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The positive sense RNA virus, hepatitis C virus (HCV), is affiliated with the Flaviviridae family. 
Approximately 1% of people around the globe experience the impact of the HCV, which can coax them 
into potentially fatal conditions, including cirrhosis and carcinoma. The second-highest hepatitis C 
infection burden lies in Pakistan. The case of a HCV-infected patient who additionally has obesity or 
concurrent medical conditions like diabetes, HBV infection, or HIV infection is susceptible to becoming 
direr. Direct-acting antiviral medications replaced interferons as a staple of the treatment plan since 
they have fewer, milder side effects and a higher SVR rate in patients. The present study sought to 
assess the modifications to glucose homeostasis in non-diabetic chronic HCV-infected patients getting 
DAA treatment and the factors that independently pertain to insulin resistance. The study enrolled 
250 patients, with 190 individuals having HCV-positive PCR results. The analysis included CBC, LFTs, 
glycaemic and insulin measurements, and the insulin resistance index calculation. Key cardiometabolic 
risk factors crucial for defining MASLD were assessed, including BMI measurement, evaluation of type 
2 diabetes, and lipid profile analysis. The same tests were repeated following DAA therapy, and HOMA-
IR was computed to compare pre-and post-treatment results. Among the 250 recruited patients, 190 
were detected as HCV positive by the PCR assay, 57% (110 patients) were women, 43% (80 patients) 
were men, and patients were 47 years old on average. The patients showed high BMI (average 
26.28 kg/m2) and signs of severe insulin resistance (HOMA-IR > 2.5). Multivariable logistic regression 
analysis pointed out that elevated baseline levels of triglycerides, ALT, ALP, cholesterol, and total 
bilirubin were independently associated with high insulin resistance. A notable improvement in HOMA-
IR from 13.63 ± 2.63 to 3.16 ± 1.52 (p < 0.005) was spotted after administering interferon-free antiviral 
therapy for 3 months. The presence of high BMI, hyperlipidemia, and elevated levels of ALP, ALT, and 
AST in non-diabetic HCV-infected patients were independently associated with IR. In patients who 
previously had a higher IR index, there was a decrease in the HOMA-IR index after infection clearance 
by direct-acting antivirals.
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According to the studies, Pakistan is the residence of the second-highest proportion of chronic HCV cases, 
and noteworthy risk factors there revolve around blood transfusions, confinement in hospitals, orthodontic 
treatments, injections, and a history of surgery1. Cirrhosis, the 11th most recognized contributor to liver disease 
and liver cancer, the 16th most prevalent, atone for 2 million deaths concerning liver disease each year. The risk 
of liver disease is exacerbated by drinking liquor, adiposity, and diabetic complications. Drug-induced damage 
to the liver is progressively becoming a hallmark of infection caused by HCV infection. Although transplantation 
of the liver is the second most frequently performed organ transplant, only under 10% of the world’s transplant 
demands are addressed. To foster better public health, the issues mentioned earlier require being remedied2. 
Host lipid metabolism regulates the replication and life cycle of the hepatitis C virus3. It is well known that the 
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hepatitis C virus depends profoundly on lipid metabolism to invade and augment new cells4. Worn-out HCV-
specific CD8 + T lymphocytes advocate for memory-like and terminally knackered fractions in chronic HCV 
infection5.

With 3% of the globe’s population6 and 6% of the Pakistani populace infected, HCV infection is a significant 
threat to public health worldwide. It consists of 67 subtypes and 7 genotypes. It is vital to be aware of the HCV 
genotype to come up with a successful treatment plan7 and gauge the extent to which it is effective. The genotype 
3a is the most widespread8, and Pakistan has the second-highest prevalence6. Host lipid metabolism impacts 
the replication and life cycle of the hepatitis-C virus6, miR-122 binding helps stabilize RNA9, and translation 
is contingent on IRES10. Insulin resistance, glucose homeostasis instability11, and a greater likelihood of type 2 
diabetes all appear to be attributed to chronic HCV infection12.

Architectural (core, E1, and E2) and regulatory (NS2-NS5B) genes influence HCV-induced insulin resistance 
and diabetes mellitus, with core and non-structural NS5A proteins exerting a substantial effect on glucose 
metabolism13. Diabetes increases the prospect of developing carcinoma in CLD cases, with the most significant 
risk being caused by HCV infection and NAFLD, followed by ALD and HBV. On the other hand, HCV and 
NAFLD bolster the likelihood of diabetes, and concomitant Diabetes Mellitus (DM) could serve as a precursor 
to the severity of CLD. In light of this, at least some manifestations of DM are caused by reverse causality14. 
Diabetes and chronic liver disease (CHC) are two fatal ailments that claim a substantial number of lives around 
the world15. Several cohort studies provide evidence that chronic HCV infection drives up the risk of developing 
micro and macrovascular events in diabetic patients and the risk of developing diabetes in non-diabetic subjects 
(by contributing to insulin resistance as well as fostering cell dysfunction). In addition to a reduced incidence 
of liver-related consequences, sustained virological response, which may be acquired by most patients through 
the administration of direct antiviral drugs, significantly improves glycaemic control and lowers the risk of 
repercussions in patients with diabetes16.

Improvements in insulin resistance are brought about by sustained virological responses in infected 
individuals17; direct-acting antiviral therapy effectively eliminates infection in 95% of patients, even in those 
with severe liver disease17. Short courses of antivirals (DAAs) have redefined chronic HCV infection treatment, 
but limitations with locating patients, treatment accessibility, and cost containment persist17. In this study, 
glucose homeostasis was evaluated in non-diabetic chronic HCV infection patients getting DAA treatment as 
well as factors that independently contributed to insulin resistance.

Methods
Study design
A cross-sectional investigation was conducted in this study. HCV-infected cases were recruited for the research. 
Laboratory testing comprising glycaemic parameters, lipid profiles, and liver function tests was carried out 
before the first administration of the direct-acting antiviral medication and after 12 weeks of treatment. HOMA-
IR indices were calculated and compared before and after treatment with direct-acting antivirals. Participant 
consent was obtained as per World Health Organization proforma.

Enrolment of patients
Between March and May 2023, at the Minhaj Diagnostic Centre in Lahore, 190 consecutive HCV positive cases 
were recruited for this study. The enrolled patients satisfied the inclusion criteria of the study, i.e.; (1) were 
> 20 years old; (2) had detectable viral load quantified by PCR; (3) agreed to adhere to the medication and lab 
tests; (4) submitted informed consent; and (5) were not already diabetic. PCR was performed, and the results 
confirmed the infection in all enrolled patients. Patients were not accepted to take part in this study if they: (1) 
skipped lab tests; (2) have or had diabetes; (3) had co-infection with HBV or HIV; (4) had any other concurrent 
infection; (5) had a history of alcohol consumption or (6) were equal to or younger than 20 years old. Patients 
were administered DAA regimens of Sofosbuvir (400 mg) and Daclatasvir (60 mg) for 12 weeks.

Laboratory examination
In a PCR assay, serum HCV RNA levels were measured with sensitivity as low as 15 IU/ml using Qiagen 
extraction kit and AmpliSens amplification kits. The data was analysed using BIO-RAD CFX manager. Before 
and at 12 weeks of treatment, the recruited patients’ CBC profile was assessed using Sysmax KX-21, indices of 
glycemia, bilirubin, albumin, ALP, AST, ALT, cholesterol, and triglyceride, levels were measured using Selectra 
Pro-S. Insulin was measured by Beckman Coulter analyser and HOMA-IR was enumerated using the following 
formula:

	 HOMA-IR = Glycemia (mg/dl) × Insulinemia/405

In patients with HOMA-IR greater than the cutoff value of 2.5, we perused the aspects cognate with insulin 
resistance. All laboratory tests were repeated once after the patients completed their DAA therapy for 3 months.

Statistical analysis
Categorical data were delineated as numbers (percentages), and quantitative variables depicted as mean ± standard 
deviation, and the latter were compared using the student’s t-test. We implemented multivariable logistic 
regression modeling to pinpoint variables independently related to a high baseline IR. We employed the Wilcoxon 
signed rank test for the pre-post-therapy comparison of numeric variables. With a significance threshold set at 
p ≤ 0.05, all statistical analyses were classified as two-sided hypotheses. Statistical analyses were conducted with 
SPSS 22.0 (SPSS Inc., Chicago, IL, USA).
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Results
Baseline characteristics
In the intervening period, IFN-free direct-acting antivirals were administered to 190 enrolled HCV patients. The 
baseline characteristics, along with the results, are presented in Table 1. Results presented a gender split of 110 
females (57.9%) and 80 males (42.1%). The mean viral load in patients before starting treatment was 45 × 105 
IU/mL and after 3 months of DAAs therapy, the infection was cleared in all patients and a viral load was not 
detected.

Parameters consorted with insulin resistance
Before the onset of the DAA treatment, all the enrolled patients had notably high IR indices (HOMA-IR > 2.5). 
Table 2 shows the univariate analysis depicting the variables related to high HOMA-IR. High baseline levels of 
cholesterol, ALP, AST, ALT, and triglycerides were all profoundly attributable to high IR. The p-value < 0.005 
refers to the statistical significance of the relationship between high HOMA-IR values and the related variables.

A multivariable logistic regression analysis (Table 3) in which the variables were selected for their clinical 
relevance and strong correlations with insulin resistance found in univariate analysis, and the outcomes suggested 
that high levels of ALT, ALP, AST, cholesterol, and triglycerides at baseline were all independently linked with 
alarming insulin resistance (all p < 0.005).

To evaluate if there existed a significant difference in the measurements of cholesterol, triglycerides, ALT, 
AST, ALP, total bilirubin, albumin, and HOMA-IR in chronic HCV positive patients before and after taking 
direct-acting antivirals for three months, the Wilcoxon signed rank test was employed (Table 4). Conclusions 
from the analysis suggested that the test results from the pre-and post-treatment periods differed significantly 
(Fig. 1). Below are the results of the Wilcoxon Signed-Rank test for the comparison of pre- and post-treatment 
values of cholesterol, AST, ALT, ALP, triglycerides, total bilirubin, albumin, and HOMA-IR.

The outcome of viral elimination on HOMA-IR
The HOMA-IR index substantially dropped after treatment with direct-acting antivirals. With the infection 
clearance by DAA therapy, we noticed that the mean HOMA-IR significantly decreased to 3.16 ± 1.52 in 
individuals with an initial reading of HOMA-IR as high as 13.63 ± 2.63, p < 0.005. After 12 weeks of therapy, the 
subgroup analysis showed a statistically significant decrease in mean insulin resistance in patients.

Variables Mean ± SD

Cholesterol 288.4 ± 45.1

Triglycerides 359.4 ± 114.3

ALT 46.1 ± 28.9

AST 44 ± 25.4

ALP 152.5 ± 30.6

Total bilirubin 0.8 ± 0.2

Albumin 3.3 ± 2.7

p value < 0.005

Table 2.  High HOMA-IR-related variables—univariate analysis. ALT, alanine aminotransferase; AST, aspartate 
transaminase; ALP, alkaline phosphatase; HOMA, homeostasis model assessment; IR, insulin resistance; SD, 
standard deviation.

 

Gender Total = 190

 Male 80 (42.1%)

 Female 110 (57.9%)

Age (mean ± SD) 47 ± 11.09

AST (mean ± SD) 44.06 ± 25.45

ALT (mean ± SD) 46.10 ± 28.93

ALP (mean ± SD) 152.50 ± 30.64

Total bilirubin (mean ± SD) 0.8 ± 0.2

Albumin (mean ± SD) 3.3 ± 2.7

Triglycerides (mean ± SD) 359 ± 114

Cholesterol (mean ± SD) 288 ± 45

HOMA-IR (mean ± SD) 13.6 ± 2.6

Table 1.  Baseline characteristics of study population (n = 190). ALT, alanine aminotransferase; AST, aspartate 
transaminase; HCV, hepatitis C virus; HOMA, homeostasis model assessment; IR, insulin resistance; SD, 
standard deviation.
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Discussion
We presented a cross-sectional analysis of glycemic homeostasis in chronic HCV-infected patients of the Lahore 
population and the effect of DAA therapy. We identified that some factors sponsor insulin resistance in non-
diabetic chronic patients with HCV infection. Elevated levels of ALT, AST, ALP, cholesterol, and triglycerides 
were independently correlated with insulin resistance. The connection between viral loads and HOMA-IR was 
not found on its own.

By repairing the virus-altered glucose homeostasis processes and removing HCV’s direct involvement in 
the onset of T2DM, infection clearance by DAA treatment results in a markedly decreased probability of the 
new T2DM cases, as reported by Adinolfi LE in the study18. The relationship between HCV genotype 1 and 
insulin resistance has also been examined in earlier research, however, the findings were inconclusive19–22. By 
interacting with host genetic and environmental variables that cause cytokine imbalance and hepatic steatosis, 
HCV contributes to IR23, and we suggest that a combination of factors, such as high triglycerides, obesity, high 
levels of ALT and cholesterol, and low levels of albumin, can lead to IR.

The course of HCV infection-related liver disease and extrahepatic symptoms are both adversely impacted 
by IR and T2DM24. In a significant real-world investigation, the non-diabetic patients who achieved SVR had a 
21% lower risk of T2DM than those who did not reach SVR throughout an average of 3.7 years of follow-up25. 
We have observed the successful eradication of infection with direct-acting antivirals, and the patient’s insulin 
resistance was subsequently reduced.

Another study reported that glycaemic control improvement was pronounced in individuals with mild liver 
disease and was discordant with age, sex, or BMI26. However, additional research is required to assess how 
IR reversal affects the natural history of the hepatic and non-hepatic consequences of chronic HCV infection, 
especially in patients with advanced liver disease27. In recent years, direct-acting antivirals (DAAs) have 
considerably changed HCV treatment in various ways, including reducing treatment times, optimizing patient 
safety, increasing tolerance rates, and achieving remarkable SVR rates6,8,28. In cases of sustained virological 
response, a decline in the prevalence of T2DM and its implications as well as an improvement in glycemic 
control have been documented3–6.

The INF-free treatment causing infection clearance was identified in multivariate analysis as an independent 
factor affecting survival (p = 0.05), indicating a link between viral clearance and longer overall survival in HCC 
patients10. Other analyses highlight the significance of HCV viral clearance and the outstanding contribution 
of DAA to the decline in liver-related and non-liver-related mortality. Therefore, to more accurately analyze 
the long-term effects of DAA and create customized interventions based on the particular disease implicated, a 
clinical setting-specific mortality evaluation should be required over time. Such a strategy would significantly 
lower the global burden and mortality rate caused by HCV29,30.

This study focused on how HCV infection clearance directly influences IR in chronic HCV infected patients 
taking direct-acting antiviral therapy. By reducing the stress on β-cell function, HCV clearance through 

Tests N W Standard error z p-value

Cholesterol 190 13.000 753.036 − 11.904 < 0.001

Triglycerides 190 0.000 759.011 − 11.953 < 0.001

ALT 190 2266.000 741.054 − 8.802 < 0.001

AST 190 1085.000 735.158 − 10.352 < 0.001

ALP 190 15,032.500 753.034 8.041 < 0.001

Total bilirubin 190 7062.000 641.604 − 0.454 < 0.005

Albumin 190 18,067 758.464 11.859 < 0.001

HOMA-IR 190 0.000 759.013 − 11.953 < 0.001

Table 4.  Wilcoxon signed-rank test for comparison of pre- and post-treatment variables. tests, the parameters 
being assessed; N, the number of patients in the analysis; W, Wilcoxon test statistic; standard error, measure of 
variability in W; z, standardized test statistic; p-value, significance level.

 

Variables OR (95% CI)

Cholesterol 1.003 (0.991–1.015)

TG 0.994 (0.984–1.004)

ALT 1.014 (0.978–1.051)

AST 0.996 (0.957–1.036)

ALP 0.998 (0.993–1.004)

Total Bilirubin 1.293 (0.287–5.815)

Albumin 1.002 (0.872–1.198)

Table 3.  Assessment of multivariable logistic regression for variables that are independently linked to elevated 
HOMA-IR.
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DAA therapy helps prevent insulin resistance-related pathological conditions. We demonstrated that HCV 
annihilation could partially reverse HCV-related IR, notably in patients with high baseline insulin resistance, 
HCV pathogenesis, and no prior treatment experience.

Limitations
Despite the strengths of this study, certain limitations must be acknowledged. Due to the limited sample size and 
lack of diversity in terms of ethnic representation, geographic location, socioeconomic status, lifestyle, genetic 
variability, or presence of any coexisting medical condition like diabetes, the patients who took part in the study 
may not be a true representative of the wide-ranging populace. This study had a short duration; long-term 
follow-up studies might bring more information regarding the outcomes of therapy on glucose homeostasis in 
HCV infected patients. Some confounding factors, such as the use of glucose-lowering medicines like biguanides 
and thiazolidinediones or lifestyle factors that could potentially influence glucose levels, may also vary the 
relationship between direct-acting antiviral therapy and the outcome of this research interest. This study did 
not account for other potential influencing factors such as HCV genotype and liver disease severity, which could 

Fig. 1.  Wilcoxon signed-rank test results: SPSS analysis. HOMA-IR. The X-axis represents the measured 
parameters pre- and post-treatment. The Y-axis represents the frequency (number of observations) of pre- and 
post-treatment values for each variable, allowing direct visualization of data points’ distribution.
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have enhanced the analysis if included. Evaluation of visceral adiposity could also provide a more comprehensive 
understanding of the factors affecting metabolic outcomes of the disease.

Conclusions
HCV-infected patients develop insulin resistance due to an array of conditions, including increased triglyceride 
levels, elevated ALT and cholesterol levels, and decreased albumin. Direct-acting antivirals significantly 
exterminated the virus, and patients’ insulin resistance was found to have substantially decreased. Patients’ post-
treatment CBC and lipid profiles were normal or near-normal, and their mean HOMA-IR dropped.

Data availability
All the data is provied within the manuscript.
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