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ABSTRACT

Obesity and metabolic complications are closely linked to non-alcoholic fatty liver
disease (NAFLD), and the waist-to-hip ratio (WHR) is a simple and accurate measure
of overall obesity and risk of metabolic disease. This cross-sectional study attempted to
determine gender-based differences within a Bangladeshi population and assess the
association between WHR and metabolic complications among NAFLD patients. 200
NAFLD patients in all were enrolled, with 71% being female and 29% being male.
Anthropometric and biochemical parameters including body mass index (BMI), fasting
blood sugar (FBS), triglyceride levels, and WHR were analyzed. The prevalence of
obesity was 89.5%, with males having a higher WHR (0.89+£0.026) and females having
a higher mean BMI (32.92+2.55 kg/m?). Females experienced metabolic complications
at a higher rate (65%) than males (11%). Triglyceride level (p=0.028) was significantly
linked to the severity of NAFLD, whereas WHR (p=0.001), BMI (p=0.015), and FBS
(p=0.007) were significant predictors of metabolic complications based on logistic
regression. According to the results, the main predictors of metabolic disorders in
NAFLD patients are increased WHR, BMI, and impaired glucose levels. Early
screening and management of central obesity and glycemic control may help reduce
disease burden and prevent progression of metabolic complications.
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1. INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is a type of liver condition that varies from simple fat accumulation to
steatohepatitis, characterized by varying levels of inflammation and fibrosis, and can advance to severe liver disease,
including cirrhosis and liver cancer [1]. NAFLD is viewed as the primary contributor to liver-related health issues and death
[2]. In contrast to alcoholic liver disease, NAFLD has become increasingly common due to the swift increase in obesity
rates, and abnormal liver function tests may occur as a result of NAFLD [3, 4]. Typically, the development of NAFLD has
been associated initially with factors that result in hepatic steatosis, followed by a "second hit" that facilitates the progression
of liver injury. The production of hepatic triglycerides requires dietary free fatty acids (FFA) that are released from fat
stores. In hepatocytes, these fatty acids either undergo oxidation or are converted into triglycerides [5]. The accumulation
of triglycerides in the liver and other tissues is caused by a disruption in the processes of fatty acid uptake, synthesis, export,
and oxidation [6]. The occurrence of NAFLD ranges from 15% to 30% in the general population, while it affects nearly
50% to 90% of individuals classified as obese. This rate of occurrence is linked to the levels of obesity. Specifically, hepatic
steatosis is observed in 65% of individuals with grade I and grade II obesity (BMI = 30-39.9 kg/m?) and in 85% of those
who have grade III obesity (BMI = 40-59 kg/m?) [7].

Metabolism refers to the chemical processes in the body that convert nutrients from food into energy. When these normal
metabolic pathways are disrupted by disease, medication, therapy, or other external factors, it can lead to various problems
known as metabolic complications. These complications commonly involve imbalances or disturbances in the levels of
electrolytes, hormones, nutrients, and other substances that are needed for various bodily functions. These imbalances can
lead to metabolic complications, like hyperglycemia, liver dysfunction, and electrolyte imbalances [8]. WHO diagnostic
criteria of metabolic complications are abdominal obesity (waist-to-hip ratio > 0.9 in men or > 0.85 in women, or body mass
index (BMI) > 30 kg/m?). Triglyceride of 150 mg/dl or greater and/or high-density lipoprotein (HDL) cholesterol < 40 mg/dl
in men and < 50 mg/dl in women [9].

Metabolic syndrome (MetS) a distinct cluster of metabolic abnormalities, often serves as both a precursor and a major
contributor to many metabolic complications, including insulin resistance, type 2 diabetes, cardiovascular disease, and
nonalcoholic fatty liver disease. Therefore, recognizing this interrelationship is important [10, 11]. In 2005, the American
Heart Association (AHA) and the National Heart, Lung, and Blood Institute (NHLBI) made slight revisions to the ATP III
criteria. As a result, metabolic syndrome is diagnosed when three or more of the following components are present:
abdominal obesity (waist circumference exceeding 102 cm in men and 88 cm in women), high triglycerides levels (greater
than 150 mg/dl or receiving treatment for high triglycerides), low HDL-C levels (less than 40 mg/dl in men and less than
50 mg/dl in women or undergoing treatment for low HDL-C), hypertension (systolic blood pressure over 130 mmHg or
diastolic blood pressure over 85 mmHg or on antihypertensive medication), and impaired fasting glucose (ranging from 100
to 125 mg/dl or receiving treatment for diabetes) [12]. The worldwide prevalence of MetS ranges from 12.5% to 31.4%. is
an urgent public health concern that necessitates investigation into possible risk factors [13]. A systematic review and meta-
analysis found that the prevalence of metabolic syndrome in the Bangladeshi population is 37.0% [14]. NAFLD may be

viewed as the liver manifestation of metabolic syndrome [15].
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The onset of NAFLD is closely linked to metabolic syndrome, as evidenced by the observation that nearly 90% of
individuals with NAFLD exhibit multiple features of metabolic syndrome, and around 33% meet three or more criteria [16].
In this consideration, the WHR has gained attention as a simple yet effective anthropometric marker of central obesity and
metabolic risk. This cross-sectional study was conducted to assess the correlation between WHR and metabolic
complications among patients with NAFLD and to explore gender-based differences in this relationship within the
Bangladeshi population. Early identification and management of these conditions may help prevent severe outcomes such
as hepatic fibrosis and hepatocellular carcinoma. Moreover, it may help to reduce patient disability and economic burden

on affected individuals and minimize the overall stress on healthcare systems.

2. MATERIALS AND METHODS

2.1. Study Design and Population

The sample was selected purposively to represent the general population of Bangladesh irrespective of urban and rural areas.
A total number of 200 NAFLD participants were recruited in this study. Inclusion criteria of the study were participants
having non-alcoholic fatty liver disease. The exclusion criteria are patients with a history of jaundice or who are HBsAg
positive and hepatitis-C positive and patients with a history of the following drug intakes: steroids, synthetic estrogens,
heparin, calcium channel blockers, amiodarone, valproic acid, arsenic, mercury, homeopathic drugs, ayurvedic drugs, and

antiviral agents, and pregnant women.

2.2. Sample Size Calculation

Sample size is calculated by following formula: n=22pq/d2 [17].

n=(1.96)2 *0.2*(1-0.2)/ (0.05)2

n =246

Here: Z =1.96 (value of standard variate at a given confidence interval of 95%)

p = Assumed proportion of NAFLD in metabolic syndrome participants in Bangladesh =20%
q=(1-p)

d = Standard Error 0.05

Considering nonresponse and unavailability of 10% of total participants, it is considered 200.

2.3. Data Collection

The data of the study participants were collected from the outpatient department of Bangladesh Institute of Health Sciences
General Hospital (BIHS), Mirpur, Dhaka, Bangladesh. Informed written consent was obtained from each individual
participant, and data was collected using a questionnaire. The questionnaire includes socio-demographic information such

as age, sex, marital status, residential area, educational status, any history of past illness or any chronic diseases, family
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history, history of addiction, present or past medication that may elicit liver disease, anthropometric measurement, and

biochemical parameters such as serum triglyceride (TG) level and fasting blood sugar level.

2.4. Physical Examination

The body mass index (BMI) of the participants was calculated in kg/m? using a standard formula. BMI = Weight (in
kg)/Height (in m?). Waist circumference was measured to the nearest 0.5 cm with a soft non-elastic measuring tape. The
waist circumference was taken to the nearest standing horizontal circumference between the lower border of the 12th rib
and the highest point of the iliac crest on the mid-axillary line at the end of the normal expiration. Hip circumference was
measured at the maximum circumference over the buttocks using soft non-elastic measuring tape, and the reading was taken
to the nearest 0.5 cm. Waist-to-hip ratio (WHR) of the study participants was calculated as the ratio of the waist

circumference divided by hip circumference.

2.5. Detection of Fatty Liver

Ultrasonography (USG) of the hepatobiliary system was employed to identify the existence or nonexistence of NAFLD.
USG is regarded as a readily accessible, economical, and fundamentally noninvasive approach for the identification of
NAFLD [18-20]. The doctors utilized a sonographic device with 3.5 MHz transducers to scan the liver, biliary system,
spleen, and kidneys. Fatty liver was identified through ultrasound observations indicating that the liver's echogenicity
exceeds that of the renal cortex; intrahepatic vessels were not clearly visible; the ultrasound beam showed increased
attenuation at the back; and visualization of the diaphragm was inadequate. Since a cirrhotic liver can also exhibit high
echogenicity, it was ruled out through medical history, physical assessments, and ultrasound findings such as the coarse

echo texture of the liver [21, 22].

2.6. Detection of Metabolic Complications
Metabolic complications were detected by WHO criteria: the World Health Organization (WHO) recommends a WHR of
at least 0.90 for men and 0.85 for women to indicate a significantly increased risk of metabolic complications. A WHR

greater than 1.0 for either sex indicates an even higher risk [23].

2.7. Analytical Methods

After overnight fasting (8-12 hours), ~6 ml of venous blood was collected between 8.00 and 9.00 am by venipuncture
following standard procedure. The blood sample was maintained at 40°C until separation, and the serum was kept at -80°C
within an hour of sample collection. Serum was not allowed to be thawed until the assay was performed. Tests for serum

glucose and serum triglyceride were performed using the photometric colorimetric method.
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2.8. Statistical Analysis

Statistical analyses were performed using SPSS version 27 on Windows 11. Data were expressed as mean + SD.
Associations between categorical variables were assessed using the exact chi-square (y?) test. Binary logistic regression
analysis and ordinal logistic regression were performed to analyze the prediction of metabolic risk. A p-value < 0.05 was

considered statistically significant.

3. RESULTS

Table 1 shows the frequency and distribution of gender, sociodemographic, and clinical characteristics among 200 NAFLD
patients. Most of the participants were women (71%), whereas male participants were 29%. The age of NAFLD patients is
divided into five age groups. Those aged between 18 and 28 years made up 7.5% (n=15), while those aged 29 to 38 years
accounted for 15.0% (n=30). The largest proportion of participants are in the 39 to 48 years’ age group, comprising 30.5%
(n=61), and nearly half of the participants (47.0%, n=94) are over 48 years of age.

Table 1. Frequency and distribution of gender, sociodemographic, and clinical characteristics.

Sociodemographic and Variables Frequency Percentage
health related parameters (%)
Gender Male 58 29
Female 142 7
Age (years) Adult (18-28) 15 7.5
Adult (29-38) 30 15.0
Adult (39-48) 61 30.5
More than 48 94 47.0
Marital status Married 166 83.0
Unmarried 34 17.0
Living area Rural 77 38.5
Semi Urban 19 9.5
Urban 104 52.0
Education Higher Educated 121 60.5
Below the graduation level 79 395
BMI-based body weight Normal weight - -
category Overweight 21 11.0
Obesity 179 89.0
Triglyceride level Normal 58 29.0
Boarder line high 28 14.0
High 114 57.0
Diabetes based on FBS No Diabetes 90 45.0
Pre-Diabetes 52 26.0
Diabetes 58 29.0
NAFLD grading Grade-| 163 81.5
Grade-ll 31 155
Grade-lll 06 3.0
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A large majority (83.0%) of patients were married, while a smaller proportion (17.0%) were unmarried. Urban areas had
the highest representation (52.0%), followed by rural areas (38.5%), with semi-urban areas representing just 9.5% of total
NAFLD patients. 60.5% of the patients had higher education, while 39.5% had an education level below graduation. The
Body Mass Index (BMI) distribution among NAFLD (Non-Alcoholic Fatty Liver Disease) patients shows 0.5% of the
patients fall into the normal weight category. 10.0% of the patients are classified as overweight. 89.5% of the patients are
classified as obese. Obesity is a predominant issue among this group of NAFLD patients, which is consistent with the
association between obesity and the development or worsening of NAFLD. A large portion (57%) of those with NAFLD
have a high triglyceride level. 29.0% of the patients have normal triglyceride levels, and 14.0% fall into the borderline high
category. This highlights elevated triglycerides as a common feature in NAFLD patients, which may be associated with the
risk of metabolic syndrome. Based on the assessment of fasting blood sugar monitoring, 45.0% of NAFLD patients have no
diabetes. 26.0% of patients are classified as having pre-diabetes, indicating impaired fasting blood sugar levels. 29.0% of
patients have diabetes, reflecting elevated fasting blood sugar levels. The patients with NAFLD were categorized into
Grade-I (mild), Grade-II (moderate), and Grade-III (severe) categories, along with the corresponding percentages for each
group. The majority of subjects (81.5%) have Grade-I NAFLD (mild). Grade-II (moderate) NAFLD accounts for 15.5% of
the subjects. A very small proportion (3.0%) of subjects have Grade-III (severe) NAFLD.

Table 2. Anthropometric and biochemical characteristics of the female and male study subjects (N=200).

Variables Female (n=142) Male (n=58)
Mean (+¥SD) Mean (+¥SD)
Age (years) 47.48+12.837 49.72+13.902
Body mass index (kg/m?) 32.92+2.55 31.71£2.279
Waist circumference (cm) 81.86+4.273 90.81+£2.959
Hip circumference (cm) 92.76+5.832 100.99+3.634
Waist to Hip ratio 0.88+0.033 0.89+0.026
Serum triglyceride (mg/dL) 234.59+133.697 244.30+172.683
Fasting blood sugar (mg/dL) 109.36+26.5 114.94£33.7

Table 2 shows anthropometric and biochemical characteristics between female and male study participants. Females have
an average age of 47.48+12.837 years, while males have an average age of 49.72+13.90 years. We found that both males
and females possessed higher BMI than normal. Both categories fall into obese groups. Though females have a slightly
higher average BMI (32.92 kg/m?) compared to males (31.71 kg/m?). This difference suggests that females among total
participants have a slightly higher level of general body fat compared to males. Waist circumference is notably larger in
males (90.81+2.959) compared to females (81.86+4.273), indicating that males have more abdominal fat in this study
population. We also found that hip circumference is larger in males (100.99+£3.634) compared to females (92.76+5.832).
The waist-to-hip ratio is slightly higher in males (0.894+0.026) compared to females (0.88+£0.033).
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Serum triglycerides are higher in males (234.59 mg/dL) compared to females (244.30+£172.683 mg/dL). Fasting blood sugar
is higher in males (114.94433.7 mmol/L) compared to females (109.36 mmol/L). The mean blood sugar level of male

participants indicates impaired blood glucose tolerance.

Table 3. Association of metabolic complications based on waist to hip ratio with female and male NAFLD patients.

p-value
Female (n=142) Waist to Hip Ratio Among Female
<=0.84 >=0.85 Total
Grade-l 9 109 118 0.62
Grade-l| 2 19 21
Grade-lll 1 2 3
Total 12 (6%) 130 (65%) 142
Age Group Adult (18-28) 2 11 13 0.161
Adult (29-38) 0 20 20
Adult (39-48) 7 40 47
More than 48 3 59 62
Total 12 130 142
Male (n=58) Waist to Hip Ratio Among Male 0.961
<=.89 >=.90 Total
Grade-| 29 16 45
Grade-ll 5 5 10
Grade-lll 2 1 3
Total 36 (18%) 22 (11%) 58
Age Group Adult (18-28) 0 2 2 0.034
Adult (29-38) 4 6 10
Adult (39-48) 12 2 14
More than 48 20 12 32
36 22 58
Total 200 (100%)

Table 3 represents the association of metabolic complications based on WHR with NAFLD in female (n=142) and male
(n=58) patients. Additionally, p-values are provided to assess the significance of differences. Among females, the majority
(130 out of 142) have a WHR >0.85, indicating a higher risk for metabolic complications. 109 individuals with WHR >0.85
having Grade I NAFLD suggests high risk according to WHR thresholds. 19 female respondents having Grade II NAFLD
and 2 having Grade III NAFLD, reflecting the metabolic complications with WHR >0.85. The p-value for NAFLD grading
(0.620) suggests that the relationship between WHR and NAFLD grading is not statistically significant for females. This

means that WHR may not have a strong association with the severity of NAFLD in females.
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Among female NAFLD patients (n=142), a total of 13 were in the 18-28 years’ age group, with 2 having WHR <0.84 and
11 having WHR >0.85. In the 29-38 years’ group, all 20 patients had WHR >0.85, with none in the <0.84 category. In the
39-48 years’ group, 7 patients had WHR <0.84 and 40 had WHR >0.85, totaling 47. The largest group was females above
48 years, where 3 had WHR <0.84 and 59 had WHR >0.85, making a total of 62. Overall, the distribution showed increasing
prevalence of higher WHR (>0.85) with advancing age, though the association was not statistically significant (p =0.161).

Among the 58 male NAFLD patients, the distribution of disease grading varied between those with different waist-to-hip
ratios (WHR). In the group with a WHR > 0.90 (n=22), Grade-I NAFLD was present in 16 patients, while Grade-II and
Grade III were seen in 5 and 1 patients, respectively. In comparison, among those with a WHR < 0.89 (n=36), Grade-I was
observed in 29 patients, with 5 cases of Grade-II, and 2 cases of Grade-III. The p-value for NAFLD grading (0.961) indicates
that WHR does not have a statistically significant impact on NAFLD grading in males.

Among the 58 male NAFLD patients, the distribution of waist-to-hip ratio (WHR) also varied notably across age groups.
Of the 22 males with a WHR > 0.90, the largest number (n=12) were in the more than 48 years’ age group, followed by 6
participants in the 29-38 years group, 2 in the 18-28 years group, and 2 in the 39-48 years group. In contrast, among the 36
males with a WHR < 0.89, the highest number were also from the more than 48 years’ group (n=20), followed by 12
participants aged 39-48 years, 4 from the 29-38 years’ group, and none from the 18-28 years’ group. This distribution
indicates that higher WHR values (= 0.90) are more common among older males, particularly those over the age of 48. The
association between WHR and NAFLD grades in males was statistically significant (p = 0.034), suggesting a stronger link

between metabolic complications and age-wise NAFLD severity.

Table 4. Correlation between different grades of NAFLD and anthropometric as well as biochemical characteristics of the

patients included in this study.

Variables Grade-l Grade-Il and Il P value
(n=163) (n=37)
Age (years) 48.43+13.57 46.81+11.19 0.500
Height (m) 1.5710.088 1.58+0.086 0.468
Weight (kg) 81.23+10.429 83.22+9.452 0.290
Body mass index (kg/m?) 32.47+2.551 32.97+2.421 0.278
Waist circumference (cm) 84.43+5.627 84.57+5.881 0.887
Hip circumference (cm) 95.04+6.472 95.61+6.556 0.632
Waist to hip ratio 0.88+ 0.031 0.89+0.038 0.690
Serum triglyceride (mg/dL) 244.50+ 156.821 206.14+73.697 0.028
Fasting blood sugar (mg/dL) 111.76+ 29.17 92.01+26.11 0.396

Table 4 represented the average age of Grade-I NAFLD subjects as 48.43 + 13.57 years, while Grade-II and 11l NAFLD

subjects had a mean age of 46.81 + 11.19 years. The p-value (0.500) indicates that there is no significant difference in age
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between the two groups. The average height of Grade-I NAFLD subjects was 1.57 £ 0.088 meters, compared to 1.58 £
0.086 meters for Grade-II and III NAFLD subjects.

The p-value (0.468) suggests no significant difference in height between the two groups. The mean weight of Grade-I
subjects was 81.23 + 10.429 kg, while Grade-II and III subjects had an average weight of 83.22 + 9.452 kg. The p-value
(0.290) indicates no significant difference in weight between the two groups. The BMI for Grade-I NAFLD subjects was
32.47 £ 2.551 kg/m?, compared to 32.97 + 2.421 kg/m? for Grade-II and III subjects. The p-value (0.278) suggests no
significant difference in BMI between the two groups. The average waist circumference for Grade-I NAFLD subjects was
84.43 + 5.627 cm, and for Grade-II and III subjects, it was 84.57 + 5.881 cm. The p-value (0.887) indicates no significant
difference in waist circumference. Hip circumference among Grade-I NAFLD subjects was 95.04 + 6.47 cm, while in Grade-
IT and III subjects it was 95.61 + 6.56 cm, showing no significant difference (p = 0.632). The waist-to-hip ratio was 0.88 +
0.031 for Grade-I subjects and 0.89 + 0.038 for Grade-II and I1I subjects. The p-value (0.690) shows no significant difference
in WHR. A significant difference was observed in serum triglyceride levels between the two groups. Grade-I NAFLD
subjects had a mean serum triglyceride level of 244.50 + 156.821 mg/dl, while Grade-II and III NAFLD subjects had a
mean of 206.14 + 73.697 mg/dl. The p-value (0.028) indicates a statistically significant lower level of triglycerides in the
Grade-II and III group. The fasting blood sugar level for Grade-I NAFLD subjects was 111.76+ 29.17 mg/dl, and for Grade-
II and III subjects, it was 92.01+26.11 mg/dl. The p-value (0.396) indicates no significant difference in fasting blood sugar
levels. The results of this study indicate that there were no significant differences in most of the clinical parameters between
subjects with Grade-I NAFLD and those with Grade-II and III NAFLD, including age, height, weight, BMI, waist
circumference, waist-to-hip ratio, and fasting serum glucose.

However, a statistically significant difference was observed in the serum triglyceride levels, with Grade-I NAFLD subjects
having significantly higher triglyceride concentrations compared to those with more advanced stages (Grade II and III) of
the disease. This finding suggests that lipid metabolism might change as NAFLD progresses, and elevated triglyceride levels
could be a characteristic of early-stage NAFLD.

Table 5. Binary logistic regression analysis showing the predictors of metabolic complications among NAFLD patients.

Variables B S.E. Wald df Sig. (p) Exp (B) 95% C.l. for Exp (B)
Waist-to-Hip

Ratio \WhR, 10563 3251 1057 1 0.001 38.56 432-342.68
BMI (kg/m?) 0215 0088 596 1 0.015 1.24 1.04-153
FBS (mmolll) 0461 0172  7.16 1 0.007 1.59 1.14 - 2.21
Triglyceride 04 0002  3.96 1 0.047 1.00 1.00 - 1.01
(mg/dL)

Age (years)  0.028 0017 267 1 0.102 1.03 0.99 - 1.07

Sex (Male=1, 955 0419 548 1 0.019 0.37 0.16 - 0.85
Female=0)

Nagelkerke R? = 0.42, Classification Accuracy: 81.2%
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Table S presents the results of the binary logistic regression analysis conducted to identify factors that predict metabolic
complications among NAFLD patients. The model shows that WHR, BMI, and FBS are significant predictors of metabolic
complications (p < 0.05). Among them, WHR had the strongest influence (B=10.563, p=0.001), indicating that a higher
WHR greatly increases the likelihood of developing metabolic complications. Similarly, BMI (B=0.215, p=0.015) and FBS
(B = 0.461, p = 0.007) were also positively associated with the presence of metabolic complications, suggesting that
individuals with higher BMI and blood sugar levels are more at risk. Triglyceride level (p = 0.047) showed a weak but
statistically significant effect, while age (p = 0.102) was not a meaningful predictor. Sex (B = —0.982, p = 0.019) had a
negative relationship, showing that males were less likely to have metabolic complications compared to females. The
regression model explains about 42% of the variation in metabolic complications (Nagelkerke R? = 0.42) and correctly
classifies 81% of cases. The results clearly indicate that WHR, BMI, and FBS are the most important predictors of metabolic
complications among NAFLD patients, highlighting the major role of central obesity and glucose metabolism in metabolic

risk.

Table 6. Ordinal logistic regression predicting NAFLD severity by clinical and biochemical variables (grade I-11II).

Predictor B SE Wald x? P Exp(B) 95% CI for Exp(B)
Age (years) 0.012 0019 038 0538 1.012 0.975, 1.051
BMI (kg/m?) 0.042 0073 033 0567 1.043 0.902, 1.206
Waist-to-Hip Ratio 1486 1201 153 0216 4418  0.464, 42.069
Triglyceride (mg/dL)  -0.007 0003 501 0028 0.993 0.987, 0.999
:::lf‘:io“lﬂ_?'“d Sugar 5109 0162 045 0502 1.115 0.812, 1.532
Gender (1 = Male) 0.264 0487 029 0591 1.303 0.501, 3.388

Table 6 shows the results of the ordinal logistic regression used to predict NAFLD severity (Grades I-111) based on different
clinical and biochemical factors. Among all the predictors, only serum triglyceride (p =.028) was found to have a significant
effect on NAFLD severity. The negative coefficient (B =—0.007) means that patients with lower triglyceride levels tended
to have more severe NAFLD grades. This finding is consistent with Table 4, where Grade II-III patients also had lower
triglyceride levels than those with Grade-I. The WHR showed a positive but non-significant effect (B = 1.486; Exp (B) =
4.418; p = 0.216), suggesting a mild trend that higher WHR might increase the likelihood of severe NAFLD, though the
result was not statistically meaningful. Other factors such as age, BMI, fasting blood sugar, and gender were not significantly
related to disease severity (p >.05). The model indicates that triglyceride level is the most important factor linked to NAFLD
severity, while WHR and BMI have weaker or non-significant roles in predicting disease progression among the studied

patients.
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4. DISCUSSION

This study explored the association between metabolic complications and WHR among patients with NAFLD, emphasizing
gender-based differences. Our findings revealed that individuals with a higher WHR were at significantly greater risk of
metabolic complications, consistent with previous studies linking central obesity to NAFLD risk [24]. Similar to our results,
a large-scale Japanese study demonstrated a positive association between NAFLD and increased waist-to-height ratio [24].
Previous meta-analyses have shown that NAFLD is associated with nearly a two-fold higher risk of developing type 2
diabetes and metabolic syndrome [25]. Comparable observations have been reported in various populations, including
studies from Australia [26], Iran [27], and the United States [28], reported comparable findings [29] where MetS prevalence
ranged between 29-34%. In Indian adults with NAFLD, the prevalence of MetS was reported to be 47% [30], highlighting
its global burden.

Age-related physiological changes also contribute to metabolic disturbances, as advancing age alters metabolic regulation
and increases susceptibility to NAFLD and MetS [31]. Obesity remains a predominant factor; approximately 80% of
NAFLD patients in earlier reports were obese [32]. Similarly, 89.5% of participants in our study were classified as obese,
reinforcing the strong link between obesity and NAFLD. These findings are consistent with Semmler et al. [33], who
demonstrated strong associations between NAFLD, dyslipidemia, and hyperglycemia.

Our results also revealed that patients with Grade I NAFLD exhibited significantly higher triglyceride (TG) levels than
those with more advanced stages (Grade 1I-I1I). This indicates that lipid metabolism may shift as the disease progresses and
that elevated TG may be a marker of early-stage NAFLD. This observation aligns with the regression analyses, where TG
levels were significantly associated with NAFLD severity. Increased triglyceride accumulation is believed to play a central
role in hepatic fat deposition and the development of fatty liver abnormalities. A notable finding of our study was the higher
prevalence of NAFLD and metabolic complications among females (71%) compared to males (29%). This contradicts the
findings of Fattahi et al. (2016), who reported a higher prevalence in men (33.1% vs. 27.5%) [34]. The higher female
prevalence in our study may be related to hormonal differences. Estrogen plays a vital role in hepatic glucose and lipid
regulation; postmenopausal estrogen decline contributes to visceral fat accumulation and dyslipidemia, increasing NAFLD
risk [35]. Additionally, socioeconomic and educational disparities-particularly affecting women in semi-urban and rural
regions may exacerbate the risk of obesity and metabolic disorders.

Hip circumference has also been implicated as a metabolic predictor. Tekin et al. [36] reported that individuals with
metabolic syndrome had larger hip circumferences compared to controls, while Dixon et al. [37] found that a smaller hip
circumference was associated with dyslipidemia and MetS in obese women. Studies from Australia also documented a
21.7% prevalence of MetS with concomitant cardiovascular disease risk [38]. Moreover, the reciprocal relationship between
MetS and NAFLD has been well established each condition increases the likelihood of the other [39].

Our logistic regression analysis demonstrated that WHR, BMI, and fasting blood sugar (FBS) were the strongest predictors
of metabolic complications in NAFLD, whereas triglyceride level was the only biochemical marker significantly associated

with disease severity. These results underscore the importance of central obesity and impaired glucose metabolism in
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NAFLD progression. Similar anthropometric markers (WHR and BMI) have also been validated as predictors of metabolic
syndrome risk in children and adolescents [40, 41], reaffirming their clinical significance. Beyond biological and metabolic
determinants, lifestyle behavior, nutritional status (poor dieting, anemia), and health awareness including parental
knowledge and practices in managing diseases play vital roles in shaping disease outcomes [42, 43]. Moreover, giving
emphasis on the potential of innovative educational tools such as microcredential based learning to strengthen public health
capacity and promote evidence-based practice among healthcare professionals is important [44].

Despite its strengths, including gender-based analysis and integration of multiple anthropometric and biochemical variables,
the study has limitations. The relatively small sample size and lower proportion of male participants may limit
generalizability. Future large-scale, longitudinal studies should investigate the mechanisms underlying gender differences
and the role of hormonal and genetic factors in NAFLD and its metabolic complications. Overall, our findings emphasize
that WHR, BMI, FBS, and TG are critical indicators for identifying metabolic risk among NAFLD patients. Early
recognition of these markers and targeted interventions focusing on obesity control, glycemic regulation, and lipid

management could substantially reduce the burden of NAFLD and its associated metabolic complications in Bangladesh.

5. CONCLUSIONS

This study highlights a high prevalence of obesity and metabolic disturbances among patients with NAFLD, with a notably
greater incidence of metabolic complications observed in female patients. Interestingly, although males exhibited slightly
higher waist and hip circumferences, this difference may be attributed to the limited sample size and may not reflect broader
population trends. The major metabolic indicators namely WHR, BMI, and FBS, emerged as significant predictors of
metabolic complications. In contrast, triglyceride level was the only parameter significantly associated with the severity of
NAFLD. These findings emphasize the critical role of central obesity and impaired glucose metabolism in the early detection
and management of NAFLD. Moreover, it emphasized the complex and multifactorial nature of NAFLD progression, which
may involve subtle metabolic alterations not fully represented by standard clinical assessments. Early detection and targeted
interventions focusing on weight management, glycemic control, and lipid regulation may help prevent metabolic
complications and slow disease progression. Future large-scale and longitudinal studies can validate these findings and
explore the underlying biological and hormonal mechanisms contributing to gender-specific differences in NAFLD

progression.

ACKNOWLEDGEMENT

We would like to express our sincere gratitude to all the study participants for their valuable contribution and cooperation

throughout this study.

FUNDING SOURCES

This project was self-funded.

Akter S, et al., J Biosci Public Health. 2025;1(3):64-78
75



CONFLICT OF INTEREST

The authors declare that they don’t have any kind of conflict of interest.

ETHICAL STATEMENT

This study was approved by the Ethical Review council (ERC), Memo No: BUHS/ERC/EA/24/432, Bangladesh University
of Health Sciences (BUHS). The information and identity of the participants was kept private. All the Patients included in
this study were informed about the nature, risk and benefit of the study. Participation in this research was fully voluntary.
The respondents had remained entirely free to withdraw their participation at any stage or any time of the study. Informed

written consent was taken from each patient.

AUTHOR CONTRIBUTIONS

Original conceptualization was contributed by Sonia Akter. Data entry, study design and writing-original draft were
contributed by Sonia Akter, Rahelee Zinnat, Mahbuba Khatun and Md. Afzal Hossain. Data collection was done by Sonia
Akter, Md. Yousuf Hosen and Sharmin Akter. Statistical analysis and visualization were prepared by Rahelee Zinnat,
Mahbuba Khatun and Shohal Hossain. Writing review was done by Fuad Hossain, Farzana Yeasmin Khusbu and Momtaz
Jahan. Citation and references were prepared by Md. Afzal Hossain. All authors have read and agreed to the published

version of the manuscript.

Artificial Intelligence (AI) Use Disclosure

The authors declare that artificial intelligence (Al) tools were used to assist in the preparation of this manuscript
(approximately 8%), specifically for improving language, grammar, and sentence structure. All content was reviewed and

verified by the authors to ensure accuracy and compliance with ethical standards.

REFERENCES

1. Pacifico L, Nobili V, Anania C, Verdecchia P, Chiesa C. Pediatric nonalcoholic fatty liver disease, metabolic
syndrome and cardiovascular risk. World J Gastroenterol. 2011;17(26):3082-3091

2. American Gastroenterological Association medical position statement: Nonalcoholic fatty liver disease.
Gastroenterology. 2002;123(5):1702—1704. doi:10.1053/gast.2002.36569

3. Marchesini G, Moscatiello S, Di Domizio S, Forlani G. Obesity-associated liver disease. J Clin Endocrinol Metab.
2008;93(11 Suppl 1): S74-S80. doi:10.1210/jc.2008-1399

4. Clark JM, Brancati FL, Diehl AME. Nonalcoholic fatty liver disease: The most common cause of abnormal liver
enzymes in the U.S. population. Gastroenterology. 2001;120(Suppl 1): A65. doi:10.1016/S0016-5085(01)80321-8

5. Marceau P, Biron S. Liver pathology and the metabolic syndrome X in severe obesity. J Clin Endocrinol Metab.
1999;84(5):1513-1517

6. Grander C, Grabherr F, Moschen AR, Tilg H. Non-alcoholic fatty liver disease: Cause or effect of metabolic
syndrome. Visc Med. 2016;32(5):329-334. doi:10.1159/000448940

Akter S, et al., J Biosci Public Health. 2025;1(3):64-78
76



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Ipsen DH, Lykkesfeldt J, Tveden-Nyborg P. Molecular mechanisms of hepatic lipid accumulation in non-alcoholic
fatty liver disease. Cell Mol Life Sci. 2018;75(18):3313—-3327. do0i:10.1007/s00018-018-2860-6

PharmD DSK. Metabolic complications of TPN. AmeriPharma® Specialty Care. September 1, 2023. Accessed
October 19, 2025. https://ameripharmaspecialty.com/tpn/metabolic-complications-of-tpn/

Petersen PE. World Health Organization: Organisation Mondiale de la Sante. Community Dent Oral Epidemiol.
2003;31(6):471. doi:10.1046/1.1600-0528.2003. 00124.x

Grundy SM, Brewer HB, Cleeman JI, Smith SC, Lenfant C. Definition of metabolic syndrome: Report of the
National Heart, Lung, and Blood Institute/American Heart Association conference on scientific issues related to
definition. Circulation. 2004;109(3):433—438. doi: 10.1161/01.CIR.0000111245. 75752.C6

Tal S, Melzer E, Chsherbakov T, Malnick S. Metabolic syndrome is associated with increased prevalence of
advanced colorectal polyps. J Nutr Health Aging. 2014;18(1):22-25. doi:10.1007/s12603-013-0360-9

Howard WIJ. Diagnosis and management of the metabolic syndrome: An American Heart Association/National
Heart, Lung, and Blood Institute scientific statement. Yearb Endocrinol. 2006; 2006:113—114. doi:10.1016/S0084-
3741(08)70316-0

Noubiap JJ, Nansseu JR, Lontchi-Yimagou E, et al. Geographic distribution of metabolic syndrome and its
components in the general adult population: A meta-analysis of global data from 28 million individuals. Diabetes
Res Clin Pract. 2022; 188:109924. doi: 10.1016/j.diabres.2022.109924

Chowdhury MZI, Anik AM, Farhana Z, et al. Prevalence of metabolic syndrome in Bangladesh: A systematic
review and meta-analysis of the studies. BMC Public Health. 2018;18(1):308. doi:10.1186/s12889-018-5209-z
Rector RS, Thyfault JP, Wei Y, Ibdah JA. Non-alcoholic fatty liver disease and the metabolic syndrome: An update.
World J Gastroenterol. 2008;14(2):185-192. doi:10.3748/wjg.14.185

Marchesini G, Bugianesi E, Forlani G, et al. Nonalcoholic fatty liver, steatohepatitis, and the metabolic syndrome.
Hepatology. 2003;37(4):917-923. doi:10.1053/jhep.2003.50161

Daniel WW, Cross CL. Biostatistics: A Foundation for Analysis in the Health Sciences. 10th ed. New York: Wiley;
2013.

Nomura H, Kashiwagi S, Hayashi J, Kajiyama W, Tani S, Goto M. Prevalence of fatty liver in a general population
of Okinawa, Japan. Jpn J Med. 1988;27(2):142-149. doi:10.2169/internalmedicine1962.27.142

Lee S S, Park SH. Radiologic evaluation of nonalcoholic fatty liver disease. World J Gastroenterol.
2014;20(23):7392-7402. doi:10.3748/wjg. v20.i123.7392

Mishra P, Younossi ZM. Abdominal ultrasound for diagnosis of nonalcoholic fatty liver disease (NAFLD). Am J
Gastroenterol. 2007;102(12):2716-2717. doi:10.1111/j.1572-0241.2007. 01520.x

Sandford NL, Walsh P, Matis C, Baddeley H, Powell LW. Is ultrasonography useful in the assessment of diffuse
parenchymal liver disease? Gastroenterology. 1985;89(1):186—191. doi:10.1016/0016-5085(85)90761-9
Debongnie JC, Pauls C, Fievez M, Wibin E. Prospective evaluation of the diagnostic accuracy of liver
ultrasonography. Gut. 1981;22(2):130-135. doi:10.1136/gut.22.2.130

Umuerri EM. Ethnicity and cut-off values in obesity. In: Nutrition in the Prevention and Treatment of Abdominal
Obesity. Amsterdam: Elsevier; 2019:211-223. doi:10.1016/B978-0-12-816093-0.00017-3

Sheng G, Xie Q, Wang R, Hu C, Zhong M, Zou Y. Waist-to-height ratio and non-alcoholic fatty liver disease in
adults. BMC Gastroenterol. 2021;21(1):239. doi:10.1186/s12876-021-01824-3

Yang KC, Hung HF, Lu CW, Chang HH, Lee LT, Huang KC. Association of non-alcoholic fatty liver disease with
metabolic syndrome independently of central obesity and insulin resistance. Sci Rep. 2016;6(1):27034.
doi:10.1038/srep27034

Azizi F, Salehi P, Etemadi A, Zahedi-Asl S. Prevalence of metabolic syndrome in an urban population: Tehran
Lipid and Glucose Study. Diabetes Res Clin Pract. 2003;61(1):29-37. doi:10.1016/S0168-8227(03)00066-4
Fakhrzadeh H, Ebrahimpour P, Pourebrahim R, Heshmat R, Larijani B. Metabolic syndrome and its associated risk
factors in healthy adults: A population-based study in Iran. Metab Syndr Relat Disord. 2006;4(1):28-34.
doi:10.1089/met.2006.4.28

Ervin RB. Prevalence of metabolic syndrome among adults 20 years of age and over, by sex, age, race and ethnicity,
and body mass index: United States, 2003-2006. Nat! Health Stat Report. 2009;(13):1-8.

Akter S, et al., J Biosci Public Health. 2025;1(3):64-78

77


https://ameripharmaspecialty.com/tpn/metabolic-complications-of-tpn/

29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

Uchil D, Pipalia D, Chawla M, Patel R, Maniar S, Juneja A. Non-alcoholic fatty liver disease (NAFLD)-The hepatic
component of metabolic syndrome. J Assoc Physicians India. 2009; 57:201-204.

Kalra S, Vithalani M, Gulati G, et al. Study of prevalence of nonalcoholic fatty liver disease (NAFLD) in type 2
diabetes patients in India (SPRINT). J Assoc Physicians India. 2013;61(7):448—453.

Zakerkish M, Assarzadeh A, Seyedian SS, Jahanshahi A. Prevalence of metabolic syndrome and related factors in
patients with non-alcoholic fatty liver. Jundishapur J Chronic Dis Care. 2021;11(1): ell4541.
doi:10.5812/jjcdc.114541

Marchesini G, Brizi M, Bianchi G, et al. Nonalcoholic fatty liver disease. J Hepatol. 2001;50(1):81-92.

Semmler G, Wernly S, Bachmayer S, et al. Nonalcoholic fatty liver disease in lean subjects: Associations with
metabolic dysregulation and cardiovascular risk-A single-center cross-sectional study. Clin Transl Gastroenterol.
2021;12(4): €00326. doi:10.14309/ctg.0000000000000326

Fattahi MR, Niknam R, Safarpour A, Sepehrimanesh M, Lotfi M. The prevalence of metabolic syndrome in non-
alcoholic fatty liver disease: A population-based study. Middle FEast J Dig Dis. 2016;8(2):131-137.
doi:10.15171/mejdd.2016.18

Al Mahtab M, Ghosh J, Bhatia S, et al. Gender differences in nonalcoholic fatty liver disease. Euroasian J Hepato-
Gastroenterol. 2022;12(S1): S19-S25. doi:10.5005/jp-journals-10018-1370

Tekin T, Cigek B, Konyaligil N, et al. Increased hip circumference in individuals with metabolic syndrome affects
serum nesfatin-1 levels. Postgrad Med J. 2020;96(1140):600—605. doi:10.1136/postgradmed;j-2019-136887
Dixon JB, Strauss BJG, Laurie C, O’Brien PE. Smaller hip circumference is associated with dyslipidemia and the
metabolic syndrome in obese women. Obes Surg. 2007;17(6):770-777. doi:10.1007/s11695-007-9142-y

Cameron AJ, Magliano DJ, Zimmet PZ, Welborn T, Shaw JE. The metabolic syndrome in Australia: Prevalence
using four definitions. Diabetes Res Clin Pract. 2007;77(3):471-478. doi: 10.1016/j.diabres.2007.02.002

Chen SH, He F, Zhou HL, Wu HR, Xia C, Li YM. Relationship between nonalcoholic fatty liver disease and
metabolic syndrome. J Dig Dis. 2011;12(2):125-130. doi:10.1111/j.1751-2980.2011. 00487 .x

Ferreira AP, Ferreira CB, Brito CJ, et al. Prediction of metabolic syndrome in children through anthropometric
indicators. Arq Bras Cardiol. 2011;97(2):126—133. doi:10.1590/s0066-782x2011005000005

Moore LM, Fals AM, Jennelle PJ, Green JF, Pepe J, Richard T. Analysis of pediatric waist to hip ratio relationship
to metabolic syndrome markers. J Pediatr Health Care. 2015;29(4):319-324. doi: 10.1016/j.pedhc.2014.12.003
Khatun M, Hossain MA, Chowdhury MKHJ, Islam MS, Munna AA, Usmani SG, Akter S, Hossain MF. Iron
Deficiency Anemia and its Association with Mental Health and Food Habits Among University Students. J Biosci
Public Health. 2025;1(2):59-7. doi: 10.5455/JBPH.2025.10

Arbin AN, Akter T, Sumaiya RZO, Othai NT, Karim MS, Mithu MMU, et al. Parental knowledge, practices, and
challenges in managing Human Metapneumovirus (hMPV)-associated acute respiratory infections in children in
Bangladesh. Microbes Infect Dis. 2025;6(3):991-1005. doi:10.21608/mid.2025.368581.2629

Islam MS. The Emerging Role of Microcredentials in Higher Education: Advancing Public Health Learning and
Beyond. J Biosci Public Health. 2025;1(1):43-54. doi: 10.5455/JBPH.2025.04

Akter S, et al., J Biosci Public Health. 2025;1(3):64-78

78



