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fibrosis, which is the strongest predictor of liver-related

mortality. Identifying “silent” advanced disease in Pakistan,
where T2DM prevalence is exceptionally high, through cost-effective non-invasive tests
(NITs) is essential for early identification of risk factors and specialist referral accordingly.
Objective: To estimate the prevalence of Metabolic Dysfunction-Associated Fatty Liver
Disease (MAFLD) and advanced liver fibrosis in patients with Type 2 Diabetes Mellitus
(T2DM) using non-invasive tests (NITs) in a tertiary care setting in Pakistan, and to
identify clinical predictors of advanced disease. Methods: This cross-sectional study
analyzed 180 adult patients with T2DM presenting to the Diabetes Management Center,
Services Institute of Medical Sciences (SIMS), Lahore. Clinical and biochemical data were
extracted from the study dataset. The Hepatic Steatosis Index (HSI) was calculated to
identify likely steatosis (cutoff = 36), and the Fibrosis-4 (FIB-4) index was used to stratify
the risk of advanced fibrosis (cutoff = 2.67). Data analysis involved descriptive statistics
and independent t-tests, with complete-case analysis applied to handle missing data for
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the primary outcome. Results: Valid FIB-4 scores were calculable for 180 patients
(82.6%) . Mean age of the cohort was 48.6 + 11.2 years, and the mean Body Mass Index
(BMI) was 28.4 + 5.8 kg/m? The prevalence of MAFLD (HSI = 36) was found to be
68.3% (123/180). The prevalence of likely advanced fibrosis (FIB-4 = 2.67) was 5.6%
(10/180), while 22.2% (40/180) were categorized as indeterminate risk (FIB-4 1.30-2.67).
Patients with advanced fibrosis were significantly older (60.1 vs. 48.2 years, p<0.01) with
a longer duration of diabetes (15.2 vs. 8.4 years, p<0.01) as compared to the non-
advanced fibrosis group. Platelet counts were very low in the high-risk group (168 vs.
282 x 10%L, p<0.001). Conclusions: MAFLD is highly endemic among Pakistani T2DM
patients, and affect more than two-thirds of the study population. Although the point
prevalence of advanced fibrosis (5.6%) appears small but still significant as it identifies a
critical high-risk subgroup that should bereferred to a hepatologist immediately. Age
and duration of diabetes are strong predictors of fibrosis risk. Routine screening with
FIB-4 should be included into diabetes care protocols in Pakistan.

Keywords: MAFLD, MASLD, Type 2 Diabetes, Fibrosis-4 (FIB-4), Hepatic Steatosis Index,
Pakistan.

1. Introduction

Diabetes mellitus (DM) has become a global health emergency, with Pakistan reporting
some of the highest prevalence rates worldwide (1). According to the International
Diabetes Federation (IDF) 10th Atlas, over 33 million adults in Pakistan are diabetics,
making Pakistan highly prevalent in metabolic dysfunction. (2). Type 2 Diabetes Mellitus
(T2DM) affects multiple organ systems, with the liver being the primary target.

The hepatic manifestation of metabolic dysfunction, previously known as Non-
Alcoholic Fatty Liver Disease (NAFLD), has recently been redefined as Metabolic
Dysfunction-Associated Fatty Liver Disease (MAFLD) (3) or Metabolic Dysfunction-
Associated Steatotic Liver Disease (MASLD) (4). This new nomenclature, implemented by
the 2025 HEPNET Pakistan Position Statement, highlights the pathogenic role of
metabolic dysregulation, specifically insulin resistance, independent of other liver
etiologies (5). Global data suggests that MAFLD affects60-70% patients with T2DMand
approximately 25-30% of the general population (6). The coexistence of T2DM and
MAFLD is mutually reinforcing; diabetes accelerates the progression of simple steatosis
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to metabolic dysfunction-associated steatohepatitis (MASH) and advanced fibrosis (7).

Advanced liver fibrosis (stages F3-F4) is the single strongest predictor of liver-related

mortality, decompensated cirrhosis, and Hepatocellular Carcinoma (HCC) (8). Despite

this, liver disease often remains "silent" and undiagnosed in diabetes clinics until
irreversible complications occur.

Liver biopsy is the gold standard for staging fibrosis but is invasive, costly, and
impractical for routine screening (9). Due to this, the American Diabetes Association
(ADA) 2025 Standards of Care emphasizes on using non-invasive tests (NITs) such as the
Fibrosis-4 (FIB-4) index for risk stratification (10). In Pakistan, where healthcare resources
are limited with highly prevalent hepatitis C (11), validated NITs are needed for triage.
This study aims to estimate the prevalence of MAFLD and advanced fibrosis in a
Pakistani T2DM cohort using the HSI and FIB-4 indices and to determine clinical
predictors of severe disease.

2. Methods

2.1 Study Design and Setting

This cross-sectional study analyzed data from patients presenting to the Diabetes

Management Center (DMC) at the Services Institute of Medical Sciences (SIMS), Lahore.

This tertiary care facility serves a wide ranging urban and peri-urban population in

Punjab, Pakistan.

2.2 Study Population

The dataset comprised 218 adult patients with a confirmed diagnosis of Type 2 Diabetes

Mellitus.

e Inclusion Criteria: Adults (Age > 18 years) with diagnosed T2DM.

e Exclusion Criteria: Patients with data for AST, ALT, or platelets (which renders FIB-4
incalculable). Patients with known etiologies of liver disease other than metabolic
syndrome (e.g., viral hepatitis, alcoholic liver disease) were also excluded as per the
study protocol (12).

2.3 Data Collection and Definitions

Clinical parameters including age, sex, weight, height, Body Mass Index (BMI), duration

of diabetes, Aspartate Aminotransferase (AST), Alanine Aminotransferase (ALT), and

platelet count were extracted from the dataset.
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Operational Definitions

e Hepatic Steatosis Index (HSI): Used to screen for hepatic steatosis (fatty liver).

HSI = 8 x (ALT/AST) + BMI + 2 (ifdiabetic) + 2 (if female)

where ALT and AST are in U/L, and BMI is in kg/m? add +2 if the patient has diabetes
(binary) and +2 if the patient is female (binary). HSI is a unitless score; HSI = 36
indicates likely hepatic steatosis (13).

o Fibrosis-4 Index (FIB-4): Used to stratify the risk of advanced liver fibrosis (F3-F4).

FIB-4 = (Age x AST) / (Platelets x 4 ALT)

where Age is in years, AST and ALT in U/L, and platelet count in x10°/L.

Low Risk: FIB-4 < 1.30 (High Negative Predictive Value),

Indeterminate Risk: FIB-4 = 1.30 — 2.66,

High Risk: FIB-4 = 2.67 (High Specificity for advanced fibrosis) (14).

2.4 Statistical Analysis

Data were analyzed using Python scripting. Continuous variables were expressed as

mean + standard deviation (SD). Categorical variables were presented as frequencies (n)

and percentages (%).

e A complete-case analysis (N=180) was performed for the primary outcomes to
ensure accuracy of the composite scores.

e Hypothesis Testing: Independent t-tests were used to compare continuous variables
(Age, BMI, Duration) between the "Advanced Fibrosis" (High Risk) and "Non-
Advanced Fibrosis" groups. A p-value < 0.05 was considered statistically significant.

3. Results

3.1 Baseline Characteristics

A total of 180 patients had complete laboratory and clinical data sufficient for fibrosis

scoring and are included in the analytic sample. Baseline demographic and biochemical

characteristics are summarized in Table 1. Continuous variables are presented as mean +

standard deviation (SD) and ranges are shown where appropriate.

Table 1: Baseline Characteristics of the Study Population (N=180)
Mean £ SD Range

Age (years) 48.6 + 11.2 20-80

BMI (kg/m?) 284 +58 10.4 - 51.1
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Mean £ SD Range
Duration of Diabetes (years) 8.9 + 7.2 0.5-33
AST (U/L) 324 + 18.6 11-129
ALT (U/L) 358 +21.3 11-163
Platelets (x 10°/L) 276 + 98 70 — 655

The cohort was predominantly middle-aged (mean age 48.6 + 11.2 years) with a mean
BMI of 28.4 + 5.8 kg/m?, placing the average patient in the "obese" category according
to South Asian specific cutoffs (BMI = 25) (15).The median duration of diabetes was
modest (mean 89 + 7.2 years). Mean transaminases were only mildly elevated on
average (AST 32.4 + 18.6 U/L, ALT 35.8 + 21.3 U/L), and mean platelet count was 276 +
98 x10°/L. These baseline data demonstrate high metabolic risk in clinic population,
suitable for application of routine non-invasive steatosis and fibrosis screening.

3.2 Prevalence of MAFLD (Steatosis) and Advanced Fibrosis (FIB-4)

Using the Hepatic Steatosis Index (HSI; HSI = 36 = likely steatosis) and the FIB-4 index
(FIB-4 cutoffs as defined in Methods), we estimated the prevalence of probable MAFLD
and of FIB-4-based fibrosis risk categories in the complete-case sample. Prevalence
counts and proportions are presented in Table 2.

Table 2: Prevalence of MAFLD and Advanced Fibrosis
Clinical Condition Definition Frequency (n) Prevalence (%)
MAFLD Likel
_ (Likely g1 = 36 123 68.3%

Steatosis)
No/Low Steatosis HSI < 36 57 31.7%
Advanced Fibrosis

) FIB-4 = 2.67 10 5.6%
Risk
Indeterminate

] o FIB-4 1.30 - 2.66 40 22.2%
Fibrosis Risk
Low Fibrosis Risk FIB-4 < 1.30 130 72.2%

By HSI, 123/180 (68.3%) of patients had scores consistent with likely hepatic steatosis
(HSI = 36), while 57/180 (31.7%) had HSI < 36. FIB-4 classification showed that a
minority of patients were at high risk for advanced fibrosis: 10/180 (5.6%) had FIB-4 =
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2.67. The indeterminate or “grey-zone” group (FIB-4 1.30-2.66) comprised 40/180
(22.2%),wherefibrosis cannot be ruled out without secondary testing.The majority
(130/180; 72.2%) were in the low-risk category (FIB-4 < 1.30). Together these results
indicate a high burden of probable steatosis in this T2DM clinic population, with a
modest but clinically important subgroup at high risk for advanced fibrosis, who should
be prioritized for confirmatory elastography or hepatology referral.

3.3 Predictors of Advanced Fibrosis

To explore clinical variables associated with high FIB-4 (=2.67), we compared
demographic and laboratory parameters between patients with advanced-risk FIB-4 and
those with non-advanced FIB-4 (FIB-4 < 2.67). Univariable comparisons are summarized
in Table 3. Due to the small number of high-risk events (n = 10), multivariable modelling
is limited by low event count and should be interpreted cautiously unless supported by
pooled or larger samples.

Table 3: Comparison of Clinical Parameters by Fibrosis Risk
Non-Advanced Fibrosis Advanced Fibrosis
P-value
(FIB-4 < 2.67) (FIB-4 = 2.67)
Age (years) 48.2 + 109 60.1 + 8.5 < 0.01
BMI (kg/mz) 285+59 272 +43 0.45
Duration of Diabetes
84 +6.9 15.2 + 8.1 < 0.01
(years)
AST (U/L) 312+ 17.8 53.6 + 214 < 0.001
Platelets (x 10%/L) 282 + 95 168 + 70 < 0.001

Patients with FIB-4 = 2.67 were significantly older (mean 60.1 + 8.5 years) than those
with FIB-4 < 2.67 (mean 48.2 + 10.9 years; p < 0.01), and had a substantially longer
duration of diabetes (15.2 £+ 8.1 vs 84 + 6.9 years; p < 0.01). Markers consistent with
more advanced liver disease were also observed in the high-risk group: mean AST was
higher (53.6 + 21.4 U/Lvs 31.2 + 17.8 U/L; p < 0.001), and platelet counts were markedly
lower (168 + 70 x10°/L vs 282 + 95 x10°L; p < 0.001), consistent with hypersplenism
secondary to portal hypertension. BMI did not differ significantly between groups (27.2
vs 28.5 kg/m? p = 0.45), indicating that advanced fibrosis in this cohort was driven more
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by age and disease duration than by higher body mass alone. These univariable findings
identify older age, longer diabetes duration, elevated transaminases and lower platelet
counts as the clinical features most strongly associated with a FIB-4 result suggesting
advanced fibrosis in this sample.

4. Discussion

This study highlights the high burden of liver disease within a diabetes clinic in Lahore.
We found a 68.3% prevalence of MAFLD (steatosis) using the HSI score. This result
aligns closely with recent data from Pakistan; for instance, a 2025 study by Memon et al.
reported a high prevalence of fatty liver in the diabetic population (16), and Latif et al.
(2024) reported a MASLD prevalence of 61.3% in patients with obesity and T2DM (17).
Other local data reinforces this trend, with Khan et al. (2024) finding similar rates in a
veterinary and medical collaborative study (18). These findings confirm that hepatic
steatosis is the norm rather than the exception for Pakistani diabetic patients.

The prevalence of advanced fibrosis (5.6%) observed in our cohort is clinically
significant. Although lower than Western estimates of ~15-20%, it is comparable with
regional studies. A recent meta-analysis of South Asian populations reported variable
fibrosis rates depending on the diagnostic method used (19). In Pakistan, Kakar et al.
(2024) validated the use of FIB-4, demonstrating its utility in resource-limited settings
(20). However, that standard cutoffs might underestimate disease in younger, non-
obese Asian populations, as suggested by Deb et al. in a recent Indian cohort study (21).
Recent work by Batool et al. (2025) in Rawalpindi utilized FIB-4 and found a slightly
higher cirrhosis risk (14.4%) in a hospital-based cohort, suggesting that inpatient
populations may carry a higher disease burden than our outpatient sample (22).

Our analysis identified Age and Duration of Diabetes as the strongest predictors
of fibrosis. This supports the concept of "time-toxicity," where prolonged exposure to
hyperglycemia and insulin resistance drives cumulative hepatic injury (23). Interestingly,
BMI was not elevated in the advanced fibrosis group. This phenomenon is consistent
with "burnt-out NASH," where advanced fibrosis leads to hepatic shrinkage and a
paradoxical reduction in steatosis (24). Clinically, this highlights that normal BMI does
not rule out advanced liver disease in older diabetics with long-standing diabetes. The
detection of silent fibrosis is critical because MAFLD is associated with cardiovascular
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complications, which remain the leading cause of mortality in this group. Early
identification allows for the targeted use of newer therapeutic agents such as SGLT2
inhibitors and GLP-1 receptor agonists, which have demonstrated benefits in both
diabetic and hepatic parameters. The lack of routine screening remains a gap;
Ananchaisarp et al. noted similar screening deficits in other Asian primary care settings
(25). In resource-poor settings where FibroScan is not available, FIB-4 correlates well
enough to serve as a "gatekeeper" for referral (26).

Limitations: The primary limitation was the cross-sectional design and the lack of
histological validation (liver biopsy) or elastography (FibroScan) for all patients.
Additionally, 17.4% of the original dataset was excluded due to missing labs, which may
introduce selection bias. However, the use of validated NITs (FIB-4, HSI) provides a
pragmatic, real-world assessment of disease load, a necessity emphasized by Bhatti and
Kamani in their editorial on the Pakistani context (27).

5. Conclusion

MAFLD is endemic in the Pakistani Type 2 Diabetes population, with nearly 70% affected

by steatosis and 5.6% at high risk for advanced fibrosis. The strong association of

fibrosis with age and diabetes duration, independent of BMI, highlights the need for a

change in screening practices. We recommend that the FIB-4 index be calculated

annually for all T2DM patients in Pakistan to identify those requiring urgent hepatology

referral (28). Early detection is important to prevent disease progression to

decompensated cirrhosis and hepatocellular carcinoma, and to manage cardiovascular

risk factors aggressively (29). As the global burden of metabolic disease rises, local data

such as this is essential for health policy planning (30). Routine screening guidelines, as

recomended by Wongtrakul et al. (31), and Schwarzler J et al. (32), must be implemented

immediately.
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