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Background: Acute coronary syndrome (ACS) presents with significant sex-related differences globally, yet research within Yemen remains limited. This study investigates these differences in the clinical presentation, management, and outcomes of Yemeni patients with ACS.



Methods: A retrospective cohort study was conducted at six tertiary care centers, including 1,743 patients (1,379 men and 364 women) hospitalized with ACS between January 2020 and December 2023.



Results: On average, women were generally older than men (59.4 ± 11.7 vs. 57.9 ± 12.7 years, P = 0.031) and more frequently diagnosed with non-ST elevation ACS (35.2% vs. 28.9%, P = 0.021). Women also exhibited higher rates of traditional cardiovascular risk factors, including diabetes mellitus (31.9% vs. 20.8%, P < 0.001) and hypertension (44.5% vs. 32.0%, P < 0.001), but had a lower prevalence of atrial fibrillation (0.8% vs. 2.5%, P = 0.033) and less likely to engage in ACS lifestyle risk behaviors like smoking (31.0% vs. 83.0%, P < 0.001) and khat chewing (53.3% vs. 83.7%, P < 0.001). Women were less likely to receive coronary angiography (47.5% vs. 61.3%, P < 0.001) or percutaneous coronary intervention (33.8% vs. 46.6%, P < 0.001) and were discharged with fewer guideline-recommended therapies for secondary prevention. Women experienced worse in-hospital outcomes, with a significantly higher in-hospital mortality rate (12.6% vs. 7.6%, P = 0.002), especially among those with ST-elevation myocardial infarction (STEMI), which remained significant even after adjustment for all clinical confounding factors (adjusted odds ratio, 1.80; 95% CI, 1.16–2.78, P = 0.008). However, the one-year mortality rate showed no significant difference between genders.



Conclusion: Yemeni women with ACS experience disparities in treatment and worse in-hospital outcomes, especially in STEMI cases. Addressing gender biases through public health education, healthcare provider training, and infrastructure improvements is essential to improving outcomes.
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1 Introduction

Cardiovascular diseases (CVDs) are the leading cause of mortality globally, claiming 17.9 million lives in 2019 and constituting 32% of all global deaths. Over three-quarters of these deaths occur in low- and middle-income countries (1). Acute coronary syndrome (ACS), a critical subset of CVDs, includes urgent heart conditions such as myocardial infarction (MI) and unstable angina, necessitating immediate medical intervention (2). Among these, non-ST-segment elevation ACS (NSTE-ACS) encompasses UA and non-ST-segment elevation myocardial infarction (NSTEMI). While both share similar clinical features, NSTEMI is defined by elevated cardiac troponins, reflecting myocardial necrosis, whereas UA presents without biomarker elevation. This distinction carries important prognostic and therapeutic implications, with NSTEMI generally associated with a higher short-term risk and necessitating more aggressive management (3, 4). Several studies have consistently shown sex-related differences in ACS presentations and outcomes. Women, compared to men, were older and more frequently suffered from traditional ACS risk factors and comorbidities, including hypertension (HTN), diabetes mellitus (DM), heart failure (HF), dyslipidemia, and chronic renal failure (CRF) (5–8). Moreover, women often have a lower awareness of ACS symptoms and delay seeking medical care, which can be fatal (6, 8, 9). Alarmingly, women are less likely to receive aggressive pharmacotherapies and invasive treatments, leading to worse outcomes, including higher in-hospital and one-year mortality rates (5, 8, 10, 11).

These disparities are further compounded by sex-specific pathophysiological differences (12). For instance, myocardial infarction with non-obstructive coronary arteries (MINOCA) is more common in women (13, 14), complicating their diagnosis and management. In addition, implicit biases among physicians lead to underestimation of their cardiovascular risk and delayed treatment (15). While younger women (≤45 years) with ACS more often present with typical symptoms, STEMI, and single-vessel disease, and reach the hospital faster than older women (63–64 years), they are less likely to receive guideline-recommended medications. Despite these challenges, younger women demonstrate better in-hospital and 2-year survival rates than older women (16). The present study aimed to investigate the differences in presentation, management, and outcomes between female and male Yemeni patients with ACS. Yemen, an underrepresented population in cardiovascular research, offers a unique perspective, particularly given its distinct socio-economic and healthcare challenges. Most existing ACS studies are conducted in high-income countries, making this study particularly valuable as it sheds light on how sex-related differences manifest in a low-to-middle-income setting. The regional focus of this study contributes a crucial dimension to the existing literature, offering insights into ACS in a population with unique cultural, economic, and healthcare contexts.



2 Patients and methods


2.1 Study population

We retrospectively evaluated sex-related differences in presentation, management, and outcomes in patients hospitalized with ACS at six tertiary care medical centers in Sana'a City, Yemen (Al Thawra Modern General Hospital, Azal Hospital, Modern European Hospital, University of Science and Technology Hospital, Military Cardiac Center, and Hashim Iraqi Hospital), between January 2020 and December 2023. All patients with ACS aged 18 and older were included, with no exclusion criteria other than missing or incomplete hospital records.

The study was approved by the Research and Ethics Committees of all six participating hospitals and conducted in accordance with the 2013 revision of Declaration of Helsinki. Obtaining informed consent was unnecessary since the data collection was based on a retrospective chart review.

Figure 1 outlines the inclusion and exclusion criteria applied during the study period, resulting in the final cohort analyzed.
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FIGURE 1
Flowchart of patient selection process.




2.2 Data collection and study variables

We collected data from various sources, including the statistics department, inpatient care register, catheterization labs register, discharge registry, high-dependency unit register, intensive care unit register, and patient clinical notes. The data was then cross-referenced for accuracy. Demographic and clinical information, such as admission date, age, gender, body mass index (BMI), and coronary risk factors (smoking, HTN, DM, and dyslipidemia) were obtained. Additional details about comorbidities and medical history, including time from symptom onset to admission (in h), chronic renal failure (CRF), atrial fibrillation (AF), valvular heart disease (VHD), cerebrovascular accident (CVA), congestive heart failure (CHF), peripheral arterial disease (PAD), and prior procedures such as percutaneous coronary intervention (PCI) or coronary artery bypass surgery (CABG) were also collected. Also, data on receiving in-hospital and at-discharge guideline-directed medical therapy (GDMT), coronary angiography (CAG), revascularization procedures, and in-hospital adverse outcomes were recorded. All-cause one-year mortality and the corresponding dates of death were verified through follow-up telephone interviews with patients or their next of kin. Clinical data standards set by the American College of Cardiology (ACC) were followed in defining the variables obtained from the patients, adverse in-hospital events, and the diagnosis of ACS types (17).

The diagnosis of acute myocardial infarction (AMI) across all participating centers was established using standardized criteria according to the Fourth Universal Definition of Myocardial Infarction (18), which requires the presence of elevated cardiac troponin levels above the 99th percentile upper reference limit, accompanied by clinical evidence of myocardial ischemia, such as the presence of typical ischemic symptoms, and/or supportive electrocardiogram (ECG) findings.



2.3 Statistical analysis

Statistical Package for the Social Sciences (SPSS) version 27 was used for statistical analysis. The Kolmogorov–Smirnov test confirmed that all continuous variables followed a normal distribution, allowing them to be reported as means with standard deviations (SDs). Categorical variables were presented as frequencies and percentages. Comparisons of patient characteristics between women and men were conducted using the Chi-square or Fisher's exact test for categorical variables, and Student's t-test for continuous variables. Additionally, the Chi-square was employed to assess the unadjusted risk of in-hospital mortality and 1-year mortality in women compared to men. Multiple binary logistic regression analyses were used to evaluate the adjusted risk of in-hospital mortality separately in patients with NSTEACS and STEMI, adjusting for confounding factors such as age, time from symptom onset to admission, dual antiplatelet therapy (DAPT) at arrival, HTN, DM, and PCI. Odds ratio (OR) and 95% confidence interval (CI) were reported to demonstrate the strength of the association between the risk of female gender and in-hospital mortality. One-year survival was analyzed and represented using Cox regression analysis and Kaplan–Meier curves. Throughout the analysis, two-sided P-values less than 0.05 were considered statistically significant.




3 Results


3.1 Baseline characteristics

A total of 1,743 patients with ACS (1,379 men and 364 women) from six tertiary care centers in Sana'a City, Yemen, were included in the study. Table 1 outlines the baseline characteristics of the participants. On average, women were older than men, with a mean age of 59.4 ± 11.7 years compared to 57.9 ± 12.7 years (P = 0.031). Women were more commonly diagnosed with NSTEACS (35.2% vs. 28.9%, P = 0.021) and had lower rates of smoking (31.0% vs. 83.0%, P < 0.001) and Khat chewing (53.3% vs. 83.7%, P < 0.001) compared to men. Additionally, women showed a higher prevalence of traditional cardiovascular risk factors, specifically DM (31.9% vs. 20.8%, P < 0.001) and HTN (44.5% vs. 32.0%, P < 0.001), while the occurrence of AF was lower in women than in men (0.8% vs. 2.5%, P = 0.033).


TABLE 1 Baseline characteristics of the patients.
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3.2 Guideline-directed medical therapy and procedures

Table 2 shows the use of GDMT and procedures across different ACS types. The study population showed a high use of DAPT upon arrival, as well as in-hospital ACEIs/ARBs (angiotensin-converting enzyme inhibitors/angiotensin receptor blockers) and statins, with no significant differences between women and men, even after subgroup analysis by ACS type. Although the overall use of beta-blockers (BB) was satisfactory, it was lower in women than men (57.4% vs. 64.9%, P = 0.008); however, this difference did not persist in the subgroup analysis by ACS type. Among the 1,743 ACS patients, 1,019 (58.5%) underwent CAG within 24 h of admission. Women were less likely than men to receive this procedure (47.5% vs. 61.3%, P < 0.001), and this disparity remained significant after the subgroup analysis by ACS type. Similarly, the rate of PCI procedures was significantly lower in women compared to men (33.8% vs. 46.6%, P < 0.001) across all ACS types.


TABLE 2 Guideline-directed medical therapy and procedures by ACS type.
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3.3 Gender-related differences in adverse in-hospital outcomes by ACS type

Table 3 presents a comparison of adverse in-hospital outcomes between men and women based on ACS type. Women exhibited higher rates of adverse outcomes compared to men, including CHF (24.5% vs. 18.3%, P = 0.009), recurrent ischemia (35.4% vs. 26.1%, P < 0.001), and mortality (12.6% vs. 7.6%, P = 0.002). These differences were particularly pronounced in patients with STEMI. In contrast, for patients with NSTEACS, only recurrent ischemia remained significantly higher in women than in men (32.8% vs. 22.8%, P = 0.023).


TABLE 3 Gender-related differences in in-hospital outcomes by ACS type.
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3.4 Univariate and multivariate analyses of gender-related differences in in-hospital mortality by ACS type

Univariate and multivariate analyses were performed separately on patients with NSTEACS and STEMI and presented in Table 4. Among the NSTEACS patients, there was no significant difference in in-hospital mortality between men and women, even after adjusting for all clinical factors (AOR, 2.87, 95% CI, 0.91–5.18, P = 0.081). However, in the STEMI patient group, women were nearly two times more likely to in-hospital mortality (crude odd ratio, 1.87; 95% CI, 1.23–2.84, P = 0.003). This increased risk remained significant even after adjusting for age (AOR, 1.80; 95% CI, 1.18–2.75; P = 0.006), age and comorbidities (AOR, 1.80; 95% CI, 1.18–2.75; P = 0.006), and age, comorbidities, and the time from symptom onset to admission (AOR, 1.73; 95% CI, 1.12–2.67; P = 0.012). Further adjustments were made for using DAPT upon arrival and PCI to determine if these factors could explain the remaining sex differences in in-hospital mortality. Women still had a higher in-hospital mortality risk even after further adjusting for DAPT use at arrival (AOR, 1.76; 95% CI, 1.14–2.71; P = 0.011) and PCI (AOR, 1.80; 95% CI, 1.16–2.78; P = 0.008).


TABLE 4 Univariate and multivariate analyses of gender-related differences in in-hospital mortality by ACS type.
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3.5 Gender-related differences in the all-cause one-year mortality rate

As shown in Figure 2, all-cause one-year mortality did not significantly differ between women and men, regardless of ACS type. Similarly, the Kaplan–Meier curve showed no significant difference in one-year survival between female and male patients in the ACS population (P = 0.259) (Figure 3).


[image: Figure 2]
FIGURE 2
Gender-related differences in all-cause one-year mortality by ACS type. NSTE-ACS, non–ST-segment–elevation acute coronary syndrome; STEMI, ST-segment–elevation myocardial infarction.
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FIGURE 3
Kaplan–Meier curves compare the survival of men and women with ACS over the year following hospital admission.





4 Discussion

To our knowledge, this multicenter study is the first of its kind to investigate sex-related differences in the presentation, management, and outcomes of Yemeni patients with ACS. It is also one of the largest studies in Middle Eastern countries to date. The study found that women were generally older and more likely to be diagnosed with NSTEACS compared to men. Additionally, women presented more with traditional cardiovascular risk factors such as HTN and DM. Still, they had a lower prevalence of AF and were less likely to engage in ACS lifestyle risk behaviors like smoking and khat chewing. Among the key findings was that women were less likely than men to undergo CAG and PCI. Additionally, they received fewer GDMT for secondary prevention at discharge, such as BB and statins. Nevertheless, women were more likely to have worse in-hospital outcomes, including CCF, recurrent ischemia, and mortality, especially in patients with STEMI, which persisted after adjustment for clinical factors. Due to its contemporary data and relatively large sample size, our study adds to the existing evidence on sex-related differences in ACS patients. This is particularly relevant given the underrepresentation of Middle Eastern populations in cardiovascular research.

The complexities of sex differences in ACS patients stem from both biological factors and societal biases (19). Our data reveals a women-to-men ratio of 1:4, aligning with findings from the Malaysian National Cardiovascular Disease Database and a tertiary hospital in Kenya (5, 20). Historically, men have exhibited higher ACS rates. Still, this disparity is diminishing, particularly in developed nations, underscoring the increasing awareness of ACS as a significant health concern among younger women (21). Recent data from Germany further illustrates this trend, showing a women-to-men ratio of 1.9:1 (10).

In line with documented epidemiological data (5, 6, 11), our data indicated that women are more susceptible to traditional ACS risk factors, such as DM and HTN, whereas men are more likely to engage in ACS lifestyle risk behaviors like smoking. A recent study emphasizes that these risk factors, mainly DM, HTN, and hypercholesterolemia, are strongly linked to ACS in young women (22). The VIRGO study further highlights that the impact of individual risk factors, such as DM, obesity, and smoking, is more pronounced in women (23). For instance, DM increases the risk of MI fourfold in women, compared to 2.5 times in men (24). While estrogen offers some protection against ACS in young women, this effect may diminish in those with DM (25).

Recent advancements in high-sensitivity troponin testing have significantly improved early detection of ACS, particularly STEMI, yet a prevalent misconception among healthcare providers and the community is that women have a low risk of this condition (26). This belief hampers primary prevention efforts, resulting in women receiving inadequate preventative therapies and lifestyle counseling and delaying timely presentation, which can be fatal, especially in AMI (19). Although statistically unproven, our data indicates that women have a longer delay seeking hospital care than men (13.2 h vs. 12.4 h, P = 0.071). This finding is likely due to unawareness of ACS symptoms in women, as well as societal norms in Yemen that limit women's healthcare access. Women often experience atypical symptoms, delaying ACS recognition (27, 28); however, recent literature reveals significant symptom overlap between sexes (29, 30), with around 90% of both men and women experiencing chest pain or pressure as the primary symptom (31, 32). Women typically report additional symptoms alongside chest pain (31, 32), prompting the American College of Cardiology/American Heart Association to recommend avoiding the term “atypical” for chest pain, as it can lead to underdiagnosis and less intensive care for women, exacerbating sex and gender-related disparities in ACS treatment (33).

Despite the benefits of invasive procedures and GDMT for both sexes, women with ACS are less likely to receive GDMT, timely reperfusion therapies, and revascularization compared to men. Our findings indicate that women are less likely to undergo CAG and receive reperfusion therapy with primary PCI than men, a trend supported by other studies, especially in STEMI patients (5, 10, 11). This discrepancy may be partly due to the longer delay between symptom onset and hospital admission for women. Although there is a closing gap in improvement in cardiac care between men and women, differences in treatment strategies continue to exist, particularly pertaining to statin therapy at discharge (34). Our findings show that women are less likely to receive GDMT like statins and BB, at discharge, which can impact long-term outcomes and perpetuate gender-related disparities in cardiac care. One study suggested that disparities in medical insurance coverage contribute to this gap, but even with adjustments for insurance status, women were still less likely to receive GDMT (11).

In Yemen and other low-income settings, limited healthcare resources and minimal insurance coverage pose significant challenges, particularly for women with less financial autonomy. Our data shows that women experience worse in-hospital outcomes, including CCF, recurrent ischemia, and mortality, especially in STEMI patients, which persisted statistically significantly even after adjustment for clinical factors. Data from China and the USA corroborate this finding, showing that women face a higher risk of in-hospital mortality in STEMI cases, often due to delayed recognition of ACS and insufficient symptom awareness (11, 35). Research involving data from over 1,000 hospitals also revealed higher in-hospital mortality rates in younger women compared to men, often due to the absence of chest pain (21). Recently, it has been suggested that high-quality PCI centers can reduce sex differences in in-hospital mortality (36); however, the ongoing disparity in care emphasizes the need for focused interventions. Efforts like the Chinese National Chest Pain Centers Program have reduced gender-related disparities by coordinating prehospital and in-hospital treatment and standardizing procedures (37). In Yemen, limited resources, especially in rural areas, hamper the implementation of a robust ACS care system. Recent evidence indicates lower early mortality rates in ACS patients when the door-to-balloon time is ≤90 min (36). While PCI usage has recently increased in Yemen, poor road conditions and a lack of reliable transportation can delay the transfer of patients to facilities capable of providing PCI within the critical window. A more practical approach might be the “hub and spoke” model from Tamil Nadu, India, involving initial treatment at smaller hospitals with transfers to more extensive facilities for further care (38). Nevertheless, this model still requires substantial resources and coordination. Therefore, immediate priorities include raising STEMI symptom awareness, improving emergency medical services, ensuring thrombolytic availability, and educating physicians on timely reperfusion. Ultimately, substantial investment in Yemen's healthcare infrastructure is essential to establish an effective ACS care system.

Although women in our cohort underwent significantly fewer revascularization procedures, the numerically higher one-year all-cause mortality observed in women (19.8%) compared to men (16.8%) did not reach statistical significance (P = 0.186). Several factors could explain the absence of statistical significance in this situation. First, the use of all-cause mortality (rather than cardiovascular-specific mortality) may have obscured sex differences in cardiac-related deaths. Second, women had a significantly lower prevalence of AF and less exposure to harmful behavioral risk factors (e.g., smoking), which could have attenuated one-year mortality disparities. Third, unmeasured confounders, such as medication adherence, could have influenced one-year all-cause mortality beyond acute-phase treatments. Additionally, women who survived initial hospitalization despite worse in-hospital outcomes might represent a selected subgroup with more favorable prognostic features, introducing a potential survivor bias. Crucially, the lack of coronary angiographic data limited our ability to identify or characterize MINOCA, a condition with well-documented sex-specific differences (39, 40). These limitations underscore the need for future studies incorporating angiographic analysis, systematic documentation, and comprehensive risk stratification to better elucidate sex-based disparities in ACS outcomes.


4.1 Limitations

The present study has several limitations. Firstly, its retrospective design poses an inherent selection bias, as the reliability of such analyses is contingent on the quality of the documentation system. As such, the study population was restricted to hospitalized patients with ACS, thus excluding patients who died before reaching the hospital, which could affect the generalizability of the findings. Secondly, certain clinical data were not consistently available across all participating centers. In particular, the lack of standardized angiographic documentation hindered the reliable identification of MINOCA, while the absence of variables required for validated risk scores (such as TIMI or GRACE) precluded proper risk stratification in patients with NSTIMI. Thirdly, the clinical profiles of women were generally worse compared to men. Although these differences were adjusted for in the regression analysis, residual confounding from both measured and unmeasured factors may still exist. Specifically, the higher incidence of AF in men, potentially linked to elevated cardiac troponin and ECG abnormalities, could have influenced treatment decisions such as DAPT and PCI, contributing to observed sex disparities. On the positive side, the study population was relatively large and contemporary, and key clinical data were available for analysis, enabling us to tighten control for potential confounding factors. The study also provides a foundation for future prospective investigations into sex-related disparities in ACS management and outcomes in Yemen.




5 Conclusions

This multicenter study, one of the largest in Middle Eastern countries and the first of its kind in Yemen, offered valuable insights into gender-related differences in patients admitted with ACS. The findings indicated that Yemeni women hospitalized with ACS are less likely to undergo invasive procedures or receive secondary prevention strategies, leading to worse in-hospital outcomes, particularly in STEMI cases. Nevertheless, the underlying reasons behind these gender-related differences in clinical management remain unclear. To address these disparities, it is essential to tackle gender biases in healthcare through public health education, improved training for healthcare providers, and significant enhancements to healthcare infrastructure. Further prospective research into gender-related differences in ACS management and outcomes is urgently needed.
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