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Abstract

Background: Metabolic syndrome (MetS) is now well acknowledged as a major contributor to the severity of
coronary artery disease (CAD). This study examined the correlation between MetS and the angiographic burden
of CAD in individuals with non-ST elevation myocardial infarction (NSTEMI).

Methods: A cross-sectional study was carried out involving 192 NSTEMI patients who underwent coronary
angiography at a tertiary cardiac center located in Bangladesh. Patients were divided into two groups: MetS
(n =96) and non-MetS (n = 96). The severity of angiographic findings was assessed using the vessel score, total
stenosis score (TSS), and extension score (ES). Correlation and multivariable regression analyses were conducted
to determine the predictors of CAD burden.

Results: The MetS group had significantly higher mean vessel score (2.12 vs. 1.66; P < 0.001), TSS (9.26 vs.
6.06; P < 0.001), and ES (53.7% vs. 39.1%; P < 0.001). Triple vessel disease and high-burden lesions were
markedly more prevalent in MetS patients. Waist circumference, elevated blood pressure, triglycerides, and low
high-density lipoprotein-cholesterol independently predicted CAD burden. MetS score correlated positively with
all angiographic severity indices.

Conclusion: MetS is strongly associated with greater angiographic severity of CAD in NSTEMI, underscoring
its role as a key modifiable risk cluster. Addressing MetS may be critical in preventing severe coronary outcomes.

Keywords: Angiographic burden, cardiovascular risk, coronary artery disease, metabolic syndrome, non-ST
elevation myocardial infarction

year, representing approximately one-third of
global deaths, with CAD alone accounting to
over 9 million deaths.!'! While the burden of CAD

Introduction

Coronary artery disease (CAD) is the primary

cause of morbidity and mortality worldwide,
posing the greatest clinical and economic burden
in cardiovascular medicine. According to the World
Health Organization, cardiovascular illnesses
account for almost 18 million fatalities each

was previously concentrated in high-income
nations, low- and middle-income countries today
bear over 75% of worldwide cardiovascular
mortality, demonstrating a major epidemiological
transformation driven by urbanization, aging
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populations, and lifestyle changes.” Bangladesh,
like many South Asian countries, is experiencing
arapid rise in CAD incidence, despite traditionally
lower historical prevalence — suggesting a shift in
risk factor exposure and public health priorities.

Acute clinical symptoms of CAD are usually
classified as acute coronary syndromes (ACSs),
which include unstable angina, non-ST-elevation
myocardial infarction (NSTEMI), and ST-elevation
myocardial infarction (STEMI). Globally, the
proportional burden of ACS subtypes has shifted
significantly, with NSTEMI now surpassing
STEMI in numerous countries, including South
Asia.BI This trend has been attributed to population
aging, improved early recognition of myocardial
ischemia, and the clustering of cardiometabolic
risk factors in urbanized populations.[ Despite
often having lower early in-hospital mortality,
NSTEMI patients experience higher long-term
mortality, increased rates of recurrent ischemia,
and greater healthcare utilization than their STEMI
counterparts.’) This evolving disease profile
necessitates a refined understanding of upstream
determinants of CAD severity, especially within
resource-constrained healthcare systems where
risk stratification is pivotal.

One key variable receiving increased attention is
the metabolic syndrome (MetS), a collection of
interrelated risk factors that raise the likelihood
of atherosclerotic cardiovascular disease and
Type 2 diabetes. MetS is clinically defined as
the presence of central (abdominal) obesity,
hypertension, elevated fasting plasma glucose,
increased triglycerides, and decreased high-density
lipoprotein (HDL) cholesterol, according to the
harmonized criteria established by the International
Diabetes Federation (IDF) and other international
organizations.!®! Globally, approximately 20-25%
of'the adult population meets diagnostic criteria for
MetS.["" However, the burden is disproportionately
high in South Asian populations, including
Bangladesh, where the prevalence ranges between
25 and 40%, with even higher rates in urban
centers.[®! These trends are fueled by rapid
urbanization, nutritional transitions, sedentary
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lifestyles, and genetic predisposition to visceral
adiposity even at lower body mass indices.”

Beyond epidemiologic associations, a compelling
biological rationale links MetS to both the
development and severity of CAD. The
pathophysiology of MetS promotes an atherogenic
environment through insulin resistance, which
impairs endothelial nitric oxide production,
leading to endothelial dysfunction, impaired
vasodilation, and vascular remodeling.!')
Concurrently, the chronic low-grade inflammatory
state in MetS, characterized by elevated cytokines
such as interleukin-6 and C-reactive protein,
facilitates plaque formation and destabilization.!'"!
Dyslipidemia — particularly hypertriglyceridemia
and reduced HDL-C — further contributes to a pro-
atherogenic lipid milieu, while hyperglycemia and
oxidative stress promote vascular smooth muscle
proliferation and intimal thickening.!'” Moreover, a
prothrombotic state, marked by increased fibrinogen
and plasminogen activator inhibitor-1, predisposes
MetS patients to acute thrombotic events. These
pathophysiological changes collectively predispose
individuals with MetS not only to higher CAD
incidence but also to more severe and diffuse
coronary atherosclerosis, as reflected in higher
angiographic vessel scores and stenosis burden.!*

Despite the growing recognition of MetS as a
cardiovascular risk amplifier, data remain sparse
regarding its impact on angiographic severity
among patients presenting with NSTEMI in South
Asian contexts, particularly in Bangladesh. Most
available studies have either pooled diverse ACS
populations or focused on Western cohorts, limiting
regional applicability. Given the unique ethnic risk
factor profiles, younger age at presentation, and
resource limitations in South Asian cardiac care,
such data are crucial for improving risk stratification,
treatment prioritization, and secondary prevention
strategies. This study, therefore, aims to evaluate
the association between MetS and angiographic
burden of CAD among patients presenting with
NSTEMI in a tertiary care center in Bangladesh,
thereby addressing a critical gap in cardiovascular
epidemiology in the region.
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Methods

This 12-month cross-sectional study was carried
out in the Department of Cardiology at the
National Heart Foundation Hospital and Research
Institute (NHFH&RI) in Dhaka, Bangladesh.
Purposive sampling was used to enroll patients
who were admitted with NSTEMI and underwent
coronary angiography (CAG) during their index
hospitalization. A priori, the sample size was
calculated to be 96 members per group (n = 192).
Patients were separated into two groups: Group |
(NSTEMI with MetS) and Group II (NSTEMI
without MetS). Patients with NSTEMI of either
gender who underwent CAG during admission
met the inclusion criteria. Exclusion criteria
were STEMI or unstable angina, past ACS, prior
percutaneous coronary intervention/Coronary
artery bypass grafting, severe hepatic/renal
disease preventing CAG, refusal of CAG, and
NSTEMI with congenital/valvular cardiac
disease, cardiomyopathy, or severe systemic
sickness. NSTEMI was characterized by ischemic
electrocardiogram abnormalities (ST-segment
depression >0.05 mV or T-wave inversion
>0.2 mV) and/or positive troponin levels in the
absence of ST elevation. All participants underwent
a clinical evaluation, anthropometric measurements
(height, weight, waist circumference, blood
pressure), and assessment of cardiovascular
risk factors (smoking, diabetes, hypertension,
dyslipidemia, obesity, family history of CAD).
Echocardiography and laboratory tests (lipid
profile, fasting blood sugar, troponin I, CK-MB,
serum creatinine) were carried out. MetS was
diagnosed using the IDF, 2006 criteria — central
obesity (waist circumference >90 cm in males or
>80 cm in women) plus any two of the following:
high triglycerides, low HDL-C, raised blood
pressure, or impaired fasting glucose. The Sullivan
technique was used to assess angiographic severity,
including vessel score (0—3, number of vessels with
>70% stenosis), total stenosis score (TSS) (sum of
eight segments, range 0-32; high burden >16), and
extension score (ES) (percentage of intimal surface
involved, 0-100%; high burden >50%). The
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Academic Council of NHFH&RI provided ethical
permission, and data were collected prospectively
using a standardized form.

Statistical analysis

The data were analyzed with the Statistical Package
for the Social Sciences version 16.0. Continuous
variables are shown as mean + standard deviation,
whereas categorical variables are represented as
percentages. Group comparisons were made using
independent-samples #-tests (continuous) and Chi-
square testing (categorical). Correlations were
investigated using Spearman’s coefficient, and
linear regression was used to discover independent
predictors of angiographic scores. A two-sided
P <0.05 indicated statistical significance.

Results

A total of 192 patients with NSTEMI were
included, divided evenly into two groups: Group I
(MetS; n=96) and Group II (No MetS; n=96). The
MetS group had a substantially higher mean age
(58.26£8.7vs. 52.45+10.9 years; P<0.001) and
a greater proportion of persons aged 51-70 years.
There was no statistically significant difference
in gender distribution between groups; however,
males predominated in both (72.9% vs. 81.2%;
P = 0.170). MetS patients had a considerably
higher body mass index (BMI), with a larger
proportion falling into the overweight and obese
categories. The MetS group had a mean BMI of
25.08 = 1.53 kg/m?, compared to 24.08 + 1.50 kg/m>
in the non-MetS group (P <0.001). The MetS group
had significantly greater waist circumference
in both males (96.70 £ 5.06 cm vs. 92.31 +
5.03 cm; P<0.001) and females (87.81 = 5.86 cm
vs. 82.50 = 5.82 cm; P = 0.005). Notably, all
participants in the MetS group showed high waist
circumference per IDF criteria, compared to 59.4%
in the non-MetS group (P < 0.001). The MetS
group had significantly higher rates of elevated
blood pressure (88.5% vs. 27.1%; P < 0.001),
diabetes mellitus (75.0% vs. 11.5%; P < 0.001),
and dyslipidemia (40.6% vs. 26.0%; P=0.032). No
statistically significant differences were noted in
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smoking status (P = 0.288) or in the family history
of CAD (P = 0.848) across the groups [Table 1].

The assessment of angiographic severity found
that patients with MetS had much more severe
CAD than those without MetS. The vessel score
distribution revealed a higher prevalence of
triple vessel disease (TVD) among MetS patients
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(42.7% vs. 15.6%), whereas single vessel disease
(SVD) was more common in the non-MetS group
(45.8% vs. 21.9%). Double vascular disease was
distributed similarly in both groups (31.2% vs.
36.5%). The MetS group had a substantially higher
mean vessel score (2.12 = 0.89) than the non-
MetS group (1.66 £ 0.76; P <0.001), indicating a
greater burden of multivessel involvement. MetS

Table 1: Baseline demographic and clinical characteristics of the study population (n=192)
Group II (No MetS, n=96) (%)

Variable Group I (MetS, n=96) (%)
Age (years)
21-30 2(2.1)
3140 0(0.0)
41-50 17 (17.7)
51-60 43 (44.8)
61-70 27 (28.1)
71-80 7(7.3)
Mean+SD 58.26+8.7
Sex
Male 70 (72.9)
Female 26 (27.1)
BMI (kg/m?)
18.5-22.9 10 (10.4)
23-24.9 58 (60.4)
25-29.9 27 (28.1)
>30 1(1.0)
Mean+SD 25.08+1.53
Waist circumference (cm)
Male (mean+SD) 96.70£5.06
Female (mean+SD) 87.81£5.86
Elevated waist circumference' 96 (100)
Raised blood pressure 85 (88.5)
Diabetes mellitus 72 (75.0)
Dyslipidemia 39 (40.6)
Smoking status
Current 28 (29.2)
Recent 8(8.3)
Former 16 (16.7)
Never 44 (45.8)
Family history of CAD 17 (17.7)

P-value

33.0)
11 (11.5)
31(32.3)
32(33.3)
13 (13.5)
6(6.2)
52.45+10.9 <0.001%*
78 (81.2) 0.170
18 (18.8)
42 (43.8) <0.001%*
41 (42.7)
13 (13.5)
0(0.0)
24.08+1.50 <0.001%*
92.3145.03 <0.001%*
82.50+5.82 0.005%*
57 (59.4) <0.001*
26 (27.1) <0.001%*
11 (11.5) <0.001*
25 (26.0) 0.032*
40 (41.7) 0.288
9 (9.4)
13 (13.5)
34 (35.4)
16 (16.7) 0.848

'Elevated waist circumference defined as>90 cm in males, >80 cm in females. Statistical significance: P<0.05; P from Chi-square test (),
unpaired z-test (**). MetS: Metabolic syndrome, SD: Standard deviation, BMI: Body mass index, CAD: Coronary artery disease
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patients reported higher rates of high-burden
stenosis (>16) compared to non-MetS patients
(9.4% vs. 1.0%, P = 0.009). MetS patients had
significantly higher average TSSs (9.26 +4.29 vs.
6.06 + 3.07; P < 0.001). Similarly, ES analysis
revealed that over half (46.9%) of the MetS group
showed substantial coronary involvement (score
>50), while only 24.0% in the non-MetS group
(P =0.001). The MetS group had a significantly
higher mean ES (53.70 + 18.11) compared to
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Figure 1: Angiographic severity by group (n=192)
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the non-MetS group (39.11 + 17.59; P < 0.001),
suggesting more widespread atherosclerotic disease
[Table 2].Patients with MetS showed a markedly
higher prevalence of triple vessel disease (42.7%
vs. 15.6%), whereas SVD was more common in
the non-MetS group (45.8% vs. 21.9%). Double
vessel disease occurred at similar frequencies in
both groups (31.2% vs. 36.5%) [Figure 1].

The MetS score showed a strong positive connection
with all three angiographic severity indices: vessel
score (r = 0.202, P = 0.005), (TSS; r = 0.330,
P <0.001), and (ES; r=0.349, P <0.001). Waist
circumference, triglycerides, total cholesterol,
and LDL-C all showed a positive correlation
with angiographic burden (P < 0.05). In contrast,
HDL-C revealed strong inverse relationships with
vascular score (r = —0.228), TSS (r = —0.2306),
and ES (r = —0.244; all P =0.001). Fasting blood
sugar had no significant correlation with any
angiographic score, although BMI had a slight
correlation with TSS (r=0.169, P =0.019).

In multivariable regression, waist circumference
(B = 0.207 for TSS; B = 0.183 for ES), raised
blood pressure (f = 0.161 for TSS; B = 0.162 for

Table 2: Angiographic severity of coronary artery disease in the study population (n=192)

Angiographic parameter

Group I (MetS, n=96) (%)

Group II (No MetS, n=96) (%) P-value

Vessel score

Score 0 (No significant lesion) 44.2)
Score 1 (SVD) 21(21.9)
Score 2 (DVD) 30(31.2)
Score 3 (TVD) 41 (42.7)
Mean+SD 2.12+0.89
Total stenosis score
<16 87 (90.6)
=16 9094
Mean+SD 9.26+4.29
Extension score
<50 51(53.1)
>50 45 (46.9)
Mean+SD 53.70+18.11

2.1 <0.001*
44 (45.8)
35(36.5)
15 (15.6)
1.660.76 <0.001%*
95 (99.0) 0.009%

1(1.0)

6.06+3.07 <0.001%*
73 (76.0) 0.001*
23 (24.0)

39.11417.59 <0.001%*

Statistical significance: P<0.05; P from Chi-square test (), unpaired t-test (**). CAD: Coronary artery disease, SVD: Single vessel disease,
DVD: Double vessel disease, TVD: Triple vessel disease, MetS: Metabolic syndrome, SD: Standard deviation
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ES), elevated triglycerides (f = 0.164 for TSS;
[ =0.146 for ES), and reduced HDL-C (=-0.152
for TSS; B = —0.157 for ES) were identified as
independent predictors of higher angiographic
burden (all P < 0.05). Diabetes, age, and gender
were not independently linked with angiographic
severity [Table 3].

MetS score, waist circumference, total cholesterol,
LDL-C, and triglycerides demonstrated positive
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correlations with vessel, stenosis, and ESs, while
HDL-C showed consistent inverse correlations
across all angiographic indices. Fasting blood sugar
and BMI displayed no or only weak associations
[Figure 2].

A sensitivity analysis found that patients with
MetS had a significantly greater frequency of high-
burden CAD at all angiographic thresholds. A TSS
of >16 was observed in 9.4% of MetS patients

Table 3: Correlation of MetS score and components with angiographic severity, and multivariable predictors of

CAD burden (n=192)

(A) Correlation coe

ents between MetS score/components and an

A% ble sel score r (P)
MetS score 0.202 (0.005)
Waist circumference 0.230 (0.001)

Total cholesterol 0.181(0.012)

LDL-C 0.163 (0.024)
HDL-C —0.228 (0.001)
Triglyceride 0.179 (0.013)
Fasting blood sugar —0.053 (0.466)
BMI 0.091 (0.208)

TSS r (P)

0.330 (<0.001)
0.248 (0.001)
0.199 (0.006)
0.180 (0.012)
~0.236 (0.001)
0.241 (0.001)
~0.043 (0.557) ~0.015 (0.840)
0.169 (0.019) 0.137 (0.059)

ESr (P)
0.349 (<0.001)
0.238 (0.001)
0.202 (0.005)
0.165 (0.022)
~0.244 (0.001)
0.219 (0.002)

(B) Multivariable linear regression: independent predictors of angiographic burden

Predictor TSS B (95% CI) P-value ES B (95% CI) P-value
Waist circumference 0.207 (0.026-0.222) 0.014 0.183 (0.055-0.985) 0.029
Raised blood pressure 0.161 (0.120-2.516) 0.031 0.162 (0.598-11.97) 0.030
Low HDL-C ~0.152 (-0.181-—0.040) 0.041 ~0.157 (~0.874—0.032) 0.035
Triglyceride 0.164 (0.002-0.024) 0.021 0.146 (0.003-0.107) 0.039

r: Correlation coefficient, B: Regression coefficient. Significant values (P<0.05) in bold. Variables evaluated but not independently associated in
the final models: diabetes, age, sex (all P>0.05). MetS: Metabolic syndrome, CAD: Coronary artery disease, TSS: Total stenosis score,
ES: Extension score, LDL: Low-density lipoprotein, HDL: High-density lipoprotein, BMI: Body mass index, CI: Confidence interval

3 = vessel Score 1
Z = Total Stenosis Score ¢
03 . = Extension Score r

Correlation coefficient (r)
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Figure 2: Correlation of metabolic syndrome score and lipid variables with angiographic severity
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compared to 1.0% in non-MetS (P = 0.009).
Similarly, an ES of >50 was reported in 46.9% vs.
24.0% (P = 0.001), and triple vessel disease was
present in 42.7% vs. 15.6% (P < 0.001) [Table 4].
Multivariable regression analysis revealed that
waist circumference, increased blood pressure,
elevated triglyceride levels, and decreased HDL-C
serve as independent predictors of higher stenosis
and ESs. In contrast, age, sex, and diabetes did
not significantly contribute to these outcomes
[Figure 3].

Discussion

This study investigated the link between MetS and
the angiographic burden of CAD in individuals
with NSTEMI. Our data show that MetS is linked
with much more unfavorable cardiovascular risk
profiles, more widespread angiographic disease,
and a higher burden of coronary atherosclerosis.

Demographically, patients with MetS were
significantly older and exhibited higher BMI
and waist circumference compared to those
without MetS. Notably, 100% of MetS patients

- TSS
- ES

Waist circumference

Raised BP

Low HDL-C

Raised TG

-04 -03 -02 -01 0.0 0.1 0.2 0.3 0.4
B Coefficient (95% CI)

Figure 3: Forest plot showing independent predictors
of coronary artery disease severity

met the criteria for elevated waist circumference,
highlighting the centrality of visceral adiposity
in this population. Higher prevalence of diabetes
mellitus, dyslipidemia, and raised blood pressure
in the MetS group was consistent with known
clustering of metabolic risk factors.l' These
findings mirror those of Mahalle et al., who
reported higher waist circumference and blood
pressure among Indian MetS patients with ACS,
reflecting regional parallels in metabolic risk
patterns.!'s!

Angiographically, MetS patients demonstrated
significantly more severe disease. Triple vessel
disease (TVD) was detected in 42.7% of MetS
patients versus just 15.6% of non-MetS patients.
Furthermore, MetS participants had significantly
higher mean vessel scores, TSSs, and ESs,
indicating both localized and diffuse coronary
involvement. These data are closely related to
the findings of Miri ef al. and Zhou et al., both of
whom found increased rates of multivessel and
severe CAD in MetS populations, underlining the
atherogenic potential of the syndrome even in acute
coronary situations.['%!7]

The correlation analysis further reinforced the
pathophysiological role of MetS components in
atherosclerosis. MetS score positively correlated
with all angiographic severity indices, particularly
with the ES (r = 0.349, P < 0.001), suggesting
that higher metabolic burden translates into more
widespread coronary involvement. This is in
agreement with Liu et al., who demonstrated that
increasing MetS score was predictive of both luminal
narrowing and plaque extension.''! Triglycerides,
waist circumference, and total cholesterol were
positively associated with disease burden, while
HDL-C showed an inverse correlation — consistent

Table 4: Sensitivity analysis for high-burden CAD thresholds

CAD burden indicator Threshold Group I (MetS) Group II (non-MetS) P-value
Total stenosis score >16 9.4% (9/96) 1.0% (1/96) 0.009
Extension score >50 46.9% (45/96) 24.0% (23/96) 0.001
Vessel score TVD (Score 3) 42.7% (41/96) 15.6% (15/96) <0.001

CAD: Coronary artery disease, MetS: Metabolic syndrome, TVD: Triple vessel disease
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with previous work identifying dyslipidemia and
visceral obesity as key drivers of atherogenesis.['”!

Our multivariable analysis identified waist
circumference, raised blood pressure, elevated
triglycerides, and low HDL-C as independent
predictors of both stenosis and ESs. Interestingly,
diabetes, sex, and age were not significant
predictors in the regression model, suggesting that
metabolic parameters beyond glycemic control
may play a dominant role in plaque burden. These
findings echo those from Zhou et al., who similarly
reported lipid and obesity indices as stronger
predictors than age or diabetes status.['”!

Finally, the sensitivity analysis highlighted that
MetS patients had a significantly greater likelihood
of presenting with high-burden CAD — whether
defined by TVD (42.7% vs. 15.6%), TSS >16 (9.4%
vs. 1.0%), or ES >50 (46.9% vs. 24.0%). This high
prevalence of severe and diffuse disease in MetS
patients reinforces the need for early identification
and aggressive risk factor management. Supporting
this, Mahalle et al. and Liu et al. both reported
that MetS presence reliably stratified patients into
higher-risk angiographic categories.!>!#

Taken together, our findings confirm that MetS
is not only a risk factor for CAD onset but also
a potent marker of disease severity and extent
in patients presenting with NSTEMI. This
underscores the clinical value of identifying MetS
in acute settings and supports its inclusion in risk
stratification algorithms.

Limitations of the study

The study took place in a single hospital with
a small number of participants. As a result, the
outcomes may not be indicative of the broader
community.

Conclusion

This study highlights a significant link between
MetS and the angiographic severity of CAD
in individuals experiencing NSTEMI. Patients

Distribution of metabolic syndrome components and their relationship
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with MetS exhibited a markedly greater burden
of coronary atherosclerosis, as demonstrated by
higher vessel, stenosis, and ESs. Independent
predictors of increased angiographic burden
included central obesity, raised blood pressure,
elevated triglycerides, and reduced HDL-C — all
hallmark components of MetS. Importantly,
correlation and sensitivity analyses affirmed that
MetS not only predisposes individuals to CAD
but also contributes to its diffuse and severe
angiographic presentation. These findings reinforce
the need for early identification and targeted
management of MetS components to mitigate the
risk of adverse cardiovascular outcomes. The study
adds to the growing body of evidence supporting
the prognostic relevance of MetS in ACSs,
particularly in South Asian populations where its
prevalence is rapidly rising. Future longitudinal
and interventional studies are warranted to explore
causality and the impact of MetS control on CAD
progression and clinical outcomes.

Ethical Approval

The study was approved by the Institutional Ethics
Committee.
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