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Abstract

Background and aims: The type 2 diabetes mellitus (T2DM) is a common

comorbidity of chronic hepatitis C (CHC). This study intended to investigate the

impact of direct-acting antiviral agents (DAAs)-induced sustained virological

response (SVR) on glycometabolism in CHC patients with T2DM.

Methods:We searched PubMed, Scopus, Web of Science, and Embase up to July 7th,

2021. Studies reporting the association between DAA-induced SVR and

glycometabolism in diabetic patients were retained. Changes in glycated hemoglobin

(HbA1c) and fasting plasma glucose (FPG) levels before DAA treatment and after

SVR were conducted meta-analyses with random-effects models.

Results: 1371 potentially relevant articles were screened. Our analysis included 16

studies with data for 5024 patients. A significant improvement was noted in glycemic

control in SVR group, with a mean HbA1c reduction of 0.57% (95% CI: 0.46–0.69%;

I2=72.8%) and FPG reduction of 22.28mg/dL (95% CI: 13.35–31.21mg/dL;

I2=96.18%). Conversely, changes of HbA1c in non-SVR group were a mean increase

of 0.03% (95% CI: -0.15–0.22%; I2=68.75%). Subgroup analyses about HbA1c and

FPG classified by study type both showed decline of the two indicators after SVR,

and especially a reduction of HbA1c, 0.52% (95% CI: 0.39–0.65%; I2=73.5%) in

retrospective study subgroup and 0.70% (95% CI: 0.54–0.87%; I2=36.15%) in

prospective study subgroup, indicating lower heterogeneity in prospective studies.

Egger’s test suggested publication bias in impact of DAAs on FPG, and no
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publication bias in impact on HbA1c. Sensitivity analyses confirmed robustness of the

results.

Conclusion: The glyco-metabolic control improved in terms of HbA1c and FPG level

after DAA-induced SVR. However, further large and well-designed prospective

cohort studies are still warranted and a prolonged follow-up is needed.

Keywords: hepatitis C; diabetes mellitus; glyco-metabolic control; direct-acting

antiviral; HbA1c; FPG.

1. What’s already known about this topic?

DAAs have replaced IFN-based therapy as the standard anti-HCV therapy.

However, the impact of DAA-induced SVR on glyco-metabolic control in HCV

diabetic patients is controversial.

2. What does this article add?

We found that after DAA-induced SVR, the glyco-metabolic control in HCV

diabetic patients improved in terms of HbA1c and FPG. This will necessitate

monitoring of glyco-metabolic parameters in related patients to avoid hypoglycemia,

and will reduce the patients’ physical and ecnomic burden about T2DM.
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1. Introduction

Hepatitis C virus (HCV) infection affects 170 million individuals worldwide, and it

represents a major cause of liver cirrhosis and hepatocellular carcinoma (HCC) 1.

Chronic HCV infection not only increases the risk of developing type 2 diabetes

mellitus (T2DM) in patients at high risk for metabolic syndrome, but also worsens the

glycemic control in patients with established T2DM 2, 3. On the contrary, the presence

of T2DM or hyperglycemia is also significantly associated with an increased risk of

HCC. The complex interaction between chronic HCV infection and T2DM, as well as

their effects on the prognosis of patients, raises the importance of glycol-metabolic

control in diabetic patients with HCV infection.

With a higher sustained virological response (SVR) rate of more than 90% 4, a

short-duration and minimal side effects, the new direct-acting antiviral agents (DAAs)

have replaced the interferon (IFN)-based therapy as the standard anti-HCV therapy.

Previous IFN-based studies suggested that the clearance of HCV leads to an

improvement in insulin resistance (IR) and a two-thirds decrease in the risk of T2DM

development 5-7. If DAAs can further improve the glycemic control of diabetic HCV

patients, this will reduce the burden of patients, either physical or economic burden,

and reduce the complications then prolong their lives. Recently, an increasing number

of studies investigated the association between glycemic control and clearance of

HCV with DAAs. Several studies 8-22 have shown that eradication of HCV infection

with DAAs significantly improves the levels of glycated hemoglobin (HbA1c) and

fasting plasma glucose (FPG), while other studies 23-26 failed to find any significant

improvement in glyco-metabolic control among patients achieving SVR after

treatment with DAAs. Therefore, the link between glycemic control and DAAs

therapy is yet to be identified. Herein, we performed a systematic review and
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meta-analysis of relevant studies to investigate whether eradication of HCV infection

with DAAs could improve the glycemic control in diabetic patients.

2. Methods

A systematic review and meta-analysis of the literature were conducted in accordance

with the published protocol (PROSPERO registration no. CRD42021225239).

Reporting is in line with the Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA) guidelines 27. We also followed the Meta-analysis of

Observational Studies in Epidemiology (MOOSE) guidelines for the meta-analysis of

included studies 28. Two investigators independently screened the abstracts, followed

by data extraction and assessment of risk of bias. Any selection discrepancies were

resolved by a third investigator.

2.1 Data sources and searches

We conducted a literature search of PubMed, Scopus, Embase and Web of Science up

to July 7th, 2021, for relevant publications with no study type restriction. Publications

describing whether eradication of HCV infection with DAA treatment is associated

with improved glyco-metabolic control in patients with diabetes were retained. Search

terms were “HCV” OR “hepatitis C” AND (“direct-acting antiviral” OR “direct

antiviral agent” OR “DAA”) AND (“diabetic” OR “diabetes” OR “DM”). The

detailed search strategy is illustrated in Table S1.

2.2 Study selection

All the abstracts identified in the literature search were scanned, and those of potential
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interest were selected for full-text review. We included publications wherein

participants were diabetic patients with HCV infection who achieved SVR after

receiving DAA-based antiviral therapy. Patients with undetectable HCV RNA at 12

weeks post-treatment were considered to achieve an SVR 4. We included studies with

available data on glyco-metabolic status before and after DAA treatment (at least 12

weeks from the end of therapy). The studies were excluded that involved only

non-diabetic individuals and HCV-related liver transplant recipients. Also, studies that

only reported outcomes of interest before and during DAA therapy, studies wherein

participants received IFN therapy, and case reports were excluded. Finally, 16 studies

were included in the meta-analysis (Fig. 1).

2.3 Data extraction

Data were extracted by two investigators independently. Data extraction included the

name of first author, publication year, country or region, study type, sample size, SVR

rate, age, male %, time of follow-up (from the end of therapy), HbA1c and FPG

values before DAA therapy and after SVR, control group (patients untreated or

without SVR), dosing interruption or lowering of hypoglycemic agents. The data were

recorded in Microsoft Word and Excel using pre-specified forms.

2.4 Quality assessment

Quality assessment was based on the Newcastle–Ottawa scale (NOS). The NOS was

developed to assess the quality of observational studies based on their design, content

and usability. A “star system” has been proposed, wherein a study is assessed in three

domains: selection (maximum four stars), comparability (maximum two stars), and
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exposure/outcome (maximum three stars). We judged the studies with a score of at

least seven stars as high quality, indicating that these studies were at low risk of bias.

2.5 Data synthesis and statistical analysis

The outcome was defined as improved glyco-metabolic control after SVR by DAAs,

which was evaluated by changes in HbA1c and FPG. Control group (non-SVR group)

was patients untreated or without SVR in the same studies, and changes in HbA1c and

FPG levels were also be calculated.

As mentioned above, the SVR is ascertained by an undetectable HCV RNA level at

least 12 weeks after completing the antiviral therapy. Studies 29, 30 have shown more

than 99% patients who achieve an SVR12 with DAA therapy might achieve SVR24.

The two parameters (HbA1c and/or FPG) pre- and post-SVR in SVR group and the

changes of HbA1c/FPG levels in non-SVR group in clinical studies were used to

conduct meta-analysis on the effects of DAA therapy. In these studies included in the

meta-analysis, HbA1c is expressed in National Glycohemoglobin Standardization

Program (NGSP) units (%) or International Federation of Clinical Chemistry and

Laboratory Medicine (IFCC) units (mmol/mol). The HbA1c values expressed in IFCC

units were converted to in NGSP units by the formula:

NGSP-HbA1c(%)=0.0915IFCC-HbA1c(mmol/mol)＋2.152, with means and standard

deviation (SD). Similarly, the FPG data were normalized to mg/dL, and some data

expressed in mmol/L was converted by the formula: mg/dL=mmol/L×18.

Pre- and post-DAA therapy changes in HbA1c and FPG levels were calculated

using a random-effects model where any differences between studies were considered
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even if no statistically significant heterogeneity was noted. Changes of HbA1c and

FPG in control group were also calculated using the same method. Statistical

heterogeneity was assessed using the inconsistency index (I2 ), with I2 values over

50% indicating substantial heterogeneity. Subgroup analyses were performed to

explore the potential sources of heterogeneity, and sensitivity analyses were

conducted to further confirm the robustness of the results. Publication bias was

evaluated with Egger’s tests.

All statistical tests were two-sided, and p<0.05 was considered significant.

Statistical analyses were conducted using the Stata version 16.0 software program

(Stata Corp LP in College Station, TX).

3. Results

3.1 Literature search and characteristics of included studies

Fig. 1 showed the results of literature search and study selection. Searches of Pubmed,

Scopus, Embase, and Web of Science yielded 1371 citations. After excluding

duplicates and examining the abstracts and full texts, we initially identified 16

relevant studies.

This meta-analysis included 16 eligible studies involving 5024 subjects with more

than 12-week follow-up after the end of DAA therapy. Among these studies, 1 were

conducted in Japan, 4 in Italy, 5 in the USA, and 6 in Egypt; the mean age was 60.01

years (range: 41–91 years, except for 2 studies data unavailable), and the mean

proportion of male sex was 80.94% (range: 44.1–97.5%, except for 4 studies data

unavailable). The SVR rate in these studies varied, ranging from 86% to 100%.

Details of the 16 studies are summarized in Table 1.
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3.2 Risk of bias assessment

Sixteen studies included in the meta-analysis received seven to nine stars on the NOS,

suggesting a low risk of bias. The details of the quality of bias assessment are shown

in Table S2.

3.3 Association between glyco-metabolic control and DAA-induced SVR.

A total of 16 studies reported data on the association between DAA-induced SVR and

HbA1c (n=15) or FPG (n=10), and in non-SVR group HbA1c (n=5) and FPG (n=2)

were also analyzed. Meta-analyses were performed using a random-effects model. Fig.

2 displays the pooled results from 15 studies, suggesting that DAA-induced SVR is

significantly associated with a mean HbA1c reduction of 0.57% (95% CI: 0.46–0.69%;

I2=72.8%; p=0.00). Fig. 3 displays the estimated results from 10 studies, indicating

that DAA-induced SVR is significantly associated with a mean FPG reduction of

22.28mg/dL (95% CI: 13.35–31.21mg/dL; I2=96.18%; p=0.00). Conversely, the

pooled results of HbA1c from 5 studies in non-SVR group were increase of 0.03%

(95% CI: -0.15–0.22%; I2=68.75%; p=0.74) (see Fig. 4). The FPG levels in non-SVR

group 8, 10 did not show significant changes. As the limited data (n=2), we could not

conduct a meta-analysis on FPG levels in control group.

3.4 Subgroup/sensitivity analysis

To explore potential sources of heterogeneity across the included studies， we

conducted subgroup analyses according to the study type. First, when the comparison
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on HbA1c was stratified by different study types of retrospective and prospective

studies (Fig. 5), 10 retrospective studies and 5 prospective studies were retrieved.

Subgroup analysis showed that the reductions of HbA1c were 0.52% (95% CI:

0.39–0.65%; I2=73.5%; p=0.00) in retrospective study subgroup and 0.70% (95% CI:

0.54–0.87%; I2=36.15%; p=0.18) in prospective study subgroup. In the subgroup

analysis, the heterogeneity was lower in prospective studies (I²=36.15%) than that in

retrospective studies (I ² =73.5%), indicating that additional prospective studies are

needed for high-quality evidence. Second, regarding another indicator, FPG, we also

conducted a subgroup analysis according to the study type (Fig. 6). 6 retrospective

studies and 4 prospective studies were identified. The two subgroups both observed a

decline in FPG [18.07 mg/dL (95% CI: 7.57–28.57 mg/dL; I²=93.94%; p=0.00) in

retrospective studies and 33.75 mg/dL (95%CI: 8.43–59.06 mg/dL; I ² =95.78%;

p=0.00) in prospective studies]. P=0.00 indicated that the decrease in FPG in both

subgroups was statistically significant, while the heterogeneity in both subgroups was

high (both I²>50%).

To confirm the robustness of the results, we also conducted a sensitivity analysis.

The sequential elimination of each of the included studies did not have a significant

impact on the association between DAA-induced SVR and the glycemic control, as

reflected by the decline in either HbA1c (Fig. 7) or FPG (Fig. 8), also had no

significant impact on the changes of HbA1c in non-SVR group (Fig. 9), showing the

robustness of the meta-analysis results.

3.5 Publication bias.

Egger’s tests suggested publication bias existing in the studies included about FPG
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changes (Prob > |z| = 0.0242), but no publication bias about HbA1c reduction in SVR

patients (Prob > |z| = 0.9614). We did not conduct Egger’s test in non-SVR group due

to the insufficient number of studies available (n=5).

4. Discussion

The effect of HCV eradication with DAAs on glycometabolism in diabetic patients is

yet unknown. Most of previous studies involved few cases, which was unreliable to

draw a definite conclusion. Although a meta-analysis carried out by Carnovale et al. 31

in 2018 suggested glycemic improvement after HCV eradication with DAAs, data

were limited in HbA1c (n=5) and FPG (n=3) levels in SVR patients. Recently, an

increasing number of related studies were published. To further evaluate the impact of

DAA-induced SVR on glyco-metabolic control, we performed this updated

meta-analysis including not only SVR patients but also non-SVR patients as control

group.

Data on 5024 individuals from 16 cohort studies 8-10, 13, 14, 19-21, 23, 32-38 were available

in this meta-analysis. Our meta-analysis provides evidence suggesting the association

between the glyco-metabolic control and HCV eradication by DAAs in diabetic

patients, and quantified the improvement in HbA1c and FPG levels, a mean reduction

in HbA1c (0.57%) and FPG (22.28 mg/dL) levels. Conversely, the pooled results of

HbA1c changes in non-SVR group was a mean increase of 0.03%. Typically, a

composite endpoint due to a decrease in HbA1c (minimum 0.5%) 39, 40 or FPG

(minimum 20 mg/dL) is considered as improvement in glycemic control, as reported

previously 9, 41. Since the changes in both the indicators in DAA-induced SVR group
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were above these criteria in our meta-analysis, glycemic control was considered

improved. Data of control group further demonstrated the impact of DAAs on

glyco-metabolic control. Besides, seven studies 8, 10, 14, 20, 21, 23, 32 showed a decrease in

the level of antidiabetic agents, either the dosage or the kind of medicine. These

findings provided more positive evidence for our results.

The mechanisms responsible for the improvement in the glyco-metabolic control in

HCV diabetic patients has not been completely clarified. A possible explanation could

be that HCV can interfere with insulin signaling and promote IR 42, 43, which plays a

key role in the development of T2DM. Recent studies 44, 45 reported the role of viral

replication in inducing a novel apoptosis-like death of pancreatic beta-cells, and

suggested the role of HCV replication in upregulation of several hepatokines known

to decrease peripheral insulin sensitivity. Thus, rapid suppression of HCV replication

and concomitant systemic inflammation leads to improvement of IR and restores

glucose homeostasis.

During explaining the results of our meta-analysis, several possible limitations need

to be taken into account in order to reinforce the conclusion. First, significant

heterogeneities were noted when analyzing the HbA1c and FPG changes. The

subgroup analysis revealed that the heterogeneity about HbA1c change in prospective

studies was low, indicating the presence of other confounding factors in retrospective

studies. Besides, data of the two indicators were acquired after SVR12, however, the

exact time of post-SVR was different. Most studies followed up for 12 weeks after the

end of therapy, while other studies followed up for 24 weeks 9 even 120weeks21; these

different follow-up periods may contribute to the heterogeneity. Sensitivity analyses

conducted by sequentially omitting each study did not alter the findings, suggesting
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the robustness of the results. It is worth mentioning that most related studies observed

the short-dated impact of DAA-induced SVR on glyco-metabolic control, only

Cacciola et al. 21 and Ciancio et al.22 followed the long-term effect. Future over time

follow-up studies are needed to confirm our findings, to determine how durable the

DAA-induced SVR associated improvement in glyco-metabolic control is, and to

assess the long-term effects on the complications of diabetes such as nephropathy,

neuropathy, and cardiovascular disease. Second, publication bias existed in the studies

included about FPG changes in SVR patients. The results should be treated cautiously

because of the false-positivity that publication bias might lead to. Third ， the

unmeasured confounding factors, such as changes in lifestyle habits, diet, and

concomitant medications, may have contributed to a decrease in HbA1c and FPG in

the studies. Hence, exact studies excluding the confounding factors are also required.

However, as discussed above, this meta-analysis showed the positive effect of

DAAs on the glyco-metabolic control in diabetic HCV patients, which might reduce

the complications of diabetes and thus prolong their lives. These endocrine benefits of

DAA-induced SVR will urge doctors to focus on the antiviral therapy of HCV

diabetic patients by DAAs, and to lay more emphasis on the lessening of

hypoglycemic agents to decrease the risk of hypoglycemia.

5. Conclusion

This meta-analysis provides evidence for the positive impact of SVR achieved by

DAAs on the glyco-metabolic control in diabetic HCV patients. We found that after

DAA-induced SVR, the glyco-metabolic control improved in terms of HbA1c and

FPG levels. Further large and well-designed prospective cohort studies are still
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warranted and a prolonged follow-up is needed. These findings serve to pay more

attention to the DAAs antiviral therapy for diabetic HCV patients, necessitating

monitoring of glyco-metabolic parameters in diabetic HCV patients receiving

DAA-based therapy to adjust the dosage of hypoglycemic agents in a timely manner.
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