 12

the pathophysiology of diabetes. One approach for calculating IR, which is computed as
insulin (U/m) [fasting glucose (mmol/L)/22.5], is the homoeostasis model assessment
(HOMA-IR). For IR examination, a 12-h overnight fast is necessary [5].

Chronic hepatitis C (HCV) infection is one of the major global health problems.
Metabolic disturbances are frequent in HCV-infected patients. Epidemiological studies
underlined the concept that HCV infection is an independent predictor of insulin resis-
tance (IR) and diabetes mellitus (DM). There are enough pieces of evidence that type 2
diabetes mellitus (T2DM) are widespread among chronic HCV-infected patients compared
to patients with other liver disease aetiology [6,7]. One plausible explanation for this
observation is that HCV infection, or the inflammatory response to infection, contributes to
the development of IR and, as a result, to an increased risk of T2DM [8].

Multiple pathogenic mechanisms can play a contributing factor in producing and exac-
erbating IR in chronic HCV patients. Steatosis of the liver, pre-existing disorders including
metabolic syndrome, and chronic inflammatory processes are some of the variables that can
affect the emergence and severity of IR in HCV-infected patients [9]. Steatosis affects more
than half of chronic HCV-infected patients, and many studies linked it to IR [10,11]. High
HCV RNA levels are associated with the rapid progression of IR over time [12]. Moreover,
HCV clearance after antiviral therapy improves IR. Furthermore, it was shown that IR is
genotype-dependent (especially 1 and 4) [13,14].

HOMA-IR is the homeostatic model assessment of insulin resistance (HOMA-IR) and
is one of the most frequently used methods of determining insulin resistance in large
population-based studies since it is mathematically derived from single fasting glucose and
insulin measurements.

HOMA-IR was widely used to monitor longitudinal changes in IR in individuals with
type 2 diabetes. The index is also useful in non-diabetics for comparison of IR among
individuals with abnormal glucose tolerance and to assess longitudinally the development
of impaired glucose tolerance [15].

HOMA-IR is based on the feedback loop of glucose and insulin after it had been
assimilated by the cells and therefore is more representative of hepatic glucose output and
hepatic insulin resistance.

Longitudinal kinetics of the HOMA-IR after HCV clearance show a descendent trend
over time in concordance with a decrease in liver stiffness and extrahepatic manifestations,
and improvement in liver histology and biochemical liver markers [16,17]. Therefore,
the current meta-analysis aims to demonstrate the improvement of IR in patients with
HCV treated with direct-acting agents (DAAs) that attained HCV clearance and to further
analyze how the HOMA-IR levels modify in a time-dependent manner after HCV clearance
in diabetic and non-diabetic patients.

2. Materials and Methods

We performed a search in the online journal databases Embase, PUBMED, and Google
Scholar with several search strings (using the keywords “Hepatitis C”, “DAA”, “HOMA-
IR”, “Diabetes”) to find studies that report the changes in insulin resistance as depicted by
HOMA-IR in hepatitis C patients, that had undergone DAA treatment, with or without type
2 diabetes mellitus (T2DM). The initial search yielded 390 results. Of the 390 studies, 18 were
not written in English, and 57 were excluded by design (45 were reviews, 4 were editorials,
3 were meta-analyses, 2 were trial protocols, and 3 were conference abstracts). After
screening study titles for retrieval, we excluded 32 studies as a duplicate and 283 abstracts
were retrieved. After the abstracts were analyzed, we excluded 230 studies as they do not
mention HOMA-IR levels. We further read the full text and excluded 30 studies as they
did not report HOMA-IR levels. The workflow of the study selection followed PRISMA
guidelines and is presented in Figure 1. We selected 23 studies that combined and evaluated
6073 patients that had undergone DAA treatment and obtained SVR (Table 1).
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Table 1. Studies included in the meta-analysis.

No. Name Year No. of
Patients Weeks Diabetes HOMA-IR

Pre-Treatment
HOMA-IR

Post-Treatment

1. Adinolfi et al. [18] 2020 1303 24 No 4.38 ± 0.82 2.42 ± 0.58
2. Cheng et al. [19] 2019 102 12 Mixed 0.20 ± 0.09 0.19 ± 0.10
3. Ichikawa et al. [20] 2019 48 52 No 2.76 ± 1.72 3.22 ± 2.8
4. Strauhs Nitsch et al. [21] 2020 54 52 Mixed 3.12 ± 2.29 3.22 ± 2.04
5. Elhelbawy et al. [22] 2018 511 12 Mixed 3.21 ± 2.36 1.90 ± 1.58
6. Ozdogan et al. [23] 2020 121 24 No 3.13 ± 1.83 3.36 ± 2.20
7. Ozdogan et al. [23] 2020 121 52 No 3.13 ± 1.83 2.85 ± 1.420
8. Graf et al. [24] 2020 46 12 No 5.30 ± 6.10 3.90 ± 5.00
9. Graf et al. [24] 2020 44 24 No 5.30 ± 6.10 3.90 ± 5.00

10. Graf et al. [24] 2020 41 52 No 5.30 ± 6.10 2.50 ± 1.90
11. Gitto et al. [25] 2018 93 24 Mixed 3.80 ± 1.90 2.70 ± 1.50
12. Doyle et al. [26] 2019 24 12 No 2.70 ± 0.60 3.50 ± 0.80
13. Doyle et al. [26] 2019 24 24 No 3.20 ± 0.70 3.50 ± 0.80
14. Chang et al. [27] 2021 353 24 Mixed 3.25 ± 5.37 2.97 ± 3.09
15. Lee et al. [28] 2021 248 12 Mixed 3.21 ± 4.96 3.32 ± 5.23
16. Lee et al. [28] 2021 248 24 Mixed 3.21 ± 4.96 2.99 ± 2.72
17. Lee et al. [28] 2021 248 52 Mixed 3.21 ± 4.96 2.44 ± 2.61
18. Alsebaey et al. [29] 2019 385 12 No 2.78 ± 1.8 1.82 ± 1.46
19. Alsebaey et al. [29] 2019 126 12 Yes 5.16 ± 3.28 2.88 ± 2.68
20. Moneim et al. [30] 2019 30 12 Yes 2.89 ± 0.25 2.51 ± 12.00
21. Cheng et al. [31] 2022 95 24 Mixed 3.8 ± 0.2 2.6 ± 0.1
22. Cheng et al. [31] 2022 95 52 Mixed 3.8 ± 0.2 2.8 ± 0.2
23. Ciancio et al. [32] 2017 101 12 Yes 5.2 ± 2.5 3.1 ± 1.6
24. Russo et al. [33] 2019 135 12 No 3.0 ± 0.7 2.4 ± 0.5
25. Russo et al. [33] 2019 128 24 No 3.0 ± 0.7 1.9 ± 0.3
26. Russo et al. [33] 2019 124 52 No 3.0 ± 0.7 1.8 ± 0.4
27. Lin et al. [34] 2020 394 12 Mixed 2.05 ± 1.28 1.92 ± 1.18
28. Alzahaby et al. [35] 2018 20 12 No 3.20 ± 0.70 2.50 ± 0.80
29. Alzahaby et al. [35] 2018 20 12 Yes 6.80 ± 2.60 4.90 ± 2.0
30. Nevola et al. [36] 2020 343 12 Mixed 2.85 ± 0.74 2.15 ± 0.52
31. Gualerzi et al. [37] 2018 82 24 Mixed 3.42 ± 1.96 2.80 ± 1.02
32. Hashim et al. [38] 2022 25 12 No 5.33 ± 0.91 4.65 ± 0.97
33. Hashim et al. [38] 2022 25 12 Yes 7.14 ± 1.43 6.12 ± 1.47
34. Salomone et al. [39] 2017 32 12 Mixed 3.72 ± 0.81 2.32 ± 0.73
35. Yosef et al. (treatment A) [40] 2021 25 12 Mixed 3.19 ± 1.35 2.17 ± 0.96
36. Yosef et al. (treatment B) [40] 2021 25 12 Mixed 3.33 ± 1.31 2.38 ± 0.9
37. Yosef et al. (treatment C) [40] 2021 25 12 Mixed 2.9 ± 1.22 2.04 ± 0.76
38. Yosef et al. (treatment D) [40] 2021 25 12 Mixed 3.55 ± 1.48 2.38 ± 1.09

Note: HOMA-IR: Homoeostasis model assessment.

2.1. Quality Assessment

This meta-analysis assumes a bias risk and is based on observational and experimental
studies that may be clinical or preclinical. The transferability of study results, which is
linked to study comparability, can be hampered by several problems.

The comparability of the initial investigations was weakened by the inclusion of cell
lines in addition to human subjects. Second, varied observation durations, research method-
ologies, and treatment approaches were used depending on the population examined as
well as the sample size. Additionally, we did not include any non-English papers that
might have had crucial data. Furthermore, we only searched the PUBMED Central database
for relevant articles; however, other databases may have additional studies that were not
retrieved. Due to all of these factors, this meta-analysis cannot be completely devoid of
bias; therefore, the interpretations of the meta-analysis findings are constrained.
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2.2. Data Extraction

The following information was extracted from each study: Publication data, year of
publication, number of cases, treatment type, weeks passed after treatment when HOMA-
IR was determined, type of study design (non-T2DM, T2DM, Mixed), HOMA-IR values
before and after DAA treatment. The data were imported in STATA statistical software
(StataCorp. LLC, Texas, TX, USA) and we used the meta-analysis procedure to compute
effect sizes of HOMA-IR decrease after DAA treatment as expressed by Hedges’s g and
heterogeneity between the studies. The same procedure generated the forest plots showing
individual studies and pooled effect sizes overall and for various subgroups (based on the
time passed from DAA treatment and diabetic status).

3. Results

Sixty studies were included in the meta-analysis. Most of the studies showed a
decrease in HOMA-IR after DAA treatment, even if a few showed a weak increase in
non-T2DM patients [18–20]. We stratified the studies according to the time passed after
DAA treatment to use a significant amount of information as possible.

The subgroup analysis showed that overall the HOMA-IR decrease was significant
after DAA treatment (Hedges’s g = 0.983). A fairly important decrease in HOMA-IR was
observed after 12 weeks after DAA treatment; even if the maximum decrease was observed
after 24 weeks, it was not statistically significant. Depending on the diabetic status it is a clear
difference between T2DM patients, in which the HOMA-IR decrease (Hedges’s g = 1.055) was
significantly greater than in non-T2DM patients (Hedges’s g = 0.658) (Table 2).

Table 2. Subgroup meta-analysis summary, using the random-effects model of HOMA-IR decrease
after DAA treatment.

Group No. of Studies Hedges’s g p-Value

Duration
After 12 weeks 20 0.624 <0.001 *
After 24 weeks 10 1.311 0.080
After 52 weeks 7 1.123 0.107

Diabetic status
Mixed patients 18 1.093 0.017 *

Non-T2DM 15 0.658 0.013 *
T2DM 4 1.055 <0.001 *
TOTAL 37 0.907 <0.001 *

* p < 0.05.

After 12 weeks after DAA treatment, the decrease in HOMA-IR was weak in non-
T2DM patients (Hedges’s g = 0.40) but strong in T2DM patients (Hedges’s g = 1.05). We only
had three studies that enrolled only T2DM patients and they were assessed at 12 weeks
after DAA treatment (Figure 2). After 24 weeks after DAA treatment, the decrease was
still significantly greater in mixed patients (diabetic and non-diabetic) studies (Hedges’s
g = 1.73) compared with non-T2DM patients (Hedges’s g = 0.92) (Figure 3). After 52 weeks
after DAA treatment, we observe a lower difference in HOMA-IR decrease between mixed
patients (Hedges’s g = 1.70) and non-T2DM patients (Hedges’s g = 0.70) (Figure 4). Of note,
studies with mixed patients had a significantly greater heterogeneity than studies with
only non-T2DM patients.
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4. Discussion

The present meta-analysis included 23 studies of changes in IR, reflected by HOMA-IR
levels, after successful clearance of HCV infection by DAA treatments. The pooled analysis
showed a higher HOMA-IR reduction after DAA treatment in diabetic compared with
non-diabetic patients.

HCV-infected patients are more likely to develop IR and, as a result, T2DM. The
mechanisms underlying insulin resistance are considered multifactorial. The development
of IR involves glucose consumption in skeletal muscle and glucose production in liver cells.

Recent research has revealed some of the mechanisms underlying HCV-induced IR,
including liver steatosis, chronic inflammation, and metabolic disorders, such as metabolic
syndrome. It was shown that increased intrahepatic TNF-α that occurs in HCV infection
causes insulin resistance by suppressing insulin-induced tyrosine phosphorylation of
insulin receptor substrate 1 in liver cells [7]. Moreover, TNF-α inhibits phosphatidylinositol
3 kinase, which results in a reduction in the body cell’s ability to use glucose.

According to a few studies, the reported prevalence of IR in HCV-infected individuals
has increased from 30% to 70%, regardless of the severity of hepatic disease [30]. The HCV
core protein blocks the glucose transporter 2. Tumor necrosis factor, which is released by
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HCV and inhibits phosphatidylinositol 3 kinase and the insulin receptor substrate, results
in a reduction in the cell’s ability to use glucose. Moreover, IR development has been
connected to stress and malfunction in the endoplasmic reticulum, and a consequence of
IR is mitochondrial dysfunction. Steatosis, fibrosis, cardiovascular consequences (such as
atherosclerosis), type 2 diabetes, and hepatocellular cancer are some of the clinical results
of IR [41].

Hepatogenous diabetes is T2DM caused by cirrhosis. To better determine the effect of
HCV eradication, classification according to hepatogenous or hereditary T2DM would be
beneficial [42], but this is not always possible since hepatogenous diabetes does not have a
standard definition, even in international guidelines.

HCV infection clearance has been shown to improve IR, with HOMA-IR levels sig-
nificantly improving in antiviral therapy responders compared to non-responders. Later
findings suggest that HCV infection directly promotes IR by reducing insulin signaling
mechanisms and that DAA therapy has a beneficial effect in restoring insulin sensitivity in
HCV-infected patients [33].

Recently, it was reported in patients with liver carcinoma that viral clearance improved
IR in patients who had baseline IR, whilst it increased HOMA-IR in those without baseline
IR [43]. One possible explanation is that HCV induces the baseline IR by impairing glucose
metabolism [44].

The improvement of HOMA-IR levels was dependent on the time that passed after
the successful clearance of HCV infection, the values were decreasing even more over
time. The explanation of this descendent trend can be that even if the fasting glucose levels
did not significantly decrease compared with the baseline through 1 year of monitoring,
insulin levels progressively decreased after the treatment. Increased peripheral resistance
to insulin activity, which is induced by the proinflammatory cytokine milieu caused by
chronic hepatic injury, is one of the main drivers of IR in HCV-infected patients [45]. As
a result, the considerable decrease in IR post-SVR may be explained by the decrease in
hepatic inflammation that happens after HCV eradication.

Insulin sensitivity improves independently of weight loss, confirming HCV-related
chronic hepatitis as a separate risk factor for the development of IR [14]. High BMI
significantly decreased the likelihood of IR improvement. Obesity is a hallmark of metabolic
syndrome and has been linked to IR [46,47]. In the DAA era, longer follow-up studies
are necessary to elucidate this problem. Patients with HCV who achieve SVR but remain
overweight and/or insulin resistant may be at an increased risk of long-term liver and
non-liver complications. Therefore, in these patients, IR should be managed by dietary
intervention (a combination between calorie restriction and reduction in carbohydrates
with high glycemic index) [48] and in selected cases by pharmacological interventions [49].

The benefits of obtaining SVR were observed in our meta-analysis, particularly in
patients with T2DM, which presented that HOMA-IR values decrease significantly greater
than in non-T2DM patients (Hedges’s g = 1.055) vs. (Hedges’s g = 0.658). Some studies
reported an insignificant reduction in HOMA-IR after HCV clearance or even an increase.
These results can be confounded by the distribution of HCV genotypes in the studied
populations and by the lack of subgroup analysis of diabetic and non-diabetic patients.
Furthermore, we used only HOMA-IR to measure IR, while other markers of IR were not
analyzed (e.g., insulin-like growth factor-1) [50].

Our meta-analysis has some limitations. First, there are factors which were not taken
into consideration, such as age, gender, and body mass index primarily due to the unavail-
ability of these data in the original studies. Second, the limited information in the case of
the mixed cohort lots with T2DM and non-T2DM patients were not individually evaluated.

Third, the measurement of the HOMA-IR index itself, similar to any laboratory test
is prone to pre-analytical and analytical laboratory errors. Moreover, in real populations,
some individuals can secrete more insulin regardless of an insulin sensitivity level and can
have lower rates of insulin clearance [51]. Therefore, for these individuals, fasting indices
can overestimate insulin resistance. To confirm and clarify our results, further studies are
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required. There is a need for a more complete understanding of the impact of IR on DAA
treatments’ success rate and the dynamics of IR after successful HCV clearance.

5. Conclusions

The meta-analysis showed the improvement of IR in the majority of studies except
for a few non-T2DM studies that could contain a pre-diabetic subgroup, noted by the
slight increase in HOMA-IR value. Unlike the non-T2DM and mixed studies, T2DM
presented an important decrease in HOMA-IR post-DAA treatment specifically. The most
significant change in HOMA-IR values was noticed after 24 weeks in all categories after
DAA treatment had successfully ended.
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