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ABSTRACT

Introduction: Metabolic dysfunction-associated steatotic liver disease (MASLD) is

the most common chronic liver disease worldwide. Young-onset Type 2 Diabetes
Mellitus (T2DM) increases the risk of MASLD due to insulin resistance, obesity, and
adverse metabolic profiles, predisposing individuals to early hepatic steatosis and
fibrosis. Aim & Objective: This study aimed to determine the prevalence of MASLD
among young adults with T2DM and to evaluate its association with insulin resistance
and other metabolic risk factors. Materials & Methods: A hospital-based cross-
sectional study included 92 adults aged 18—40 years with T2DM. Clinical,
anthropometric, biochemical, and glycaemic parameters were assessed. Insulin
resistance was evaluated using HOMA-IR, while hepatic steatosis and fibrosis were
assessed by FibroScan (CAP and LSM). Statistical analyses included group
comparisons, correlations, logistic regression, and ROC analysis. Results: MASLD
was identified in 51 participants, yielding an overall prevalence of 55.4%. Insulin
resistance (HOMA-IR >1.7) was present in 73.9% of the study population and was
significantly more frequent among participants with MASLD than those without the
disease (64.7% vs. 20.0%, p<0.001). Individuals with MASLD demonstrated
significantly higher HOMA-IR values, fasting insulin levels, HbAlc, fasting and
postprandial blood glucose, body mass index, waist circumference, triglycerides, LDL
cholesterol, and liver enzyme levels. FibroScan assessment revealed evidence of
advanced fibrosis in 26.1% of participants. HOMA-IR showed good diagnostic
performance for predicting MASLD (AUC = 0.842), with an optimal cut-off value of
3.15. Conclusion: MASLD is common in young adults with T2D M and is strongly
linked to insulin resistance, obesity, poor glycaemic control, dyslipidaemia, and
fibrosis, highlighting the need for routine screening and early metabolic interventions.
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INTRODUCTION

Type 2 Diabetes Mellitus (T2DM) has become a major global
public health challenge, with an alarming rise in its incidence
among adolescents and young adults over the past two decades.
Earlier onset of T2DM is associated with prolonged exposure to
hyperglycaemia and metabolic abnormalities, resulting in
accelerated development of both microvascular and macro-
vascular complications. Rapid urbanization, sedentary lifestyles,
unhealthy dietary habits, and the increasing prevalence of obesity
have collectively contributed to this epidemiological shift.
Among these factors, central obesity and insulin resistance are
considered the principal drivers of early-onset metabolic disease
and its associated complications [1,2].

Metabolic dysfunction-associated steatotic liver disease
(MASLD), formerly referred to as non-alcoholic fatty liver
disease (NAFLD), is now recognized as the hepatic manifestation
of systemic metabolic dysfunction. The recent change in
nomenclature reflects a better understanding of the disease
process by emphasizing its close relationship with obesity, insulin
resistance, dyslipidaemia, and Type 2 Diabetes Mellitus rather
than defining the condition by the absence of alcohol
consumption. MASLD encompasses a broad clinical spectrum
ranging from simple hepatic steatosis to metabolic dysfunction-
associated steatohepatitis (MASH), progressive fibrosis,
cirrhosis, liver failure, and hepatocellular carcinoma.

The burden of MASLD has increased in parallel with the global
epidemic of obesity and diabetes, making it one of the leading
causes of chronic liver disecase worldwide. Recent epidemio-
logical studies suggest that nearly two-thirds of individuals with
T2DM have evidence of hepatic steatosis, while a substantial
proportion develop clinically significant fibrosis. Importantly,
liver-related morbidity is no longer confined to older adults.
Increasing rates of obesity and metabolic syndrome have led to a
growing prevalence of MASLD among younger individuals,

exposing them to decades of ongoing hepatic injury and
substantially increasing their lifetime risk of advanced fibrosis,
cirrhosis, cardiovascular disease, and liver-related mortality [3].
Insulin resistance is the central pathophysiological mechanism
linking T2DM and MASLD. Reduced insulin sensitivity
promotes excessive lipolysis in adipose tissue, leading to
increased delivery of free fatty acids to the liver. This results in
hepatic triglyceride accumulation, enhanced de novo lipo-
genesis, oxidative stress, mitochondrial dysfunction, and chronic
low-grade inflammation. In turn, hepatic steatosis further
aggravates systemic insulin resistance by disrupting insulin
signalling pathways and altering the secretion of inflammatory
cytokines and adipokines. This bidirectional relationship creates
a self-perpetuating cycle that accelerates both metabolic
dysfunction and progression of liver disease [4].

Young-onset T2DM represents a particularly aggressive
phenotype characterized by severe insulin resistance, central
obesity, poor glycaemic control, dyslipidaemia, and an earlier
decline in pancreatic B-cell function. Consequently, affected
individuals experience complications at a younger age and aftera
shorter duration of diabetes than those diagnosed later in life.
Given that the same metabolic disturbances contribute to hepatic
fat accumulation, young adults with T2DM constitute a
population at especially high risk for developing MASLD and
progressive liver fibrosis [5,6].

Despite growing recognition of MASLD as an important
complication of diabetes, routine screening remains inconsistent,
particularly among younger adults who are often perceived to
have a lower risk of advanced liver disease. Because MASLD is
frequently asymptomatic during its early stages, delayed
diagnosis may allow progression to irreversible fibrosis before
clinical detection. Early identification of hepatic steatosis and
fibrosis provides an opportunity for timely lifestyle modification,
optimization of glycaemic control, weight reduction, and
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Figure 1: Vicious cycle linking insulin resistance, T2DM, MASLD, inflammation, and fibrosis in young adults.
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implementation of therapies aimed at reducing long-term
hepatic and cardiovascular complications [7-10]. Figure 1.
Mechanistic pathway illustrating the vicious cycle linking
insulin resistance, T2DM, and MASLD in young adults,
highlighting adipose lipolysis, free fatty acid flux, hepatic
steatosis, inflammation, oxidative stress, and progressive
fibrosis.

Although several studies have examined MASLD in patients
with T2DM, evidence focusing specifically on young adults
remains limited, particularly in the Indian population. Data
regarding the prevalence of MASLD, the burden of insulin
resistance, and the extent of liver fibrosis in this age group are
still scarce. Understanding these associations is essential for
identifying high-risk individuals and developing effective
screening strategies [11,12].

Therefore, the present study was undertaken to determine the
prevalence of MASLD among young adults with Type 2
Diabetes Mellitus and to evaluate its association with insulin
resistance. In addition, the study explored the relationship
between MASLD and anthropometric, biochemical, glycaemic,
and fibrosis-related parameters to better characterize the
metabolic profile of this high-risk population.

MATERIAL & METHODS

This single-center, hospital-based, cross-sectional study was
conducted at the Department of General Medicine, JNMCH,
Aligarh, from February 2024 to February 2026. Ethical approval
has been obtained from the Ethical Approval Committee of
JNMCH, Aligarh.

Study Population

The study included 92 consecutive young adults diagnosed
with Type 2 Diabetes Mellitus (T2DM) who attended the
outpatient clinics or were admitted to the Department of General
Medicine during the study period.

Inclusion Criteria
Participants were eligible if they:

e  Were 18-40 years ofage;

e Had a confirmed diagnosis of Type 2 Diabetes
Mellitus according to the American Diabetes
Association (ADA) criteria;

e  Provided written informed consent to participate.

Exclusion Criteria
Patients were excluded if they:

e Wereolderthan 40 years;

e Had liver disease due to causes other than metabolic
dysfunction, including significant alcohol intake,
chronic hepatitis B or C infection, autoimmune liver
disease, wilson disease, haemochromatosis, or other
chronic liver disorders;

e Hadacute hepatitis;

e  Were pregnant or lactating;

e Hadpancreatic disease or pancreatic insufficiency;
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e  Had forms of diabetes other than T2DM;
e Werereceiving potentially hepatotoxic medications;
e Declined participation in the study.

Clinical Evaluation

A detailed medical history was obtained for each participant,
including demographic characteristics, duration of diabetes,
current treatment, lifestyle factors, and diabetes-related
complications. A comprehensive physical examination was
performed, including measurement of height, weight, body mass
index (BMI), waist circumference, and blood pressure using
standardized techniques.

Laboratory Investigations
Following an overnight fast, venous blood samples were collected
for biochemical analysis. The following investigations were
performed:
e  Complete blood count
e Liver function tests (AST, ALT, bilirubin, serum
proteins, albumin)
e Fasting blood glucose
e  Postprandial blood glucose
e  Glycated haemoglobin (HbAlc)
e Fasting seruminsulin
e Lipid profile (total cholesterol, triglycerides, HDL-C,
LDL-C,VLDL-C)
e  Viralserology (HBV,HCV, and HIV)
Insulin resistance was estimated using the Homeostatic Model
Assessment for Insulin Resistance (HOMA-IR) according to
the standard formula:

HOMA-IR = [Fasting Plasma Glucose (mg/dL) x Fasting
Insulin (uIU/mL)] +405

Participants were categorized as having normal insulin
sensitivity, borderline insulin resistance, or insulin resistance
using predefined HOMA-IR thresholds.

Assessment of Hepatic Steatosis and Fibrosis
All participants underwent transient elastography using
FibroScan® to evaluate hepatic steatosis and fibrosis.
Hepatic steatosis was assessed using the Controlled Attenuation
Parameter (CAP), whereas liver fibrosis was evaluated using
Liver Stiffness Measurement (LSM) expressed in kilopascals
(kPa).
Fibrosis stages were classified according to liver stiffness values:

e  F0-F1 (No or mild fibrosis): <7.0 kPa

e  F2(Significant fibrosis): 7.0-8.9 kPa

e F3(Advanced fibrosis): 9.0-11.9 kPa

e F4(Cirrhosis): >12.0kPa
Additional non-invasive fibrosis indices, including the Fibrosis-4
Index (FIB-4), AST-to-Platelet Ratio Index (APRI), and
MASLD Fibrosis Score, were also calculated to complement
FibroScan findings.
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Outcome Measures

Primary Outcome
e To determine the prevalence of Metabolic Dysfunc-
tion Associated Steatotic Liver Disease (MASLD)
among young adults with Type 2 Diabetes Mellitus.

Secondary Outcomes

e To evaluate the association between MASLD and
insulin resistance.

e To examine the relationship between MASLD and
anthropometric variables.

e To assess the association of MASLD with glycaemic
status, lipid profile, liver enzymes, and non-invasive
fibrosis markers.

e To evaluate the diagnostic performance of HOMA-IR
foridentifying MASLD.

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics
version 26, MedCalc version 20, and GraphPad Prism
version 9.

Data quality was assessed before analysis by checking for
missing values, outliers, and normality of distribution using the
Shapiro—Wilk test.

Continuous variables are presented as mean * standard
deviation (SD) or median (interquartile range) according to
data distribution, whereas categorical variables are expressed as
frequency and percentage. Comparisons between groups were
performed using the independent Student's t-test or the
Mann—Whitney U test, as appropriate. Categorical variables
were analysed using the Chi-square test or Fisher's exact test.
Correlations between metabolic variables were evaluated using
Spearman's rank correlation coefficient.

To identify factors independently associated with MASLD,
multivariable logistic regression analysis was performed after
adjustment for clinically relevant covariates.

Receiver operating characteristic (ROC) curve analysis was
used to evaluate the predictive performance of HOMA-IR and
fasting insulin for identifying MASLD, and the optimal cut-off
value was determined using the Youden Index. A two-tailed p-
value <0.05 was considered statistically significant.

RESULTS

The study included 92 young patients with Type 2 Diabetes
Mellitus, with a nearly equal gender distribution comprising 45
males (48.9%) and 47 females (51.1%). The mean age of the
participants was 29.42 + 6.53 years (range 18—40 years), with the
majority belonging to the 26-30 years age group (33.7%),
followed by the 18-25 years group (26.1%). Gender distribution
across age groups was relatively balanced. MASLD was
identified in 51 patients, resulting in a prevalence of 55.4%,
while 41 patients (44.6%) had no evidence of MASLD.
The prevalence of MASLD was comparable between males
(57.8%) and females (53.2%), with no statistically significant
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gender-based difference (p = 0.658). Hematological parameters,
including hemoglobin, total leukocyte count, and platelet count,
were generally within normal physiological ranges. Liver function
assessment demonstrated mild elevations of AST (41.8+18.6 U/L)
and ALT (49.6 + 24.3 U/L), suggestive of mild hepatocellular
involvement, whereas bilirubin levels and serum protein profiles
remained within normal limits, indicating preserved hepatic
synthetic and excretory function. All participants tested negative
for HBV, HCV, and HIV. Glycaemic evaluation revealed
suboptimal diabetic control, with mean HbAlc of 8.12 £ 1.46%,
fasting glucose of 156.8 + 42.5 mg/dL, postprandial glucose of
228.4 + 58.7 mg/dL, and fasting insulin of 18.6 + 8.9 nlU/mL,
reflecting significant insulin resistance and metabolic dysfunction.
Lipid analysis demonstrated a characteristic diabetic
dyslipidaemic pattern with elevated total cholesterol (198.6 +42.4
mg/dL), LDL cholesterol (118.7 = 34.8 mg/dL), triglycerides
(186.4 +78.5 mg/dL), and VLDL cholesterol (37.3 + 15.7 mg/dL),
along with relatively low HDL cholesterol levels (41.2 + 8.6
mg/dL). Anthropometric assessment showed a mean BMI of 27.48
+ 3.77 kg/m? and increased waist circumference in both sexes,
indicating a predominance of overweight and central obesity.
According to Asian BMI classification criteria, 42.4% of
participants were classified as Obese Class I, 22.8% as Obese Class
11, and 19.6% as overweight, while only 15.2% had normal BMI.
Overall, the findings highlight a high burden of MASLD, obesity,
poor glycaemic control, insulin resistance, and atherogenic
dyslipidaemia among young adults with Type 2 Diabetes Mellitus.
FibroScan assessment showed a mean CAP score of 292.6 +42.8
dB/m and mean liver stiffness of 8.42 + 3.18 kPa, indicating
significant hepatic steatosis with predominantly mild-to-moderate
fibrosis. Based on FibroScan, 41.3% had no/mild fibrosis (FO-F1),
32.6% had significant fibrosis (F2), & 26.1% had advanced fibrosis
(F3), with no cases of cirrhosis (F4), suggesting that most partici-
pants had early-to-moderate stages of liver disease (Table 1).
Assessment of insulin resistance using HOMA-IR demonstrated a
high burden of metabolic dysfunction among the study partici-
pants. The mean HOMA-IR value was 3.84 + 2.16, with a median
of 3.32 and a range of 0.72-11.84, indicating considerable
variability in insulin sensitivity within the cohort. Based on HOMA
-IR classification, 68 participants (73.9%) had insulin resistance
(HOMA-IR >1.7), while 14 participants (15.2%) were categorized
as having borderline or intermediate insulin resistance (HOMA-IR
1.0-1.69). Only 10 participants (10.9%) demonstrated normal
insulin sensitivity with HOMA-IR values below 1.0. These
findings highlight the high prevalence of insulin resistance among
young patients with Type 2 Diabetes Mellitus and support its
important role in the development and progression of MASLD and
related metabolic complications.

Adeate glycaemic control (HbAlc <7%) was more common
among MASLD-negative participants (41.5%) than MASLD-
positive participants (21.6%), while poor glycaemic control
(HbA1lc >7%) was more prevalent in those with MASLD (78.4%
vs. 58.5%). This significant association (p = 0.041) suggests that
higher HbAlc levels are linked to an increased prevalence of
MASLD (Table 2).
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Participants with MASLD had a higher prevalence of diabetes-
related complications, with significantly greater rates of diabetic
neuropathy (47.1% vs. 19.5%, p=0.006), retinopathy (33.3% vs.
14.6%, p=0.041), nephropathy (29.4% vs. 9.8%, p=0.022), and
hypertension (66.7% vs. 36.6%, p=0.004) compared to those
without MASLD. Although cardiovascular and cerebrovascular
complications were also more frequent in the MASLD-positive
group, these associations were not statistically significant,
indicating an overall increased burden of diabetic complications
among patients with MASLD (Table 3).

Dyslipidaemia was significantly more common among
participants with MASLD, affecting 84.3% compared to 48.8%
of those without MASLD. The strong association between
dyslipidaemia and MASLD (p<0.001) highlights the close
relationship between lipid abnormalities and metabolic liver
disease in young patients with Type 2 Diabetes Mellitus (Table
4).

The study population had a mean duration of Type 2 Diabetes
Mellitus (T2DM) of 5.84 + 3.12 years (median 5 years; range 1-
15 years), indicating variable disease chronicity among young
adults. Patients with metabolic dysfunction-associated steatotic
liver disease (MASLD) had a significantly longer duration of
diabetes than those without MASLD (7.1 + 3.2 vs. 4.2 £ 2.1
years, p < 0.001), suggesting that prolonged exposure to
hyperglycaemia and metabolic stress contributes to the
development of hepatic steatosis. A strong association was
observed between insulin resistance and MASLD, with the
prevalence of MASLD increasing progressively across HOMA-
IR categories. MASLD was present in only 20.0% of participants
with normal insulin sensitivity, compared with 64.7% of those
with insulin resistance (HOMA-IR >1.7), demonstrating a
highly significant relationship between insulin resistance and
hepatic steatosis (p < 0.001). Among insulin-resistant
individuals, MASLD was more common in males than females
(69.7% vs. 60.0%, p = 0.018), indicating a significant gender-
wise association. Participants with MASLD exhibited markedly
higher body mass index (29.1 + 3.6 vs. 25.5 £ 2.8 kg/m?), waist
circumference (103.4 + 9.8 vs. 94.6 = 8.7 cm), fasting blood
glucose (168.2 + 44.6 vs. 142.7 + 35.8 mg/dL), postprandial
glucose (241.8 = 61.2 vs. 211.6 + 49.8 mg/dL), HbAlc (8.6 £
1.4% vs. 7.5 £ 1.2%), fasting insulin (22.4 + 8.2 vs. 13.8 £ 5.6
plU/mL), and HOMA-IR (4.8 £2.1 vs. 2.6 + 1.3) compared with
MASLD-negative individuals (all p < 0.05). They also
demonstrated a more atherogenic lipid profile, characterized by
elevated total cholesterol, triglycerides, and LDL cholesterol,
along with lower HDL cholesterol levels. Furthermore,
MASLD-positive participants had significantly higher AST and
ALT levels, indicating greater hepatocellular injury, and showed
substantially elevated CAP scores (324.8 £28.6 vs. 252.5+24.2
dB/m), FIB-4 scores, APRI scores, and MASLD Fibrosis Scores,
reflecting increased hepatic fat accumulation and fibrosis risk.
Similarly, insulin-resistant participants had significantly higher
BMI, waist circumference, fasting and postprandial glucose
levels, HbAlc, fasting insulin, total cholesterol, triglycerides,
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LDL cholesterol, AST, and ALT, while HDL cholesterol was
significantly lower compared with participants having normal or
borderline insulin sensitivity (all p < 0.001). These findings
collectively demonstrate that insulin resistance is closely linked
with obesity, central adiposity, poor glycaemic control, dyslipid-
aemia, hepatic injury, and fibrosis-related changes, highlighting its
central role in the pathogenesis and progression of MASLD among
young patients with T2DM.

Correlation analysis showed strong interrelationships between
obesity, insulin resistance, glycaemic status, dyslipidaemia, and
hepatic steatosis, with BMI and waist circumference positively
associated with HOMA-IR, CAP score, and metabolic parameters.
Liver fat (CAP score) and fibrosis markers (LSM, FIB-4, APRI,
NFS) correlated significantly with glycaemic indices and
triglycerides, while HDL cholesterol showed inverse associations
with insulin resistance and lipid levels, indicating that metabolic
dysfunction and central obesity are key drivers of MASLD and
liver fibrosis progression in Type 2 Diabetes Mellitus (Table 5).
Multivariable logistic regression analysis, which included BMI,
waist circumference, HbAlc, triglycerides, HOMA-IR, ALT, and
duration of diabetes, showed that although several variables were
associated with MASLD on univariate analysis, none remained
statistically significant independent predictors after adjustment.
HOMA-IR showed increased odds of MASLD (aOR 1.83),
suggesting a contributory role of insulin resistance, while ALT
demonstrated a borderline association (aOR 1.21; p = 0.082), and
waist circumference and diabetes duration also showed positive but
non-significant trends. The overall model was statistically robust
(likelihood ratio p < 0.001, pseudo R? = 0.888), and the
Hosmer—Lemeshow test confirmed good calibration (y>=6.18, p=
0.627), indicating acceptable model fit despite the absence of single
independent predictors, thereby suggesting that MASLD in young
T2DM is driven by an interacting cluster of metabolic
abnormalities rather than isolated factors. ROC analysis showed
that HOMA-IR (AUC 0.842; cut-off 3.15; sensitivity 80.4%;
specificity 75.6%) and fasting insulin (AUC 0.816; cut-off 17.8
pIU/mL; sensitivity 78.4%; specificity 70.7%) both had good
diagnostic performance for MASLD, with no statistically
significant difference between them on DeLong testing (p = 0.254),
indicating comparable predictive ability. Group comparisons
further demonstrated that MASLD-positive participants had
significantly worse anthropometric, glycaemic, lipid, hepatic, and
fibrosis-related parameters than MASLD-negative individuals,
with very large effect sizes for CAP score, fasting insulin, and
HOMA-IR, and large effect sizes for BMI, waist circumference,
triglycerides, ALT, AST, and liver stiffness, confirming strong
metabolic and hepatic clustering in MASLD. Overall, effect size
analysis highlighted that insulin resistance and hepatic steatosis
measures showed the greatest differences, reinforcing MASLD as a
manifestation of a severe insulin-resistant metabolic phenotype in
young patients with Type 2 Diabetes Mellitus.

Shapiro-Wilk testing showed that most metabolic and hepatic
variables, including glycaemic indices, insulin resistance markers,
lipids, liver enzymes, CAP score, and liver stiffness measurement,
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were not normally distributed, while BMI, HDL, and LDL
showed approximate normality, supporting the use of non-
parametric tests in analysis. Clinically, the study highlights
insulin resistance and central obesity as key drivers of MASLD in

young T2DM patients, with strong associations with hepatic
steatosis, dyslipidaemia, and fibrosis, while FibroScan findings
indicate predominantly early-stage disease, underscoring the
importance of early screening and intervention to prevent
progression and related complications (Table 6).

Table 1: FibroScan and Fibrosis Profile of Study Participants (n = 92)

Parameter Value
Controlled Att ti

ontrolle enuation 20264428
Parameter (CAP), dB/m
Li tiffi

iver Stiffness 84241318
Measurement (LSM), kPa

Majority of participants had low -to-intermediate fibrosis risk based on FIB -4,
Fibrosis Risk Assessment APRI, and MASLD Fibrosis Score; a subset demonstrated elevated fibrosis
indices suggestive of progressive liver disease.

Fibrosis Category
(FibroScan-based)
No/Mild Fibrosis (F0 -F1) <7.0

LSM (kPa)

Significant Fibrosis (F2) 7.0-8.9
Advanced Fibrosis (F3) 9.0-11.9
Cirrhosis (F4) >12.0
Table 2: HbA1c analysis
HbAlc Category MASLD 95% CI MASLD 95% CI Total p-value
Present n (%) Absent n (%)
HbAlc <7% 11 (21.6%) 11.3-353% 17 (41.5%) 26.3-57.9% 28 0.041
HbAlc >7% 40 (78.4%) 64.7-88.7% 24 (58.5%) 42.1-73.7% 64
Total 51 41 92

Table 3: Distribution of Diabetes-related Complications According to MASLD Status

Complication MASLD 95% CI1 MASLD 95% CI Total p-value
Present (n=51) Absent (n=41) n (%)

Diabetic Neuropathy 24 (47.1%) 33.1-61.5%  8(19.5%) 9.3-34.6% 32(34.8)  0.006

Diabetic Retinopathy 17 (33.3%) 20.8-47.9% 6 (14.6%) 5.6-29.2% 23(25.0)  0.041

Diabetic Nephropathy 15 (29.4%) 17.5-43.8% 4 (9.8%) 2.7-23.1% 19 (20.7)  0.022

Cardiovascular 13 (25.5%) 14.3-39.6% 6 (14.6%) 5.6-29.2% 19 (20.7)  0.201

Complications

Cerebrovascular 6 (11.8%) 4.4-23.9% 2 (4.9%) 0.6-16.5% 8(8.7) 0.243

Accidents

Hypertension 34 (66.7%) 52.1-792% 15 (36.6%) 22.1-53.1% 49(53.3)  0.004

Table 4: Prevalence of dyslipidaemia

Dyslipidaemia  MASLD Present 95% CI1

MASLD Absent 95% CI p-value

Status n (%) n (%)
Present 43 (84.3) 71.4-93.0% 20 (48.8) 33.3-64.5%
Absent 8 (15.7) 7.0-28.6% 21 (51.2) 35.5-66.7%  <0.001
Total 51 41

Table 5: Correlation between Anthropometric, Glycaemic, Lipid, and Fibrosis-related Variables among Study Participants

Variable 1 Variable 2 r p-value

BMI ‘Waist Circumference, HOMA -IR, 0.72,0.58, 0.49 <0.001,<0.001, 0.002
CAP Score

Waist Circumference Triglycerides, CAP Score, HbAlc 0.46, 0.61, 0.39 0.004, <0.001, 0.011

HOMA-IR HbAlc, Fasting Insulin, CAP 0.64,0.81,0.57, <0.001, <0.001, <0.001,
Score, ALT 0.42 0.006

HbAlc Triglycerides, ALT, CAP Score 0.41,0.38,0.44 0.008, 0.012, 0.004

Triglycerides CAP Score, FIB-4 Score 0.48, 0.31 0.002, 0.018

CAP Score Liver Stiffness Measurement, 0.66, 0.43, 0.51 <0.001, 0.005, 0.001
APRI Score, NFS

Liver Stiffness FIB-4 Score, APRI Score, NFS 0.62, 0.58, 0.69 <0.001, <0.001, <0.001

Measurement

HDL Cholesterol HOMA-IR, Triglycerides -0.36, —0.52 0.019, 0.001
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Table 6: Normality Testing Using Shapiro—Wilk Test

Variable W Statistic p-value Interpretation

BMI (kg/m?) 0.972 0.061 Normally distributed
Waist Circumference (cm) 0.968 0.038 Not normally distributed
Fasting Blood Sugar (mg/dL) 0.931 <0.001  Not normally distributed
Postprandial Blood Sugar (mg/dL)  0.924 <0.001  Not normally distributed
HbAlc (%) 0.956 0.006 Not normally distributed
Fasting Insulin (u[U/mL) 0.887 <0.001  Not normally distributed
HOMA-IR 0.861 <0.001  Not normally distributed
Total Cholesterol (mg/dL) 0.964 0.021 Not normally distributed
Triglycerides (mg/dL) 0.842 <0.001  Not normally distributed
HDL Cholesterol (mg/dL) 0.978 0.124 Normally distributed
LDL Cholesterol (mg/dL) 0.971 0.054 Normally distributed
AST (U/L) 0.902 <0.001  Not normally distributed
ALT (U/L) 0.879 <0.001  Not normally distributed
CAP Score (dB/m) 0.962 0.017 Not normally distributed
Liver Stiffness Measurement (kPa)  0.846 <0.001  Not normally distributed

DISCUSSION

Metabolic dysfunction-associated steatotic liver disease
(MASLD) has emerged as one of the most prevalent chronic liver
diseases worldwide and is increasingly recognized as an
important hepatic manifestation of metabolic syndrome. The
coexistence of MASLD and Type 2 Diabetes Mellitus (T2DM)
reflects a shared pathophysiological basis centred on insulin
resistance, obesity, chronic inflammation, and dysregulated lipid
metabolism. Young adults with T2DM are particularly suscep-
tible because they are exposed to these metabolic abnormalities at
an earlier age, predisposing them to prolonged hepatic injury and
an increased lifetime risk of advanced fibrosis, cirrhosis, and
cardiovascular disease. The present study evaluated the preval-
ence of MASLD among young Indian adults with T2DM and
explored its relationship with insulin resistance and other
metabolic risk factors [13,14].

In the present study, MASLD was detected in 55.4% of
participants, indicating that more than one-half of young adults
with T2DM already had evidence of hepatic steatosis. This
finding is clinically important because it demonstrates that liver
involvement begins early in the course of diabetes and is not
restricted to older individuals or those with longstanding disease.
The observed prevalence is consistent with recent reports by Shil
et al. (2025) and Hu et al. (2024), who documented a similarly
high burden of fatty liver disease among adolescents and young
adults with diabetes. Although differences in study populations,
diagnostic criteria, and imaging modalities may account for minor
variations in prevalence across studies, the available evidence
consistently supports the strong association between T2DM and
MASLD.

The participants in our study demonstrated poor overall metabolic
health, characterised by elevated HbA I ¢, fasting and postprandial
glucose levels, dyslipidaemia, obesity, and increased waist
circumference. These findings are in keeping with the concept
that MASLD represents the hepatic manifestation of systemic
metabolic dysfunction rather than an isolated liver disorder.
Chronic hyperglycaemia, increased adiposity, and insulin resista-
nce promote excessive hepatic lipid accumulation through
enhanced lipolysis, increased free fatty acid flux to the liver, and
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stimulation of de novo lipogenesis. These mechanisms contribute
not only to hepatic steatosis but also to oxidative stress,
mitochondrial dysfunction, and persistent low-grade inflamma-
tion, thereby accelerating progression to fibrosis.

Insulin resistance emerged as the most important metabolic
abnormality associated with MASLD in this study. Nearly three-
quarters of the participants exhibited insulin resistance, and
patients with MASLD had significantly higher fasting insulin
concentrations and HOMA-IR values than those without MASLD.
Furthermore, the prevalence of MASLD increased progressively
with increasing HOMA-IR, highlighting the central role of insulin
resistance in disease pathogenesis. These findings are consistent
with the observations of Tang et al. (2025) and Beyazal Polat et al.
(2025), who reported that HOMA-IR is strongly associated with
hepatic steatosis and steatohepatitis in individuals with metabolic
dysfunction. The present findings reinforce the concept that insulin
resistance is not merely associated with MASLD but represents a
fundamental mechanism linking diabetes and liver disease [15-18]

Anthropometric indices also demonstrated a strong relationship
with MASLD. Patients with hepatic steatosis had significantly
higher body mass index and waist circumference than those
without MASLD, indicating that both generalized and central
obesity contribute substantially to disease development. Visceral
adiposity is metabolically active and promotes secretion of pro-
inflammatory cytokines, increased free fatty acid release, and
reduced adiponectin levels, all of which impair insulin sensitivity
and facilitate hepatic fat accumulation. Similar associations
between obesity, abdominal adiposity, and MASLD have been
consistently reported in previous epidemiological studies,
emphasizing the importance of weight management in preventing
disease progression.

Dyslipidaemia was another prominent finding in the present study.
Participants with MASLD demonstrated significantly higher
triglyceride and LDL cholesterol levels together with lower HDL
cholesterol concentrations, reflecting the characteristic atheroge-
nic lipid profile associated with insulin-resistant states. These lipid
abnormalities further contribute to hepatic fat deposition &
increase cardiovascular risk. Since cardiovascular disease remains
the leading cause of mortality in patients with MASLD, early
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recognition and treatment of dyslipidaemia should form an
integral component of comprehensive disease management. An
important observation in the present study was the association
between MASLD and poor glycaemic control. Individuals with
MASLD had significantly higher fasting glucose, postprandial
glucose, and HbA lc levels than those without hepatic steatosis.
Poor glycaemic control enhances hepatic glucose production,
stimulates lipogenesis, and perpetuates insulin resistance,
thereby promoting progression of liver disease. Conversely,
hepatic steatosis further worsens systemic insulin resistance,
creating a self-reinforcing cycle that accelerates metabolic
deterioration. These findings highlight the importance of
achieving optimal glycaemic control to reduce both hepatic and
cardiovascular complications [19,20].

FibroScan assessment demonstrated that although most
participants had mild-to-moderate fibrosis, more than one-
quarter already had advanced fibrosis despite their relatively
young age. This observation underscores the aggressive nature of
metabolic liver disease in young adults with T2DM. Early
identification of fibrosis is clinically important because fibrosis
stage is the strongest predictor of liver-related morbidity and
mortality. The use of transient elastography together with non-
invasive fibrosis scores provides an effective strategy for
identifying high-risk individuals who require closer surveillance
and intensive management [21-23].

The present study also demonstrated a higher prevalence of
diabetic microvascular complications, including neuropathy,
nephropathy, retinopathy, and hypertension, among participants
with MASLD. These findings support the concept that MASLD
reflects generalized metabolic dysfunction rather than isolated
hepatic disease. Chronic inflammation, endothelial dysfunction,
oxidative stress, and insulin resistance represent common
mechanisms underlying both hepatic injury and diabetic vascular
complications. Consequently, detection of MASLD should
prompt clinicians to evaluate patients for other diabetes-related
complications and to intensify management of cardiovascular
risk factors.

Correlation analysis further demonstrated significant positive
relationships between obesity, insulin resistance, glycaemic
indices, hepatic steatosis, and fibrosis markers. Body mass index,
waist circumference, HOMA-IR, triglycerides, and HbAlc all
showed significant correlations with CAP score and liver stiffness
measurements, supporting the close interaction between adipo-
sity, metabolic dysfunction, and progressive liver injury. The
inverse association between HDL cholesterol and insulin
resistance further highlights the interdependence of lipid abnor-
malities and metabolic liver disease [24,25].

Although several metabolic variables were significantly associa-
ted with MASLD in univariate analyses, multivariable logistic
regression did not identify any single independent predictor after
adjustment for potential confounding factors. This finding should
not be interpreted as evidence against the importance of insulin
resistance or obesity; rather, it reflects the complex and interrela-
ted nature of metabolic risk factors. MASLD develops through
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the cumulative effects of obesity, dysglycaemia, dyslipidaemia,
insulin resistance, and chronic inflammation, making it difficult
for any single variable to account for disease risk independently.
Nevertheless, HOMA-IR demonstrated excellent diagnostic
performance with an area under the ROC curve of 0.842, sugges-
ing that it may serve as a practical and inexpensive screening tool
for identifying young diabetic patients at increased risk of
MASLD.

The findings of the present study have important clinical
implications. Considering the high prevalence of MASLD and the
substantial burden of insulin resistance observed in this relatively
young population, routine screening for hepatic steatosis should
be considered in all young adults with T2DM, particularly those
with obesity, central adiposity, poor glycaemic control, or
dyslipidaemia. Early lifestyle modification, weight reduction,
optimization of glycaemic control, and the use of antidiabetic
agents with proven hepatic benefits may reduce disease
progression and improve long-term metabolic outcomes [26].

CONCLUSION

The present study demonstrates that Metabolic Dysfunction-
Associated Steatotic Liver Disease (MASLD) is highly
prevalent among young adults with Type 2 Diabetes Mellitus,
affecting more than half of the study population. The findings
highlight a strong association between MASLD and insulin
resistance, obesity, central adiposity, poor glycaemic control,
dyslipidaemia, and early hepatic fibrosis, emphasizing the close
interplay between metabolic dysfunction and liver disease.

Among the various metabolic parameters evaluated, HOMA-IR
showed good diagnostic performance for identifying individuals
at increased risk of MASLD, underscoring the pivotal role of
insulin resistance in disease pathogenesis. The presence of
advanced fibrosis in a considerable proportion of these relatively
young patients further indicates that clinically significant liver
injury may develop early in the course of diabetes, even before
overt hepatic symptoms become apparent.

These findings support the incorporation of routine screening for
MASLD in young adults with T2DM, particularly in those with
obesity, poor glycaemic control, or other features of metabolic
syndrome. Early identification through non-invasive tools such as
FibroScan and metabolic risk assessment provides an opportunity
for timely intervention, including intensive lifestyle modification,
weight reduction, optimization of glycaemic control, and
management of dyslipidaemia, with the aim of preventing
progression to advanced fibrosis, cirrhosis, and liver-related
complications. Although this study provides valuable insights into
the burden of MASLD in young Indian adults with T2DM, larger
multicentre prospective studies are required to validate these
findings, evaluate long-term clinical outcomes, and identify
additional genetic and molecular determinants of disease
progression. Future research should also assess the impact of
emerging therapeutic strategies targeting insulin resistance and
metabolic dysfunction on the prevention and treatment of MASLD
in this high-risk population.
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In conclusion, MASLD should be regarded as an integral
component of the metabolic disease spectrum rather than an
isolated hepatic disorder. Early recognition and comprehensive
management of metabolic risk factors are essential to reduce both
liver-related and cardiometabolic complications & to improve
long-term health outcomes in young adults with Type 2 Diabetes
Mellitus.

LIMITATIONS & FUTURE PERSPECTIVES

Several limitations should be acknowledged. First, this was a
single-centre cross-sectional study, limiting the generalizability
of the findings and precluding causal inference. Second, liver
biopsy, the reference standard for diagnosing steatohepatitis and
fibrosis, was not performed because of its invasive nature. Third,
the relatively modest sample size may have reduced the statistical
power to detect independent predictors in multivariable analysis.
Finally, inflammatory biomarkers, adipokines, and genetic
factors such as PNPLA3 and TM6SF2 polymorphisms were not
evaluated, although these may influence susceptibility to
MASLD. Overall, the present study demonstrates that MASLD is
highly prevalent among young adults with T2DM and is closely
associated with insulin resistance, obesity, poor glycaemic
control, dyslipidaemia, and early hepatic fibrosis. These findings
support routine metabolic risk assessment and early liver
screening in this high-risk population to facilitate timely
intervention and reduce future liver-related and cardiovascular
complications. Future studies should incorporate multi-centre
designs with larger populations to enhance validity, assess long-
term outcomes, and investigate advanced diagnostic &
management approaches. Such efforts will improve overall
patient care & help minimize complications.

Strengths of the Study

The present study has several strengths. It specifically focused on
young adults with T2DM, a population that remains underre-
presented in the existing literature. Hepatic steatosis and fibrosis
were evaluated using FibroScan, a validated non-invasive
modality with greater diagnostic accuracy than conventional
ultrasonography. In addition, detailed assessment of insulin
resistance, anthropometric variables, glycaemic parameters, lipid
profile, and fibrosis indices allowed comprehensive evaluation of
the metabolic determinants of MASLD.

CLINICALSIGNIFICANCE

The clinical significance of this study lies in its potential to bridge
the gap between research findings and practical healthcare,
diagnosis, and treatment outcomes. By highlighting real-care
applications. It emphasizes the importance of translating
scientific observations into meaningful improvements in patient
world relevance, the study contributes to evidence based medical
practice and supports informed clinical decision making.
Ultimately, the findings aim to enhance patient quality of life,
optimize therapeutic strategies, and promote better disease
management in clinical settings.
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ABBREVIATIONS

MASLD: Metabolic Dysfunction-Associated Steatotic Liver
Disease

T2DM: Type 2 Diabetes Mellitus

HOMA-IR: Homeostatic Model Assessment of Insulin
Resistance

HbA1c: Glycated Hemoglobin

CAP: Controlled Attenuation Parameter

LSM: Liver Stiffness Measurement

LDL: Low-Density Lipoprotein

ROC: Receiver Operating Characteristic

AUC: Area Under the Curve

T2DM: Type 2 Diabetes Mellitus
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