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ABSTRACT

Background: Metabolic Syndrome (MS) is a multifactorial disorder characterized by a cluster of interrelated
cardiometabolic risk factors such as central obesity, dyslipidemia, hypertension, and impaired glucose metabolism. It
significantly increases the risk of type 2 diabetes mellitus and cardiovascular diseases, representing a growing public
health concern in Bangladesh.

Objective: To evaluate the association between anthropometric, biochemical, and cardiovascular biomarkers and
the presence of Metabolic Syndrome among middle-aged adults.

Methods: This hospital-based cross-sectional study was conducted at the Department of Biochemistry, Ahad
General Hospital, Savar, Dhaka, from July 2023 to June 2024, enrolling 595 participants aged 35-60 years.
Anthropometric parameters (waist circumference, BMI), biochemical markers (random blood sugar, lipid profile), and
blood pressure were measured using standardized protocols. Metabolic Syndrome was defined according to the
International Diabetes Federation (IDF) criteria. Data were analyzed using SPSS version 26.0, applying chi-square tests,
t-tests, Pearson’s correlation, and multivariate logistic regression.

Results: The overall prevalence of MS was 23.7%. Prevalence increased with age and was significantly higher in
females (29.6%) than in males (17.6%) (p <0.001). Participants with MS showed significantly higher waist circumference
(101.9 + 12.7 cm vs. 85.8 = 11.6 cm), BMI (29.5 + 4.6 vs. 24.2 £+ 4.5 kg/m?), triglycerides (3.33 = 1.87 vs. 1.51 £ 0.96
mmol/L), and systolic blood pressure (129.9 + 16.5 vs. 115.8 + 12.8 mmHg), with lower HDL cholesterol (1.02 + 0.29
vs. 1.38 £ 0.45 mmol/L) (all p < 0.001). Multivariate logistic regression identified waist circumference (OR = 1.10, p <
0.001), triglycerides (OR =2.85, p <0.001), low HDL (OR = 0.16, p < 0.001), and systolic blood pressure (OR = 1.04, p
< 0.001) as independent predictors of MS
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Conclusion: Metabolic Syndrome was common among middle-aged adults, especially females. Central obesity,
high triglycerides, low HDL, and elevated systolic pressure were key predictors. Routine screening of these markers can
aid early detection and prevention of cardiometabolic risks.

Keywords: Metabolic syndrome; central obesity; dyslipidemia; cardiovascular risk; bangladesh

1. Introduction

Metabolic Syndrome (MS) is a multifactorial clinical condition characterized by a cluster of interrelated
cardiometabolic risk factors, including central obesity, dyslipidemia, hypertension, and impaired glucose
regulation'!). This constellation of abnormalities significantly heightens the risk for developing type 2 diabetes
mellitus (T2DM), cardiovascular disease (CVD), and premature mortality, thereby posing a major public
health concern worldwide!®?). Diagnostic frameworks such as those proposed by the International Diabetes
Federation (IDF) and the National Cholesterol Education Program Adult Treatment Panel III (NCEP ATP III)
have standardized the identification of MS, enabling early detection of individuals at high metabolic risk who
could benefit from timely preventive strategies!®!.

The pathophysiology of MS is intricate, with insulin resistance recognized as its central feature. This
metabolic impairment is further compounded by sedentary behavior, excessive caloric intake, chronic stress,
and genetic predisposition®. These disturbances are reflected in alterations of key health biomarkers.
Anthropometric indices such as waist circumference and body mass index (BMI) serve as simple yet powerful
indicators of overall and visceral adiposity, the latter being metabolically active and strongly linked to
cardiometabolic riskl®. Dyslipidemia—characterized by elevated triglycerides (TG), reduced high-density
lipoprotein cholesterol (HDL-C), and the predominance of small, dense low-density lipoprotein (LDL)
particles—represents another hallmark of MS, contributing to its atherogenic potentialt”!. Additionally, raised
blood pressure and fasting plasma glucose (FPG) reflect both cardiovascular strain and impaired metabolic
homeostasis!®.

Middle adulthood is a particularly vulnerable period for the onset and progression of MS. Age-related
metabolic slowdown, hormonal fluctuations, and cumulative exposure to unhealthy lifestyle behaviors
converge to increase susceptibility during this stage of life!”’. Consequently, middle-aged individuals represent
a critical population for metabolic screening and early intervention. Although the components of MS are well-
documented, the relative contribution and interrelationship of these biomarkers, as well as potential gender-
based variations, remain areas of ongoing research. Most existing evidence is derived from large,
heterogeneous population-based studies; however, localized, hospital-based investigations may better capture

variations influenced by lifestyle, socioeconomic, and genetic factors within specific populations!t!®!!,

Therefore, this cross-sectional study aims to comprehensively evaluate the association between key
anthropometric, metabolic, and cardiovascular biomarkers and the presence of Metabolic Syndrome among
middle-aged adults

2. Literature review

Metabolic Syndrome (MS) has emerged as one of the most significant public health challenges of the 21st
century, contributing substantially to the global burden of non-communicable diseases (NCDs). It represents
a constellation of metabolic abnormalities, including central obesity, dyslipidemia, elevated blood pressure,
and impaired glucose tolerance. These abnormalities act synergistically to increase the risk of developing type
2 diabetes mellitus, cardiovascular diseases, and premature mortality. According to the World Health
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Organization (WHO)!"?), the prevalence of metabolic syndrome is rising rapidly worldwide due to urbanization,
unhealthy dietary habits, and sedentary lifestyles.

Globally, estimates suggest that nearly one-quarter of the adult population may be affected by MS, with
marked regional and ethnic variations. The prevalence tends to be higher in urban populations than rural ones,
reflecting lifestyle transitions toward high-calorie diets and reduced physical activity. Developed countries
have long recognized MS as a major health burden, but recent decades have seen an alarming increase across
developing nations, particularly in Asial'¥), where rapid socioeconomic development has driven lifestyle
changes and rising obesity rates.

In South Asial!#, the prevalence of metabolic syndrome is notably high despite relatively lower rates of
obesity compared to Western populations. This phenomenon has been attributed to a higher proportion of
visceral fat, insulin resistance, and genetic susceptibility among South Asians. Studies from the region have
consistently shown that South Asians develop metabolic risk factors such as dyslipidemia, hypertension, and
impaired glucose tolerance at a younger age and lower body mass index compared to Western populations.
Dietary patterns rich in refined carbohydrates, low physical activity, and increasing stress have further
accelerated the epidemic in this region!!”,

In India'®, metabolic syndrome has been recognized as a major contributor to the growing burden of
diabetes and cardiovascular diseases. Several community and hospital-based studies have reported prevalence
rates ranging from 20% to over 40% among adults, with a higher frequency observed in urban and middle-
aged populations. Indian women, particularly post-menopausal women, have been found to be
disproportionately affected, reflecting both hormonal and lifestyle influences. The coexistence of obesity,
hypertension, and impaired fasting glucose in this demographic underscores the need for early screening and
intervention!'”),

Bangladesh, like other South Asian countries, is currently undergoing a rapid epidemiological transition
from communicable to non-communicable diseases. Urbanization, dietary westernization, and declining
physical activity have contributed to a growing prevalence of obesity, hypertension, and diabetes. Several
studies conducted in Bangladeshi urban centers have indicated that metabolic syndrome is becoming
increasingly common among middle-aged adults, particularly those with sedentary occupations and higher
socioeconomic status. Rural areas, though traditionally less affected, are now also witnessing an upward trend
due to changes in food consumption patterns and decreased manual labor. Gender-based disparities are evident,
with Bangladeshi women showing higher rates of central obesity and metabolic syndrome than men!!®1%),

In the South Asian context, one of the key challenges in addressing metabolic syndrome is the lack of
awareness and early diagnosis. Many individuals remain undiagnosed until they develop overt diabetes or
cardiovascular complications. Limited access to regular health check-ups, insufficient public health education,
and socio-cultural barriers further exacerbate the issue. Moreover, the diagnostic cut-offs for waist
circumference and BMI derived from Western populations may underestimate the actual risk in South Asians,

who tend to have higher body fat percentages at lower BMI levels!*.,

From a global health perspective, the WHO and other international health agencies have emphasized the
importance of preventive strategies focused on diet, physical activity, and regular health monitoring. Lifestyle
modification remains the cornerstone of management, but population-wide interventions—such as promoting
healthy eating, controlling tobacco and alcohol consumption, and encouraging workplace wellness programs—
are equally essential. In resource-limited settings like Bangladesh, the integration of metabolic screening
within primary healthcare systems could provide a cost-effective approach for early identification and risk
reduction.
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3. Materials and methods

3.1. Study design and settings

This hospital-based cross-sectional study was conducted at the Department of Biochemistry, Ahad
General Hospital, Savar, Dhaka, Bangladesh. The study was carried out over a 12-month period, extending
from July 2023 to June 2024. The hospital serves a diverse population from both urban and peri-urban regions,
providing an ideal setting to assess the growing burden of metabolic disorders among adults in Bangladesh.

3.2. Study population and sample size

A total of 595 participants, aged between 35 and 60 years, were enrolled in this study. All participants
were individuals who attended BIHS General Hospital for routine health check-ups or diagnostic investigations
and voluntarily agreed to participate. The sample size was based on the number of eligible and consenting
participants available during the study period.

3.3. Inclusion and exclusion criteria

Participants were included if they were within the specified age range, apparently healthy or clinically
stable, and willing to provide informed consent. Both male and female participants were considered eligible.
Individuals were excluded from the study if they had any chronic or acute medical conditions that could
interfere with metabolic assessment, such as diagnosed chronic liver disease, renal failure, thyroid disorders,
malignancy, or any active infection or inflammation. Those who were pregnant, on corticosteroid or lipid-
lowering therapy, or unwilling to provide consent were also excluded.

3.4. Data collection procedure

Data were collected using a structured, pre-tested questionnaire and verified through hospital medical
records. Socio-demographic data such as age, gender, marital status, educational level, and work status were
recorded. Anthropometric measurements including weight, height, and waist circumference were obtained
using standardized techniques, with participants wearing light clothing and no shoes. Waist circumference was
measured at the midpoint between the lower margin of the last rib and the top of the iliac crest using a flexible
measuring tape. Body Mass Index (BMI) was calculated as weight in kilograms divided by height in meters
squared (kg/m?), and BMI status was categorized according to WHO criteria.

Blood pressure was measured using a calibrated sphygmomanometer with participants in a seated position
after at least five minutes of rest. Two readings were taken five minutes apart, and the average value was
recorded for both systolic and diastolic pressures.

The parameters included in the study were: identification number (ID), age, gender, waist circumference,
random blood sugar (RBS), total cholesterol, triglycerides (TG), low-density lipoprotein (LDL), high-density
lipoprotein (HDL), marital status, educational level, work status, systolic blood pressure, diastolic blood
pressure, BMI, BMI status, and the presence or absence of metabolic syndrome.

3.5. Sample collection and laboratory analysis

Venous blood samples, approximately 5 mL, were collected aseptically from each participant following
an overnight fast of 8—10 hours. Samples were transferred into plain tubes, allowed to clot at room temperature,
and centrifuged at 3000 rpm for 10 minutes to separate serum. The serum was analyzed immediately or stored
at —20°C until further testing.
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Biochemical analyses including random blood sugar, total cholesterol, triglycerides, LDL, and HDL were
performed using an automated biochemistry analyzer (Indiko Plus, Thermo Fisher Scientific, Finland)
according to manufacturer instructions. All reagents used were of analytical grade, and internal quality control
was maintained daily using standard control sera to ensure analytical accuracy and precision. The laboratory
followed strict quality assurance protocols to minimize analytical errors.

3.6. Definition of metabolic syndrome

The diagnosis of Metabolic Syndrome was established based on the International Diabetes Federation
(IDF) criterial®!, According to these guidelines, the presence of central obesity, defined as a waist
circumference of >90 cm for men and >80 c¢cm for women, was considered essential. In addition to central
obesity, individuals were required to have any two or more of the following components: elevated triglycerides
(2150 mg/dL or 1.7 mmol/L), low HDL cholesterol (<40 mg/dL or 1.03 mmol/L in men and <50 mg/dL or
1.29 mmol/L in women), high blood pressure (systolic >130 mmHg or diastolic >85 mmHg, or current use of
antihypertensive medication), and elevated blood sugar (random blood sugar >7.8 mmol/L or previously
diagnosed diabetes mellitus). This classification allows for the uniform identification of individuals with
metabolic abnormalities, which is important for assessing cardiovascular and diabetic risk.

3.7. Statistical analysis

Data were entered and analyzed using SPSS version 26.0 (IBM, USA). Continuous variables are presented
as mean = SD, and categorical variables as frequency and percentage. Associations between metabolic
syndrome and biomarkers were assessed using Chi-square tests for categorical data and t-tests or ANOVA. A
p-value <0.05 was considered statistically significant.

3.8. Ethical considerations

The study was conducted in strict accordance with the ethical principles outlined in the Declaration of
Helsinki, ensuring respect for the rights, safety, and well-being of all participants.

4. Results

Among the total 595 participants, 141 individuals (23.7%) were diagnosed with Metabolic Syndrome
(MS). The distribution of demographic, anthropometric, and biochemical parameters demonstrated clear and
statistically significant differences between participants with and without MS, reflecting the clustering of
metabolic and cardiovascular risk factors in the affected group. The prevalence of MS increased with age.
While only 26.2% of MS cases were aged 20-35 years compared to 32.7% in the non-MS group, a larger
proportion of MS participants were in the 36—50 years (39.7%) and 51-65 years (31.2%) categories, indicating
a progressive rise in metabolic risk with advancing age (p = 0.003) (Table 1).

Gender differences were also notable, with females comprising 61.0% of the MS group, whereas males
predominated in the non-MS group (55.3%) (p <0.001). This suggests that women in this cohort may be more
vulnerable to metabolic disturbances, highlighting the importance of gender-specific risk assessment and
intervention strategies (Table 1).

Anthropometric parameters were significantly elevated in participants with MS. The mean waist
circumference among MS individuals was 101.9 + 12.7 cm, compared to 85.8 + 11.6 cm in those without MS
(p <0.001). Similarly, BMI values were substantially higher in the MS group (29.5 + 4.6) than in the non-MS
group (24.2 £ 4.5, p <0.001), reflecting the strong association between central obesity, overall adiposity, and
metabolic risk. Within BMI classifications, obesity was the most prevalent in the MS group (41.8%), followed
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by overweight (43.3%), whereas the non-MS group had a higher proportion of normal-weight individuals
(50.7%) and underweight cases (9.0%), emphasizing the close link between excess body weight and the
syndrome (p < 0.001) (Table 1).

Biochemical analyses further highlighted the adverse metabolic profile in MS participants. Mean random
blood sugar was significantly higher in the MS group (6.00 = 3.02 mmol/L) compared to the non-MS group
(5.08 £ 2.20 mmol/L). Similarly, total cholesterol (5.08 £ 1.23 vs. 4.42 + 1.01 mmol/L), triglycerides (3.33 +
1.87 vs. 1.51 £0.96 mmol/L), and LDL cholesterol (3.27 + 1.15 vs. 2.87 = 1.03 mmol/L) were elevated, while
HDL cholesterol was markedly lower (1.02 £+ 0.29 vs. 1.38 & 0.45 mmol/L), all with p <0.001 (Table 1).

Blood pressure measurements revealed that both systolic (129.9 + 16.5 mmHg) and diastolic (85.2+ 11.6
mmHg) pressures were significantly higher in MS participants than in those without the syndrome (115.8 £
12.8 and 73.6 £ 10.4 mmHg, respectively; p < 0.001), indicating a substantial cardiovascular burden.
Collectively, these findings confirm that individuals with Metabolic Syndrome exhibit a clustering of
unfavorable metabolic, anthropometric, and cardiovascular profiles, underscoring the importance of early
detection and targeted preventive interventions (Table 1).

Table 1. Descriptive Statistics of Anthropometric, Biochemical, and Clinical Parameters by Metabolic Syndrome Status

Parameter Group No MS (N =456) MS (N =141) P-value
Age Group (years) 20-35 149 (32.7%) 37 (26.2%) 0.003
36-50 220 (48.2%) 56 (39.7%)
51-65 83 (18.2%) 44 (31.2%)
66-80 4(0.9%) 4 (2.8%)

Gender Male 252 (55.3%) 55 (39.0%) <0.001

Female 204 (44.7%) 86 (61.0%)
Waist Circumference (cm) 85.8+11.6 101.9+12.7 <0.001
Random Blood Sugar (mmol/L) 5.08 £2.20 6.00 +£3.02 <0.001
Total Cholesterol (mmol/L) 4.42+1.01 5.08+1.23 <0.001
Triglycerides (TG) (mmol/L) 1.51+0.96 333+£1.87 <0.001
Low-Density Lipoprotein (LDL) (mmol/L) 2.87+1.03 327+1.15 <0.001
High-Density Lipoprotein (HDL) (mmol/L) 1.38 +£0.45 1.02+0.29 <0.001
Systolic Blood Pressure (mmHg) 115.8+12.8 1299 +16.5 <0.001
Diastolic Blood Pressure (mmHg) 73.6£10.4 852+11.6 <0.001
Body Mass Index (BMI) 242+45 295+4.6 <0.001
BMI Status Underweight 41 (9.0%) 0 (0.0%) <0.001

Normal weight 231 (50.7%) 21 (14.9%)

Overweight 125 (27.4%) 61 (43.3%)

Obese 59 (12.9%) 59 (41.8%)

No Metabolic Syndrome: No MS; Metabolic Syndrome: MS
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Table 2. Association of Anthropometric Indicators with Metabolic Syndrome

Anthropometric MS Group (Mean + SD Non-MS Group (Mean + SD Statistical Test & P-
Indicator /%) /N /%) /N Value value
Waist Circumference <
101.9+12.7 85.8+11.6 t=-13.95
(cm) 0.001
<
BMI (kg/m?) 29.5+4.6 242 +4.5 t=-11.82
0.001
Underweight: 0 (0%) Underweight: 41 (9.0%)
Normal: 21 (14.9%) Normal: 231 (50.7%) <
BMI Category ) ) > =1425,df=3
Overweight: 61 (43.3%) Overweight: 125 (27.4%) 0.001
Obese: 59 (41.8%) Obese: 59 (12.9%)
OR=1.12[1.10- <
Predictive Power (Waist) - -
1.14] 0.001
OR=1.24[1.19- <
Predictive Power (BMI) - -
1.30] 0.001

This table 2 demonstrates the strong association between anthropometric measures and Metabolic
Syndrome. Waist circumference and BMI were significantly higher in MS participants compared to non-MS
individuals, with p-values <0.001, indicating a strong link between adiposity and metabolic risk. BMI category
analysis revealed that MS prevalence escalates progressively from normal weight to obese participants,
highlighting obesity as a major risk factor. Logistic regression confirmed that both waist circumference and
BMI are powerful independent predictors of MS, with every 1 cm increase in waist circumference increasing
the odds by 12% and every 1 kg/m? increase in BMI increasing the odds by 24%. These findings emphasize
the critical role of routine anthropometric monitoring in identifying individuals at high risk for Metabolic
Syndrome (Table 2).

Table 3. Relationship between Lipid Profile and Metabolic Syndrome

Lipid Parameter No MS (Mean + SD) MS (Mean + SD) T-test Statistic P-value
Cholesterol 442 +£1.01 5.08+1.23 t(595) =-6.92 <0.001
Triglycerides (TG) 1.51 £0.96 333+1.87 t(595) =-14.12 <0.001
LDL 2.87+1.03 327+1.15 t(595) = -4.88 <0.001

HDL 1.38+0.45 1.02+0.29 t(595)=11.87 <0.001

Analysis of the lipid profile revealed significant differences between participants with and without
Metabolic Syndrome. In univariate comparisons, individuals with MS exhibited higher total cholesterol (5.08
+ 1.23 mmol/L vs. 4.42 + 1.01 mmol/L), triglycerides (3.33 = 1.87 mmol/L vs. 1.51 &£ 0.96 mmol/L), and LDL
cholesterol (3.27 £ 1.15 mmol/L vs. 2.87 = 1.03 mmol/L), along with significantly lower HDL cholesterol
(1.02 £ 0.29 mmol/L vs. 1.38 = 0.45 mmol/L), all with p-values < 0.001. These findings indicate that
dyslipidemia is strongly associated with Metabolic Syndrome (Table 3). Multivariate logistic regression
analysis, which accounted for the combined effect of all lipid parameters, showed that elevated triglycerides
and low HDL remained the dominant independent predictors of MS. Specifically, each unit increase in
triglycerides increased the odds of MS by approximately 2.85 times, while higher HDL was protective,
reducing the odds by 84%. In contrast, LDL and total cholesterol lost statistical significance when considered
together (p = 0.302 and p = 0.156, respectively) (Table 3).
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Table 4. Relationship between Blood Pressure and Metabolic Syndrome

No Metabolic Syndrome Metabolic Syndrome T-test P-
Blood Pressure Parameter
(Mean = SD) (Mean = SD) Statistic value
t(595) =- <
Systolic BP (mmHg) 115.8+12.8 1299+ 16.5
10.27 0.001
t(595) =- <
Diastolic BP (mmHg) 73.6+10.4 852+11.6
10.89 0.001

Predictive Power (Multivariate

Logistic Regression)

Blood pressure analysis revealed significant elevations in both systolic and diastolic pressures among
participants with Metabolic Syndrome compared to those without the syndrome. The mean systolic blood
pressure in MS individuals was 129.9 £ 16.5 mmHg, substantially higher than 115.8 + 12.8 mmHg in the non-
MS group (p < 0.001). Similarly, diastolic blood pressure was elevated in the MS group (85.2 £ 11.6 mmHg)
versus the non-MS group (73.6 + 10.4 mmHg, p < 0.001), indicating that hypertension is closely associated
with the syndrome (Table 4). When assessing the independent predictive power using multivariate logistic
regression, systolic blood pressure remained a significant predictor of Metabolic Syndrome, with each 1 mmHg
increase raising the odds by 4% (OR =1.04, 95% CI: 1.02—-1.06, p <0.001). In contrast, diastolic blood pressure
did not retain independent significance after adjusting for other risk factors (OR = 1.02, 95% CI: 0.99-1.05, p
= 0.121). These findings highlight that while both components of blood pressure are elevated in MS, systolic
hypertension is the more critical independent indicator for identifying individuals at risk (Table 4).

Table S. Combined Impact of All Biomarkers on Metabolic Syndrome Diagnosis

Predictor Odds Ratio (OR) 95% Confidence Interval P-value

Waist Circumference 1.10 [1.07,1.12] <0.001

Triglycerides (TG) 2.85 [2.25,3.62] <0.001

HDL 0.16 [0.08, 0.30] <0.001

Systolic BP 1.04 [1.02, 1.06] <0.001
Diastolic BP 1.02 [0.99, 1.05] 0.121
LDL 1.12 [0.90, 1.40] 0.302
Cholesterol 1.25 [0.92,1.70] 0.156
BMI 1.01 [0.95, 1.08] 0.705

The multivariate logistic regression analysis, which simultaneously considered all key anthropometric,
biochemical, and clinical biomarkers, provides a comprehensive assessment of their independent contributions
to Metabolic Syndrome (MS) risk. Among the variables included, waist circumference, triglycerides (TG),
HDL cholesterol, and systolic blood pressure emerged as significant independent predictors. Specifically, each
1 cm increase in waist circumference was associated with a 10% higher likelihood of MS, reflecting the central
role of abdominal adiposity in metabolic risk. Elevated triglycerides demonstrated a particularly strong effect,
with individuals exhibiting high TG levels being nearly three times more likely to have MS, while higher HDL
cholesterol acted as a protective factor, substantially reducing the odds of MS (Table 5). Systolic blood
pressure also retained its predictive significance, with each 1 mmHg increment increasing the odds of MS by
4%, underscoring the importance of elevated systolic pressure in metabolic dysregulation. In contrast, diastolic
blood pressure, LDL cholesterol, total cholesterol, and BMI did not demonstrate independent predictive
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significance in the presence of other biomarkers, indicating that their individual contribution is less pronounced
when multiple risk factors are considered together (Table 5).

Table 6. Gender-Based Analysis of Metabolic Syndrome

Analysis Result Statistical Test & P-value
Prevalence of MS in Males 54 /307 (17.6%) x> Test, p < 0.001
Prevalence of MS in Females 86 /290 (29.6%) -
Mean Waist Circumference (Male) 87.8 cm T-test, p=0.001
Mean Waist Circumference (Female) 89.2 cm -
Gender Interaction in Multivariate Model Not Significant p=0.18

The gender-based analysis revealed that Metabolic Syndrome is significantly more prevalent among
females (29.6%) than males (17.6%) in this cohort, indicating that women are at higher metabolic risk.
Interestingly, although males exhibited a slightly larger mean waist circumference (87.8 cm) compared to
females (89.2 cm), this did not translate into a higher prevalence of MS, suggesting that other metabolic or
hormonal factors may contribute to the increased susceptibility in women (Table 6).

4. Discussion

Age-related patterns in our cohort demonstrated a clear trend of increasing MS prevalence with advancing
age. Participants aged 36-50 and 51-65 years exhibited higher proportions of MS compared to younger
individuals, suggesting that metabolic disturbances accumulate over time. This age-dependent increase aligns
with physiological changes such as reduced insulin sensitivity, altered lipid metabolism, and the progressive
accumulation of visceral fat, which together contribute to heightened metabolic risk in older adults.

Gender differences were notable in this study. Females comprised 61.0% of the MS group, while males
predominated in the non-MS group. Despite slightly higher waist circumferences in males, the prevalence of
MS was significantly higher in females. This suggests that women may experience a greater susceptibility to
metabolic derangements independent of central adiposity. Potential explanations include hormonal influences,
differences in fat distribution, and other metabolic factors that predispose women to dyslipidemia, insulin
resistance, and elevated blood pressure. Notably, the multivariate analysis indicated that the relationship
between biomarkers and MS risk was similar for both genders, suggesting that the higher female prevalence is
not due to amplified effects of individual risk factors but may reflect intrinsic biological vulnerability or
lifestyle differences!?>?*),

Anthropometric indicators, including waist circumference and BMI, were significantly elevated in MS
participants. The mean waist circumference in the MS group exceeded 100 cm, underscoring the pivotal role
of central obesity in metabolic risk. Logistic regression analysis revealed that each 1 ¢cm increase in waist
circumference was associated with a 10% higher odds of MS, while each 1 kg/m? increase in BMI increased
the odds by 24%. The stratified BMI analysis further confirmed that obesity was strongly linked to MS, with
41.8% of MS participants classified as obese. These findings highlight that excess adiposity, particularly
central obesity, is a primary driver of metabolic disturbances and reinforces the importance of routine
anthropometric monitoring for early risk detection®.

Lipid profile abnormalities were prominent among MS participants. Elevated triglycerides and reduced
HDL cholesterol emerged as the strongest independent predictors of MS. Individuals with higher triglyceride
levels were nearly three times more likely to have MS, while higher HDL exerted a protective effect. Although
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total cholesterol and LDL cholesterol were higher in the MS group, their independent predictive significance
was attenuated when analyzed alongside other biomarkers. These results suggest that dyslipidemia in MS is
characterized primarily by high triglycerides and low HDL, consistent with the pathophysiological profile of

insulin resistance and impaired lipid metabolism!*>2¢!,

Blood pressure analysis revealed that both systolic and diastolic pressures were significantly elevated in
MS participants. Multivariate regression identified systolic blood pressure as an independent predictor, with a
4% increase in MS odds per mmHg increment. In contrast, diastolic pressure, while elevated, did not
independently predict MS. This underscores the importance of systolic hypertension as a critical component
of metabolic dysregulation and a key target for intervention in individuals at risk of cardiovascular events.

5. Conclusion

In this study, Metabolic Syndrome (MS) was observed with higher prevalence in females and older age
groups. Central obesity, elevated triglycerides, low HDL cholesterol, and increased systolic blood pressure
emerged as the strongest independent predictors of MS, highlighting the clustering of metabolic and
cardiovascular risk factors. Despite slightly higher waist circumference in males, females demonstrated a
significantly greater susceptibility to MS, suggesting the influence of additional metabolic or hormonal factors.
These findings emphasize the importance of routine anthropometric, biochemical, and clinical monitoring,
particularly in women and older adults, to enable early identification and intervention. Targeted strategies
addressing obesity, dyslipidemia, and hypertension are essential for reducing the risk of Metabolic Syndrome
and its associated cardiovascular complications.

6. Limitations of the study

This study was conducted at a single center, which may limit the representativeness of the findings for
the general population. Being cross-sectional in nature, it could not establish causal relationships between
metabolic risk factors and the development of Metabolic Syndrome. The sample size, although adequate for
statistical analysis, may not fully capture regional or socioeconomic variations. Additionally, important
lifestyle determinants such as dietary habits, physical activity levels, smoking status, alcohol consumption, and
genetic predispositions were not comprehensively evaluated. Future multicenter, longitudinal studies
incorporating lifestyle and genetic factors are recommended to better understand the dynamics and causal
pathways of Metabolic Syndrome in the Bangladeshi population.
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