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ABSTRACT

Background: Hepatitis C virus (HCV) infection is recognized not only for its hepatic complications but also for its metabolic
impact, particularly its association with type 2 diabetes mellitus (T2DM). The viral-driven insulin resistance and beta-cell
dysfunction significantly increase the risk of dysglycemia. While global estimates suggest a considerable burden of diabetes in
HCV-infected individuals, local data in Pakistan remain limited. Understanding this comorbidity in high-burden settings is crucial
to guide screening and integrated care strategies.

Objective: The study aimed to determine the prevalence of T2DM among adult HCV-positive in-patients and to examine its
association with age, gender, body mass index (BMI), and family history of diabetes.

Methods: A descriptive cross-sectional study was conducted in the medical wards of Jinnah Postgraduate Medical Centre (JPMC),
Karachi. A total of 320 adults (>18 years) with confirmed HCV infection were consecutively enrolled. Demographic,
anthropometric, and clinical details were collected, alongside biochemical assessment including fasting blood glucose (FBG) and
glycated hemoglobin (HbAic). T2DM was defined by American Diabetes Association criteria. Univariate associations were
assessed, and predictors were identified using multivariable logistic regression. Statistical significance was set at p < 0.05.

Results: Of the 320 participants, 96 (30.0%) were diagnosed with T2DM. Prevalence differed across age groups: 18.8% in those
<40 years, 36.3% in 40-59 years, and 31.3% in >60 years (p < 0.001). Diabetes was more common among males (33.7%) than
females (25.0%), though this was not significant (p = 0.08). T2DM prevalence rose with BMI: 7.8% in normal weight, 32.9% in
overweight, and 76.9% in obese patients (p < 0.001). A positive family history was strongly associated, with T2DM in 50.0% versus
18.0% without (p < 0.001). In multivariate analysis, independent predictors included advancing age (OR 1.03, 95% CI 1.01-1.05;
p = 0.002), higher BMI (OR 1.15 per unit, 95% CI 1.08—1.23; p < 0.001), and family history of diabetes (OR 3.10, 95% CI 1.85—
5.20; p<0.001).

Conclusion: Nearly one in three HCV-infected in-patients had T2DM, far exceeding general population rates. The strong influence
of age, adiposity, and family predisposition underscores the need for routine diabetes screening and integrated care pathways in
HCV management within Pakistan.
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INTRODUCTION

Chronic infection with hepatitis C virus (HCV) and type 2 diabetes mellitus (T2DM) are two interlinked public health challenges that
have generated a substantial global and local clinical burden. Both diseases carry profound implications for healthcare systems,
economies, and patients’ quality of life, and their co-occurrence demands greater attention in order to design integrated screening and
management strategies (1). Understanding the extent of this association is particularly important in low- and middle-income countries
(LMICs) such as Pakistan, where gaps in hospital-based prevalence data persist despite the known high burden of each disease
individually. HCV remains a major global health concern. In 2019, it accounted for an estimated 6.2 million new infections, 540,000
deaths, and 15.3 million disability-adjusted life years (DALYs) lost—reflecting increases of more than 25% in incidence, nearly 60% in
mortality, and over 40% in DALY since 1990 (2). Worldwide, about 58 million individuals live with chronic HCV, yet only 21% are
diagnosed and merely 13% have received treatment (3). A meta-analysis of 98 studies comprising 236,964 participants reported a global
prevalence of 1.8% (95% CI: 1.4-2.3), with Africa bearing the heaviest burden at 7.1% (4). In Pakistan, the situation is even more
critical. The National Hepatitis Registry records a viraemic prevalence of 4.2% (approximately 6.9 million chronically infected
individuals), with genotype 3 as the dominant strain. Despite the scale of this burden, substantial gaps remain in diagnosis and treatment,
hampering elimination efforts (5). Parallel to this, T2DM has reached epidemic proportions worldwide. In 2021, 537 million adults were
living with diabetes, the majority with T2DM. Projections suggest these figures will rise to 643 million in 2030 and 783 million by 2045
(6,7). The economic impact is equally staggering, with diabetes-related health expenditure reported at USD 376 billion in 2010 and
expected to reach USD 490 billion by 2030 (8). Pakistan is among the countries most severely affected, ranking third globally for the
number of diabetic adults. According to the International Diabetes Federation, around 33 million adults in Pakistan live with diabetes,
while an additional 11 million have impaired glucose tolerance (9).

Accumulating evidence suggests that chronic HCV infection plays a pathogenic role in the development of T2DM. Mechanistically,
HCYV induces insulin resistance through pro-inflammatory cytokines such as TNF-a and IL-6 and impairs insulin receptor signaling by
downregulating insulin receptor substrate-1 (10). Improved insulin sensitivity and glycemic control following treatment with direct-
acting antivirals further reinforce this causal link (11). Epidemiological studies confirm that non-diabetic individuals with chronic HCV
have a 1.5-2.6-fold higher risk of developing T2DM compared with non-infected controls (12). Importantly, this association persists
even after adjustment for conventional diabetes risk factors. The interaction between the two conditions appears bidirectional, as T2DM
accelerates liver fibrosis and increases hepatocellular carcinoma risk in patients with chronic HCV (13). Despite the recognized
association between HCV and T2DM worldwide, Pakistan lacks robust multicenter hospital-based prevalence data addressing this
comorbidity. While the National Hepatitis Registry provides prevalence estimates and genotype distribution, it does not stratify patients
by diabetic status (14). Similarly, national diabetes surveys highlight the burden of T2DM but offer no insight into coexistent HCV
infection (15). Published studies prior to 2021 have been mostly single-center, cross-sectional, and based on heterogeneous diagnostic
criteria, limiting their generalizability. This scarcity of reliable data in tertiary healthcare institutions underscores the need for targeted
research in Pakistan to quantify the burden, improve patient outcomes, and inform integrated care models. Against this background, the
present study aims to determine the prevalence of T2DM among adult patients with chronic HCV infection in a tertiary care hospital in
Pakistan. Furthermore, it seeks to explore age-related and gender-based differences, while also examining the role of established risk
factors such as body mass index, family history of diabetes, and other relevant clinical parameters. By addressing these objectives, the
study intends to bridge a crucial knowledge gap and provide evidence to support more effective patient-centered management strategies.

METHODS

This study employed a descriptive, cross-sectional observational design to estimate the prevalence of type 2 diabetes mellitus (T2DM)
among patients with chronic hepatitis C virus (HCV) infection. A cross-sectional design was considered appropriate because it allowed
for the assessment of diabetes status at a single point in time within a defined HCV-infected cohort, without the requirement of
intervention or follow-up. This approach also minimized recall bias and logistical constraints while providing a snapshot of the disease
burden within a tertiary care setting. The study was conducted in the medical wards of Jinnah Postgraduate Medical Centre (JPMC),
Karachi, a 1,650-bed tertiary care teaching hospital that serves a large and diverse patient population from urban and peri-urban areas.
All adult patients aged 18 years and above, admitted with confirmed HCV infection during the six-month data collection period, were
eligible for inclusion. Confirmation of HCV infection was based on documented anti-HCV antibody positivity, with or without
polymerase chain reaction (PCR) confirmation for HCV RNA. Written informed consent was obtained in either Urdu or English,
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depending on the preference of the participant. Exclusion criteria were strictly applied. Patients with a prior diagnosis of type 1 diabetes
mellitus, those with incomplete medical or laboratory records that precluded reliable determination of diabetic status, and individuals
with co-infections such as human immunodeficiency virus (HIV) or hepatitis B virus (HBV) were excluded. This ensured that the study
sample specifically reflected HCV patients at risk of T2DM, without confounding from other significant comorbid infections or unclear
diabetic history. Sample size was calculated using the World Health Organization (WHO) sample size calculator, assuming a 25%
prevalence of T2DM among HCV patients, a 95% confidence interval, and 5% absolute precision. The minimum required sample size
was 289 patients; however, to account for potential missing or incomplete data, the sample size was increased by 10%, yielding a final
target enrollment of 320 patients. A non-probability consecutive sampling technique was used, whereby every eligible HCV-positive in-
patient admitted during the study period was invited to participate until the required sample size was achieved.

Data were collected using a structured, pre-tested questionnaire alongside review of hospital records. Trained research assistants
recorded demographic details (age, sex, body mass index, and place of residence), clinical information including duration and genotype
of HCV infection, family history of diabetes, and comorbidities. Laboratory data were obtained from the JPMC central laboratory, which
followed standard operating procedures. Investigations included fasting blood glucose measured by enzymatic methods, glycated
hemoglobin (HbAlc) assessed using high-performance liquid chromatography (HPLC), and liver function tests including alanine
aminotransferase (ALT), aspartate aminotransferase (AST), and bilirubin levels. These standardized laboratory methods ensured
accuracy and reliability of results. Ethical approval for the study was obtained from the Institutional Review Board (IRB) of JPMC prior
to initiation. Informed consent was taken in writing, in either Urdu or English, as per participant preference. Confidentiality was
maintained by removing all personal identifiers from study records, and the data were stored securely on password-protected servers
accessible only to the research team. Statistical analysis was performed using SPSS version 29. Continuous variables were summarized
as means with standard deviations, or medians with interquartile ranges where appropriate. Categorical variables were described using
frequencies and percentages, and prevalence of T2DM was calculated based on the American Diabetes Association (ADA) diagnostic
criteria (fasting plasma glucose >126 mg/dL or HbAlc >6.5%) (12-14). Associations between categorical variables such as gender or
family history and diabetes status were assessed using chi-square tests, while continuous variables such as age and body mass index
were compared using independent sample t-tests or one-way ANOVA, depending on distribution. Variables found to be significant in
univariate analyses at a p-value less than 0.10 were subsequently entered into a multivariate logistic regression model to identify
independent predictors of T2DM, with statistical significance set at p < 0.05.

RESULTS

A total of 362 hepatitis C virus (HCV)—positive in-patients were screened; 320 met eligibility criteria and were included in the analysis.
The mean age was 45.3 + 11.8 years; 96/320 (30.0%) were aged <40 years, 160/320 (50.0%) were 40—59 years, and 64/320 (20.0%)
were >60 years. Males comprised 184/320 (57.5%) and females 136/320 (42.5%). Mean body mass index (BMI) was 26.9 + 4.2 kg/m?;
BMI categories were normal in 128/320 (40.0%), overweight in 140/320 (43.8%), and obese in 52/320 (16.2%). A family history of
diabetes was reported by 120/320 (37.5%). Mean duration of HCV infection was 2.1 + 1.4 years. The prevalence of type 2 diabetes
mellitus (T2DM) was 96/320 (30.0%; 95% CI, 25.2-35.2), and 224/320 (70.0%) had no diabetes. In univariate analyses, T2DM varied
by age group (18.8% for <40 years, 36.3% for 40—59 years, 31.3% for >60 years; p < 0.001), showed a non-significant difference by
gender (33.7% male vs 25.0% female; p = 0.08), and increased stepwise across BMI categories (7.8% normal, 32.9% overweight, 76.9%
obese; p < 0.001). T2DM was more frequent with a positive family history (50.0% vs 18.0%; p < 0.001). In multivariable logistic
regression, higher age and BMI, and a positive family history independently predicted T2DM: age (per year) OR 1.03 (95% CI 1.01-
1.05; p = 0.002), BMI (per 1 kg/m?) OR 1.15 (95% CI 1.08-1.23; p < 0.001), and family history (yes vs no) OR 3.10 (95% CI 1.85—
5.20; p <0.001). Male sex was not an independent predictor (OR 1.45; 95% CI 0.88-2.39; p = 0.14). Laboratory parameters differed by
diabetes status. Mean fasting blood glucose (FBG) was 148 + 25 mg/dL in T2DM and 92 + 10 mg/dL without T2DM (p < 0.001). Mean
HbAic was 8.2 £ 1.5% in T2DM and 5.6 + 0.4% without T2DM (p < 0.001). Liver enzymes were higher in T2DM: ALT 65 £ 20 vs 55
+ 18 U/L (p=0.002) and AST 60 + 15 vs 50 = 14 U/L (p = 0.005). Total bilirubin was 1.2 + 0.4 vs 1.0 £ 0.3 mg/dL (p = 0.010). Genotype
distribution was genotype 3 in 240/320 (75.0%), genotype 1 in 64/320 (20.0%), and genotype 2 in 16/320 (5.0). T2DM prevalence
within genotypes was 25.0% (60/240) for genotype 3, 46.9% (30/64) for genotype 1, and 37.5% (6/16) for genotype 2, with a significant
association between genotype and T2DM (p = 0.010). Duration of infection was associated with T2DM: <1 year 10.0% (8/80), 1-3
years 25.0% (40/160), and >3 years 60.0% (48/80) (p =0.001). Comorbidities were more frequent in T2DM: hypertension 41.7% (4 0/96)
vs 22.3% (50/224) (p < 0.001), dyslipidemia 31.2% (30/96) vs 17.8% (40/224) (p = 0.005), and obesity (BMI =30 kg/m?) 41.7% (40/96)
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vs 5.4% (12/224) (p < 0.001). Correlation analysis showed positive associations of age with FBG (r = 0.30, p < 0.01) and HbA:c (r =
0.28, p <0.01); BMI with FBG (r = 0.40, p < 0.01) and HbA:c (r = 0.45, p < 0.01); duration with FBG (r = 0.20, p < 0.05) and HbA.c
(r=0.22, p <0.05). FBG and HbA.c were strongly correlated (r = 0.85, p <0.01).

Table 1: Characteristics of HCV-Infected In-Patients (n = 320)

Characteristic Value

Age (years) 453+ 11.8

Age groups, n (%)

<40 96 (30.0)
40-59 160 (50.0)
> 60 64 (20.0)

Gender, n (%)

Male 184 (57.5)
Female 136 (42.5)
BMI (kg/m?) 26.9+4.2
BMI categories, n (%)

Normal (< 25) 128 (40.0)
Overweight (25-29.9) 140 (43.8)
Obese (= 30) 52 (16.2)
Family history of diabetes, n (%) 120 (37.5)
Duration of HCV (years) 21+14

Table 2: Prevalence of Type 2 Diabetes Mellitus and Associated Comorbidities among HCV-Infected Patients

Variable / Comorbidity Category / Status n (%) p-value

Diabetes Status Type 2 diabetes mellitus 96 (30.0) —
No diabetes 224 (70.0) —

Hypertension T2DM (n = 96) 40 (41.7) <0.001
No T2DM (n = 224) 50 (22.3)

Dyslipidemia T2DM (n = 96) 30 (31.2) 0.005
No T2DM (n = 224) 40 (17.8)

Obesity (BMI > 30) T2DM (n = 96) 40 (41.7) <0.001
No T2DM (n = 224) 12 (5.4)
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Table 3: Univariate Associations with T2DM

Variable Category T2DM n/N (%) p-value
Age group <40 (n=96) 18/96 (18.8) <0.001
40-59 (n=160) 58/160 (36.3)
>60 (n=64) 20/64 (31.3)
Gender Male (n = 184) 62/184 (33.7) 0.08
Female (n = 136) 34/136 (25.0)
BMI category Normal (n = 128) 10/128 (7.8) <0.001
Overweight (n = 140) 46/140 (32.9)
Obese (n =52) 40/52 (76.9)
Family history Yes (n = 120) 60/120 (50.0) <0.001
No (n =200) 36/200 (18.0)
Table 4: Multivariate Predictors of T2DM
Predictor OR (95% CI) p-value
Age (per year) 1.03 (1.01-1.05) 0.002
Gender (male vs. female) 1.45 (0.88-2.39) 0.14
BMI (per 1 kg/m? increase) 1.15 (1.08-1.23) <0.001
Family history (yes vs. no) 3.10 (1.85-5.20) <0.001
Table 5: Laboratory Parameters by Diabetes Status
Parameter T2DM (n = 96) mean = SD No T2DM (n = 224) mean + SD p-value
Fasting blood glucose (mg/dL) 148 £25 92+10 <0.001
HbA:c (%) 82+1.5 5.6+04 <0.001
ALT (U/L) 65 +20 55+18 0.002
AST (U/L) 60+ 15 50+ 14 0.005
Total bilirubin (mg/dL) 1.2+04 1.0+0.3 0.010
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Table 6: HCV Genotype, Duration of Infection, and Prevalence of Type 2 Diabetes Mellitus

Variable Category n (%) T2DM n (%) p-value
Genotype Genotype 3 240 (75.0) 60 (25.0) 0.010
Genotype 1 64 (20.0) 30 (46.9)
Genotype 2 16 (5.0) 6 (37.5)
Duration of Infection <1 year 80 (25.0) 8 (10.0) 0.001
1-3 years 160 (50.0) 40 (25.0)
> 3 years 80 (25.0) 48 (60.0)

Table 7: Correlation Matrix of Continuous Variables

Age BMI Duration FBG HbA.c
Age 1.00 0.15% 0.101 0.30%* 0.28%*
BMI 0.15% 1.00 0.05 0.40%* 0.45%%*
Duration 0.107 0.05 1.00 0.20%* 0.22%
FBG 0.30%* 0.40%* 0.20%* 1.00 0.85%*
HbAic 0.28%* 0.45%* 0.22% 0.85%* 1.00

Note: p <0.10; * p <0.05; ** p <0.01

o T2DM Prevalence by Duration of HCV Infection _— T2DM Prevalence by BMI Category in HCV In-Patients

76.9%
L =52
80 80 (n )

60.0%

60

40

Prevalence (%)
Prevalence (%)

20

<1 year (n=80) 1-3 years (n=160) >3 years (n=80) Normal (<25) Overweight (25-29.9) Obese (=30)
Figure 2 T2DM Prevalence by Duration of HCV Infection Figure 2 T2DM Prevalence by BMI Category in HCV In-patients
DISCUSSION

The study identified a 30.0% prevalence of type 2 diabetes mellitus (T2DM) among hospitalized adults with chronic hepatitis C virus
(HCV) infection, a figure that exceeded many tertiary-care estimates reported globally and supported the notion that chronic HCV may
amplify metabolic risk beyond background population levels. This magnitude aligned with hospital-based ranges typically between 20—
40% in HCV cohorts and remained consistent with epidemiological evidence that HCV infection increases the odds of T2DM after
accounting for conventional risk factors (16,17). The observed pattern also resonated with mechanistic work showing that HCV-related
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inflammatory signaling impairs insulin receptor pathways and promotes insulin resistance, and that successful antiviral therapy improves
glycemic indices, thereby supporting a biologically plausible link between chronic infection and dysglycaemia (18). Independent
associations with age, body mass index (BMI), and family history strengthened the clinical relevance of routine metabolic screening in
HCV clinics. Each additional year of age was associated with a modest rise in the odds of T2DM, consistent with age-related cumulative
metabolic burden. BMI showed the largest effect size on a continuous scale, indicating that excess adiposity likely acts as a catalyst that
tips insulin-resistant individuals into overt diabetes, a pattern that mirrored the steep univariate gradient from normal weight to obesity
(19). A positive family history tripled the odds of T2DM, suggesting an additive or synergistic contribution of genetic predisposition
and shared environments on top of virus-related mechanisms. Male sex did not retain significance in multivariable analysis, implying
that sex differences observed in univariate comparisons were largely explained by age, adiposity, and familial risk (20).

Genotype-specific patterns suggested that T2DM was more common in genotype 1 than genotype 3, although genotype was not
incorporated in the final multivariable model due to sample-size constraints for some strata. This left open the possibility that viral
genetic factors may influence metabolic risk either directly or through linkage with unmeasured host or environmental characteristics,
and it justified larger, genotype-balanced analyses (21,22). The strong duration gradient—rising from 10.0% in those with <1 year of
infection to 60.0% beyond three years—supported the concept that prolonged inflammatory exposure may progressively erode insulin
signaling and glycemic control. Concordant laboratory differences, with higher fasting glucose, HbA:c, and liver enzymes in those with
T2DM, pointed to a two-way interplay in which metabolic dysfunction and hepatic injury coexist and may aggravate one another (23).
The findings carried immediate clinical implications. In high-burden settings, routine screening for dysglycaemia in HCV services
appeared justified, with particular attention to older individuals, those with higher BMI, and those reporting a family history of diabetes.
Early detection offered an opportunity to implement lifestyle modification and pharmacotherapy that may mitigate hepatic disease
progression, cardiovascular risk, and downstream health-care utilization. From a health-system perspective, embedding diabetes
prevention and control within HCV care pathways promised efficiency, especially in resource-constrained environments where co-
management could reduce morbidity and costs (24).

Several limitations tempered inference. The single-center, cross-sectional design limited generalizability and prevented causal
interpretation. Consecutive non-probability sampling introduced potential selection bias and may have over-represented clinically
complex in-patients. Unmeasured confounding persisted, including antiviral treatment status, dietary intake, physical activity,
socioeconomic position, and medication use beyond antidiabetic agents. The reliance on anti-HCV antibody positivity “with or without”
RNA confirmation at inclusion risked misclassification of chronic infection; confirmed RNA status for all participants would have
improved internal validity. Genotype 2 was infrequent, constraining precision for genotype-specific estimates, and the multivariable
model did not report calibration, discrimination, or checks for multicollinearity, which would have strengthened the methodological
transparency. Despite these constraints, internally consistent gradients across age, BMI, family history, and duration, alongside strong
biochemical differences, supported the robustness of the overall pattern. The study had notable strengths. It applied standardized
laboratory methods within a large tertiary hospital, used clear diagnostic thresholds for T2DM, and evaluated a prespecified set of
clinical and biochemical covariates that reflected routine practice. The presentation of both univariate gradients and adjusted associations
improved interpretability for bedside decision-making. Future research should prioritize multicenter designs with probability sampling
to enhance representativeness, universal HCV RNA confirmation to minimize misclassification, and detailed capture of antiviral
exposure and virological response. Longitudinal cohorts are needed to quantify incident diabetes risk post—direct-acting antiviral therapy,
evaluate whether sustained virological response attenuates dysglycaemia, and delineate the temporal interplay between improving liver
health and metabolic trajectories. Interventional studies targeting weight reduction and cardiometabolic risk in high-risk HCV
populations should test whether structured lifestyle programs and modern antidiabetic agents can prevent progression from insulin
resistance to overt diabetes. Inclusion of non-HCV comparison groups will clarify the extent to which the virus independently contributes
to diabetes risk beyond shared demographic and lifestyle determinants. An integrated framework that couples viral eradication, proactive
metabolic screening, and tailored lifestyle support appears most likely to generate durable benefits in this high-risk population.

CONCLUSION

This study demonstrated that type 2 diabetes mellitus was notably prevalent among patients with chronic hepatitis C infection, far
exceeding rates in the general population. Advancing age, increased body mass index, and a family history of diabetes emerged as key
predictors, underscoring the combined influence of viral, genetic, and lifestyle factors in shaping metabolic risk. The findings reinforce
mechanistic evidence that chronic HCV contributes to insulin resistance and progressive beta-cell dysfunction, highlighting the need for
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routine metabolic screening in HCV care pathways. Integrating diabetes prevention and management into hepatitis C services has the
potential to improve patient outcomes, reduce complications, and lessen the overall healthcare burden in high-risk populations.
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