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Abstract: 
Background: Non-alcoholic fatty liver disease (NAFLD) is commonly associated with type 2 diabetes mellitus 
(T2DM) and may progress silently to steatohepatitis and fibrosis. Early identification of clinical and biochemical 
predictors is useful for risk stratification.  
Aim: To evaluate the clinical and biochemical predictors of NAFLD among patients with T2DM. 
Methods: This prospective observational study was conducted at GSL Medical College, Rajahmundry, from 
January to May 2026. A total of 124 patients with T2DM were included. Clinical details, anthropometric 
measurements, glycaemic parameters, lipid profile and liver enzymes were recorded. Abdominal ultrasonography 
was used to diagnose NAFLD. Patients with and without NAFLD were compared, and predictors were analysed 
statistically. 
Results: NAFLD was detected in 78 patients (62.9%), while 46 patients (37.1%) had no fatty liver. Patients with 
NAFLD had significantly higher BMI, waist circumference, systolic blood pressure, fasting blood glucose, 
postprandial blood glucose, HbA1c, triglycerides, LDL cholesterol, ALT and AST levels. Multivariate analysis 
identified BMI ≥25 kg/m², high-risk waist circumference, HbA1c ≥8%, triglycerides ≥150 mg/dL and ALT 
elevation as independent predictors. 
Conclusion: NAFLD was highly prevalent among T2DM patients. Obesity markers, poor glycaemic control, 
hypertriglyceridaemia and ALT elevation were useful predictors for identifying high-risk diabetic patients. 
Keywords: Type 2 diabetes mellitus; Non-alcoholic fatty liver disease; HbA1c; Triglycerides; Waist 
circumference. 
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Introduction

Non-alcoholic fatty liver disease (NAFLD), now 
increasingly described under metabolic dysfunction-
associated steatotic liver disease terminology, is a 
major hepatic manifestation of insulin resistance and 
is highly relevant in patients with type 2 diabetes 
mellitus (T2DM). In India, the growing burden of 
obesity, central adiposity and T2DM has made 
NAFLD an important clinical problem, because 
many patients remain asymptomatic until 
steatohepatitis or fibrosis develops [1]. Indian data 
show that NAFLD among patients with T2DM is 
strongly associated with metabolic risk clustering, 
including higher body mass index, waist-height 
ratio, dyslipidaemia, poor glycaemic status and liver 
enzyme abnormalities [2]. Recent Indian studies 
also emphasize that fibrosis risk in diabetic fatty 
liver can be identified using simple biochemical and 

non-invasive parameters such as AST, ALT, platelet 
count, bilirubin, FIB-4, APRI and NAFLD fibrosis 
score, which are feasible in routine clinical practice 
[3]. Early recognition of such predictors is important 
for risk stratification, timely lifestyle intervention 
and referral for advanced liver assessment. The aim 
of this study was to evaluate the clinical and 
biochemical predictors of NAFLD among patients 
with T2DM. 

Methods 

This prospective observational study was conducted 
in the department of General Medicine in 
collaboration with the Department of Biochemistry 
and Radiodiagnosis, GSL Medical College, 
Rajahmundry, Andhra Pradesh, from January 2026 
to May 2026. Adult patients diagnosed with T2DM 
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and attending the outpatient department or admitted 
to the hospital during the study period were 
considered for enrolment. Patients were included if 
they were aged ≥18 years, had a confirmed diagnosis 
of T2DM based on previous medical records, 
antidiabetic treatment history, or standard diagnostic 
criteria, and were willing to provide informed 
consent. Patients with significant alcohol intake, 
known chronic liver disease, viral hepatitis, 
autoimmune liver disease, drug-induced liver injury, 
pregnancy, malignancy, chronic renal failure, or 
those receiving hepatotoxic drugs were excluded. 
Ethical clearance was obtained from the Institutional 
Ethics Committee before initiation of the study, and 
written informed consent was obtained from all 
participants. 

A detailed clinical evaluation was performed for 
each participant using a predesigned study 
proforma. Demographic details such as age, gender, 
residence and occupation were recorded. Clinical 
history included duration of diabetes mellitus, 
treatment details, dietary habits, physical activity, 
family history of diabetes, hypertension, 
dyslipidaemia and other comorbidities. 
Anthropometric measurements were recorded using 
standard techniques. Height was measured in 
centimetres, weight in kilograms, and body mass 
index was calculated as weight in kilograms divided 
by height in metres squared. Waist circumference 
was measured at the midpoint between the lower 
margin of the last rib and the iliac crest. Blood 
pressure was measured in the sitting position after 
adequate rest using a calibrated 
sphygmomanometer. Clinical examination was 
carried out to identify features such as central 
obesity, hepatomegaly, acanthosis nigricans and 
other relevant systemic findings. Based on 
abdominal ultrasonography, participants were 
categorized into those with non-alcoholic fatty liver 
disease and those without fatty liver. 

Venous blood samples were collected under aseptic 
precautions after overnight fasting. Biochemical 
parameters included fasting blood glucose, 
postprandial blood glucose, glycated haemoglobin, 
serum total cholesterol, triglycerides, high-density 
lipoprotein cholesterol, low-density lipoprotein 
cholesterol, very-low-density lipoprotein 
cholesterol, serum aspartate aminotransferase, 
alanine aminotransferase, alkaline phosphatase, 
total bilirubin, serum albumin, urea and creatinine. 
Ultrasonography of the abdomen was performed by 
an experienced radiologist using standard criteria for 
hepatic steatosis, including increased hepatic 

echogenicity, hepatorenal contrast, vascular blurring 
and poor visualization of the diaphragm. Data were 
entered into Microsoft Excel and analysed using 
SPSS software version 22. Continuous variables 
were expressed as mean ± standard deviation, while 
categorical variables were expressed as frequency 
and percentage. Clinical and biochemical variables 
were compared between patients with and without 
NAFLD using Student’s t-test or Mann–Whitney U 
test for continuous variables and chi-square test or 
Fisher’s exact test for categorical variables. Logistic 
regression analysis was applied to identify 
independent predictors of NAFLD among patients 
with T2DM. A p value <0.05 was considered 
statistically significant. 

Results 

A total of 124 patients with T2DM were included. 
Of these, 78 (62.9%) had ultrasonographic evidence 
of NAFLD, while 46 members (37.1%) did not have 
fatty liver (Table 1). The mean age of the study 
population was 53.42 ± 9.86 years, and NAFLD was 
more frequent in the 51–60 years age group (Table 
1). Male predominance was observed in both 
groups, but gender distribution was not statistically 
significant (Table 1). Patients with NAFLD had 
significantly higher mean BMI, waist circumference 
and systolic blood pressure compared with those 
without NAFLD (Table 2). Duration of diabetes >5 
years was also more common among patients with 
NAFLD and showed a statistically significant 
association (Table 1). Biochemical analysis showed 
that patients with NAFLD had significantly higher 
fasting blood glucose, postprandial blood glucose 
and HbA1c levels, suggesting poorer glycaemic 
control (Table 3). Lipid profile abnormalities were 
also more marked in the NAFLD group, particularly 
elevated triglycerides, LDL cholesterol and reduced 
HDL cholesterol (Table 3). Liver enzyme levels 
were significantly higher among patients with 
NAFLD, especially ALT and AST, although most 
values were within the mild elevation range (Table 
3). On multivariate logistic regression, BMI ≥25 
kg/m², waist circumference above the risk cut-off, 
HbA1c ≥8%, triglycerides ≥150 mg/dL and ALT 
elevation were identified as significant independent 
predictors of NAFLD among patients with type 2 
diabetes mellitus (Table 4). These findings indicate 
that clinical obesity markers, poor glycaemic 
control, dyslipidaemia and liver enzyme 
abnormalities were important predictors of fatty 
liver in diabetic patients (Tables 2–4).
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Table 1: Baseline clinical characteristics of the study members 
Variable NAFLD Test 

value 
p value 

Present (n=78) Absent (n=46) Total (n=124) 
Mean age, years 54.18 ± 9.42 52.13 ± 10.51 53.42 ± 9.86 t=1.13 0.26 
Age ≤50 years 28 (35.9%) 21 (45.7%) 49 (39.5%) χ²=1.17 0.279 
Age >50 years 50 (64.1%) 25 (54.3%) 75 (60.5%) 
Male 45 (57.7%) 25 (54.3%) 70 (56.5%) χ²=0.13 0.716 
Female 33 (42.3%) 21 (45.7%) 54 (43.5%) 
Duration of diabetes ≤5 years 29 (37.2%) 27 (58.7%) 56 (45.2%) χ²=5.45 0.02 
Duration of diabetes >5 years 49 (62.8%) 19 (41.3%) 68 (54.8%) 
Hypertension present 42 (53.8%) 16 (34.8%) 58 (46.8%) χ²=4.20 0.04 

 
Table 2: Anthropometric and clinical predictors among the study members 

Variable NAFLD Test value p value 
Present Absent 

BMI, kg/m² 27.62 ± 3.84 24.91 ± 3.12 t=4.05 <0.001 
BMI ≥25 kg/m² 56 (71.8%) 18 (39.1%) χ²=12.89 <0.001 
Waist circumference, cm 96.48 ± 8.72 89.36 ± 7.94 t=4.55 <0.001 
High-risk waist circumference 61 (78.2%) 22 (47.8%) χ²=11.98 0.001 
Systolic BP, mmHg 136.42 ± 14.28 129.13 ± 12.84 t=2.85 0.005 
Diastolic BP, mmHg 84.26 ± 8.92 81.74 ± 7.86 t=1.58 0.116 

 
Table 3: Biochemical parameters among the study members 

Parameter NAFLD Test 
value 

p value 
Present Absent 

Fasting blood glucose, mg/dL 158.64 ± 38.72 137.26 ± 31.45 t=3.18 0.002 
Postprandial blood glucose, mg/dL 236.82 ± 58.41 201.74 ± 49.36 t=3.42 0.001 
HbA1c, % 8.42 ± 1.36 7.61 ± 1.18 t=3.36 0.001 
Total cholesterol, mg/dL 196.24 ± 42.15 181.36 ± 36.82 t=1.99 0.049 
Triglycerides, mg/dL 184.72 ± 56.38 142.63 ± 41.29 t=4.40 <0.001 
LDL cholesterol, mg/dL 121.45 ± 32.18 107.28 ± 28.46 t=2.46 0.015 
HDL cholesterol, mg/dL 39.26 ± 8.14 44.18 ± 7.96 t=3.28 0.001 
ALT, IU/L 48.36 ± 19.42 32.74 ± 13.86 t=4.80 <0.001 
AST, IU/L 42.18 ± 16.25 31.86 ± 12.94 t=3.67 <0.001 

 
Table 4: Multivariate logistic regression analysis for predictors of NAFLD 

Predictor variable Adjusted odds ratio 95% CI p value 
Age >50 years 1.34 0.61–2.94 0.462 
Duration of diabetes >5 years 2.12 1.01–4.46 0.047 
BMI ≥25 kg/m² 3.48 1.55–7.82 0.003 
High-risk waist circumference 3.21 1.38–7.45 0.007 
HbA1c ≥8% 2.76 1.25–6.09 0.012 
Triglycerides ≥150 mg/dL 3.64 1.62–8.16 0.002 
ALT elevation 2.89 1.24–6.71 0.014 
Hypertension 1.76 0.81–3.82 0.152 

 
Discussion: 

In the present prospective study involving 124 
patients with T2DM, ultrasonographic evidence of 
NAFLD observed in 78 patients, giving a prevalence 
of 62.9%. This finding confirms that NAFLD is 
highly common among diabetic patients and 
supports the view that fatty liver should be 
considered an important hepatic component of the 
metabolic syndrome in routine diabetic care. Indian 
studies have reported a high burden of NAFLD 
among patients with diabetes, with prevalence 
estimates commonly exceeding 50%, particularly in 

hospital-based and high-risk metabolic populations 
[1, 4]. The pooled Indian evidence also indicates that 
NAFLD prevalence is substantially higher in 
diabetic, obese and metabolically unhealthy 
individuals than in the general population [5]. The 
present prevalence is comparable to recent Indian 
reports, including studies where NAFLD or hepatic 
steatosis among T2DM patients ranged from nearly 
57% to more than 70%, depending on the diagnostic 
modality and population profile [6, 7]. This 
reinforces the need for active screening, as many 
patients with diabetic fatty liver remain clinically 
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silent until fibrosis or advanced liver disease 
develops [8]. 

The higher frequency of NAFLD in the 51–60 years 
age group and in patients with longer duration of 
diabetes suggests cumulative metabolic exposure as 
an important contributor to hepatic steatosis. 
Although age and gender were not independent 
predictors in the present regression model, duration 
of diabetes more than five years showed a significant 
association with NAFLD. This agrees with Indian 
observations that longer diabetes duration increases 
the probability of hepatic steatosis and fibrosis risk, 
probably through prolonged insulin resistance, 
chronic hyperglycaemia, dyslipidaemia and adipose 
tissue dysfunction [9]. Mondal et al. observed that 
increasing age and duration of diabetes were 
associated with higher FIB-4-based fibrosis risk 
among diabetic patients attending a primary 
healthcare NCD clinic in North India [10]. 
Similarly, studies using elastography in Indian 
diabetic cohorts have shown that fibrosis risk is not 
rare and may remain undetected when only routine 
liver enzymes are used [8, 11]. Therefore, diabetic 
patients with longer disease duration require more 
careful hepatic risk assessment, even when 
symptoms are absent or liver function tests show 
only mild abnormalities. 

Anthropometric markers were strong predictors of 
NAFLD in the present study. Patients with NAFLD 
had significantly higher BMI and waist 
circumference, and both BMI ≥25 kg/m² and high-
risk waist circumference remained independent 
predictors in multivariate analysis. This finding is 
biologically plausible because central obesity 
reflects visceral adiposity, which promotes hepatic 
free fatty acid flux, insulin resistance, inflammatory 
cytokine release and de novo lipogenesis. Indian 
patients are particularly vulnerable because 
metabolic complications may occur at lower BMI 
levels compared with Western populations [12]. 
Mukherjee et al. reported that NAFLD was common 
among newly diagnosed T2DM patients and was 
especially associated with obesity markers and high 
fat intake [13]. Panikar et al. also showed that 
steatosis and fibrosis stages among Indian NAFLD 
patients with T2DM were associated with metabolic 
risk factors [7]. However, Indian literature also 
emphasizes that lean NAFLD is clinically relevant, 
and lean Indian patients may still develop significant 
liver disease severity despite having fewer classical 
metabolic risk factors [14]. Thus, while obesity 
remains a major predictor, normal BMI should not 
completely exclude NAFLD risk in Indian diabetic 
patients. 

Poor glycaemic control was another important 
finding of the present study. Patients with NAFLD 
had significantly higher fasting blood glucose, 
postprandial blood glucose and HbA1c levels than 
those without fatty liver, and HbA1c ≥8% 

independently predicted NAFLD. This indicates that 
hepatic steatosis in diabetic patients is closely linked 
with inadequate metabolic control. Hyperglycaemia 
aggravates hepatic lipogenesis and oxidative stress, 
while hepatic fat accumulation further worsens 
insulin resistance, creating a bidirectional 
relationship between NAFLD and T2DM [15]. 
Pramanik et al. emphasized that NAFLD affects 
more than half of individuals living with T2DM and 
that diabetes increases the risk of progressive 
steatohepatitis and fibrosis [15]. Kumar et al. 
reported that HbA1c and blood glucose levels 
correlated significantly with fatty liver grades in 
patients with T2DM and NAFLD assessed by shear 
wave elastography [11]. These findings support the 
present observation that glycaemic control is not 
only a marker of diabetes status but also an 
important clinical signal for fatty liver risk. 
Therefore, liver evaluation should be integrated into 
diabetic patients with persistently raised HbA1c. 

Dyslipidaemia was strongly associated with 
NAFLD in this study, particularly elevated 
triglycerides, increased LDL cholesterol and 
reduced HDL cholesterol. Among these, 
triglycerides ≥150 mg/dL emerged as an 
independent predictor of NAFLD. This agrees with 
the known pathophysiology of diabetic NAFLD, 
where insulin resistance increases adipose lipolysis, 
hepatic triglyceride synthesis and very-low-density 
lipoprotein production. Ray and Agarwala showed 
that triglycerides, BMI, LDL cholesterol and HbA1c 
were important metabolic predictors linked to 
NAFLD severity parameters in Indian subjects [16]. 
Rajesh et al. also demonstrated improvement in 
triglycerides, liver enzymes, HbA1c and fibrosis 
parameters after saroglitazar therapy in South Indian 
patients with NAFLD and diabetic dyslipidaemia, 
indirectly supporting the central role of 
dyslipidaemia in diabetic fatty liver [17]. In the 
present study, reduced HDL cholesterol among 
NAFLD patients further reflects an atherogenic lipid 
profile. This is clinically important because NAFLD 
in diabetes is not only a liver disease but also a 
marker of cardiovascular and systemic metabolic 
risk [18]. Hence, lipid abnormalities should be 
interpreted as predictors of both hepatic and 
cardiovascular complications. 

Liver enzyme abnormalities, particularly ALT and 
AST elevation, were significantly higher in patients 
with NAFLD, and ALT elevation remained an 
independent predictor in the regression model. 
However, most enzyme elevations were mild, 
emphasizing that normal or near-normal 
aminotransferases cannot exclude NAFLD or 
fibrosis. INASL guidance recommends that risk 
assessment should not depend only on liver 
enzymes, and non-invasive tools such as FIB-4, 
NAFLD fibrosis score, transient elastography and 
controlled attenuation parameter may be used for 
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further stratification where feasible [1]. Recent 
Indian studies using transient elastography and shear 
wave elastography have shown a meaningful burden 
of clinically significant fibrosis among diabetic 
patients, even in outpatient settings [8, 11]. The 
present findings therefore support a practical 
screening approach in which diabetic patients with 
obesity, high waist circumference, poor glycaemic 
control, hypertriglyceridaemia and ALT elevation 
are prioritized for ultrasound and non-invasive 
fibrosis assessment. The study is limited by single-
centre design, ultrasound-based diagnosis and 
absence of elastography or histology, but it provides 
useful evidence that simple clinical and biochemical 
markers can help identify diabetic patients at high 
risk for NAFLD in routine practice. 

Conclusion 

In this prospective study, non-alcoholic fatty liver 
disease was identified in a substantial proportion of 
patients with type 2 diabetes mellitus. Patients with 
NAFLD showed higher BMI, increased waist 
circumference, longer duration of diabetes, poorer 
glycaemic control, dyslipidaemia and mild liver 
enzyme elevation compared with those without fatty 
liver. On multivariate analysis, BMI ≥25 kg/m², 
high-risk waist circumference, HbA1c ≥8%, 
triglycerides ≥150 mg/dL and ALT elevation were 
significant independent predictors. These findings 
suggest that simple clinical and biochemical 
parameters can help identify diabetic patients at 
increased risk of NAFLD and support routine 
screening in high-risk T2DM patients. 

References: 

1. Duseja A, Singh SP, De A, et al. Indian National 
Association for Study of the Liver (INASL) 
Guidance Paper on Nomenclature, Diagnosis 
and Treatment of Nonalcoholic Fatty Liver 
Disease (NAFLD). J Clin Exp Hepatol. 2023; 
13(2): 273 – 302.  

2. Suvarna R, Nasir MA, Stanley W, Prabhu MM. 
Anthropometric Indices and Type 2 Diabetes 
Mellitus as a Risk Factor in Predicting 
Nonalcoholic Fatty Liver Disease - A 
Prospective Study in Indian Population. Indian 
J Community Med. 2022; 47(3): 386 – 90. 

3. Naskar A, Mondal A, Chatterjee R, De RD, Roy 
S. Assessing Liver Fibrosis in Type 2 Diabetes 
Mellitus Patients with Metabolic Dysfunction-
Associated Steatotic Liver Disease: The Role of 
Non-invasive Scoring Systems and Associated 
Factors. Cureus. 2024; 16(6): e62405. 

4. Anirban Sinha, Biswabandhu Bankura. 
Prevalence of nonalcoholic fatty liver disease in 
type 2 diabetes mellitus patients from the 
Eastern region of India. Diabetes Epidemiology 
and Management. 2023; 12: 100161. 
   

5. Shalimar, Elhence A, Bansal B, Gupta H, 
Anand A, Singh TP, Goel A. Prevalence of 
Non-alcoholic Fatty Liver Disease in India: A 
Systematic Review and Meta-analysis. J Clin 
Exp Hepatol. 2022; 12(3): 818 – 29. 

6. Kumar P, Rawat S, Kakar A, Sinha AK. 
Prevalence of non-alcoholic fatty liver disease 
among diabetes, prediabetes and healthy 
population. J Family Med Prim Care. 2022; 
11(12): 7640 – 3. 

7. Panikar V, Gupta A, Nasikkar N, Joshi S, et al. 
Prevalence and Association of Risk Factors 
According to Liver Steatosis and Fibrosis 
Stages among Nonalcoholic Fatty Liver Disease 
Patients with Type 2 Diabetes Mellitus in India: 
A Cross-sectional Study. J Assoc Physicians 
India. 2024; 72(7): 29 – 33. 

8. Deb R, Goswami S, Sengupta N, Baidya A, et 
al. Prevalence of Clinically Significant Liver 
Fibrosis as Measured by Transient Elastography 
due to Non-alcoholic Fatty Liver Disease in 
Indian Individuals with Type 2 Diabetes 
Mellitus. Indian J Endocrinol Metab. 2024; 
28(4): 385 – 90. 

9. Bhuvanesswar KC, Srivastava BK, Amutha A, 
et al. Prevalence of Hepatic Steatosis and 
Fibrosis in Asian Indian Individuals with Type 
2 Diabetes. Diabetes Ther. 2025; 16(9): 1797 – 
811.  

10. Mondal A, Debnath A, Dhandapani G, Sharma 
A, Lukhmana S, Yadav G. Prevalence of High 
and Moderate Risk of Liver Fibrosis Among 
Patients with Diabetes at a Noncommunicable 
Diseases (NCD) Clinic in a Primary Healthcare 
Center in Northern India. Cureus. 2023; 15(11): 
e49286.   

11. Kumar AD, Kumar S, Rajagopal R, Ramesh R, 
M M. Non-invasive Assessment of Liver 
Fibrosis Using Shear Wave Elastography in 
Patients with Type 2 Diabetes Mellitus Having 
Non-alcoholic Fatty Liver Disease. Cureus. 
2024; 16(10): e72471. 

12. Singhai A, Yadav V, Joshi R, Malik R, T SB, 
Kamle S. Prevalence, Metabolic Profile, and 
Associated Risk Factors of Non-alcoholic Fatty 
Liver Disease in an Adult Population of India. 
Cureus. 2023; 15(1): e33977. 

13. Mukherjee S, Mukherjee B, Goswami A, Kwok 
CS, Phillips A. Non-Alcoholic Fatty Liver 
Disease Among Newly Diagnosed Type 2 
Diabetes Mellitus in North Bihar and Missed 
Opportunities for Early Diagnosis. Cureus. 
2024; 16(12): e75661. 

14. De A, Mehta M, Singh P, Bhagat N, Mitra S, 
Das A, Duseja A. Lean Indian patients with 
non-alcoholic fatty liver disease (NAFLD) have 
less metabolic risk factors but similar liver 
disease severity as non-lean patients with 
NAFLD. Int J Obes (Lond). 2023; 47(10): 986 
– 92. 



 
  

International Journal of Current Pharmaceutical Review and Research           e-ISSN: 0976-822X, p-ISSN: 2961-6042 
 

Nikitha et al.                       International Journal of Current Pharmaceutical Review and Research  

135   

15. Pramanik S, Pal P, Ray S. Non-alcoholic fatty 
liver disease in type 2 diabetes: Emerging 
evidence of benefit of peroxisome proliferator-
activated receptors agonists and incretin-based 
therapies. World J Methodol. 2024; 14(2): 
91319. 

16. Ray G, Agarwala T. A study of metabolic 
parameters in Nondiabetic patients with non-
alcoholic fatty liver disease - importance of 
dyslipidemia. Arq Gastroenterol. 2019; 56(3): 
270 – 5. 

17. Rajesh NA, Drishya L, Ambati MMR, et al. 
Safety and Efficacy of Saroglitazar in 
Nonalcoholic Fatty Liver Patients with Diabetic 
Dyslipidemia-A Prospective, Interventional, 
Pilot Study. J Clin Exp Hepatol. 2022; 12(1): 61 
– 7. 

18. Bhardwaj M, Mazumder PM. The gut-liver 
axis: emerging mechanisms and therapeutic 
approaches for nonalcoholic fatty liver disease 
and type 2 diabetes mellitus. Naunyn 
Schmiedebergs Arch Pharmacol. 2024; 
397(11): 8421 – 43.

 

 


