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Abstract: Background: Non-alcoholic fatty liver disease (NAFLD) has emerged as a prevalent cause of chronic liver
diseases globally in the past decade, posing significant risks to liver health, cardiovascular well-being, and even warranting
consideration for liver transplantation. There is limited research on the clinical, anthropometric, biochemical, and metabolic
characteristics of NAFLD patients, both with and without diabetes, in Bangladesh. Aim of the study: This study aimed to assess
the prevalence of diabetes and non-diabetes among a group of NAFLD patients and to investigate the anthropometric,
biochemical, and metabolic profiles of NAFLD patients with diabetes compared to those without diabetes. Methods: This
prospective observational study was conducted at the Department of Gastrointestinal Hepatobiliary & Pancreatic Disorder
(GHPD), BIRDEM General Hospital, Dhaka, from April 2014 to April 2015. A total of 111 individuals with
ultrasonographically diagnosed NAFLD were included in the study. Participants underwent assessments for various parameters,
including anthropometric measurements, biochemical assays (including blood glucose levels, liver function tests, lipid profiles,
and HOMA-IR), and the presence of diabetes or metabolic syndrome (as defined by IDF criteria). The patients were
categorized and analyzed based on the presence or absence of diabetes. Statistical analysis was performed using SPSS version
16.0. Results: Among the 111 NAFLD patients, 71 (63.96%) were diagnosed with diabetes, while 40 (36.04%) did not have
diabetes. In comparison to those without diabetes, NAFLD patients with diabetes tended to be older (47.15+£10.26 vs.
43.35+£10.7 years) and included a higher proportion of females (61.98% vs. 57.50%). They also had a significantly higher
prevalence of hypertension (77.47% vs. 40.0%; p<0.001), dyslipidemia (64.79% vs. 40.0%; p=0.01), and metabolic syndrome
(74.64% vs. 30.0%; p<0.001). Diabetic NAFLD patients had a higher mean body mass index (BMI) compared to non-diabetic
NAFLD patients (27.09+3.98 vs. 25.18+3.58 kg/m2; p=0.01). Most patients, both with diabetes (87.32%) and without diabetes
(80%), had central obesity. Additionally, diabetic NAFLD patients exhibited higher waist circumference, hip circumference,
waist-to-hip ratio, waist-to-height ratio, systolic blood pressure, and diastolic blood pressure when compared to non-diabetic
NAFLD patients. Serum levels of ALT, AST, GGT, and ALP were significantly elevated in the diabetic group. While
triglyceride levels, total cholesterol, LDL-cholesterol, and fasting insulin levels were also higher in diabetic NAFLD patients,
these differences were not statistically significant. However, insulin resistance, as measured by HOMA-IR, was significantly
higher in diabetic NAFLD patients. Conclusion: NAFLD patients with diabetes exhibit greater metabolic risk factors, including
higher BMI, central obesity, hypertension, elevated triglyceride levels, and increased insulin resistance, all of which may
contribute to the progression of non-alcoholic steatohepatitis (NASH) and advanced fibrosis. Notably, a substantial proportion
of NAFLD patients without diabetes also display metabolic risk factors, highlighting the importance of recognizing NAFLD in
individuals without diabetes.
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1. Introduction

Non-alcoholic  fatty liver disease (NAFLD) s
characterized by the accumulation of lipids, particularly
triglycerides (5-10%), in hepatocytes, constituting more than
5% of total liver weight, without other identifiable causes of
liver damage, such as viral hepatitis, alcohol consumption, or
metabolic disorders [1]. It was first named and described as
nonalcoholic steatohepatitis (NASH) by Ludwig et al. in
1980. NAFLD encompasses a spectrum of liver conditions,
ranging from simple steatosis to NASH, NASH-related
cirrhosis, and hepatocellular carcinoma, often associated with
metabolic syndrome [2]. The typical age range for NASH
patients is 40-50 years, increasing to 50-60 years for those
with NASH-related cirrhosis [3]. NAFLD has become
increasingly prevalent worldwide, initially recognized
primarily in industrialized countries but now also diagnosed
more frequently in developing nations [4]. Studies conducted
in various regions of India have indicated that the prevalence
of NAFLD has risen over the past two decades, making it the
most common liver disease in India [5]. In countries like
China, Japan, and Korea, surveys have reported NAFLD
prevalence rates ranging from 10% to 29%, which closely
resemble figures from Western studies [6, 7]. While NAFLD
was initially associated with obese individuals in affluent
societies, this perception has evolved. Lean individuals are
now being diagnosed with NAFLD, with 15% of NAFLD
patients in developed countries being non-obese, while 65%
and 85% are obese and morbidly obese, respectively [8].
Cross-sectional studies of NASH patients have shown that
30-40% present with advanced liver fibrosis, and 10-15%
have established cirrhosis [9-11]. It is estimated that NASH
is the underlying cause of approximately 80% of cryptogenic
cirrhosis cases, accounting for 10%-20% of all cirrhosis
cases and progressing to advanced fibrosis in 32%-37% of
patients [12]. There is growing recognition that NAFLD is a
heterogeneous disease with multiple pathogenic pathways,

leading to diverse disease manifestations among patients [13].

Its pathogenesis is believed to involve a multi-hit process,
including factors like insulin resistance, oxidative stress,
apoptotic pathways, and adipocytokines [14]. Insulin
resistance plays a predominant role in NAFLD pathogenesis,
even in lean individuals with normal glucose tolerance [15,
16]. The "typical" NAFLD patient is likely to exhibit one or
more metabolic disorders linked to insulin resistance, such as
central or overall obesity, type 2 diabetes mellitus (T2DM),
hypertension, dyslipidemia, or metabolic syndrome [17, 18].
Other factors, including drug use (e.g., Amiodarone,
Methotrexate, Tamoxifen/synthetic estrogens,
Glucocorticoids, Nucleoside analogues, Perhexiline maleate,
Calcium channel blockers), specific bariatric surgeries
(jejuno-ileal bypass), total parenteral nutrition, and inherited
or acquired lipodystrophies, contribute to a small fraction of
steatosis or steatohepatitis cases [17]. The incidence of
T2DM is on the rise globally, reaching pandemic levels in
countries like India and China [19]. Studies have shown that
up to 78% of diabetic patients exhibit fatty liver on

ultrasound examination [20], often accompanied by elevated
serum alanine aminotransferase (ALT) levels [21, 22].
Patients with T2DM are at an increased risk of developing
NAFLD, NASH, hepatic fibrosis/cirrhosis, and
hepatocellular carcinoma [23-25]. Recent studies have
revealed a positive correlation between insulin resistance and
the severity of NAFLD, rather than the degree of
hyperglycemia, in patients with T2DM [28]. Since metabolic
syndrome and NAFLD share similar prevalence patterns,
pathogenesis, clinical features, and outcomes [29], they are
associated with an elevated risk of cardiovascular diseases,
including increased carotid artery wall thickness and lower
endothelial flow-mediated vasodilation, which independently
predict the risk of future cardiovascular events [30]. Another
recent study found that compared to matched Caucasians,
Hispanics, Blacks, and Eastern Asians, lean, non-alcoholic,
non-diabetic, non-smoking ethnic Asian Indians had a 2- to
3-fold increase in insulin resistance (IR) and a 2-fold increase
in hepatic triglyceride content [31]. Recent concepts also
suggest that the degree of adipose tissue dysfunction may
have a greater metabolic impact than the severity of adiposity
[32]. Obesity not only serves as a risk factor for NAFLD but
also determines its severity [33]. Genetic factors also play a
role in NAFLD predisposition. For instance, there is evidence
of a familial component in NAFLD [34]. A recent study from
the Dallas group [35] identified ethnic differences in variants
of the PNPLA3 (Adiponutrin) gene, which are associated
with varying susceptibility to NAFLD and its progression.
Various diagnostic methods are available for NAFLD,
including a combination of clinical and laboratory tests with
imaging methods or liver biopsy [36]. Up to 70% of patients
with fatty liver do not exhibit laboratory abnormalities [37].
Elevated serum levels of liver alanine aminotransferase
(ALT), which correlates with liver fat independently of
adiposity, and, to a lesser extent, aspartate aminotransferase
(AST) can be detected [38]. Serum alkaline phosphatase and
gamma-glutamyl transferase (GGT) levels are also mildly
increased and associated with liver fat, independent of
adiposity [39]. However, these markers are not more
informative than aminotransferases for diagnosing steatosis
or NASH [11]. Among imaging methods (ultrasonography,
computed tomography, magnetic resonance imaging),
magnetic resonance imaging/magnetic resonance
spectroscopy (MRI/MRS) is considered the gold standard for
diagnosing fatty liver, but it is cost-prohibitive [9].
Ultrasonography is safer, non-invasive, and more sensitive
than computed tomography, providing adequate information
about hepatic steatosis [40]. Given the invasive nature of
liver biopsy and its limitations, noninvasive and reliable
methods, such as the BARD score, the NAFLD fibrosis score,
or fibro scan, are necessary for assessing fibrosis [41, 42]. A
comprehensive comparative study between diabetic and non-
diabetic NAFLD patients, with a specific focus on
anthropometric, metabolic, and biochemical characteristics,
has not yet been conducted in the Bangladeshi population. It
is essential to investigate whether diabetic NAFLD patients
experience a more severe form of the disease and are more
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prone to developing NASH/fibrosis compared to non-diabetic
NAFLD patients. The objective of this study was to examine
the anthropometric, metabolic, and biochemical features of
NAFLD patients with and without diabetes.

2. Objective
2.1. General Objective

The objective of this study was to investigate the
anthropometric, biochemical, and metabolic characteristics of
individuals with non-alcoholic fatty liver disease (NAFLD),
both with and without diabetes.

2.2. Specific Objectives

1) To assess height, weight, waist circumference, and hip
circumference.

2) To compute the Body Mass Index (BMI), waist-to-hip
ratio, and waist-to-height ratio.

3) To measure the blood pressure of study population.

4) To determine fasting blood sugar levels, measure blood
sugar levels two hours after consuming a 75-gram
glucose solution, and assess HbA1C.

5) To measure the fasting serum insulin and calculate the
insulin resistance index.

6) To diagnose DM according to WHO.

7) To diagnose the metabolic syndrome.

3. Methodology

This was a hospital based observational prospective study.
For this study a total of 111 patients including male and female
were selected by purposively, those are with ultra-sonographic
evidence of fatty liver attending and those who are GHPD
outpatient. The study was conducted at the department of
Gastrointestinal Hepatobiliary, BIRDEM General Hospital,
Dhaka, Bangladesh from April, 2014 to April, 2015.

3.1. Inclusion Criteria

Patients were ultrasonographycally diagnosed as fatty liver
without alcohol use or occasional use (< 30gram alcohol per
day in men, and < 20 gram in women).

3.2. Exclusion Criterias

1) Patients with chronic liver disease (e.g.: Hepatitis B and
C, hemochromatosis, Wilson’s disease, autoimmune
disease etc.).

2) Patients who take hepatotoxic drugs (e.g.; estrogens,
amiodarone, methotrexate, tamoxifen, neucloside
analogue) during the past 6 months.

3) Patients with systemic comorbidities (e.g.; COPD, renal

failure, cardiac failure), neoplastic  disease,
hypothyroidism, hypogonadism and polycystic ovarian
syndrome.

4) Patients with raised ALP by bone disease (e.g.; Renal
osteodystrophy, fractured bone, osteomalacia, vitamin-

D deficiency, Paget's disease).
5) Patients with <18 and >70 years of age.

3.3. Study Procedure

Comprehensive medical histories were obtained for each
patient, including details about diabetes mellitus, hypertension,
dyslipidemia, metabolic syndrome, smoking habits, alcohol
consumption, medications, and family history of diabetes
mellitus and obesity. Exclusion criteria involved the following:
significant alcohol misuse (defined as < 30 grams of alcohol
per day in men and < 20 grams in women), evidence of
hepatitis B and C, indications of drug-induced fatty liver or
other specific liver conditions such as hemochromatosis,
Wilson's disease, or autoimmune liver disease. Additional
diseases like coronary artery diseases, chronic kidney diseases,
cerebrovascular  and  peripheral  vascular  disease,
hypothyroidism, chronic and acute inflammatory conditions,
asthma, and chronic bronchial diseases were also excluded
from the study. Patients underwent a physical examination,
during which various anthropometric measurements were
taken, including height, weight, body mass index (BMI), waist
circumference (WC), and hip circumference (HC). The waist-
to-height ratio was also calculated by dividing the waist
measurement by the height measurement, with values greater
than 0.53 for males and 0.50 for females considered as
indicative of overweight. Systolic blood pressure (SBP) and
diastolic blood pressure (DBP) were measured after 15
minutes of resting in a seated position using an appropriately
sized cuff and sphygmomanometer. The mean value of the two
blood pressure measurements was recorded. Blood samples
were collected from the antecubital vein of all participants
after a 12-hour fast. These samples were placed in vacuum
tubes with anticoagulant and gel, allowed to clot for 30
minutes, and then centrifuged for 15 minutes at 2000 x g at
room temperature. All biochemical measurements were
conducted on the same day. Enzymatic colorimetric methods
were used to measure blood glucose, triglycerides (TG), total
cholesterol, high-density lipoprotein (HDL-C) cholesterol,
alanine aminotransferase (ALT), aspartate aminotransferase
(AST), alkaline phosphatase (ALP), and gamma glutamyl
transpeptidase (GGT). Low-density lipoprotein-cholesterol
(LDL-C) levels were calculated using Friedewald's formula
[LDL = TC - HDL - TG/5 (mg/dL)]. Insulin levels were
assessed using an indirect solid-phase chemiluminescence
immunoassay. Diabetes mellitus was diagnosed according to
WHO criteria. Insulin resistance (IR) was determined using the
homeostatic model assessment (HOMA) score, which involves
a mathematical model based on fasting blood glucose and
fasting plasma insulin [fasting serum insulin (punits/ml) x
fasting plasma glucose (mmol/)]/22.5, as described by
Matthews et al. in 1985. Individuals with a HOMA-IR value
greater than 2.0 were considered to have insulin resistance in
this study.

3.4. Statistical Analysis

Statistical analyses were conducted using SPSS version 16.0.
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Normally distributed continuous variables were presented as
mean and standard deviation, while categorical variables were
expressed as frequencies and percentages. Differences in
continuous variables were assessed using Student's t-test, and
for comparisons involving three or more means, an Analysis of
Variance (ANOVA) test was employed to determine statistical
significance. Categorical variable differences were analyzed
using Pearson's Chi-square (X"2) test. The threshold for
statistical significance was set at a p-value of < 0.05, with a
confidence interval of 95%.

3.5. Ethical Considerations

This study received approval from the Ethical Review
Committee of BIRDEM General Hospital. The study's
objectives, procedures, alternative diagnostic methods, risks,
and benefits were explained to the patients in a clear and
easily understandable local language. Informed consent was
obtained from each patient, with an assurance of maintaining
confidentiality of all records. Patients were also informed
that the procedure would be beneficial for both the physician
and patients in guiding the management of the case.

4. Results

All 111 patients with ultrasonographic evidence of fatty
change in liver (NAFLD) were included in this study.
NAFLD patient after attending at GHPD OPD with certain
inclusion criteria were selected in this study as study subjects.
Frequency of NAFLD with and without DM and correlation
with clinical, laboratory and radiological findings were
obtained. Among 111 study population 71 (63.96%) patients
were diabetics and 40 (36.04%) patients were non-diabetics
based on blood glucose values.

Table 1. Age distribution of the patients. (N=111).

Study group

. Study group
Age in years DM (n=71) _ Non DM (n=d0) °@!
Duration of DM (Year)  7.56+4.3

Table 1 showed the mean age of the sample was 45.8+10.5
years. Relative to patients without DM, patients with DM
were older (47.15+10.26 vs. 43.35+10.7 years) and most of
the affected individuals were aged 31 to 50 years (63.38% vs.
75%) and the remainder were aged <31 years (5.71% vs.
7.5%) and aged >60 years (9.8% vs. 2.5%). In diabetic
patients, mean duration of diabetes was 7.56+4.3 years.

Age wise distribution of the patients
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Figure 1. Column chart showed group wise age distribution of the patients
(N=111).

Gender wise distribution of the patients
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Figure 2. Column chart showed gender wise distribution of patients.

Age in years DM (n=71) __ Non DM (n=d0) _°t@! (N=111).
21-30 yrs. 4 3 7
31-40 yrs. 21 15 36 Figure 2 showed out of 111 cases, 67 were females
41-50 yrs. 24 15 39 (60.36%) and 44 were males (39.63%). Female to male ratio
i16goyfsrs ;5 (15 él was 1.52. Relative to patients without DM, patients with DM
Mean +SD 471541026  43.35:107 45.8410.5 had higher proportion of females (62.0% vs. 57.50%).
Table 2. Co-morbidities of the study groups (N=111).

Co-morbidity ]S)tl::[déf; oup N=111 Non-DM (40) Total p value
Hypertention, n (%)
Yes 55 (77.47) 16 (40.0) 71 “0.001
No 16 (22.53) 24 (60.0) 40 :
Dyslipidaemia, n (%)
Yes 46 (64.79) 16 (40.0) 62 001
No 25(35.21) 24 (60.0) 49 :
Metabolic syndrome, n (%)
Yes 53 (74.64) 12 (30.0) 65 “0.001
No 18 (25.36) 28 (70.0) 46 :

Table 2 showed co-morbidities like hypertension, 63.96%), (62, 55.86%) and (65, 58.56%) respectively of the

dyslipidaemia and metabolic syndrome were present in (71,

total patients. Relative to patients without DM, patients with
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DM had higher prevalence of hypertension (55, 77.47% vs. < 0.001) respectively and this differences were statistically
16, 40%; p < 0.001), dyslipidacmia (46, 64.79% vs. 16, 40%;  significant.
p=0.01) and metabolic syndrome (53, 74.64% vs. 12, 30%; p

Table 3. BMI of the study population (N=111).

Body mass index-BMI (Kg/m?) ]S)tl::[dy group Non DM Total p value
Normal 15 19 34 (30.63%)

Over weight 20 09 29 (26.13%) 0.01*
Obese 36 12 48 (43.24%) ’
Total 71 40 111

Mean+SD 27.09+3.98 25.18+3.58 26.40+3.92 0.01**

Table 3 showed the normal BMI were (34, 30.63%), population. The mean body mass index (BMI) of diabetic
overweight were (29, 26.13%) and obese were (48, 43.24%)  patients were significantly higher than non-diabetic patients
of the total patients, according to the criteria for Asians  (27.09+3.98 vs. 25.18+3.58 kg/m*; p=0.01).

BMI wise patients distribution

onse [ ey
12
ovese [ 5
9
Over weight 20
19
Normal 15

0 20 40 60 80
NonDM =DM

Figure 3. Bar chart showed BMI status of the patients (N=111).

Table 4. Central obesity of the study groups (N=111).

Study group
Variable DM Non DM Total p value
Mean+SD Mean+SD
Waist circumference (cm) 94.47+8.61 92.35+8.21 93.7148.5 0.30
Hip circumference (cm) 98.28+8.8 97.6+8.4 98.1+£8.6 0.72
Waist/hip Ratio 0.95+0.02 0.92+0.80 0.94+0.05 0.01
Waist /height Ratio 0.70+0.28 0.60+0.17 0.66+0.25 0.03
Central obesity
Central obesity absent 09 (12.68%) 08 (20%) 17
Central obesity present 62 (87.32%) 32 (80%) 94
Total 71 40 111

Table 4 illustrates that the prevalence of central obesity  97.6+£8.4 cm; p=0.72), and (0.95+0.02 vs. 0.92+0.80; p=0.01),
was higher in patients with diabetes (62, 87.32%) compared  respectively. Additionally, another indicator of visceral
to those without diabetes (32, 80%). This was evident in the  obesity, namely the waist-to-height ratio, was also
significantly greater measurements of waist circumference,  significantly higher in the diabetic group, with values of
hip circumference, and waist-to-hip ratio, with values of  (0.70+0.28 vs. 0.60+0.17; p=0.03).

(94.4748.61 vs. 92.3548.21 cm; p=0.20), (98.28+8.8 wvs.

Table 5. Blood pressure of the study groups (N=111).

Study group
Blood pressure DM (71) Non DM (40) Total p value
Mean+SD Mean+SD
Systolic blood pressure (mm of Hg) 139.76+15.89 135.0+15.23 138.04+15.76 0.01
Diastolic blood pressure (mm of Hg) 85.0£10.31 83.50+11.10 84.45+10.58 0.03

Table 5 presents the mean systolic and diastolic blood  pressure values for the study sample, which were recorded as
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138.04+15.76 mm Hg and 84.45+10.58 mm Hg, respectively.
Notably, when comparing diabetic patients to non-diabetic
patients, it was evident that the diabetic group had
significantly higher systolic and diastolic blood pressure

readings, with values of [(139.76+15.89; 135.0+15.23 mm
Hg; p=0.01)] as opposed to [(85.0+10.31; 83.50+11.10 mm
Hg; p=0.03)] in the non-diabetic group.

Table 6. Liver enzymes of the study population (N=111).

Study group
Liver enzymes DM (71) Non DM (40) Total p value
Mean+SD Mean+SD
ALT (IU/L) 81.45+58.27 69.65+52.73 48.72+32.34 0.001
AST (IU/L) 57.84+41.82 50.89+38.54 38.554+28.38 0.01
GGT (IU/L) 39.39+13.29 36.08+13.72 30.20+12.59 0.001
Alkaline phosphatase (IU/L) 114.64+27.96 112.26+26.34 108.02+22.93 0.20
ALT/AST Ratio 1.40+0.38 1.34+0.37 1.24+0.32 0.02
AST/ALT Ratio 0.77+0.26 0.76+0.22 0.75+0.14 0.76

Table 6 showed liver enzymes like ALT, AST, GGT, ALP
levels, ALT/AST ratio and AST/ALT ratio were
(81.45+58.27 vs. 48.72+32.34 U/L; p=0.001), (57.84+41.82
vs. 38.55+28.38 U/L; p= 0.01), (39.39+13.29 s.

30.20+12.59 U/L; p=0.001), (114.64+27.96 vs. 108.02+22.93
U/L; p= 0.02), (1.37£0.39 vs. 1.24+0.28; p=0.07), (0.76+
0.26 vs. 0.81%0.18; p=0.24) respectively. Among them ALT,
and GGT were significantly higher in NAFLD diabetic group.

Table 7. Metabolic parameters of study population (N=111).

Study group
Metabolic profile DM Non DM Total p value*
Mean+SD Mean+SD
S. Triglyceride (mg/dl) 246.64+143.93 229.80+143.11 240.6+143.2 0.55
S. Total cholesterol (mg/dl) 187.67+49.22 175.12+48.03 183.2+48.9 0.19
S.HDL-cholesterol (mg/dl) 36.05+6.14 35.75+5.85 35.9£6.0 0.79
S.LDL-cholesterol (mg/dl) 97.64 (£27.18) 94.15+28.37 96.5+£27.5 0.55
Fasting insulin (uU/ml) 19.52419.19 14.79+11.0 17.8£16.8 0.15
Insulin resistance index (HOMA-IR) 2.98+1.85 2.0+0.85 2.63+1.6 0.002
Table 7 presents the metabolic parameters, such as  p=0.55), and serum fasting insulin (19.52+19.19 vs.

triglyceride levels (246.64+143.93 vs. 229.80+143.11 mg/dl;
p=0.55), which were relatively higher in the NAFLD diabetic
group. Conversely, low HDL-cholesterol levels were equally
prevalent (36.05+6.14 vs. 35.75+£5.85 mg/dl; p=0.79) in both
diabetic and non-diabetic patients with NAFLD. Total
cholesterol (187.67 £ 49.22 vs. 175.12+48.03 mg/dl; p=0.19),
(97.64+27.18  vs.

LDL-cholesterol 94.15+£28.37 mg/dl;

14.79+11.0 pU/ml; p=0.15) were relatively higher in diabetic
NAFLD patients, although these differences did not reach
statistical significance. However, insulin resistance, as
measured by HOMA-IR, was notably higher in the NAFLD
group with diabetes (2.98+1.85 vs. 2.0+£0.85; p=0.002), and
this difference was statistically significant.

Figure 4. Diagram: A, Ultrasound revealing elevated echogenicity. B, Magnetic resonance image on T1-weighted sequence displaying a highly illuminated

fatty liver.
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5. Discussion

Certainly, here is the revised passage with the reference
number included:

"Non-alcoholic fatty liver disease (NAFLD) has emerged
as the most common liver disease in the "Western' economies.
Prevalence of nonalcoholic fatty liver disease is rising in the
Asia-Pacific region as the society becomes affluent and
traditional lifestyles change (increasing fat in the diet, less
physical activity, increasing prevalence of type 2 diabetes)
[43]. BIRDEM hospital is a tertiary care 'center of excellence
for both diabetic and non-diabetic care' hospital, and the
patients are referred from all across the country. The
anthropometric, biochemical and metabolic differences in
non-alcoholic fatty liver disease with or without diabetes had
not been previously examined in Bangladesh. Non-alcoholic
fatty liver disease (NAFLD) represents a continuum of
disease, characterized histologically by  excessive
accumulation of hepatic fat in the absence of significant
alcohol consumption; with or without inflammation, varying
degree of fibrosis, and cirrhosis. A number of studies have
found a positive relationship between NAFLD and abnormal
glucose tolerance. A total of 111 patients with ultra-
sonographic evidence of fatty change in liver (NAFLD) were
included in this study. Among them 71, (63.96%) were
diabetics and 40, (36.04%) were non-diabetics. This is quite
high as compared to a previous large population-based Indian
study from Coastal Eastern India where the prevalence has
been reported to be round 24.08% and 23.00% respectively
[43]. Most of our NAFLD patients were between 31 and 50
years of age; this result is similar to that of several reports
from Asia [45-48]."

Compared with NAFLD patients without diabetes, patients
with diabetes were older (47.15 years vs. 43.35 years).
However, age does not affect the development of
NAFLD/NASH. The female predominance in NAFLD
contrasts with reports from developed countries. The female
predominance (60.36%) observed in this study may be a
result of socially conservative attitudes that led many women
in my study to stay at home and participate in household
chores without no job, which leads to a sedentary life.
Female predominance was also observed in a population
study conducted in India (49). NAFLD is more common in
people with a sedentary lifestyle. Based on occupation, the
majority of our patients, both DM and non-DM, were
housewives (45.04%), but also businessmen (26.12%),
military personnel (19.81%). and retirees (7.20%). This
figure is quite on par with previous research based on the
Bangladeshi population, where housewives, service workers
and entrepreneurs were (53.1%), (14.6%), (13,0%) [45].
When NAFLD patients with diabetes were compared with
NAFLD patients without diabetes, components of the
metabolic syndrome such as central obesity, increased
triglyceride levels, and hypertension were more common. in
the previous group. This finding is not surprising because
diabetes is a manifestation of the metabolic syndrome, which
is closely related to NAFLD. This supports the fact that there

is a strong association between the different components of
the metabolic syndrome, but it is difficult to determine
whether diabetes is a risk factor for developing fatty liver and
its characteristics. different scores of metabolic syndromes or
not after this study. This study observed that hypertension,
dyslipidemia and metabolic syndrome appeared in (71,
63.96%)), (62, 55.86%) and (65, 58.56%) respectively. of the
total number of patients. Compared with patients without
diabetes, patients with diabetes had a higher rate of
hypertension (55, 77.47% vs. 16, 40%; p < 0.001),
dyslipidemia (46, 64.79% vs. 11.2). 16.40%; p = 0.01) and
metabolic syndrome (53, 74.64% vs. 12, 30%; p < 0.001). A
similar result has been observed in population studies [43,
50]. Prashanth et al 2009 [51] found a high prevalence of
NAFLD and NASH (nonalcoholic steatohepatitis) in patients
with type 2 diabetes, which increased with many components
of metabolic syndrome. chemistry. Banerjee et al. In 2008
[52] observed that, histologically, there was only fatty
changes in 43%, NASH in 40% and more advanced disease
in 23% of diabetic NAFLD patients. Obesity, especially
central obesity, has been described as one of the most
important risk factors for NAFLD and fibrosis, with NASH
prevalent in 18.5% of obese patients [9].

The combination of diabetes and obesity may pose an
additional risk. In a study of severely obese diabetic patients,
100% had at least mild steatosis, 15% had steatohepatitis,
and 19% had cirrhosis [53]. In this study, BMI was in the
normal range in patients (34, 30.63%), overweight (29,
26.13%), and obese (48, 43.24%), according to European
population criteria. ASIAN. This result is different from the
population study conducted in Bangladesh, where normal,
overweight, and obese BMI were 13.5%, 8.1%, and 75.1%,
respectively [45]. The mean body mass index (BMI) of
diabetic patients was significantly higher than that of
nondiabetic patients (27.09 + 3.98 vs. 27.09 £+ 3.98). 25.18 +
3.58 kg/m2). These were quite similar in patients (26.6 + 3.9
vs. 26.3+3.9 kg/mz) to a previous large-scale study based on
the east coast of India and were quite low. in the United
States, reported at 37 versus 35 kg/m2 [54]. Most patients
showed central obesity (94, 84.68%). The presence of central
obesity was higher in diabetic patients (62, 8§7.32%) than in
non-diabetic patients (32, 80%) because they had waist
circumference, hip circumference, waist/hip ratio and
waist/height ratio were significantly higher (94.47 + 8.61 vs.
92.35 + 8.21 cm; p = 0.20), (98.28 + 8, 8 vs. 97.6 = 8.4 cm;
p=0.72), (0.95+£0.02 vs. 0.92+0.80; p=0.01), (0.70+0.28 vs.
0.60 +£0.17; p=0.03) respectively. According to a Japanese
report, the incidence of NAFLD is higher after increasing
BMI or abdominal circumference. Liver enzymes are usually
only mildly elevated, usually hepatocellular, in NAFLD
patients and in the most common presentation in patients.
NAFLD accompanied by elevated liver enzymes is
associated with a risk of developing clinically significant
end-stage liver disease (57). In this study, the average liver
enzyme concentrations ALT, AST, GGT, ALP, ALT/AST
and AST/ALT ratio were 69.65 + 52.73, 50.89 + 38.54, 36,
respectively. 0.08 + 13.72, 112.26 + 26.34, 1.34 +£.37, and.76
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+.22. Similar results were observed in a study performed in
Linkdping, Sweden, where the mean ALT, AST, ALP, and

AST/ALT ratios were 76 + 43 U/L, 45 + 50 U/L, respectively.

23 U/L, 61 + 33. U/ L, 0.6 £ 0.2. [57] and a study from
Bangladesh, where mean ALT, AST, and GGT levels were

56.7 +£35.9 U/L, 46.6 £ 50.5 U/L, and 46.2 + 28, respectively.

0.6 U/L [45]. In this study conducted on diabetic and non-
diabetic patients, the results of liver enzyme measurements
such as ALT, AST, GGT, ALP concentrations, ALT/AST
ratio and AST/ALT ratio were respectively (81.45+£58.27 vs.
48.72+£32.34 U/L; p=0.001), (57.84+41.82 vs. 38.55+£28.38
U/L; p=0, 01), (39.39+£13.29 vs. 30.20£12.59 U/L; p=0.001),
(114.64£27.96 vs. 108.02+22.93 U/L; p=0.02), (1.37 £ 0.39
vs. 1.24 £ 0.28; p = 0.07), (0.76 + 0.26 vs. 0.81 £ 0.18; p =
0.24). Among them, ALT and GGT were significantly higher
in the diabetic NAFLD group. A similar result was observed
in a US population study that reported ALT, AST/ALT as
(64.18 £ 49.21 vs. 78.49 + 60.09 U/L; p = 0.004), (0.92 +
0.35 vs. 0.79 £ 0.37; p < 0.001). corresponding. Alanine
aminotransferase has been observed to be more than twice
normal in 20% of children with T2DM and this in most cases
is due to NAFLD [2].

In the case of simple steatosis and steatohepatitis,
triglycerides are known to be the main type of lipid that
accumulates in the liver. Therefore, lipid profile is necessary to
understand the pathogenesis of NAFLD. Our study observed
relatively higher triglyceride levels (246.64 + 143.93 wvs.
229.80 + 143.11 mg/dl; p = 0.55) in the NAFLD group with
diabetes. road. Low HDL cholesterol levels were also present
(36.05 £ 6.14 vs. 3.05 £ 6.14). 35.75 £ 5.85 mg/dL; p = 0.79)
persisted in diabetic and non-diabetic patients. Total
cholesterol (187.67 + 49.22 vs. 175.12 + 48.03 mg/dl; p =
0.19), LDL cholesterol (97.64 +27.18 vs. 94.15 +28.37 mg/dl;
p = 0.55) and fasting serum insulin (19.52 + 7:19 p.m. vs.
12:19 pm.). 14.79 £ 11.0 pU/ml; p = 0.15) was relatively
higher in NAFLD diabetic patients, but not statistically
significant. This result is similar to that of a previous study
based on an Indian population from the east coast of India,
where triglycerides and total cholesterol were reported to be
round (218.40 £+ 17.60 vs. with 192.00 = 9.00 mg/dl), (183.80
+ 65.00 vs. 186.50 + 49.00 mg/dl), respectively [43]. NAFLD
is strongly associated with insulin resistance (IR) and other
components of the metabolic syndrome, such as type 2
diabetes, central obesity, hyperlipidemia, and hypertension
[50]. NAFLD has also been shown to be associated with IR
independently of BMI, and studies have reported that IR is
commonly present in non-obese NAFLD patients, even in the
absence of metabolic disorders other [58, 59]. The
pathogenesis of NASH appears to be a multifactorial process.
The initial insult is the development of large vesicular steatosis
with accumulation of fat in the liver due to reduced hepatic
oxidation of free fatty acids and/or increased hepatic denovo
lipogenesis and /or reduced lipid export from the liver.
Although IR can contribute to dysregulation of lipid
metabolism, once fatty liver develops, it can exacerbate
hepatic IR and diabetes, contributing to a vicious cycle [60]. In
this study, insulin resistance measured by HOMA-IR was

naturally higher in the diabetic NAFLD group (2.98 + 1.85 vs.
2.98 + 1.85). 2.0 = 0.85; p=0.002) and this difference is
statistically significant. This result is comparable to that of a
previous large Indian population-based study in which
HOMA-IR was (2.6 + 0.36 vs. 1.84.0 + 0.20; p = 0.000) [43].
In a Bangladeshi population-based study, HOMA-IR was
compared with obese and non-obese individuals and the results
were not significant [44].

6. Limitations of the Study

1) The study focused on a specific hospital in Dhaka city,
so the findings may not accurately represent the entire
country.

2) Due to time limitations associated with conducting this
study as part of a thesis, it was challenging to gather a
sufficient number of samples within a short timeframe.

7. Recommendations

Additional research is warranted, including larger sample
sizes and long-term, biopsy-controlled prospective cohort
studies.
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