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Introduction
Non-alcoholic fatty liver disease (NAFLD) 

encompasses a spectrum of hepatic lesions, ranging 

from simple steatosis without significant 

necroinflammatory damage to non-alcoholic 

steatohepatitis (NASH), characterized by hepatocyte 

injury, apoptosis, cell death, and inflammation in the 
1absence of alcohol consumption.  NAFLD is closely 

associated with obesity, insulin resistance, type 2 

diabetes mellitus (T2DM), and other metabolic 

abnormal i t ies  such as  dys l ip idemia and 
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ABSTRACT
Objective: Non-Alcoholic Fatty Liver Disease (NAFLD) is a significant health concern globally, particularly in 
individuals with Type 2 Diabetes Mellitus (T2DM). This study aims to evaluate the frequency and severity of 
NAFLD among diabetic and non-diabetic populations using ultrasound imaging, focusing on its implications in 
Pakistan.
Study Design: Comparative cross-sectional study.
Place and Duration of Study: The study was conducted at the Department of Medicine, Ibn-e-Siena Hospital & 

th th
Research Institute, Multan, Pakistan from 17  September 2018 to 16  March 2019. 
Methods: A total of 324 participants were enrolled, including 162 patients diagnosed with type 2 diabetes 
mellitus and 162 age- and gender-matched non-diabetic controls. The study included male and female patients 
aged 30-60 years, diagnosed with type 2 diabetes and on oral hypoglycemic agents or insulin for at least one 
year. Patients with suspected autoimmune hepatitis, viral hepatitis, chronic liver disease, excessive alcohol 
consumption, or those unwilling to participate were excluded. Abdominal ultrasonography was employed to 
assess liver echogenicity and grade hepatic steatosis. Statistical analysis was carried out using SPSS version 
26.0. Categorical variables were analyzed using the chi-square test, while continuous variables were assessed 
using the independent t-test. A P-value <0.05 was considered statistically significant.
Results: The frequency of NAFLD was significantly higher in the diabetic group (76%) compared to non-
diabetics (48%) (P < 0.001). Moreover, moderate to severe NAFLD was more frequent in diabetics (54%) than in 
non-diabetics (20%). NAFLD severity showed a significant correlation with increasing age (≥50 years), obesity 
(BMI ≥30 kg/m²), and poor glycemic control (HbA1c ≥7%).
Conclusion: Non-alcoholic fatty liver disease (NAFLD) is more prevalent and severe in type 2 diabetics 
compared to non-diabetics, as assessed through ultrasound imaging anatomy. 
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hypertension, collectively termed metabolic 
2syndrome.  Additionally, NAFLD is linked with 

cardiovascular disease, which manifests as increased 

thickness of the tunica intima and media and the 

presence of carotid plaques, indicative of 
3progressive atherosclerosis.

The pathophysiology of NAFLD encompasses various 

mechanisms, such as reduced mitochondrial fatty 

acid beta-oxidation, heightened endogenous fatty 

acid synthesis, increased delivery of fatty acids to the 

liver, and impaired incorporation or export of 
4

triglycerides as very low-density lipoprotein (VLDL).  

Numerous genes have been identified as potential 
5

contributors to the onset and progression of NAFLD.  

Dietary factors, such as high intake of sugar-

sweetened foods and beverages, particularly those 

high in fructose, also play a significant role in NAFLD 

pathogenesis.

Type 2 diabetes mellitus is marked by hyperglycemia 

due to a combination of insulin resistance, 

insufficient insulin secretion, and excessive or 

inappropriate glucagon secretion. Although many 

patients with T2DM are asymptomatic, classic 

symptoms can include polyuria, polydipsia, 

polyphagia, weight loss, soft tissue infections, 
6

blurred vision, and lower limb paresthesias.

Epidemiological studies indicate a high frequency of 

NAFLD among individuals with T2DM. For instance, 

research in Iran reported an 86.66% frequency of 

NAFLD in T2DM patients, while a study in Korea 
7,8

found a frequency of 63.3%.  In Pakistan, a study by 

Alavi N. revealed that 69% of T2DM patients had 
9

NAFLD.

The frequency of NAFLD varies widely across 

different populations, influenced by racial and 

genetic factors. However, there is a notable gap in 

comprehensive data on NAFLD frequency in the 

Pakistani population, particularly when comparing 

T2DM and non-diabetic groups. This study aims to 

bridge this gap by evaluating the burden of NAFLD in 

both T2DM and non-diabetic populations using 

ultrasound anatomy imaging. 

Understanding NAFLD frequency and characteristics 

in the Pakistani population, particularly between 

T2DM and non-diabetic groups, is crucial due to the 

rising incidence of T2DM and metabolic syndrome in 

Pakistan. This study leverages non-invasive 

ultrasound imaging to provide accurate data on 

NAFLD, facilitating early diagnosis and management. 

By systematically comparing these populations, we 

aim to elucidate the specific impact of T2DM on liver 

health, contributing to global knowledge and 

informing targeted public health interventions. 

Methods
The study was conducted at the Department of 

Medicine, Ibn-e-Siena Hospital & Research Institute, 

Multan, Pakistan. The research spanned six months 
th thfrom 17  September 2018 to 16  March 2019 after 

taking approval from the Ethical Review Board of the 
thinstitute vide letter no: A-8-817, held on 30  August 

2018. Initially, a sample size of 324 patients was 

planned. After excluding 5 patients, 324 patients 

were included in the final analysis. These 324 

patients were divided into two groups: 162 type 2 

diabetic patients and 162 non-diabetic individuals.

The sampling technique used was consecutive non-

probability sampling. Inclusion criteria for both 

groups were: male and female patients aged 

between 30 and 60 years. The type 2 diabetic group 

consisted of individuals diagnosed with type 2 

diabetes mellitus and on oral hypoglycemic agents or 

insulin for at least one year. The non-diabetic group 

included individuals without a diagnosis of diabetes. 

Exclusion criteria for both groups included patients 

with suspected autoimmune hepatitis (indicated by 

ANA, ASMA, or liver biopsy), viral hepatitis B and C 

(detected by ELISA), chronic liver disease (confirmed 

by abdominal ultrasound), patients consuming more 

than 30 grams of ethanol per day, and those 

unwilling to participate in the study.

To assess the presence and severity of non-alcoholic 

fatty liver disease (NAFLD), all participants 

underwent abdominal ultrasound imaging. The 

ultrasound examinations were performed using a 

high-resolution ultrasound machine with a 

curvilinear transducer.

The procedure was conducted by trained radiologists 

who followed standardized protocols to ensure 

consistency and accuracy. The imaging focused on 

evaluating liver echogenicity and detecting signs of 

fatty infiltration.

Key parameters assessed included the following:
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Increased liver echogenicity compared to the renal 

cortex was used to indicate fatty infiltration.

The size and contour of the liver were evaluated to 

identify any abnormal enlargement or irregularities.

The degree of steatosis was categorized as mild, 

moderate, or severe based on the echogenicity and 

the liver-to-kidney echogenicity ratio.

Data analysis was conducted using SPSS version 26.0. 

Categorical data were represented as frequencies 

and percentages, while continuous data were 

presented as means and standard deviations. A t-test 

was utilized to compare continuous variables, and 

the chi-square test was employed for categorical 

data analysis. A P-value of less than 0.05 was 

considered statistically significant.

Results
The mean age of participants was 46.03 ± 8.92 years, 

with no significant difference between diabetics and 

non-diabetics. The diabetic group had a higher BMI 

(≥30 kg/m²) and HbA1c levels (≥7%) compared to the 

non-diabetic group (P < 0.001). 

Overall, NAFLD frequency was 62%, with a 

significantly higher frequency in diabetics (76%) than 

non-diabetics (48%) (P < 0.001). Moderate to severe 

NAFLD was more frequent in diabetics (54%) 

compared to non-diabetics (20%) (P < 0.001).

Age ≥50 years, BMI ≥30 kg/m², and HbA1c ≥7% were 

independently associated with higher NAFLD 

severity. Gender differences were not statistically 

significant. Key findings underscore a higher 

frequency and greater severity of NAFLD among 

diabetic patients, with age, obesity, and glycemic 

control emerging as substantial contributors. These 

results align with the hypothesis that metabolic 

disturbances in diabetics exacerbate NAFLD 

progression. (Table 1).

Discussion
The comparison of the assessment of NAFLD to 

T2DM patients and non-diabetic populations is 

important as both conditions are becoming more 

common around the world. This cross-sectional 

study, performed at Ibn-e-Siena Hospital, Multan, 

Pakistan, with the help of Ultrasonography for 

detecting liver echogenicity and steatosis in 324 
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participants, showed highly effective results, with 

elevated rates and greater severity of NAFLD in the 

diabetic group (76%) compared to the non-diabetic 
10

group (48%).  We have established that some form 

of imaging should be the approach to diagnosing 

moderate to severe fatty liver diseases using non-

invasive techniques including the use of ultrasonic 

technology, which has revealed good sensitivity and 
11

specificity in diagnosing FLD.  

NAFLD and T2DM are o, are associated with insulin 

resistance. Insulin resistance does not act merely as a 

risk factor for the accumulation of fat within the liver 

but also as a modulator that worsens the clinical 
12manifestation of NAFLD.  These findings are 

consistent with earlier literature showing that NAFLD 

compl icates  metabol ic  syndrome,  which 
10encompasses T2DM.  In addition, the observed 

relationship between the progression of NAFLD and 

risk factors, including age, BMI, and HbA1c levels, 

suggests that metabolic disturbance is the most 
13

probable factor behind NAFLD in diabetics.  

However, these conclusions are not confined to 

hepatic conditions only, as the chapter reveals 

above. NAFLD has been linked to cardiovascular 
14

disease in patients with T2DM.  The present 

investigation calls for early detection and 

intervention of NAFLD among the diabetic 

population to reduce its attendant cardiovascular 
15

risk and other features of metabolic syndrome.  

Practice of using ultrasound imaging in primary care 

could also mean that opportunities to intervene 

early is created and therefore patient benefits would 
16be realized.

Table-2 compares the results of the study, showing 

differences in liver features in Type II diabetics 

compared to non-diabetics using ultrasonic 

examination. The results suggest that more Type II 

diabetes patients have higher liver echogenicity than 

the non-diabetes patients, that is, 118 out of 162, 

with a significant P < 0.001. This finding accords with 

other studies, which have reported that diabetes 

serves as a risk factor for hepatic steatosis, a defining 

feature of NAFLD. The higher echochencity seen in 

diabetics therefore relates to more fat in the liver, the 

cardinal feature of NAFLD in which excess 

tryglycerides accumulate in l iver cells – 
17

Hepatocytes.  Again, the results were statistically 

significant: 112 out of Type II diabetics had an 

enlarged liver compared to 73 non-diabetic patients, 

P < 0.001. This enlargement of the liver in diabetics 

can be blamed on the metabolic derangement that 

characterizes insulin resistance, a common condition 
18

among diabetics.  The interaction between liver 

enlargement and diabetes is well understood since 

the liver is involved directly in the regulation of 

glucose and lipid metabolism, and IR is often 
18aggravated by liver dysfunction.  The presence 

proved to be significantly higher in the Type II 

Diabetic group with 104 patients demonstrating 

steatosis as opposed to 59 non-diabetic patients (P = 

0.003). This comes out clearly to show that NAFLD is 

strongly associated with diabetes. The existing 

literature explains that patients with T2DM face a 

higher likelihood of steatosis owing to obese 

societies, inactive living standards, and abnormal 

diets.
The biochemical characteristics listed in table-3 
show differences between Type II diabetics and non-
diabetics, mainly involving serum ALT, AST, and 
HbA1c. The mean serum ALT level in this group of 
Type II diabetics was 57.06 U/L, while in the non-
diabetic control group, the value obtained was 47.51 
U/L, P < 0.001. It was 41.74 U/L in diabetics and 37.52 
U/L in non-diabetics with P = 0.039. These findings 
are consistent with the understanding that elevated 
liver enzymes are indicative of liver injury or 
dysfunction, commonly associated with Non-
Alcoholic Fatty Liver Disease (NAFLD) and metabolic 

18disorders.  Elevated serum ALT and AST in Type II 
diabetics can be a result of NAFLD, which is 
associated with hepatic steatosis and inflammation. 
Research works have highlighted the fact that 
patients with diabetes have been proven to have 
raised liver enzymes occasioned by fatty liver 

19,20
infiltration leading to hepatocellular damage.  
Hypoxic stress impairs the liver's essential function 
regarding glucose homeostasis, and it only makes 
insulin resistance worse by increasing the challenge 

20
of diabetic regulation.  In addition, the mean HbA1c 
level in the Type II diabetics was significantly higher 
at 8.44±5.44% compared to non-diabetics whose 
mean HbA1c level was 5.13±1.07% (P < 0.001). This 
variation highlights the failures to obtain good 
glycemic control seen in diabetic patients, which can 
be contributing factors for NAFLD development and 
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21,22manifestation.  Multiple studies have established 
a connection between elevated HbA1c and NAFLD, 
as chronic hyperglycemia predisposes individuals to 
lipogenesis, leading to increased fat accumulation in 

19,23the liver.
This study offers a novel contribution by providing 
one of the few comparative assessments of NAFLD in 
diabetic and non-diabetic individuals within the 
Pakistani population. It uniquely highlights the 
statistically significant link between NAFLD severity 
and metabolic risk factors sucha as age, obesity, and 
poor glycemic control. Using age- and gender-
matched groups to ensure robust comparison. The 
use of ultrasound as a practical, non-invasive 
screening tool further strengthens its clinical 
relevance.

Limitations
There are certain limitations to this study. 
Ultrasound-based diagnosis, although it is practical 
but it lacks the precision of histological confirmation 
(e.g., liver biopsy). The study does not track NAFLD 
progression or response to treatment over time.

Conclusion
In conclusion, non-alcoholic fatty liver disease 
(NAFLD) is more prevalent and severe in type 2 
diabetics compared to non-diabetics, as assessed 
through ultrasound imaging anatomy.
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