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ABSTRACT

Background: Acute coronary syndrome (ACS) poses a significant burden in low- and middle-income countries
like Yemen, where delays in care and limited resources elevate the risk of adverse outcomes. Identifying the
predictors of in-hospital major adverse cardiovascular events (MACEs) is essential for improving management
strategies.

Objective: To assess and compare the predictors of in-hospital MACEs among Yemeni patients diag-
nosed with ACS, with a specific focus on gender-based differences.

Methods: An observational, retrospective study included 1,743 Yemeni patients aged >18 years, admit-
ted with ACS to six tertiary hospitals in Sana’a City between January 2020 and December 2023. The primary
outcome was in-hospital MACEs including cardiac death, recurrent MI, or revascularization.

Results: MACEs occurred in 12.7% of patients, with a higher occurrence in females (16.5%) and STEMI
cases (15.1%). The predictors included older age, STEMI, elevated blood sugar, WBC count, creatinine, low
SBP, DBP, and HDL-c. Gender-specific predictors varied, with males showing associations with delayed pre-
sentation and prior PCI, and females showing associations with age, STEMI, and increased waist circumference.

Conclusion: Key predictors of MACEs were age, STEMI, elevated creatinine, and waist circumference,
with notable gender-based differences suggesting the need for tailored interventions.
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1. INTRODUCTION

ventive and therapeutic healthcare services in resource-
limited settings [1]. Acute coronary syndrome (ACS),
which encompasses ST-segment elevation myocardial
infarction (STEMI), non-ST-segment elevation myocar-
dial infarction (NSTEMI), and unstable angina, contin-

Cardiovascular diseases (CVDs) remain the foremost
cause of death worldwide, accounting for approximately
18 million deaths in 2019, representing 32% of global

mortality. A substantial majority (exceeding 75 %) of
these deaths are concentrated in low- and middle-income
countries, underscoring the profound global health dis-
parities and pressing need for equitable access to pre-

ues to be a leading contributor to global morbidity and
mortality. Its clinical burden remains substantial despite
significant advancements in diagnostic and therapeutic
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strategies, reflecting the ongoing challenges in cardiovas-
cular healthcare delivery [2, 3]. This burden is especially
pronounced in low- and middle-income countries, where
systemic healthcare disparities, delayed patient presen-
tation, and limited access to advanced cardiac interven-
tions further compound adverse clinical outcomes [4]. In
Yemen, a country facing significant socioeconomic and
healthcare challenges, ACS continues to pose a major
public health concern, with mortality and adverse cardio-
vascular outcomes frequently reported in both short- and
long-term follow-up.

Predicting the risk of major adverse cardiovascular
events (MACEs) in patients with ACS is a crucial step in
improving patient stratification, guiding therapeutic de-
cisions, and optimizing the use of limited healthcare re-
sources. Numerous risk factors, including age, diabetes
mellitus (DM), hypertension (HTN), smoking, and lipid
profiles have been studied in relation to ACS outcomes
[5, 6]. However, sex-based differences in the clinical
presentation, management, and prognosis of ACS have
attracted increasing attention in recent years. Evidence
suggests that gender may play a pivotal role in influenc-
ing both the incidence and outcomes of ACS [7, 8], yet
findings remain inconsistent and may vary significantly
across different populations.

Sex differences arise from variations in gene expres-
sion linked to sex chromosomes as well as from the
subsequent effects of sex hormones, which influence
gene expression and cardiovascular function. In con-
trast, gender differences result from sociocultural fac-
tors, including the behavioral patterns of women and
men, dietary habits, differential environmental exposures,
lifestyle, stress, and attitudes toward treatment and pre-
vention. Both sex and gender are important determinants
of CVDs [9].

Despite the growing global interest in sex-specific car-
diovascular research, there is a paucity of data examining
this issue in the Yemeni population. Cultural, social, and
healthcare system factors unique to Yemen may con-
tribute to disparities in diagnosis, treatment access, and
outcomes between female and male ACS patients.

This study aimed to investigate and compare the pre-
dictors of in-hospital MACEs among Yemeni patients
diagnosed with ACS, with a specific focus on sex-based
differences. By identifying sex-specific risk patterns, this
study seeks to contribute valuable insights into improving
gender-sensitive strategies for the management of ACS
in Yemen and similar settings.

2. METHODS
2.1. StubpY DESIGN AND POPULATION

An observational, retrospective study was conducted be-
tween January 2020 and December 2023 to assess the
predictors of in-hospital MACEs among Yemeni patients

diagnosed with ACS, with a specific focus on gender-
based differences, at six tertiary care medical centers
in Sana’a City, Yemen (Military Cardiac Center, Azal
Hospital, University of Science and Technology Hospital,
Hashim Iraqgi Hospital, Modern European Hospital, and
Al Thawra Modern General Hospital). All patients aged
> 18 years who were diagnosed with ACS were included
in the study, except those for whom hospital records were
incomplete or missing.

The study was approved by the Research and Ethics
Committees of all six participating hospitals and con-
ducted in accordance with the principles outlined in
the 2013 revision of the Declaration of Helsinki. Given
that the study involved a retrospective review of medi-
cal records, the requirement for informed consent was
waived, as previously described [10].

The inclusion and exclusion criteria employed throughout
the study period are illustrated in Figure 1, culminating
in the determination of the final study cohort subjected
to analysis.

2.2. StubpY VARIABLES AND DATA COLLEC-
TION

Data for this study were systematically collected from
multiple sources, including the hospital’s statistics de-
partment, detailed patient clinical notes, inpatient care
registry, high-dependency unit (HDU) register, catheteri-
zation laboratory records, intensive care unit (ICU) reg-
ister, and discharge registry. To ensure data integrity
and reliability, all the information was meticulously cross-
verified across these sources. The dataset included
demographic, clinical, and laboratory variables such
as admission date, sex, age, body mass index (BMI),
and key coronary risk factors including smoking status,
dyslipidemia, HTN, DM, and blood pressure (BP). Addi-
tional clinical information was obtained, including patient
comorbidities and medical history, specifically the time
elapsed from symptom onset to hospital admission (mea-
sured in hours), presence of chronic renal failure (CRF),
peripheral arterial disease (PAD), valvular heart disease
(VHD), congestive heart failure (CHF), atrial fibrillation
(AF), cerebrovascular accident (CVA), and history of car-
diac interventions, including coronary artery bypass graft-
ing (CABG) or percutaneous coronary intervention (PCI).

The definitions and classification criteria for clinical
variables, in-hospital adverse events, and diagnoses of
ACS were standardized based on the clinical data stan-
dards established by the American College of Cardiology
(ACC) across all six participating hospitals [11].

2.3. OPERATIONAL DEFINITIONS

Dyslipidemia was defined according to the Adult Treat-
ment Panel lll (ATP Ill) criteria [12] as the presence of any
of the following: triglyceride (TG) level <150 mg/dL, high
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(" All patients diagnosed |
with and hospitalized for
ACS at six tertiary care
medical centers in Sana’a
City, Yemen, between
January 2020 and
December 2023, were
assessed for eligibility
L through hospital records. )

Exclusion Criteria :
B3 Only patients with

Inclusion Criteria :
Patients aged

>
missing or incomplete > . IB. Lo N
hospital fecords Hospitalized with
' a diagnosis of ACS.
Y

Final analyzed cohort
(n=1743).

Women (n = 364).

Figure 1. textbf Schematic representation of the patient enrollment process, including the application of inclusion and exclusion

criteria leading to the final analytical cohort.

density lipoprotein (HDL)-cholesterol level <35 mg/dL
for men or <39 mg/dL for women, total cholesterol level
>200 mg/dL, low density lipoprotein (LDL)-cholesterol
level >130 mg/dL, or ongoing treatment for lipid disor-
ders.

DM was defined as a fasting plasma glucose level
>126 mg/dL or the use of antidiabetic medications [9].

Smoking status was categorized as never smoker,
former smoker (defined as having quit smoking for at
least one year), or current smoker. Khat chewing was
defined as chewing khat at least three times per week
for one hour or more per session during the six months
before hospital admission.

Due to the limited number of participants who ceased
khat use, former khat chewers were grouped with non-
chewers for analytical purposes. Similarly, current and
former smokers were combined into a single group and
compared to those who had never smoked.

The study’s endpoint was defined as the incidence
of MACEs, which constituted a composite measure in-
cluding cardiac mortality, recurrent myocardial infarction
(MI), and the necessity for additional revascularization
interventions

2.4. STATISTICAL ANALYSIS

Statistical analyses were performed using the Statisti-
cal Package for the Social Sciences (SPSS), version
27. Categorical data were summarized using absolute
frequencies and relative percentages to provide a clear
description of sample characteristics. The normality of
distribution for continuous variables was assessed us-
ing the Kolmogorov—Smirnov test, which confirmed that
all continuous data followed a normal distribution. Ac-
cordingly, these variables were summarized as means
with standard deviations (SDs). Comparisons between
patients who developed in-hospital MACEs and those
who did not were performed using the chi-square test or
Fisher’s exact test for categorical variables and the inde-
pendent samples Student’s t-test for continuous variables.
Furthermore, the Chi-square test was applied to evaluate
the unadjusted risk of in-hospital MACEs in the overall
cohort and subsequently within sex-specific subgroups
(women versus men). To identify independent predic-
tors of in-hospital MACEs, binary logistic regression was
performed after adjusting for potential confounders. Vari-
ables with a P-value <0.25 in the univariate analysis were
considered for entry into the multivariate model. The final
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model was adjusted for age, type of ACS, dyslipidemia,
BMI, and history of PCI. The results are expressed as
odds ratios (ORs) accompanied by their respective 95%
confidence intervals (Cls), providing a measure of both
the magnitude and direction of the associations observed.
A two-tailed P-value of less than 0.05 was used as the
threshold to determine statistical significance.

3. RESULTS

3.1. BASELINE DEMOGRAPHIC AND CLINI-
cAL CHARACTERISTICS OF THE STUDY
COHORT

A total of 1,743 patients diagnosed with ACS, including
1,379 males and 364 females. Among the entire cohort,
12.7% (n = 220) (160 males and 60 females) developed
in-hospital MACEs.

The baseline clinical and demographic characteristics
of the study participants, categorized by the presence or
absence of in-hospital MACEs, are presented in Table
1. Patients who developed MACEs were, on average,
significantly older than those who did not (mean age:
61.7 £ 12.7 years vs. 57.7 + 12.3 years; P < 0.001).
Furthermore, the occurrence of MACEs was significantly
higher in female patients (n = 60; 16.5%) than in male
patients (n = 160; 11.6%; P = 0.013).

Patients presenting with STEMI exhibited a signifi-
cantly higher MACE rate (n = 184; 15.1%) than those
with NSTEMI (n = 36; 6.8%; P < 0.001). MACEs were
also more frequently observed in patients with comorbid
conditions, including dyslipidemia, HTN, DM, CRF, con-
gestive cardiac failure (CCF), CVA, and a history of prior
PCl and CABG.

Table 2 provides a summary of the clinical characteris-
tics, biochemical parameters, guideline-directed medical
therapy, and procedures among the study participants,
categorized according to the presence or absence of
MACEs. Patients who developed MACEs had higher
levels of random blood sugar (RBS), fasting blood sugar
(FBS), white blood cell count (WBC), and serum creati-
nine, along with reduced levels of SBP, DBP, and HDL-c.
Conversely, the use of DAPT upon arrival, in-hospital
BB, ACEIs/ARBs (angiotensin-converting enzyme in-
hibitors/angiotensin receptor blockers), and statins were
significantly lower among the patients who developed
MACEs.

Among the 1,743 patients diagnosed with ACS, 1,019
(58.5%) underwent coronary angiography (CAG) within
the first 24 hours of hospital admission. The procedure
was performed more frequently in patients who subse-
quently experienced MACEs. compared to those who
did not (65.0% vs. 57.5%). Likewise, PCl was more
commonly performed in patients who developed MACEs
than in those without MACEs (52.7% vs. 42.7%).

ANALYSIS OF THE RELATIONSHIP BE-
TWEEN BASELINE CLINICAL AND Bio-
cHEMICAL Risk FAcTORs AND THE Oc-
CURRENCE oF MACEs

3.2.

Analysis of the relationship between baseline clinical and
biochemical risk factors and the occurrence of MACEs
using univariate and multivariate regression analyses is
presented in Tables 3 and 4. In the univariate regres-
sion analysis, baseline clinical and biochemical variables
found to be significantly associated with MACEs included
older age, female sex, STEMI, elevated BMI, dyslipi-
demia, HTN, DM, CRF, CCF, CVA, history of PCI or
CABG, increased heart rate (HR), high FBS, elevated
WBC, and elevated serum creatinine levels. Addition-
ally, lower SBP, DBP, FBS, and HDL-c levels were also
associated with MACEs.

In the multivariate regression analyses, all variables that
were significantly associated with MACEs in the univari-
ate analysis remained significant, except for prior PCI. In
addition, prior Ml emerged as an independent predictor
of MACEs with an adjusted odds ratio (AOR) of 2.499
(95% CI: 1.627-3.837, P < 0.001).

3.3. SUBGROUP ANALYSIS BY GENDER

In the gender-stratified analysis, the following variables
were associated with MACEs in males: old age, STEMI,
higher BMI, dyslipidemia, HTN, DM, CRF, CCF, CVA,
and previous CABG. In females, old age, STEMI, and
elevated waist circumference (WC) were associated with
MACEs.

In addition to the variables that showed a significant asso-
ciation with MACEs in the univariate regression analysis
in males, five variables emerged as statistically signifi-
cant independent predictors of MACEs in the multivariate
regression model for males. These included elevated
WC (AOR, 1.01; 95% ClI, 1.00-1.02; P = 0.049), lower HR
(AOR, 0.95; 95% Cl, 0.91-0.98, P = 0.005), elevated TG
(AOR, 1.01; 95% Cl, 1.00-1.02; P <0.001), WC (AOR,
1.01; 95% Cl, 1.00-1.02, P = 0.049), previous PCI (AOR,
4.31; 95% Cl, 1.48-12.5; P = 0.007), and time from symp-
tom onset to admission (AOR, 1.03; 95% Cl, 1.00-1.06;
P =0.031). (See Tables 5 and 6).

Table 7 presents the results of the univariate and mul-
tivariate regression analyses of the GDMT associations.
and invasive procedures for MACEs. in the overall study
population, and stratified according to sex. In the univari-
ate analysis, DAPT, BB, ACEIs/ARBs, and statins were
significantly associated with a lower risk of MACEs in the
overall population and in women; in men, this associa-
tion persisted for BB, ACEIs/ARBSs, and statins, but not
for DAPT. Conversely, CAG and PCI were significantly
associated with a higher risk of MACEs, except CAG in
men.

In the multivariate analysis, these associations remained
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Table 1. Baseline Characteristics of Study Participants Stratified by the Occurrence of Major Adverse Cardiovascular

Events

. Overall With Without P
Variables (n=1743) MACEs (n | MACEs
= 220) (n = 1523)

Age, mean * SD 582 +12.5 61.7 £+12.7 57.7 +12.3 0.000*
Gender, n (%)
Male 1379 (79.1) 160 (11.6) 1219 (88.4)

0.000*
Female 364 (20.9) 60 (16.5) 304 (83.5)
ACS type, n (%)
STEMI 1216 (69.8) 184 (15.1) 1032 (84.9)

0.000*
NSTEMI* 527 (30.2) 36 (6.8) 491 (93.2)
Smoking status, n (%)
Smoker 1258 (72.2) 155 (12.3) 1103 (87.7)

0.543
Nonsmoker 485 (27.8) 65 (13.4) 420 (86.6)
Khat chewing status, n (%)
Chewer 1348 (77.3) 162 (12.0) 1186 (88.0) 0161
Nonchewer 395 (22.7) 58 (14.7) 337 (85.3)
Medical history, n (%)
Dyslipidemia, n (%) 230 (13.2) 51 (22.2) 179 (77.8) 0.000*
HTN, n (%) 603 (34.6) 95 (15.8) 508 (84.2) 0.004*
DM, n (%) 403 (23.1) 67 (16.6) 336 (83.4) 0.006*
CRF, n (%) 9 (0.5) 5 (55.6) 4 (44.4) 0.003*
VHD, n (%) 15 (0.9) 3(20.0) 12 (80.0) 0.292
AF, n (%) 37 (2.1) 6(16.2) 31 (83.8) 0.508
Prior Angina, n (%) 500 (28.7) 72 (14.4) 428 (85.6) 0.156
Prior MI, n (%) 263 (15.1) 41 (15.6) 222 (84.4) 0.116
Prior CCF, n (%) 69 (3.9) 18 (26.1) 51 (73.9) 0.001*
Prior CVA, n (%) 71 (4.1) 15 (21.1) 56 (78.9) 0.028*
PAD, n (%) 32 (1.8) 6 (18.8) 26 (81.3) 0.292
Previous PCI, n (%) 91 (5.2) 5 (5.5) 86 (94.5) 0.019*
Previous CABG, n (%) 19 (1.1) 6 (31.6) 13 (68.4) 0.012*
FH, n (%) 111 (6.3) 13 (11.7) 98 (88.3) 0.765
Time from symptom onset to ad- | 12.6 + 6.4 13.1+6.2 125+ 6.4 0.141
mission (hours), mean + SD

ACS, acute coronary syndrome; STEMI, ST-elevation myocardial infarction; NSTEMI, non-ST-elevation myocardial infarction; BMI,
body mass index; WC, waist circumference; HTN, hypertension; DM, diabetes mellitus; CRF, chronic renal failure; VHD, valvular
heart disease; AF, atrial fibrillation; MI, myocardial infarction; CCF, congestive cardiac failure; CVA, cerebral vascular accident;
PAD, peripheral artery disease; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; FH, family

history.
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Table 2. Baseline Clinical Characteristics, Biochemical Parameters, Guideline-Directed Medical Therapy, and Procedures
among Study Participants Stratified by the Occurrence of Major Adverse Cardiovascular Events

Variables (mean * SD) Overall (n= 1743) With MACEs Without MACEs P
(n = 220) (n = 1523)
BMI (kg/m?), mean + SD 255+5.1 26.9+5.8 25.3+4.9 0.000*
WC (cm), mean + SD 90.6 + 13.5 91.0+18.4 90.6 +12.6 0.788
HR, bpm 89.2+213 92.2 +28.8 88.7 +20.0 0.086
SBP, mmHg 129.0 + 31.6 112.2 + 43.5 131.4 + 28.7 0.000"
DBP, mmHg 80.8 + 20.0 69.4 + 28.9 82.5+17.8 0.000*
RBS, mg/d| 180.0 + 94.5 194.0 + 104.9 178.1 +92.9 0.001*
FBS, mg/d 125.1 £ 57.2 140.5 + 75.1 123.3 + 54.6 0.020*
HbA1c, % 8.0x27 8.8+3.3 7926 0.157
TC, mg/dl 221.3 +60.2 221.2 +60.4 221.3+60.3 0.997
TGs, mg/di 188.0 + 96.5 176.0 +77.8 189.5 + 98.6 0.199
LDL-c, mg/dl 125.3 + 441 122.9 + 451 125.5 +44.0 0.905
HDL-c, mg/d| 442 +18.0 43.77 £ 17.6 47.8 +20.2 0.046*
WBC, x 10%/L 9.1+3.6 10.6 + 5.1 8.9+3.3 0.000*
Serum creatinine, mg/dl 1.22 +0.95 1.59 +1.11 1.17 £ 0.80 0.002*
In-hospital GDMT and procedures, n (%)

DAPT 1533 (88.0) 178 (80.9) 1355 (89.0) 0.001*
BB 1104 (63.3) 80 (36.4) 1024 (67.2) 0.000*
ACEIs/ARBs 1332 (76.4) 113 (51.4) 1219 (80.0) 0.000*
Statins 1630 (93.5) 185 (84.1) 1445 (94.9) 0.000*
CAG 1019 (58.5) 143 (65.0) 876 (57.5) 0.035*
PCI 766 (43.9) 116 (52.7) 650 (42.7) 0.003*

ACEIs/ARBs, angiotensin-converting enzyme inhibitors/angiotensin receptor blockers; BB, beta blocker; BMI, body mass index;
CAG, coronary angiography; cm, Centimeter; kg/m, kilograms per meter; L, liter; mg/dl, milligrams per deciliter; mmHg; millimetres
of mercury; DAPT, dual antiplatelet therapy; DBP, diastolic blood pressure; FBS, fasting blood sugar; GDMT, guideline-directed
medical therapy; HbA1c, glycated hemoglobin; HDL-c, high-density lipoprotein cholesterol; HR, heart rate; LDL-c, low-density
lipoprotein cholesterol; MACEs, major adverse cardiac events; PCI, percutaneous coronary intervention; RBS, random blood
sugar; SBP, systolic blood pressure; TC, total cholesterol; TGs, triglycerides; WBC, white blood cell count; WC, waist circumfer-
ence.
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Table 3. Univariate and multivariate regression analyses of baseline clinical risk factors associated with major adverse

cardiovascular events among all study participants

Univariate analysis Multivariate model’
predictors COR (95% ClI P AOR (95% CI) P

Age 1.026 (1.015-1.038) 0.000* 1.028 (1.016-1.040) 0.000*
Female gender 1.504 (1.089-2.075) 0.003* 1.508 (1.082-2.103) 0.015*
STEMI 2.432 (1.675-3.531) 0.000* 2.412 (1.645-3.539) 0.000*
Current or ex-smoker 0.908 (0.666-1.239) 0.543

Khat chewer 0.794 (0.574-1.097) 0.161 0.961 (0.673-1.372) 0.826
Dyslipidemia 2.266 (1.597-3.215) 0.000* 2.076 (1.425-3.023) 0.000*
HTN 1.514 (1.138-2.021) 0.004* 1.442 (1.066-1.948) 0.017*
DM 1.546 (1.130-2.112) 0.004* 1.535 (1.107-2.129) 0.010*
CRF 8.834 (2.355-33.147) | 0.001* | 11.344 (2.848-45.185) | 0.001*
VHD 1.740 (0.481-6.219) 0.393

AF 1.349 (0.552-3.273) 0.507

Prior Angina 1.248 (0.913-1.687) 0.157 1.686 (1.215-2.338) 0.002*
Prior Ml 1.346 (0.920-1.934) 0.117 2.499 (1.627-3.837) 0.000*
Prior CCF 2.573 (1.476-4.490) 0.001* 4.297 (2.307-8.003) 0.000*
Prior CVA 1.9125 (1.062-3.451) | 0.030* 1.977 (1.066-3.666) 0.031*
PAD 1.618 (0.654-3.968) 0.297

Previous PCI 0.387 (0.150-0.962) 0.042* 0.568 (0.222-1.455) 0.239
Previous CABG 3.252 (1.224-8.656) 0.018* | 5.598 (1.972-15.894) | 0.001*
FH 0.915 (0.501-1.653) 0.765

Time from symptom onset to admis- 1.016 (0.993-1.048) 0.141 1.015 (0.992-1.039) 0.198
sion

COR, crude odds ratio; AOR, adjusted odds ratio; STEMI, ST-elevation myocardial infarction; NSTEMI, non-ST-elevation my-
ocardial infarction; HTN, hypertension; DM, diabetes mellitus; CRF, chronic renal failure; VHD, valvular heart disease; AF, atrial
fibrillation; MI, myocardial infarction; CCF, congestive cardiac failure; CVA, cerebral vascular accident; PAD, peripheral artery
disease; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; FH, family history.

*Model was adjusted for age, type of ACS, dyslipidemia, BMI, and previous PCI.

significant, except for PClI in the overall population and in
both women and men, and CAG in the overall population
and in women. In addition, the association between
DAPT and MACEs in men remains insignificant.

4. DISCUSSION

This study aimed to identify the predictors of in-hospital
MACEs among Yemeni patients diagnosed with ACS.
The findings revealed that advanced age, female sex,
STEMI, elevated BMI, dyslipidemia, HTN, DM, CRF, CCF,
CVA, prior PCl or CABG, elevated HR, FBS, WBC, serum
creatinine, and reduced SBP, DBP, and HDL-c levels
were significantly associated with in-hospital MACEs in
the entire study population. Gender-stratified analysis
revealed that among male patients, older age, STEMI,
elevated BMI, dyslipidemia, HTN, DM, CRF, and a his-
tory of CABG were significant predictors of in-hospital
MACEs. In contrast, among female patients, older age,
STEMI, and increased WC were primary factors asso-
ciated with MACEs. To the best of our knowledge, this
is the first observational clinical study to explore inde-
pendent risk factors for in-hospital MACEs in a Yemeni
cohort whose clinical profiles and disease presentations
differ significantly from those typically reported in West-
ern populations. One of the unique contributions of this

study is its focus on the Yemeni cohort, a population
underrepresented in cardiovascular research. Sociopolit-
ical instability, limited healthcare infrastructure, and high
rates of untreated chronic conditions pose significant
challenges for optimal ACS management in Yemen.
The observed overall MACE rate of 12.7% aligns with
previously reported ranges in regional and international
studies of ACS patients, though some variability is ex-
pected due to differences in population characteristics,
healthcare access, and clinical practices [13—15].

In this study, advanced age was identified as an inde-
pendent predictor of in-hospital MACEs. This trend was
observed not only in the overall population but also con-
sistently in both male and female subgroups. This finding
is consistent with those of previous studies that have
highlighted the strong link between age and cardiovas-
cular risk [16, 17]. Advanced age is associated with
endothelial dysfunction, increased arterial stiffness, and
a higher prevalence of comorbidities, all of which con-
tribute to poorer outcomes in ACS patients [18—20].
Similarly, the identification of female gender as an inde-
pendent risk factor for in-hospital MACEs is consistent
with a growing body of literature that highlights sex-based
disparities in cardiovascular outcomes [18]. Biological,
clinical, and sociocultural factors may have contributed
to this observation. Women with ACS often present
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Table 4. Univariate and multivariate regression analyses of baseline clinical and biochemical risk factors associated with
major adverse cardiovascular events among all study participants

Univariate analysis Multivariate model”

Predictors COR (95% ClI P AOR (95% ClI) P
BMI 1.056 (1.031-1.082) | 0.000* 1.061 (1.034-1.087) | 0.000*
WC 1.002 (0.991-1.013) | 0.732

HR 1.017 (1.109-1.044) | 0.023* 1.008 (1.001-1.014) | 0.028*
SBP 0.983 (0.970-0.985) | 0.000* | 0.977 (0.973-0.982) | 0.000*
DBP 0.972 (0.967-0.972) | 0.000* | 0.967 (0.960-0.974) | 0.000*
RBS 1.019 (1.004-1.020) | 0.051 | 1.001 (0.999-1.003) | 0.335
FBS 1.015 (1.003-1.024) | 0.003* 1.005 (1.001-1.008) | 0.004*
HbA1c 1.110 (0.961-1.28) 0.160 1.109 (0.950-1.295) | 0.190
TC 1.002 (0.993-1.011) | 0.997

TGs 0.998 (0.992-1.004) | 0.149 0.995 (0.993-0.998) | 0.001*
LDL-c 0.990 (0.997-1.003) | 0.548

HDL-c 0.996 (0.985-1.009) | 0.027* 1.007 (0.997-1.017) | 0.197
WBC 1.113 (1.076-1.150) | 0.000* | 1.122 (1.082-1.164) | 0.000*
Serum creatinine | 1.314 (1.149-1.511) | 0.000* | 1.257 (1.078-1.466) | 0.003*

COR, crude odds ratio; AOR, adjusted odds ratio; BMI, body mass index; Cl, confidence interval; DBP, diastolic blood pressure;
FBS, fasting blood sugar; HbA1c, glycated hemoglobin; HDL-c, high-density lipoprotein cholesterol; HR, heart rate; LDL-c, low-
density lipoprotein cholesterol; MACEs, major adverse cardiac events; OR, odds ratio; RBS, random blood sugar; SBP, systolic

blood pressure; TC, total cholesterol; TGs, triglycerides; WBC, white blood cell count; WC, waist circumference.
* The model was adjusted for age, type of ACS, dyslipidemia, BMI, and previous PCI.

with atypical symptoms, are less likely to receive early
invasive interventions, and tend to have a higher bur-
den of comorbidities, which may collectively lead to de-
layed diagnoses and suboptimal management [10, 21,
22]. Furthermore, the significant association between
increased WC and MACEs among women suggests a
possible role of central obesity and metabolic dysfunction
as sex-specific contributors to cardiovascular risk in this
population [23, 24].

The observation that STEMI is more frequently associ-
ated with MACEs than NSTEMI corresponds with existing
literature, as STEMI typically reflects a complete coro-
nary occlusion, leading to more extensive myocardial
damage and complications [25, 26]. Moreover, the asso-
ciation of traditional cardiovascular risk factors, such as
DM, HTN, and dyslipidemia, with adverse outcomes is
well documented and reflects the cumulative burden of
atherosclerosis and metabolic dysfunction [27]

In this study, HTN emerged as an independent risk fac-
tor for in-hospital MACEs, consistent with prior findings
that link a history of HTN to increased cardiovascular
risk [28, 29]. For instance, Madan et al. reported that
HTN independently predicted the adverse outcomes of
PCI in a cohort of 9,494 patients [30]. Chronic HTN
is a well-established contributor to the development of
atherosclerosis [31] and is associated with an elevated

incidence of CAD [32], chronic kidney disease [33], PAD
[34], and CVA [31]. Moreover, it is a major risk factor for
MI, heart failure, stroke, and cardiovascular disease [35,
36].

Lower SBP and DBP at admission in patients with ACS
are both associated with an increased risk of MACEs
during hospitalization. This relationship exists because
low SBP often reflects poor cardiac output and impaired
tissue perfusion, which may indicate severe cardiac dys-
function such as heart failure or cardiogenic shock [37,
38]. At the same time, low DBP, especially values below
60 mmHg, can compromise coronary perfusion because
the heart muscle receives most of its blood supply during
diastole [39, 40]. When both SBP and DBP are low, the
risk of inadequate oxygen delivery to the myocardium
increases, further increasing the likelihood of ischemia,
arrhythmias, and adverse outcomes [37, 40, 41]. Stud-
ies have demonstrated a U- or J-shaped relationship,
where both very low and very high blood pressure val-
ues are linked to worse outcomes; in particular, SBP <
110 mmHg and DBP < 60 mmHg are associated with
significantly higher rates of in-hospital complications and
mortality in ACS patients [37, 39, 40]. Therefore, monitor-
ing and maintaining adequate SBP and DBP are critical
for reducing the risk of in-hospital MACEs in patients with
ACS.
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Table 5. Gender-stratified univariate and multivariate regression analyses of baseline clinical predictors for in-hospital
major adverse cardiovascular events.

Predictors Univariate analysis Multivariate model’

COR (95% CI) P AOR (95% Cl) P
Men
Age 1.023 (1.016-1.035) 0.000* 1.027 (1.014-1.041) 0.000*
STEMI 2.515 (1.608-3.950) 0.000* 2.394 (1.500-3.822) 0.000*
Smoker 1.24 (0.788-1.987) 0.353
Khat chewer 0.952 (0.617-1.482) 0.839
Dyslipidemia 2.674 (1.804-3.974) 0.000* 2.251 (1.475-3.435) 0.000*
HTN 1.626 (1.162-2.283) 0.005* 1.553 (1.092-2.208) 0.014*
DM 1.583 (1.083-2.290) 0.016* 1.641 (1.117-2.409) 0.012*
CRF 5.801 (1.281-26.174) 0.022* 7.672 (1.595-36.896) 0.011~
VHD 2.564 (0.685-9.59) 0.160 3.624 (0.908-14.460) | 0.068*
AF 1.320 (0.508-3.471) 0.568
Prior Angina 1.339 (0.945-1.909) 0.103 1.694 (1.167-2.460) 0.006"
Prior Ml 1.431 (0.940-2.177) 0.091 2.016 (1.274-3.195) 0.003"
Prior CCF 2.974 (1.608-5.501) 0.001* 4.251 (1.475-3.435) 0.000*
Prior CVA 2.608 (1.366-4.980) 0.004* 2.744 (2.384-9.437) 0.021*
PAD 2.425 (0.879-6.717) 0.088 2.473 (0.851-7.191) 0.096
Previous PCI 0.370 (0.132-1.034) 0.059 1.196 (0.846-1.691) 0.310
Previous CABG 4.271 (1.566-11.731) | 0.005* | 5.642(1.921-16.568) | 0.021*
FH 0.745 (0.350-1.58) 0.449
Time from symptom onset to admission in hours 1.018 (0.996-1.047) 0.187 1.019 (0.993-1.046) 0.160
Women
Age 1.036 (1.002-1.051) 0.012* 1.032 (1.007-1.058) 0.012*
STEMI 2.465 (1.251-4.846) | 0.004* | 2.365(1.022-5.471) | 0.044*
Smoker 0.940 (0.519-1.720) 0.848
Khat chewer 0.789 (0.458-1.377) 0.400
Dyslipidemia 1.324 (0.626-2.812) 0.472
HTN 1.116 (0.630-1.934) 0.713
DM 1.295 (0.727-2.305) | 0.384
CRF NA
VHD NA
AF 2.558 (0.220-28.62) 0.446
Prior Angina 0.989 (0.547-0.180) 0.968
Prior Ml 1.130 (0.518-2.473) 0.756
Prior CCF 1.546 (0.413-5.791) | 0.517
Prior CVA 0.626 (0.131-2.774) 0.532
PAD 0.491 (0.066-3.961) 0.510
Previous PCI 0.628 (0.078-5.108) 0.663
Previous CABG NA
FH 1.449 (0.516-4.059) 0.485
Time from symptom onset to admission in hours 1.011 (0.960-1.053) 0.682

COR, crude odds ratio; AOR, adjusted odds ratio; STEMI, ST-elevation myocardial infarction; NSTEMI, non-ST-elevation my-
ocardial infarction; HTN, hypertension; DM, diabetes mellitus; CRF, chronic renal failure; VHD, valvular heart disease; AF, atrial
fibrillation; MI, myocardial infarction; CCF, congestive cardiac failure; CVA, cerebral vascular accident; PAD, peripheral artery
disease; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; FH, family history.

*Model was adjusted for age, type of ACS, dyslipidemia, BMI, and previous PCI.
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Table 6. Gender-stratified univariate and multivariate regression analyses of baseline clinical and biochemical predictors
for in-hospital major adverse cardiovascular events.

Univariate analysis Multivariate model’

Predictors COR (95% ClI P AOR (95% CI) P

Men

BMI 1.0780 (1.03-1.10) 0.000* | 1.076 (1.044-1.109) 0.000*

WC 1.016 (1.005-1.023) 0.055 0.995 (0.980-1.012) 0.577

HR 1.003 (0.991-1.016) 0.101 1.005 (0.997-1.013) 0.239

SBP 0.989 (0.970-0.993) 0.000* | 0.977 (0.972-0.983) 0.000"

DBP 0.971 (0.964-0.988) 0.000* | 0.970 (0.962-0.978) 0.000*

RBS 1.001 (0.995-1.014) 0.199 | 1.001 (0.998-1.003) 0.619

FBS 1.013 (1.005-1.019) 0.011* | 1.005 (1.001-1.009) 0.006*

HbA1c 1.103 (0.926-1.328) 0.271

TC 1.001 (0.990-1.013) 0.749

TGs 0.995 (0.983-1.008) 0.134 0.994 (0.991-0.997) 0.000*

LDL-c 1.001 (0.992-1.016) 0.758

HDL-c 1.010 (1.004-1.023) 0.024* | 1.009 (0.997-1.021) 0.148

First WBC 1.105 (1.062-1.159) 0.000* | 1.118 (1.072-1.166) 0.000*

Serum creatinine 1.324 (1.110-1.157) 0.001* | 1.240 (1.034-1.486) 0.020*

Women

BMI 1.023 (0.972-1.070) 0.309

wWC 1.940 (1.905-1.993) 0.043* | 0.976 (0.953-1.000) 0.049*

HR 1.015 (0.994-1.026) 0.107 1.011 (0.997-1.026) 0.132

SBP 0.974 (0.960-0.989) 0.000* | 0.977 (0.968-0.986) 0.000"

DBP 0.956 (0.942-0,977) 0.000" | 0.958 (0.944-0.973) 0.000"

RBS 1.003 (0.994-1.016) 0.140 1.002 (0.999-1.005) 0.261

FBS 1.005 (0.991-1.013) 0.168 1.004 (0.998-1.010) 0.238

HbA1c 1.090 (0.847-1.426) 0.502

TC 0.992 (0.986-1.006) 0.461

TGs 0.993 (0.986-1.009) 0.728

LDL-c 0.995 (0.989-1.002) 0.057 0.991 (0.982-1.001) 0.066

HDL-c 1.004 (0.987-1.028) 0.556

WBC 1.128 (1.056-1.210) 0.001* | 1.142 (1.059-1.231) 0.001*

Serum creatinine 1.309 (1.019-1.688) 0.042* | 1.331 (0.987-1.795) 0.061
AOR, adjusted odds ratio; BMI, body mass index; Cl, confidence interval; DBP, diastolic blood pressure; FBS, fasting blood

sugar; HbA1c, glycated hemoglobin; HDL-c, high-density lipoprotein cholesterol; HR, heart rate; LDL-c, low-density lipoprotein
cholesterol; MACEs, major adverse cardiac events; OR, odds ratio; RBS, random blood sugar; SBP, systolic blood pressure; TC,
total cholesterol; TGs, triglycerides; WBC, white blood cell count; WC, waist circumference.

*Model was adjusted for age, type of ACS, dyslipidemia, BMI, and previous PCI.
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Table 7. Univariate and Multivariate Regression Analyses of Guideline-Directed Medical Therapy and Procedures in
Relation to Major Adverse Cardiovascular Events among the Overall Study Population and Stratified by Gender

Univariate analysis Multivariate model’
Therapy/ procedure COR (95% ClI P AOR (95% Cl) \ P
Overall
DAPT 0.525 (0.362-0.763) 0.001* | 0.270 (0.128-0.573) 0.001*
BB 0.278 (0.207-0.374) 0.000* | 0.330 (0.181-0.600) 0.000*
ACEIs/ARBs 0.263 (0.197-0.353) 0.000* | 0.172 (0.093-0.316) 0.000*
Statins 0.285 (0.186-0.437) 0.001* | 0.221 (0.094-0.517) 0.001*
CAG 1.372 (1.021-1.842) 0.036" | 1.266 (0.932-1.719) 0.132
PCI 1.498 (1.128-1.989) 0.005* | 1.288 (0.954-1.740) 0.099
Men
DAPT 0.639 (0.408-0.1002) | 0.051* | 0.664 (0.405-1.026) 0.064
BB 0.268 (0.190-0.377) 0.000* | 0.250 (0.175-0.356) 0.000*
ACEIs/ARBs 0.294 (0.209-0.413) 0.000* | 0.277 (0.194-0.395) 0.000*
Statins 0.325 (0.195-0.540) 0.000* | 0.313 (0.184-0.533) 0.000*
GAG 1.123 (0.797-1.581) 0.507 | 0.989 (0.695-1.408) 0.952
PCI 1.421 (1.021-1.978) | 0.037* | 1.190 (0.842-1.683) | 0.325
Women
DAPT 0.304 (0.151-0.614) 0.001* | 0.270 (0.128-0.573) 0.001*
BB 0.332 (0.196-0.593) 0.000* | 0.330 (0.181-0.600) 0.000*
ACEIs/ARBs 0.185 (0.103-0.332) 0.000* | 0.172 (0.093-0.319) 0.000*
Statins 0.208 (0.092-0.471) 0.001* | 0.221 (0.094-0.517) 0.001*
GAG 2.812 (1.560-5.069) 0.001* | 2.449 (1.337-4.487) 0.004*
PCI 2.090 (1.192-3.665) 0.010* | 1.660 (0.910-3.2029) | 0.098

ACEIs/ARBs, angiotensin-converting enzyme inhibitors/angiotensin receptor blockers; BB, beta blocker; CAG, coronary angiog-
raphy; DAPT, dual antiplatelet therapy; GDMT, guideline-directed medical therapy; PCI, percutaneous coronary intervention.
*Model was adjusted for age, type of ACS, dyslipidemia, BMI, and previous PCI.

Biochemical markers such as elevated WBC, FBS, and
serum creatinine also demonstrated strong associations
with MACEs. An elevated WBC indicates a heightened in-
flammatory state, which is known to contribute to plaque
instability and thrombosis [42]. Similarly, hyperglycemia,
even in the absence of overt DM, worsens ischemic out-
comes and promotes endothelial injury [43]. Elevated
serum creatinine levels reflect underlying renal dysfunc-
tion, a known independent predictor of adverse cardio-
vascular outcomes owing to its association with systemic
inflammation, oxidative stress, and impaired clearance
of vasoactive substances [44].

In the gender-stratified multivariate analysis, unique pre-
dictors of MACEs emerged among male patients, includ-
ing elevated WC, lower HR, higher TG levels, prior PCl,
and delayed hospital presentation. Central obesity, in-
dicated by increased WG, is strongly linked to insulin
resistance, inflammation, and atherogenesis [45]. The
association of lower HR with worse outcomes may re-
flect autonomic imbalance or underlying heart failure
[46]. Prior PCI may be a marker of severe or recurrent
coronary artery disease, whereas delayed presentation
contributes to a larger infarct size and more complica-
tions [47].

LIMITATIONS OF THE STUDY

Despite the unique contributions of this study, several
limitations should be acknowledged when interpreting
the findings. First, its hospital-based design may restrict
the generalizability of the results to other regions, partic-
ularly rural areas or countries with different health care
systems. The retrospective and observational nature of
the study also introduces potential biases, including se-
lection bias and unmeasured confounding, which limits
the ability to make causal inferences. Additionally, certain
important treatment-related variables, such as the timing
of interventions and adherence to guidelines, were not
captured, despite their known impact on in-hospital out-
comes. The underrepresentation of female patients may
have reduced the statistical power to detect sex-specific
associations, especially in the multivariate models. More-
over, the analysis was confined to in-hospital events,
without follow-up data on long-term outcomes such as
mortality or recurrent ischemic events.

5. CONCLUSIONS

This study provides important insights into the predictors
of in-hospital MACEs among Yemeni patients with ACS,
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with a particular emphasis on gender-related differences.
Advanced age, STEMI, and elevated WC and serum
creatinine levels consistently emerged as key predictors
across both sexes, while male patients exhibited addi-
tional independent predictors, such as elevated TGs, pre-
vious PCI, and delayed hospital presentation. These find-
ings underscore the need for tailored risk-stratification ap-
proaches and gender-sensitive management strategies
to improve short-term outcomes in patients with ACS in
resource-limited settings. Future research should focus
on prospective studies that include long-term follow-up
and incorporate socioeconomic, behavioral, and health-
care access variables. In addition, sex-specific strategies
for prevention, diagnosis, and treatment should be fur-
ther explored to improve outcomes for both male and
female patients with ACS in Yemen and similar settings.
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