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Abstract: 
Background: Particularly in those without conventional risk factors for cirrhosis, non-alcoholic fatty liver 
disease (NAFLD) is becoming more widely acknowledged as a major contributor to chronic liver problem. It is 
widely known that T2DM increases the risk of developing non-alcoholic fatty liver disease (NAFLD). Non-
invasive assessment of liver stiffness using elastography offers the potential for early detection of liver disease 
in diabetic patients with fatty liver. The purpose of this study was to investigate the relationship between several 
biochemical markers and liver stiffness as determined by elastography in patients with type 2 diabetes mellitus. 
Methods: 305 patients with T2DM, aged above 18 years, participated in a cross-sectional study. All of the 
patients qualified for both liver elastography and biochemical analysis. Liver stiffness measurements obtained 
via elastography were analysed in relation to clinical and laboratory findings. 
Results: A considerable proportion of patients with T2DM and fatty liver demonstrated advanced fibrosis on 
elastography. Higher stages of fibrosis (F3/F4) were significantly associated with increased BMI, AST, ALT, 
fasting blood glucose, and triglyceride levels. 
Conclusion: A notable prevalence of advanced liver fibrosis was observed among diabetic patients with 
NAFLD. Liver elastography proved to be a reliable, non-invasive modality for evaluating fibrosis severity in 
patients with T2DM, supporting its use as a screening tool in this high-risk population. 
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Introduction

Type 2 diabetes mellitus (T2DM) accounts for 90 
% of all diabetes cases and affects more than 23 
million Americans and 250 million people 
worldwide [1]. By 2030, prevalence is predicted to 
increase from 31.7 million to 79.4 million in India 
alone [2]. Beyond the classic triad of neuropathy, 
retinopathy and nephropathy, hepatic sequelae have 
come into focus. About 25% of adults worldwide 
and up to 30% in developed countries are currently 
afflicted with non-alcoholic fatty liver disease 
(NAFLD), which includes simple steatosis, non-
alcoholic steatohepatitis (NASH), fibrosis, 
cirrhosis, and hepatocellular cancer [3]. Metabolic 
comorbidities such as obesity, dyslipidemia and 
T2DM both drive and are driven by NAFLD, with 
each condition doubling the risk of the other [4]. 

Prognosis hinges on fibrosis progression rather than 
steatosis alone. Yet ultrasonography lacks 
sensitivity for early fibrosis, while liver biopsy—
although definitive—is invasive, costly and 
unsuitable for large-scale screening [5]. Vibration-
controlled transient elastography (TE) offers a 
rapid, non-invasive alternative and achieves an area 
under the receiver-operating-characteristic curve of 
0.93 for detecting advanced fibrosis [6]. Several 
guidelines now propose universal TE screening for 
T2DM, but limited availability and cost constrain 
uptake, especially in resource-limited settings. 
Biochemical scores such as the NAFLD fibrosis 
score combine age, body-mass index, 
transaminases, glucose status, platelets and albumin 
to triage patients, yet their accuracy remains 
inconsistent [7]. 

http://www.ijcpr.com/
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Clarifying how routine laboratory indices correlate 
with TE-measured stiffness could focus scarce 
elastography resources on those most likely to 
harbour significant disease. Accordingly, we 
assessed the association between liver stiffness 
(measured by TE) and standard biochemical 
parameters in adults with T2DM attending a 
tertiary-care centre in Lucknow, India, and 
identified independent predictors of advanced 
fibrosis. 

Methods 

Study Design: This investigation employed a 
hospital-based, cross-sectional observational 
design. 

Study Setting: Research activities were carried out 
in the Department of General Medicine, T. S. Misra 
Medical College & Hospital, Lucknow, Uttar 
Pradesh, a tertiary-care center that offers 
comprehensive diabetes and hepatology services. 

Study Duration: Enrolment and data collection 
spanned 12 months, from January 2024 to January 
2025. 

Participants: A total of 305 adults (≥ 18 years) 
with confirmed T2DM were consecutively 
recruited. Sample size was calculated assuming a 
27 % prevalence of advanced fibrosis among 
diabetics, 5 % absolute precision, and α = 0.05. 

Inclusion Criteria 

• Diagnosed T2DM (per ADA criteria). 
• Willingness to provide written informed 

consent. 

Exclusion Criteria 

• Significant alcohol intake (> 20 g/day for 
women, > 30 g/day for men). 

• Hepatitis B surface antigen or anti-HCV 
positivity. 

• Pregnancy. 
• Known chronic systemic illness (e.g., CHF, 

CKD). 
• Current use of hepatotoxic drugs (e.g., 

methotrexate, tamoxifen). 
• Ultrasonographic evidence of cirrhosis or 

portal hypertension. 

Bias Control: Consecutive sampling minimized 
selection bias. All vibration-controlled transient 
elastography (VCTE) examinations were 

performed by a single certified operator using the 
same FibroScan® device and probe (M or XL as 
appropriate) to limit measurement bias. Potential 
confounders—age, sex, BMI, and diabetes 
duration—were adjusted for in multivariable 
analyses. 

Data Collection: Demographic data, 
anthropometry, diabetes duration, medication 
history, and fasting laboratory values (glucose, 
HbA1c, lipid profile, ALT, AST) were recorded on 
a structured pro-forma. 

Procedure: Each participant underwent a 
standardized assessment protocol that included 
measurement of height, weight, and blood pressure 
using calibrated instruments, followed by fasting 
venous blood collection under aseptic conditions 
for biochemical analysis in the hospital’s NABL-
accredited laboratory. Liver stiffness was evaluated 
by transient elastography after a minimum 3-hour 
fast, with measurements performed in the supine 
position over the right lobe. For reliability, at least 
ten valid measurements with an interquartile range 
≤30% of the median were required. The liver 
stiffness cut-off values applied to define fibrosis 
stages were: F1 >5.6 kPa, F2 >6.65 kPa, F3 ≥8 kPa, 
and F4 ≥17 kPa. 

Statistical Analysis: Data were entered in 
Microsoft Excel and analysed with SPSS v23.0. 
Results are presented as mean ± SD for continuous 
variables and frequency (%) for categorical 
variables. Group comparisons employed the 
independent-samples t-test or one-way ANOVA 
(continuous data) and χ² test (categorical data). 
Pearson correlation coefficients assessed linear 
associations between liver stiffness and 
biochemical parameters. A two-tailed P < 0.05 
denoted statistical significance. 

Baseline and demographic variables: The study 
enrolled 305 adults with T2DM (mean [SD] age, 
54.7 [17.1] years), comprising 169 men (55.4%) 
and 136 women (44.6%). Age distribution showed 
73 participants (23.9%) were 30–45 years, 147 
(48.2%) were 46–60 years, and 85 (27.9%) were 
older than 60 years. Nearly half were obese (BMI ≥ 
25 kg/m², 48.9%), whereas 55 (18.0%) were 
overweight, 68 (22.3%) had normal BMI, and 33 
(10.8%) were underweight. 
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Table 1: Baseline and demographic variables 
Variables No. of cases (n = 305) Percentage 
 
 
Age in years 

30-45 73 23.9% 
46-60 147 48.2% 
>60 85 27.9% 

Mean Age 54.7±17.1 years 
 
Gender 

Male 169 55.4% 
Female 136 44.6% 

 
 
 
BMI (kg/m2) 

<18.5 underweight 33 10.8% 
18.5-22.9 Normal 68 22.3% 
23.0-24.9 Overweight 55 18.0% 
≥25 Obese 149 48.9% 

 
Liver Fibrosis Staging by Transient 
Elastography: Liver-stiffness distribution was: F0 
(no fibrosis), 126 patients (41.3%); F1, 73 (23.9%); 

F2, 48 (15.7%); F3, 37 (12.2%); and F4 (cirrhosis), 
21 (6.9%). Thus, 58 participants (19.0%) had 
advanced fibrosis (F3 + F4). 

 
Table 2: Liver Fibrosis Staging by Transient Elastography 

Fibrosis No. of cases (n=305) Percentage 
No fibrosis (F0) 126 41.3% 
Mild fibrosis (F1) 73 23.9% 
Moderate Fibrosis (F2) 48 15.7% 
Severe Fibrosis (F3) 37 12.2% 
Cirrhosis (F4) 21 6.9% 
 
Association With Duration of Diabetes and Body 
Mass Index: Advanced fibrosis increased with 
longer diabetes duration: among those with >10 

years of T2DM, 29.7% were staged F3 and 47.6% 
F4.

 
Table 3: Cross-tabulation of the duration of diabetes with liver stiffness 

Duration 
of Diabetes 

Liver Stiffness p- value 
F0 
(n=126) 

F1 (n=73) F2 (n=48) F3 
(n=37) 

F4 
(n=21) 

Newly 
Diagnosed 

10 (7.9%) 2 (2.7%) 0 (0.0%) 0 (0.0%) 0 (0.0%)  

<1 year 16(12.7%) 4 (5.5%) 7 (14.5%) 0 (0.0%) 0 (0.0%)  
1 to 5 
years 

58 
(46.0%) 

29 
(39.7%) 

15 
(31.3%) 

17 
45.9%) 

4 
(19.0%) 

<0.001 

5 to 10 30 26 15 9 7  
years (23.8%) (35.6%) (31.3%) (24.3%) (33.3%)  
>10 years 12 (9.5%) 12(16.4%) 11(22.9%) 11(29.7%) 10(47.6%)  
 
Biochemical Differences (Group I: F0–F2 vs 
Group II: F3–F4): Compared with patients in 
Group I (F0–F2), those in Group II (F3–F4) 
showed markedly higher liver-enzyme activities—
ALT 56.4 ± 7.3 U/L vs 37.1 ± 6.2 U/L and AST 

46.8 ± 8.4 U/L vs 33.9 ± 5.4 U/L—together with 
poorer glycemic control, reflected by a mean 
HbA1c of 9.1 ± 2.0% vs 6.3 ± 1.2% and a greater 
proportion of fasting plasma glucose > 125 mg/dL 
(87.9% vs 73.7%). 

 
Table 4: Comparison of the liver function test Between Group 1 and Group 2 

Variables Groups I (F0, F1, F2) Group II (F3 and F4) p-value 
Liver 
Function test 

Serum ALT (U/L) 37.1±6.2 56.4±7.3 <0.001 
Serum AST (U/L) 33.9±5.4 46.8±8.4 <0.001 
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Table 5: Comparison of the Glycemic control Between Group 1 and Group 2 
 
Variables 

Groups I (F0, F1, F2) 
(n=247) 

Group II (F3 and F4) 
(n=58) 

 
p-value 

Glycemic 
control 

FBS<100mg/dl 11 (4.5%) 0 (0.0%) 0.047 
FBS: 100-125mg/dl 54 (21.9%) 7 (12.1%) 
FBS>125mg/dl 182 (73.7%) 51 (87.9%) 

HbA1c 6.3±1.2 9.1±2.02 <0.001 
 
Correlation of advanced fibrosis with BMI, age, 
duration of diabetes and HbA1c: Liver stiffness 
correlated positively with multiple metabolic and 
clinical factors: HbA1c (r = 0.873), duration of 
diabetes (r = 0.681), age (r = 0.547), AST (r = 

0.632), BMI (r = 0.412), ALT (r = 0.314), and 
fasting plasma glucose (r = 0.297); by contrast, 
lipid parameters (HDL-C, LDL-C, total 
cholesterol) showed no significant association with 
stiffness.

 
Table 6: Correlation of advanced fibrosis with BMI, age, duration of diabetes and HbA1c 

Parameters Correlation coefficient p-value 
Age 0.547 <0.001 
BMI 0.412 <0.001 
HbA1c 0.873 <0.001 
Duration of diabetes 0.681 <0.001 
AST 0.632 0.012 
ALT 0.314 0.006 
FBS 0.297 <0.001 
HDL 0.093 0.847 
TC 0.015 0.398 
LDL 0.164 0.494 
 
Discussion 

Significant fibrosis as assessed by TE and a high 
frequency of NAFLD were seen in this research of 
305 patients with T2DM. Among all participants, 
58.7% exhibited some degree of fibrosis, with 
23.9% classified as mild (F1), 15.7% as moderate 
(F2), 12.1% as severe (F3), and 6.9% as cirrhosis 
(F4). Advanced fibrosis (F3/F4) was present in 
19.0% of cases. These findings are consistent with 
both Indian and international research utilizing 
non-invasive assessment techniques, with previous 
studies reporting advanced fibrosis rates of 27.2% 
and proportions of F2, F3, and F4 at 17.1%, 12.7%, 
and 7.8%, respectively [8, 9]. The TE cut-offs in 
this investigation align closely with those 
established in prior studies, enabling robust cross-
study comparison [9, 10]. Minor differences in 
advanced fibrosis rates could be attributed to 
variations in population BMI, glycemic status, and 
region. 

The data emphasize that NAFLD and advanced 
fibrosis are highly prevalent among Indian patients 
with T2DM. Nationwide research has found 
NAFLD prevalence among diabetic patients 
ranging from 54.3% in males to 60.0% in females, 
with regional variability between 44.1% and 72.4% 
[11]. Urban South Indian populations have shown a 
prevalence of 32.0% [12]. These rates are generally 
higher than those reported in older studies using 
ultrasonography, which often underestimates mild 
steatosis due to lower sensitivity. For example, 

previous studies based on abdominal ultrasound 
have shown NAFLD in 32–62% of T2DM patients 
[20,30,31]. The higher rates observed in TE-based 
studies, including ours, likely reflect the greater 
sensitivity of TE in detecting early and mild 
steatosis, which can be present when as little as 
10% of hepatocytes are infiltrated [24]. 

Key components of the metabolic syndrome, 
including increased BMI, longer duration of 
diabetes, and suboptimal glycemic control, 
emerged as independent predictors of higher liver 
stiffness and fibrosis. Nearly half of the cohort was 
obese, and advanced fibrosis was most frequently 
observed in those with longer diabetes duration and 
higher BMI. Among individuals with cirrhosis 
(F4), 81.0% were classified as obese. These 
associations are well-documented in previous 
literature, highlighting obesity, advancing age, poor 
glycemic control (higher HbA1c), and longer 
diabetes duration as principal risk factors for 
fibrosis progression [8, 13]. Additionally, this study 
found significant correlations between liver 
stiffness and BMI, age, HbA1c, and diabetes 
duration, consistent with prior reports [14, 15]. 
Collectively, these findings reinforce the central 
role of insulin resistance and metabolic syndrome 
in the pathogenesis of NAFLD. 

Liver enzymes (ALT, AST) were considerably 
elevated in individuals with advanced fibrosis, 
according to biochemical study; however, their 
diagnostic precision was restricted on their own. 
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Prior research has shown that, while there is a 
correlation between transaminase levels and 
fibrosis, normal liver enzyme values do not exclude 
significant disease [16, 17]. The results here 
suggest that ALT, despite being independently 
associated with fibrosis in multivariate models, 
lacks adequate sensitivity and specificity to serve 
as a sole screening test for NAFLD or advanced 
fibrosis, confirming observations from additional 
studies [18, 19]. Therefore, as recommended in the 
literature [20, 21], ALT should be interpreted 
alongside non-invasive imaging modalities such as 
TE for optimal risk stratification. 

This analysis represents one of the few Indian 
studies to systematically assess both moderate (F2) 
and advanced (F3/F4) fibrosis in type 2 diabetes 
using TE. The identification of moderate fibrosis is 
clinically important, as patients with F2 or greater 
fibrosis are at elevated risk for liver disease 
progression and require specialist management 
[22]. Conversely, individuals with no fibrosis or F1 
fibrosis are generally suitable for follow-up in 
primary care settings. This approach aligns with 
growing international consensus that moderate 
fibrosis, especially in the presence of metabolic 
syndrome and diabetes, warrants referral to a 
hepatologist. 

Some limitations should be acknowledged. As a 
cross-sectional study based in a tertiary care 
setting, there is potential for selection bias, as 
participants may have a higher burden of metabolic 
risk factors compared to the general population. 
Liver biopsy, while the gold standard for diagnosis, 
was reserved for selected cases due to ethical and 
logistical reasons, which may have resulted in 
underrepresentation of milder fibrosis. 
Nevertheless, all patients underwent validated non-
invasive assessment using TE and CAP, providing 
a strength to this study, and our findings remain 
highly comparable to other regional and global 
investigations. The rate of unsuccessful TE 
measurements in our cohort was low and in line 
with published data. 

Conclusion 

Older age, a higher body mass index, a longer 
duration of diabetes, poor glycemic control, and 
elevated transaminase levels are all strongly linked 
to an increased risk of liver fibrosis in individuals 
with type 2 diabetes and non-alcoholic fatty liver 
disease (NAFLD). Timely diagnosis and 
management of these risk factors depend on their 
recognition. Transient elastography may help with 
early liver fibrosis identification and lessen the 
need for invasive biopsy when used in clinical 
settings. In this high-risk group, broader 
implementation of focused screening techniques 
may aid in halting the development of severe liver 
disease. 
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