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ABSTRACT 
Background: Hepatic steatosis is common among patients with type 2 diabetes mellitus and may 
worsen with poor glycemic control and metabolic dysfunction. 
Objective: To assess the association between glycemic control and hepatic steatosis severity in 
patients with type 2 diabetes mellitus. 
Methodology: This cross-sectional analytical study was conducted at Department of Medicine Unit-
2, Chandka Medical College Hospital, Shaheed Mohtarma Benazir Bhutto Medical University, Larkana 
from 1st May 2025 to 31st October 2025, including 240 patients with type 2 diabetes mellitus. 
Baseline demographic and clinical variables included age, gender, duration of diabetes, body mass 
index, blood pressure, smoking status, comorbidities including hypertension and dyslipidemia, and 
antidiabetic treatment history. 
Results: Patients with moderate/severe steatosis were older, had longer diabetes duration, and 
higher body mass index compared with those having no/mild steatosis. HbA1c increased 
progressively from 6.8±0.9% in patients without steatosis to 10.1±1.6% in severe steatosis (p<0.001). 
Fasting blood glucose, alanine aminotransferase, aspartate aminotransferase, and triglycerides also 
increased significantly with steatosis severity. Hemoglobin A1c showed the strongest positive 
correlation with steatosis grade (r=0.68; p<0.001). Poor glycemic control was the strongest 
predictor of moderate-to-severe hepatic steatosis (aOR 4.26; 95% CI: 2.08–8.71; p<0.001). 
Conclusion: Poor glycemic control is significantly associated with increased hepatic steatosis 
severity in type 2 diabetic patients. 
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INTRODUCTION 

Chronic hyperglycemia due to insulin resistance 

and progressive beta-cell dysfunction is the 

hallmark of type 2 diabetes mellitus (T2DM) 
which is one of the major public health threats 

globally.1 This has increased in all parts of the 
world because of a lack of activity, unhealthy 

eating patterns, obesity and ageing of the 

population.2 In addition to the microvascular 
and macrovascular complications, a close 

relationship between type 2 diabetes and 
metabolic liver disease (hepatic steatosis) is 

now recognized.3 Hepatic steatosis, which is 

also called non-alcoholic fatty liver disease 
(NAFLD) or metabolic dysfunction-associated 

steatotic liver disease (MASLD), is defined by an 
abnormal amount of fat in the liver cells with no 

obvious secondary causes such as chronic 

alcohol use.4 It is known as the hepatic 
expression of metabolic syndrome and is closely 

related with obesity, insulin resistance, 
dyslipidaemia, hypertension and type 2 diabetes 

mellitus.5 Hepatic steatosis is more common in 

diabetic patients than in the general population: 
40–70% of diabetics have hepatic steatosis.6 
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The pathophysiological association of glycemic 

control and hepatic steatosis is bidirectional and 
complicated. Continuous hyperglycemia leads to 

de-novo-lipogenesis, oxidative stress, 
mitochondrial dysfunction and activation of 

inflammatory cytokines which all play a role in 

hepatic fat accumulation and disease 
progression.7 On the other hand, the hepatic 

steatosis increases insulin resistance and further 
compromises glycemic control, causing a vicious 

cycle.In contrast, insulin resistance becomes 
worse in the presence of hepatic steatosis, 

which further hampers glycemic control.8 

Therefore, hepatic steatosis may coexist with 
poor glycemic control and it may be worsened 

by poor glycemic control and may be a risk 
factor for its progression to steatohepatitis, 

fibrosis, cirrhosis and hepatocellular carcinoma.9 

Long-term glycemic control is widely considered 
to be a direct measure of glycated hemoglobin 

(HbA1c) and is often used to evaluate the 
metabolic risk among diabetics.10 Increased 

prevalence and severity of hepatic steatosis 
have been suggested to be related to higher 

HbA1c levels in several studies.11 The results of 

different studies have been mixed, but some 
show a strong relationship between obesity and 

insulin resistance, whereas others indicate that 
these correlations are not as great as the one 

between glycemic status and insulin 

resistance.12 
Liver ultrasonography, controlled attenuation 

parameter measurements, computed 
tomography (CT) and magnetic resonance 

imaging (MRI) are valid methods for assessing 

severity of hepatic steatosis, with liver biopsy 
being used in selected cases.13 Due to the 

accessibility, low cost and non-invasive nature 
of ultrasound, and its applications in routine 

clinical practice, it is one of the most widely 
used diagnostic methods.14 Clinically, the 

identification of liver steatosis in patients with 

diabetes is important as it can be related to 
increased cardiometabolic and liver risks.15 

Knowing the relationship between the degree of 
glycemic control and the degree of hepatic 

steatosis is relevant to the care of patients. 

Better glycaemic control could have the 
potential to decrease the amount of fat in the 

liver, and slow the progression of the disease, 
thereby reducing long-term complications.16,17 

However few local data are available about this 
association in patients suffering from type 2 

diabetes mellitus. 

 
MATERIALS AND METHODS 

This was a cross-sectional analytical study 

conducted at Department of Medicine Unit-2, 
Chandka Medical College Hospital, Shaheed 

Mohtarma Benazir Bhutto Medical University, 
Larkana from 1st May 2025 to 31st October 

2025, including 240 patients with diagnosed 

type 2 diabetes mellitus, to assess the 
association between glycemic control and 

hepatic steatosis severity. Patients older than 18 
years with the diagnosis of type 2 diabetes 

mellitus were enrolled. Eligible patients were 
those with available HbA1C results at the time 

of study evaluation and with abdominal 

ultrasonography for detecting hepatic steatosis. 
Patients with complete clinical, biochemical, and 

imaging records and those who consented to 
participate after adequate information was given 

were included. People with high levels of alcohol 

consumption, chronic viral hepatitis, or known 
chronic liver disease caused by non-metabolic 

factors were excluded. The patients with 
autoimmune hepatitis, Wilson disease, 

hemochromatosis, or drug-induced fatty liver 
disease, pregnant women, patients taking 

hepatotoxic drugs, and those with incomplete 

laboratory or imaging data were also excluded. 
Demographic and clinical data such as age, 

gender, diabetes duration, BMI, blood pressure, 
smoking history, drug history, and comorbidities 

(hypertension and dyslipidaemia) were included 

as baseline variables. Laboratory tests, which 
were performed, included fasting blood glucose, 

HbA1c, lipid profile, serum triglycerides, alanine 
aminotransferase (ALT), aspartate 

aminotransferase (AST), and fasting insulin 

(where available). HbA1C was classified as good 
control (HbA1C<7%), moderate control (HbA1C 

7-8.9%), and poor control (HbA1C ≥9%). 
Hepatic steatosis was subjectively graded as 

mild (Grade I), moderate (Grade II), and severe 
(Grade III) by abdominal ultrasonography 

following standard radiological criteria based on 

hepatic echogenicity, visualization of vascular 
structures, and posterior beam attenuation. A 

correlation was done between glycemic control 
and the severity of hepatic steatosis in clinical 

practice. 

The data was analyzed through SPSS-6.0. Chi-
square test was performed to evaluate the 

association among glycemic control categories 
and hepatic steatosis grades. The continuous 

variables were analysed using independent t-
tests or one-way ANOVA as appropriate. 

Moderate-to-severe hepatic steatosis was 

analyzed for independent predictors using 
multivariable logistic regression analysis. A p-
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value ≤0.05 was considered statistically 

significant. 
 
RESULTS 

Patients with moderate/severe steatosis were 
older (55.3±11.1 vs. 49.8±9.7 years; p<0.001), 

had longer diabetes duration (10.2±5.1 vs. 
6.4±3.8 years; p<0.001), and higher BMI 

(31.4±4.7 vs. 26.8±3.9 kg/m²; p<0.001). 

Hypertension, dyslipidemia, and family history 
of diabetes were also significantly more 

common in the moderate/severe group, 
showing a stronger metabolic risk burden (Table 

1). 
Mean HbA1c increased from 6.8±0.9% in 

patients without steatosis to 10.1±1.6% in 

severe steatosis (p<0.001). Fasting blood 
glucose, ALT, AST, and triglycerides also 

increased across grades, while HDL decreased 
from 46.1±7.8 to 33.9±6.4 mg/dL, indicating 

worsening metabolic and hepatic dysfunction 

with steatosis severity (Table 2, Fig. 1). 
A significant association was observed between 

glycemic control and severity of hepatic 
steatosis (p < 0.001). Among patients with 

good glycemic control (HbA1c <7%), the 
majority had no steatosis 24 (57.1%) or mild 

steatosis 26 (33.3%), while only 7 (8.5%) had 

moderate and 1 (2.6%) had severe steatosis. In 

the moderate control group (HbA1c 7–8.9%), 

mild steatosis was most common 38 (48.7%), 
followed by moderate steatosis 34 (41.5%), no 

steatosis 15 (35.7%), and severe steatosis 9 
(23.7%). In contrast, patients with poor 

glycemic control (HbA1c ≥9%) showed a clear 

shift toward advanced steatosis, with 41 
(50.0%) having moderate steatosis and 28 

(73.7%) having severe steatosis, while only 3 
(7.1%) had no steatosis (Table 3). 

Correlation analysis showed a strong positive 
relationship between HbA1c and steatosis grade 

(r=0.68; p<0.001). Fasting blood glucose 

(r=0.59), BMI (r=0.54), triglycerides (r=0.49), 
diabetes duration (r=0.46), and ALT (r=0.43) 

also showed significant positive correlations, 
suggesting that worsening glycemic and 

metabolic status is closely linked with hepatic 

steatosis severity (Table 4). 
Multivariate analysis identified poor glycemic 

control as the strongest predictor of moderate-
to-severe hepatic steatosis (aOR 4.26; 95% CI: 

2.08–8.71; p<0.001). Other significant 
predictors included BMI ≥30 kg/m² (aOR 3.51), 

diabetes duration >10 years (aOR 2.73), 

hypertriglyceridemia (aOR 2.58), and elevated 
ALT (aOR 2.11) [Table 5].

 
Table 1: Baseline Demographic, Clinical, and Metabolic Characteristics of Type 2 Diabetic Patients 

Stratified By Hepatic Steatosis Severity (N = 240) 

Variable 
Mild/No Steatosis 

(n=120) 

Moderate/Severe Steatosis 

(n=120) 
p-value 

Age (years) 49.8±9.7 55.3±11.1 <0.001 

Gender 

Male 47 (39.2%) 57 (47.5%) 
0.19 

Female 73 (60.8%) 63 (52.5%) 

Duration of diabetes 
(years) 

6.4±3.8 10.2±5.1 <0.001 

BMI (kg/m2) 26.8±3.9 31.4 ± 4.7 <0.001 

Hypertension 58 (48.3%) 84 (70.0%) 0.001 

Dyslipidemia 49 (40.8%) 79 (65.8%) <0.001 

Smoking 14 (11.7%) 24 (20.0%) 0.07 

Family history of diabetes 68 (56.7%) 83 (69.2%) 0.04 

 
Table 2: Comparative Glycemic and Biochemical Parameters According to Hepatic Steatosis Grade (N = 

240) 

Variable 

No 

Steatosis 
(n=42) 

Mild 

(n=78) 

Moderate 

(n=82) 

Severe 

(n=38) 
p-value 

Fasting Blood Glucose (mg/dL) 132.6±28.4 154.8±36.2 182.4±42.7 214.5±51.6 <0.001 

HbA1c (%) 6.8±0.9 7.6±1.1 8.7±1.3 10.1±1.6 <0.001 

ALT (U/L) 31.4±10.7 41.6±14.2 54.9±19.8 68.2±24.3 <0.001 

AST (U/L) 28.9±9.3 36.8±12.1 45.7±15.9 57.4±18.7 <0.001 

Triglycerides (mg/dL) 141.3±34.6 176.8±41.9 214.7±52.8 248.9±61.2 <0.001 

HDL (mg/dL) 46.1±7.8 41.8±8.1 37.5±7.3 33.9±6.4 <0.001 
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Table 3: Distribution of Glycemic Control Categories across Hepatic Steatosis Severity (n = 240) 

Glycemic Control 

Category 

No 

Steatosis 

Mild 

Steatosis 

Moderate 

Steatosis 

Severe 

Steatosis 
Total 

p-

value 

Good Control (HbA1c <7%) 
24 

(57.1%) 
26 

(33.3%) 
7 (8.5%) 1 (2.6%) 58 

<0.001 
Moderate Control (HbA1c 7-

8.9%) 

15 

(35.7%) 

38 

(48.7%) 

34 

(41.5%) 
9 (23.7%) 96 

Poor Control (HbA1c ≥9%) 3 (7.1%) 
14 

(17.9%) 

41 

(50.0%) 

28 

(73.7%) 
86 

 
Table 4: Correlation between Glycemic Parameters and Hepatic Steatosis Severity 

Variable 
Correlation Coefficient 

(r) 
p-value 

HbA1c vs Steatosis Grade 0.68 <0.001 

Fasting Blood Glucose vs Steatosis Grade 0.59 <0.001 

Duration of Diabetes vs Steatosis Grade 0.46 <0.001 

BMI vs Steatosis Grade 0.54 <0.001 

Triglycerides vs Steatosis Grade 0.49 <0.001 

ALT vs Steatosis Grade 0.43 <0.001 

 
Table 5: Multivariate Logistic Regression Analysis for Predictors of Moderate-To-Severe Hepatic Steatosis 

Variable Adjusted OR 95% CI p-value 

Poor Glycemic Control (HbA1c ≥9%) 4.26 2.08–8.71 <0.001 

BMI ≥30 kg/m2 3.51 1.82–6.77 <0.001 

Diabetes Duration >10 years 2.73 1.36–5.46 0.004 

Hypertriglyceridemia 2.58 1.29–5.13 0.007 

Elevated ALT 2.11 1.05–4.24 0.03 

 

 
Fig. 1: Comparative Trends In Glycemic and Biochemical Parameters across Different 

Grades of Hepatic Steatosis in Type 2 Diabetic Patients 
 

DISCUSSION 

This study assessed the linkage between 

glycemic control and the severity of hepatic 
steatosis among type 2 diabetes mellitus 

patients, and found a strong correlation 

between poor glycemic control and a more 

severe degree of fatty liver disease. The results 
confirm the intimate metabolic relationship 

between chronic hyperglycemia, insulin 

resistance, dyslipidaemia, and liver fat. Overall, 
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a high prevalence of metabolic risk factors was 

observed, and half of the patients had moderate 
to severe hepatic steatosis. Patients with 

steatosis were significantly older and had longer 
duration of diabetes and higher BMI, reflecting 

the time required for the degree of steatosis to 

be severe, and thus indicating a longer period of 
metabolic injury. Continuous exposure to insulin 

resistance and extended hyperglycaemia is likely 
to result in the speeding up of the accumulation 

of lipids in the liver and inflammatory processes. 
Increased age, obesity and diabetes duration 

were also reported to be strongly associated 

with advanced hepatic steatosis in diabetic 
population in previous research.18 One of the 

results of this study was the worsening glycemic 
indices in the progressive stages of hepatic 

steatosis severity. Higher HbA1c was observed 

in the patients with severe steatosis 
(10.1±1.6%) compared to those without 

steatosis (6.8±0.9%). Also, blood glucose level 
significantly increased with grade of steatosis. 

This further supports the idea that the effects of 
poor long-term glycemic control directly lead to 

liver fat accumulation by increasing de novo 

lipogenesis and oxidative stress, and decreasing 
insulin signaling. Another study showed that a 

high HbA1c level was significantly correlated 
with worsening FLD in T2DM patients.19 There 

were also significant progressive decreases of 

liver enzyme levels and lipid parameters as 
steatosis progressed. The levels of ALT and AST 

gradually increased, and triglyceride levels 
significantly increased, while HDL levels 

decreased. These results suggest that 

progressive hepatocellular damage and 
metabolic dysfunction occurs in people with 

severe fatty liver disease. Hypertriglyceridemia 
is probably due to elevated influx of lipids into 

the liver and/or a diminished clearance of lipids. 
A previous study also showed that moderate to 

severe FLD was associated with high levels of 

liver enzymes and adverse lipid profile in 
diabetics.20 

When adjusted for glycemic control categories, 
a stronger association was observed. Poorly 

controlled diabetic patients tended to have a 

high proportion of moderate and severe 
steatosis whereas most patients with good 

glycemic control had either none or mild 
steatosis. This trend is indicative of a dose-

response relationship between deterioration of 
glycemic control and hepatic fat content. A prior 

study also demonstrated that having poor 

HbA1c control was a significant risk for 
advanced hepatic steatosis.21 The highest 

correlation with severity of hepatic steatosis was 

found with HbA1c (r=0.68), followed by fasting 

glucose, BMI, triglycerides and duration of 
diabetes. These results indicate that several 

metabolic parameters are associated with fatty 
liver severity but the glycemic control is a 

specific parameter that has a more significant 

effect on the severity of fatty liver. In another 
study, HbA1c was also found to be one of the 

best biochemical markers of the severity of 
hepatic steatosis in diabetic patients.22 These 

results have important clinical implications. In 
recent years, it has been thought that hepatic 

steatosis was not a trivial incidental, particularly 

in diabetics, but rather a precursor to 
steatohepatitis, fibrosis, cirrhosis and 

cardiovascular disease. Routine glycemic and 
hepatic assessment of patients may help to 

identify the high-risk diabetic patient at an early 

stage, for timely intervention. 
Limitations: Being a single-center cross-

sectional study, causal relationship between 

poor glycemic control and hepatic steatosis 
severity could not be established. Hepatic 

steatosis was assessed by ultrasonography, 

which is operator-dependent and less sensitive 
for detecting mild steatosis compared with 

advanced imaging or liver biopsy. The sample 
size was moderate, which may limit subgroup 

analysis. Lifestyle factors such as diet, physical 
activity, and medication adherence were not 

fully assessed. Additionally, long-term follow-up 

was not performed, so progression to 
steatohepatitis, fibrosis, or cirrhosis could not be 

evaluated. 
 
CONCLUSION 

Poor glycemic control is strongly associated with 
increased severity of hepatic steatosis in 

patients with type 2 diabetes mellitus. Higher 

HbA1c levels, prolonged duration of diabetes, 
obesity, hypertriglyceridemia, and elevated liver 

enzymes were significant predictors of 
moderate-to-severe hepatic steatosis. The 

progressive worsening of hepatic steatosis with 
deteriorating metabolic control highlights the 

close pathophysiological relationship between 

diabetes and fatty liver disease. 
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