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Abstract

Background: Metabolic syndrome (MetS) is a cluster of interrelated
cardiometabolic abnormalities, including central adiposity, dysglycemia,
dyslipidemia, and elevated blood pressure, that increases the risk of
cardiovascular disease and type 2 diabetes mellitus. Identifying patterns of
cardiometabolic risk is important for early detection and prevention. This
study assessed cardiometabolic characteristics and their associations with MetS
among adults attending a hospital-based setting in Bangladesh.

Objective: To assess cardiometabolic risk profiles and factors associated with
metabolic syndrome among adults using anthropometric, glycemic, lipid, blood
pressure, and sociodemographic characteristics.

Methods: A hospital-based cross-sectional study was conducted among
500 participants in a tertiary-care hospital in Savar, Dhaka, Bangladesh.
Sociodemographic, anthropometric, glycemic, lipid, and blood pressure data
were analyzed, including age, sex, BMI, waist circumference, random blood
sugar, total cholesterol, triglycerides, LDL-C, HDL-C, systolic and diastolic
blood pressure, marital status, education, and work status. MetS was the primary
outcome. Categorical and continuous variables were compared using the chi-
square test and independent-samples t-test, respectively. Associations with
MetS were assessed using multivariable logistic regression, reporting adjusted
odds ratios (aORs) with 95% confidence intervals (CIs). A two-sided p<0.05
was considered statistically significant.

Results: Among 500 participants, 75 (15.0%) had metabolic syndrome (MetS).
Participants with MetS had significantly higher waist circumference (99.78 +
14.01 vs. 86.11 £ 12.40 cm), BMI (27.87 £4.44 vs. 24.37 + 6.57 kg/m?), random
blood glucose (6.05 + 3.62 vs. 4.74 = 1.37 mmol/L), triglycerides (3.05 = 1.74
vs. 1.52+£0.97 mmol/L), systolic BP (129.19 £ 15.98 vs. 116.55 + 13.90 mmHg),
and diastolic BP (86.76 = 10.87 vs. 73.65 + 10.08 mmHg), while HDL-C was
lower (1.08 = 0.52 vs. 1.30 £ 0.47 mmol/L); all differences were statistically
significant. MetS prevalence increased from 6.9% in normal-weight participants
to 26.1% in overweight and 30.6% in obese participants (p<0.001), and from
10.7% among those aged 20-35 years to 42.9% among those aged 51-65 years
(p<0.001). Triglycerides showed the strongest correlation with MetS (r=0.440),
followed by diastolic blood pressure (r=0.418) and waist circumference
(r=0.358), all p<0.001. Gender was also significantly associated with MetS, with
a higher proportion of males among MetS participants (p<0.001).

Conclusion: Metabolic syndrome was associated withan adverse cardiometabolic
profile, particularly higher adiposity, triglycerides, blood pressure, and glucose,
together with lower HDL-C. The findings emphasize the importance of early
cardiometabolic screening and timely risk-factor management in clinical
settings.
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Introduction

Metabolic syndrome (MetS) is a complex cardiometabolic
condition characterized by the coexistence of multiple
interrelated metabolic abnormalities, including central
adiposity,impairedglucoseregulation,elevatedblood pressure,
hypertriglyceridemia, and reduced high-density lipoprotein
cholesterol (HDL-C) [1,2]. Rather than representing a single
disease entity, MetS reflects the clustering of metabolic
disturbances that arise from overlapping biological and
lifestyle-related mechanisms. This clustering has important
clinical implications because individuals with MetS are at
substantially increased risk of cardiovascular disease, type 2
diabetes mellitus, and other chronic health complications [3].
A large systematic review and meta-analysis involving more
than 950,000 individuals found that MetS was associated
with approximately a two-fold higher risk of cardiovascular
disease and cardiovascular mortality [4]. The global burden
of MetS has increased considerably over recent decades,
paralleling the worldwide rise in obesity, physical inactivity,
hypertension, dysglycemia, and lipid abnormalities. A recent
systematic review and modelling analysis of more than 45
million adults estimated that approximately 1.54 billion adults
worldwide had MetS in 2023, with prevalence increasing
substantially between 2000 and 2023 across both sexes [4-6].
The burden also varied according to age, geographic region,
and degree of urbanization. More recent global evidence
suggests that prevalence estimates generally range between
approximately 19% and 31%, with South Asian populations
reporting particularly high levels of MetS. These trends
highlight the growing importance of systematic identification
of cardiometabolic risk profiles before progression to
established cardiovascular and metabolic diseases [7,8].
The development of MetS is multifactorial and involves the
interaction of anthropometric, metabolic, hemodynamic,
behavioral, and sociodemographic determinants. Central
adiposity is particularly important because visceral fat
accumulation is closely related to insulin resistance,
abnormal lipid metabolism, systemic inflammation, and
elevated blood pressure [9]. Similarly, hypertriglyceridemia,
low HDL-C, elevated glucose concentrations, and increased
blood pressure frequently occur together and contribute to an
adverse cardiometabolic phenotype [10]. The World Health
Organization identifies raised blood pressure, overweight/
obesity, elevated blood glucose, and abnormal blood lipids
as major metabolic risk factors underlying the global burden
of noncommunicable diseases [11]. This issue is particularly
relevant in South Asian populations, who may develop
cardiometabolic abnormalities at comparatively lower levels
of adiposity and are experiencing rapid transitions in dietary
patterns, physical activity, urbanization, and socioeconomic
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conditions [12]. Bangladesh is undergoing a substantial
epidemiological transition, with noncommunicable diseases
increasingly contributing to morbidity and mortality. Previous
evidence from Bangladesh has demonstrated a considerable
burden of cardiovascular risk factors, including hypertension,
diabetes, and dyslipidemia, with important differences
according to urbanization and population characteristics
[13]. A systematic review and meta-analysis of Bangladeshi
studies reported an overall pooled prevalence of MetS of
approximately 30%, although substantial heterogeneity was
observed according to diagnostic criteria, geographic setting,
and participant characteristics [14]. Despite this growing
burden, cardiometabolic risk factors are often evaluated
individually rather than as an interconnected risk profile.
Assessment of waist circumference and BMI alongside
glycemic status, lipid parameters, and blood pressure may
provide a more comprehensive understanding of the metabolic
phenotype associated with MetS. Furthermore, age, sex,
educational attainment, marital status, and employment status
may influence the distribution of cardiometabolic risk and
should be considered when characterizing population-level
risk patterns. A multidimensional assessment may therefore
help identify subgroups with a greater concentration of
metabolic abnormalities and inform opportunities for earlier
risk stratification and preventive intervention. Therefore,
this study aimed to assess cardiometabolic risk profiles and
identify factors associated with metabolic syndrome among
adults in a hospital-based setting.

Methods

A hospital-based cross-sectional study was conducted at
a tertiary care hospital in Savar, Dhaka, Bangladesh, from
June 2023 to June 2025. A total of 500 participants were
included in the analysis based on the availability of complete
information on the study wvariables. Sociodemographic
characteristics included age, gender, marital status, education
level, and work status. For analysis, age was categorized into
20-35, 36-50, 51-65, and 6680 years. Gender was classified
as male or female. Marital status was categorized as married,
unmarried/never married, and widowed/separated/divorced,
while educational attainment was classified as primary
(Classes 1-9), secondary (Classes 10—12), and tertiary (>Class
12). Employment status was categorized as unemployed,
self-employed, and formally employed [10]. Anthropometric
assessment included body mass index (BMI) and waist
circumference. BMI was calculated from recorded height and
weight and categorized as underweight (<18.5 kg/m?), normal
weight (18.5-24.9 kg/m?), overweight (25.0-29.9 kg/m?), and
obese (>30.0 kg/m?). Cardiometabolic parameters included
random blood sugar (RBS), total cholesterol, triglycerides
(TG), low-density lipoprotein cholesterol (LDL-C), high-
density lipoprotein cholesterol (HDL-C), systolic blood
pressure (SBP), and diastolic blood pressure (DBP). These
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parameters were evaluated to characterize the participants'
overall cardiometabolic profile [12]. Metabolic syndrome
(MetS) was the primary outcome, defined according to
the predefined diagnostic criteria applied in the study. The
associations of sociodemographic, anthropometric, glycemic,
lipid, and blood pressure characteristics with MetS were
subsequently evaluated [13]. Continuous variables were
presented as mean + standard deviation (SD) and categorical
variables as frequency and percentage. Differences between
MetS groups were assessed using the independent samples
t-test for continuous variables and chi-square test for
categorical variables. Multivariable logistic regression was
used to identify factors independently associated with MetS,
with results expressed as adjusted odds ratios (aORs) and
95% confidence intervals (Cls). A two-sided p<0.05 was
considered statistically significant. Statistical analysis was
performed using SPSS.

Results

As presented in Table 1, a total of 500 participants were
included in the analysis. The mean waist circumference was
88.13 + 13.54 cm, while the mean BMI was 24.90 + 6.42 kg/
m?. The mean RBS concentration was 4.94 = 1.93 mmol/L.
Among the lipid parameters, the mean total cholesterol, TG,
LDL-C, and HDL-C concentrations were 4.47 + 1.90, 1.75
+ 1.24, 2.94 + 0.89, and 1.26 + 0.48 mmol/L, respectively.
The mean systolic and diastolic blood pressures were 118.45
+ 1492 mmHg and 75.62 + 11.22 mmHg, respectively.
Overall, 75 (15.0%) participants were identified as having
MetS, whereas 425 (85.0%) did not.

Table 1: Overall Sociodemographic and Cardiometabolic

Characteristics of the Study Participants (n=500).
Variable Number (N) Mean % SD
Waist circumference (cm) 495 88.13 £ 13.54
RBS (mmollL) 499 494 +1.93
Total cholesterol (mmol/L) 500 447+1.90
TG (mmollL) 498 175+ 1.24
LDL-C (mmollL) 500 2.94 £0.89
HDL-C (mmol/L) 500 1.26 £ 0.48
Systolic BP (mmHg) 500 118.45 £ 14.92
Diastolic BP (mmHg) 500 75.62 +11.22
BMI (kg/m?) 496 24.90 +6.42

As shown in Table 2, participants with MetS demonstrated
significantly less favorable cardiometabolic profiles than
those without MetS. Mean waist circumference was
substantially higher among participants with MetS (99.78 =
14.01 vs. 86.11 £+ 12.40 cm; p<0.001). Similarly, BMI was
significantly higher in the MetS group (27.87 + 4.44 vs.
24.37 £ 6.57 kg/m?; p<0.001). The mean RBS concentration
was also significantly higher among participants with MetS
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(6.05 £ 3.62 vs. 4.74 + 1.37 mmol/L; p=0.003). Significant
differences were observed across lipid parameters. Total
cholesterol was higher in the MetS group (4.87+1.13 vs. 4.40
+ 2.00 mmol/L; p=0.005), as were TG (3.05 = 1.74 vs. 1.52
+ 0.97 mmol/L; p<0.001) and LDL-C (3.25 + 1.00 vs. 2.88 +
0.86 mmol/L; p=0.004). In contrast, HDL-C was significantly
lower among participants with MetS (1.08 + 0.52 vs. 1.30
+ 0.47 mmol/L; p=0.001). Blood pressure also differed
significantly between the two groups. Participants with MetS
had higher mean systolic blood pressure (129.19 + 15.98 vs.
116.55 +13.90 mmHg; p<0.001) and diastolic blood pressure
(86.76 £ 10.87 vs. 73.65 + 10.08 mmHg; p<0.001).

Table 2: Comparison of Cardiometabolic Parameters According to
Metabolic Syndrome Status.

e | i
Waist circumference (cm) 86.11£12.40 99.78 £ 14.01 <0.001
RBS (mmol/L) 474 £1.37 6.05 + 3.62 0.003
Total cholesterol (mmol/L) 440+2.00 4.87+1.13 0.005
TG (mmol/L) 1.52 £0.97 3.05+1.74 <0.001
LDL-C (mmollL) 2.88+0.86 325+1.00 0.004
HDL-C (mmol/L) 1.30 £ 0.47 1.08 +0.52 0.001
Systolic BP (mmHg) 116.55 + 13.90 129.19£15.98 | <0.001
Diastolic BP (mmHg) 73.65 + 10.08 86.76 + 10.87 | <0.001
BMI (kg/m?) 24.37 £ 6.57 27.87 £4.44 <0.001

The distribution of sociodemographic characteristics
according to MetS status is presented in Table 3. A
significant association was observed between gender and
MetS (p<0.001). Males accounted for 60.0% (45/75) of
participants with MetS compared with 35.3% (150/425) of
those without MetS. Age was also significantly associated
with MetS (p<0.001). Among participants with MetS, 42.7%
(32/75) were aged 20-35 years, 33.3% (25/75) were aged
36-50 years, and 24.0% (18/75) were aged 51-65 years. In
comparison, these proportions among participants without
MetS were 62.6%, 31.3%, and 5.6%, respectively. Marital
status showed a significant association with MetS (p<0.001),
with married participants comprising 65.3% (49/75) of the
MetS group compared with 39.5% (168/425) of the non-
MetS group. Educational attainment was also significantly
associated with MetS (p=0.047), while work status showed
a significant association (p=0.023). A particularly strong
association was observed between BMI category and MetS
(p<0.001). Among participants with MetS, 46.7% were
overweight and 29.3% were obese, compared with 23.3% and
11.8%, respectively, among those without MetS.

As demonstrated in Table 4, the prevalence of MetS
increased progressively with increasing BMI category.
No MetS cases were observed among the 28 underweight
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participants. MetS was present in 18 of 259 normal-weight
participants (6.9%), increasing to 35 of 134 overweight
participants (26.1%) and 22 of 72 obese participants (30.6%).
The association between BMI category and MetS was highly
significant (y2 test, p<0.001).

According to Table 5, MetS prevalence increased
substantially across the younger and middle-aged groups.
MetS was identified in 32 of 298 participants (10.7%) aged
20-35 years, compared with 25 of 158 (15.8%) among those
aged 36-50 years. The prevalence increased markedly to 18
of 42 participants (42.9%) among those aged 51-65 years. No
MetS cases were observed among the two participants aged
66—-80 years. The overall association between age group and
MetS was statistically significant (p<0.001).

Figure 1 demonstrates the increasing prevalence of MetS
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with higher BMI categories, from 6.9% among normal-
weight participants to 26.1% among overweight and 30.6%
among obese participants.

The Pearson correlation matrix is presented in Table 6.
BMI demonstrated a strong positive correlation with waist
circumference (r=0.590). Systolic and diastolic blood pressure
were also strongly correlated (r=0.598). Total cholesterol
showed a moderate positive correlation with LDL-C
(r=0.457). Waist circumference was positively correlated
with diastolic blood pressure (=0.347) and TG (r=0.196). TG
demonstrated a negative correlation with HDL-C (r=0.287),
indicating that higher triglyceride concentrations tended
to occur alongside lower HDL-C concentrations. BMI also
showed positive correlations with diastolic blood pressure
(r=0.297) and LDL-C (r=0.212).

Table 3: Sociodemographic and BMI Characteristics According to Metabolic Syndrome Status.

Variable Category

Gender Male
Female
20-35 years
36-50 years
51-65 years
66-80 years

Married

Age

Marital status
Unmarried/Never married

Widow/Separated/Divorced

No MetS, n (%) MetS, n (%) P
150 (35.3) 45 (60.0) <0.001
275 (64.7) 30 (40.0)

266 (62.6) 32 (42.7) <0001
133 (31.3) 25(33.3)

24 (5.6) 18 (24.0)

2 (0.5) 0(0.0)
168 (39.5) 49 (65.3) <0.001
186 (43.8) 18 (24.0)

70 (16.5) 8 (10.7)

93 (21.9) 24 (32.0) 0.047
125 (29.4) 20 (26.7)
186 (43.8) 22 (29.3)
171 (40.2) 20 (26.7) 0.023
124 (29.2) 33 (44.0)
130 (30.6) 22 (29.3)

28 (6.6) 0 (0.0) <0001
241 (56.7) 18 (24.0)
99 (23.3) 35 (46.7)
50 (11.8) 22 (29.3)

Table 4: Prevalence of Metabolic Syndrome Across BMI Categories.

Primary
Education
Secondary
Tertiary
Unemployed
Work status Py
Self-employed
Formal
Underweight
BMI status
Normal
Overweight
Obese
BMI category Total, n
Underweight 28
Normal 259
Overweight 134
Obese 72
* p<0.001

MetS, n MetS prevalence (%)
0 0
18 6.9
35 26.1
22 30.6
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Figure 1: Metabolic Syndrome Prevalence Across BMI Categories.
Table 5: Age-Specific Prevalence of Metabolic Syndrome.
Age group Total, n MetS, n MetS prevalence (%)
20-35 years 298 32 10.7
36-50 years 158 25 15.8
51-65 years 42 18 42.9
66-80 years 2 0 0
* p<0.001
Table 6: Pearson Correlation Matrix of Cardiometabolic Parameters.
Variable Waist RBS Chol TG LDL HDL SBP DBP BMI
Waist 1 0.14 0.082 0.196 0.172 -0.088 0.187 0.347 0.59
RBS 0.14 1 0.047 0.121 0.19 0.003 0.132 0.113 0.102
Cholesterol 0.082 0.047 1 0.134 0.457 0.11 0.039 0.052 0.096
TG 0.196 0.121 0.134 1 0.053 -0.287 0.128 0.247 0.114
LDL 0.172 0.19 0.457 0.053 1 0.119 0.112 0.142 0.212
HDL -0.088 0.003 0.1 -0.287 0.119 1 0.001 -0.05 -0.029
SBP 0.187 0.132 0.039 0.128 0.112 0.001 1 0.598 0.073
DBP 0.347 0.113 0.052 0.247 0.142 -0.05 0.598 1 0.297
BMI 0.59 0.102 0.096 0.114 0.212 -0.029 0.073 0.297 1
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As shown in Table 7, several cardiometabolic parameters
demonstrated significant associations with MetS. The
strongest positive correlation was observed for TG (r=0.440;
p<0.001), followed by diastolic blood pressure (r=0.418;
p<0.001) and waist circumference (r=0.358; p<0.001).
Systolic blood pressure was also positively correlated with
MetS (r=0.303; p<0.001). RBS demonstrated a positive
association with MetS (r=0.240; p<0.001), while BMI
showed a weaker but significant positive correlation (r=0.196;
p<0.001). LDL-C was positively correlated with MetS
(r=0.147; p=0.001), whereas HDL-C showed a significant
inverse correlation (r=—0.160; p<0.001). The correlation
between total cholesterol and MetS was weak and borderline
significant (r=0.088; p=0.050).
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Table 7: Correlation of Cardiometabolic Variables with Metabolic
Syndrome.

Variable Point-biserial r p

Waist circumference 0.358 <0.001
RBS 0.24 <0.001

Total cholesterol 0.088 0.05
TG 0.44 <0.001

LDL-C 0.147 0.001
HDL-C -0.160 <0.001
Systolic BP 0.303 <0.001
Diastolic BP 0.418 <0.001
BMI 0.196 <0.001

Figure 2 presents the relationship between waist circumference and TG concentration. A positive correlation was observed,
indicating that greater central adiposity was associated with higher triglyceride concentrations.

Association Between Waist Circumference and Triglycerides (r=0.196, p<0.001)
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Figure 2: Relationship Between Waist Circumference and Triglycerides.

Figure 3 illustrates the relationship between diastolic blood pressure and TG concentration, showing a positive association

between these two cardiometabolic parameters.

Discussion

The observed prevalence of MetS (15.0%) is lower than
the approximately 30% pooled prevalence reported in a
systematic review and meta-analysis of studies conducted
in Bangladesh. However, direct comparison should be
made cautiously because the previous review incorporated
studies with substantial heterogeneity in age distribution,
geographic setting, participant characteristics, sampling
methods, and diagnostic criteria. The pooled prevalence
also varied considerably according to the definition used,
ranging from approximately 20% with WHO criteria to 37%

with modified NCEP-ATP III criteria. The lower prevalence
observed in the present study may therefore partly reflect
differences in the study population and diagnostic framework
rather than indicating a lower underlying cardiometabolic
burden in the Bangladeshi population. Previous Bangladeshi
studies have likewise demonstrated considerable variation
in MetS prevalence. For example, a community-based
study of Bangladeshi adults reported an overall prevalence
of 45.5%, while a recent rural Bangladeshi study reported a
prevalence of 30.7% using modified NCEP-ATP III criteria.
These findings reinforce the importance of interpreting MetS
prevalence in relation to the characteristics and diagnostic
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Association Between Waist Circumference and Triglycerides (r=0.196, p<0.001)
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Figure 3: Relationship Between Diastolic Blood Pressure and Triglycerides.

criteria of the population studied [15]. A particularly important
finding was the markedly unfavorable anthropometric profile
among participants with MetS. Mean waist circumference
was 99.78 £ 14.01 cm in the MetS group compared with
86.11 + 12.40 cm among participants without MetS, while
mean BMI was 27.87 + 4.44 versus 24.37 + 6.57 kg/m?,
respectively. The correlation analysis further demonstrated
a positive association between waist circumference and
MetS (r=0.358, p<0.001), while BMI showed a weaker
but statistically significant association (r=0.196, p<0.001).
Importantly, MetS prevalence increased progressively
across BMI categories, from 6.9% among normal-weight
participants to 26.1% among overweight and 30.6% among
obese participants. This pattern supports the central role of
excess adiposity in the clustering of metabolic abnormalities.
The strong correlation between BMI and waist circumference
(r=0.590) also suggests that overall adiposity and central
adiposity were closely related in this population, although
waist circumference appeared more strongly associated with
MetS than BMI [16]. The importance of central adiposity
is particularly relevant in South Asian populations. Recent
evidence from rural Bangladesh identified optimal waist
circumference thresholds of approximately 90 cm for men
and 80 cm for women for identifying MetS, with substantial
associations between elevated waist circumference and
MetS. Earlier Bangladeshi research has also shown that the
prevalence of MetS can change substantially depending on
the waist circumference threshold applied, emphasizing the
importance of population-specific definitions [17]. Thus,
the strong relationship between waist circumference and
MetS observed in the present study is biologically and
epidemiologically plausible and highlights the potential value
ofroutine central-adiposity assessment during cardiometabolic

screening. The lipid profile demonstrated another important
component of the MetS phenotype. Participants with MetS
had substantially higher triglyceride concentrations than
those without MetS (3.05 £ 1.74 vs. 1.52 £ 0.97 mmol/L;
p<0.001), while HDL-C was significantly lower (1.08 + 0.52
vs. 1.30 £ 0.47 mmol/L; p=0.001). Triglycerides showed the
strongest point-biserial correlation with MetS in the present
analysis (r=0.440, p<0.001), whereas HDL-C showed an
inverse relationship (r=—0.160, p<0.001). The scatter-plot
analysis also demonstrated a positive relationship between
waist circumference and triglyceride concentration (r=0.196,
p<0.001), suggesting that increasing central adiposity
tended to accompany a more adverse triglyceride profile.
This pattern is consistent with the established metabolic
clustering of abdominal adiposity, hypertriglyceridemia, and
reduced HDL-C. Similar findings have been documented in
Bangladesh, where low HDL-C and elevated triglycerides
have repeatedly emerged as prominent components of MetS.
A systematic review reported low HDL-C as one of the
most frequently observed MetS components in Bangladeshi
populations, while a rural Bangladeshi study reported
high triglycerides in 30.4% and low HDL-C in 92.2% of
participants [18].

The observed relationship between triglycerides and
MetS may also reflect broader metabolic disturbances
associated with insulin resistance. Central adiposity can
promote increased release of free fatty acids and alter
hepatic lipid metabolism, favoring hepatic triglyceride
synthesis and the development of atherogenic dyslipidemia.
The inverse correlation between triglycerides and HDL-C in
the present study (r=—0.287) provides additional evidence
of this interconnected lipid pattern. Nevertheless, because

Citation: Hanu Kamal Hossain, Naima Jannat Shabrina Haque, Mst Mahfuza Akter, Samia Hossain, Afia Tabassum Raisa, Ummey Maimuna,
Esmat Ara, Momtaj Maksuda. Cardiometabolic Risk Profiling and Determinants of Metabolic Syndrome Among Middle-Aged Adults: A
Hospital-Based Cross-Sectional Study. Archives of Internal Medicine Research. 9 (2026): 341-350.



Hossain HK, et al., Arch Intern Med Res 2026
Journals DOI:10.26502/aimr.0261

the study is cross-sectional, these associations should
be interpreted as clustering or relationships rather than
evidence that increased waist circumference or triglycerides
independently caused MetS [19].

Blood pressure was another major feature distinguishing
participants with and without MetS. Mean systolic blood
pressure was 129.19 + 15.98 mmHg among participants
with MetS compared with 116.55 + 13.90 mmHg among
those without MetS, while mean diastolic blood pressure
was 86.76 + 10.87 versus 73.65 = 10.08 mmHg, respectively.
Diastolic blood pressure showed a particularly strong positive
correlation with MetS (r=0.418, p<0.001), second only to
triglycerides, while systolic blood pressure also demonstrated
a significant association (r=0.303, p<0.001). Furthermore,
diastolic blood pressure was positively correlated with
triglycerides (r=0.247, p<0.001), and the scatter-plot analysis
demonstrated a positive relationship between these two
parameters. These findings indicate that elevated blood
pressure and dyslipidemia were not isolated abnormalities
in this population but tended to occur within a broader
cardiometabolic risk pattern. Previous Bangladeshi studies
have similarly identified elevated blood pressure as a common
component of MetS [20,21]. The association between age and
MetS was also pronounced. The prevalence increased from
10.7% among participants aged 20-35 years to 15.8% among
those aged 3650 years and 42.9% among those aged 51—
65 years. Although only 42 participants were in the 51-65-
year group, the marked increase in MetS prevalence in this
age category is consistent with the broader epidemiological
observation that cardiometabolic risk accumulates with
advancing age. A systematic review of Bangladeshi
studies found that MetS prevalence generally increased
with increasing mean age, with substantially higher pooled
prevalence among studies involving older populations [21].
A recent Bangladeshi cross-sectional study similarly reported
a progressive increase in MetS and its components across
age groups. The age gradient observed in the present study
therefore supports the importance of earlier identification of
cardiometabolic risk before multiple abnormalities become
established. However, the very small number of participants
aged 66-80 years in the present dataset means that the
absence of MetS in this group should not be interpreted as
evidence of lower risk [22]. Sex differences were also evident.
Males represented 60.0% of the MetS group compared with
35.3% of the non-MetS group, and gender was significantly
associated with MetS (p<0.001). This finding differs from
several earlier Bangladeshi population-based studies in
which MetS prevalence was higher among women. The
Bangladesh systematic review reported a pooled prevalence
of 32% among females compared with 25% among males,
although the difference was not statistically significant at the
meta-regression level. Similarly, several studies included in
that review reported higher MetS prevalence among women,
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particularly in rural populations. In contrast, a recent rural
Bangladeshi study found similar overall prevalence between
men and women, although individual components differed
by sex. The higher representation of men among MetS cases
in the present study may therefore reflect differences in the
study population, healthcare-seeking behavior, occupational
or lifestyle characteristics, age distribution, and the hospital-
based nature of the sample [18,22]. Importantly, the present
findings demonstrate an association with sex within this
particular sample and should not be generalized to the
wider Bangladeshi population without population-based
confirmation.

Marital status, educational attainment, and employment
status were also statistically associated with MetS in the
present analysis. Married participants constituted 65.3%
of the MetS group compared with 39.5% of the non-MetS
group, while self-employed participants represented 44.0%
of the MetS group compared with 29.2% of the non-MetS
group. Education and work status also showed statistically
significant differences. These associations may reflect
differences in age, household structure, occupational activity,
socioeconomic circumstances, dietary behavior, or healthcare
utilization. However, because the current analysis is cross-
sectional and these variables were not evaluated within a fully
adjusted causal framework, the observed associations should
be interpreted cautiously. Statistical significance alone does
not establish that marital status, education, or employment
independently determines MetS [23]. The correlation analysis
further demonstrates that the cardiometabolic variables formed
an interconnected network rather than acting independently.
Waist circumference correlated positively with diastolic
blood pressure (r=0.347) and triglycerides (r=0.196), while
BMI correlated with diastolic blood pressure (r=0.297) and
LDL-C (r=0.212). Total cholesterol and LDL-C showed
a moderate positive correlation (r=0.457), and systolic and
diastolic blood pressure were strongly correlated (r=0.598).
The inverse relationship between triglycerides and HDL-C
(r=—0.287) is particularly consistent with the dyslipidemic
pattern typically accompanying cardiometabolic risk. These
interrelationships support the concept that MetS represents
a clustering of mutually related metabolic and hemodynamic
abnormalities rather than a collection of unrelated risk factors
[24]. An important observation from the present study is
that random blood glucose was significantly higher among
participants with MetS (6.05 + 3.62 vs. 4.74 + 1.37 mmol/L;
p=0.003) and demonstrated a positive correlation with MetS
(r=0.240, p<0.001). Although the strength of this relationship
was lower than that observed for triglycerides, diastolic blood
pressure, and waist circumference, the finding is consistent
with the role of abnormal glucose regulation within the
MetS phenotype. Previous Bangladeshi studies have also
identified elevated glucose as an important component of
MetS. The relatively modest association in the present study
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may partly reflect the use of random blood glucose rather
than fasting glucose, which can introduce greater biological
and measurement variability. Therefore, the present findings
should not be interpreted as an estimate of impaired fasting
glucose or diabetes prevalence.

Conclusion

This hospital-based cross-sectional study demonstrated
a substantial clustering of cardiometabolic risk factors
among adults, with metabolic syndrome identified in
15.0% of participants. MetS was characterized by greater
central adiposity and BMI, higher random blood glucose,
triglycerides, total cholesterol, LDL-C, and blood pressure,
together with lower HDL-C. Triglycerides, diastolic blood
pressure, and waist circumference showed the strongest
associations with MetS, while its prevalence increased
markedly across higher BMI and older age groups. These
findings highlight the importance of early identification of
clustered cardiometabolic abnormalities through routine
assessment of waist circumference, BMI, blood pressure,
glucose, and lipid parameters. Strengthening preventive
screening and timely lifestyle and risk-factor management
may help reduce the future burden of cardiometabolic disease
in similar clinical populations.

Limitations

This study has several limitations. First, cross-sectional
design prevents establishing temporal relationships or causal
associations between the identified cardiometabolic factors
and metabolic syndrome. Second, the study was conducted
in a hospital-based population, which may differ from the
general community and therefore limits the generalizability
of the findings to the wider Bangladeshi population. Third,
the distribution of participants across age groups was uneven,
with relatively few participants aged 51-65 years and only
two participants aged 66-80 years; consequently, age-
specific estimates, particularly for the oldest group, should
be interpreted cautiously. Fourth, some variables had missing
observations, resulting in slightly different sample sizes
for individual analyses. Fifth, the study relied on routinely
available cardiometabolic measurements and did not
comprehensively assess potentially important lifestyle and
behavioral factors such as dietary intake, physical activity,
smoking, sleep patterns, and socioeconomic determinants.
Finally, several variables examined in relation to MetS are
themselves components of the metabolic syndrome diagnostic
construct; therefore, their observed associations with MetS
should be interpreted as reflecting metabolic clustering
rather than independent causal effects. Future multicenter,
population-based longitudinal studies with larger and more
representative samples are warranted to validate these findings
and identify independent predictors of MetS in Bangladesh.
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