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Sex differences in acute myocardial infarction: clinical characteristics,
management practices, and outcomes for patients in a large tertiary hospital
from Palestine

Abstract

Several studies have shown gender variations in acute coronary syndrome's clinical presentation,
diagnosis, therapy, and outcomes. Both immediate and long-term outcomes were worse for women with
the acute coronary syndrome than men. This study investigates the influence of sex differences on the
clinical presentations, treatment approaches, and patient outcomes of acute myocardial infarction at a
large tertiary hospital in Palestine. A retrospective cohort study included all patients with acute
myocardial infarction who presented to An-Najah National University Hospital from January 2018 to
December 2020. Of the 422 patients in this study, 96 (22.7%) were women. Compared to men, women
were older (p <0.001) and had significantly higher rates of diabetes mellitus (p <0.001) and hypertension
(p <0.001). Additionally, women had greater chances of complaining of atypical cardiac chest pain (p =
0.012). Furthermore, non-ST segment elevation myocardial infarction was more prevalent among women
(p = 0.017). Regarding the hospital course, the median number of stents was statistically significant in
men (p = 0.029), but women had significantly higher in-hospital mortality (p = 0.013) and a higher rate of
blood transfusion (p = 0.026). Myocardial infarction presents differently in males and women. Women
were older, had more comorbid conditions than men, had atypical presentations, and had higher in-
hospital mortality rates. As a result, while evaluating and treating patients suspected of having a
myocardial infarction, healthcare practitioners must account for these discrepancies to reduce the
mortality rate among women.
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ABSTRACT

Several studies have shown gender variations in acute coronary syndrome's clinical presentation,
diagnosis, therapy, and outcomes. Both immediate and long-term outcomes were worse for women
with the acute coronary syndrome than men. This study investigates the influence of sex differences
on the clinical presentations, treatment approaches, and patient outcomes of acute myocardial infarc-
tion at a large tertiary hospital in Palestine. A retrospective cohort study included all patients with
acute myocardial infarction who presented to An-Najah National University Hospital from January
2018 to December 2020. Of the 422 patients in this study, 96 (22.7%) were women. Compared to
men, women were older (p <0.001) and had significantly higher rates of diabetes mellitus (p <0.001)
and hypertension (p <0.001). Additionally, women had greater chances of complaining of atypical
cardiac chest pain (p = 0.012). Furthermore, non-ST segment elevation myocardial infarction was
more prevalent among women (p = 0.017). Regarding the hospital course, the median number of
stents was statistically significant in men (p = 0.029), but women had significantly higher in-hospital
mortality (p = 0.013) and a higher rate of blood transfusion (p = 0.026). Myocardial infarction pre-
sents differently in males and women. Women were older, had more comorbid conditions than men,
had atypical presentations, and had higher in-hospital mortality rates. As a result, while evaluating
and treating patients suspected of having a myocardial infarction, healthcare practitioners must ac-
count for these discrepancies to reduce the mortality rate among women.

Keywords: Palestine; Myocardial Infarction; Sex Differences; Presentation; Management; Out-
come.

INTRODUCTION

Cardiovascular disease is the world's
leading cause of morbidity and mortality [1,
2]. Acute coronary syndrome (ACS) is a term
used to describe a spectrum of clinical presen-
tations that result from acute myocardial is-
chemia. It includes unstable angina (UA),
non-ST-segment elevation myocardial infarc-
tion (NSTEMI), and ST-segment elevation
myocardial infarction (STEMI). It constitutes
a major element of ischemic heart disease [3].
Mortality due to ACS has declined in recent
decades due to advances in therapy, lifestyle
improvements, and an emphasis on primary
prevention, yet high rates remain [4, 5].

Emerging evidence has revealed sex-specific
variations in coronary function and anatomy,
baseline risk factors, ACS clinical characteris-
tics, pathogenesis, diagnosis, therapeutic effi-
ciency, and outcomes in women [6-11]. Wom-
en's underrepresentation exacerbates these
significant disparities in cardiovascular clini-
cal studies [12-14].

Women's epicardial coronary arteries are
smaller, resulting in increased endothelial
shear stress, which might account for gender
differences in susceptibility to CAD [15-17].
Low endothelial shear stress has been linked
to plaque instability, pathological remodeling,
and local lipid accumulation [18].
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Furthermore, the phenotype of low vascular
resistance and anti-inflammatory activity me-
diated by estrogen protects against CVD. [19,
20]. Compared to men, women with ACS had
even worse short- and long-term results [21-
23]. Some predictors include old age at
presentation, higher comorbid conditions, and
atypical complaints. These atypical com-
plaints might be attributed to delays in diagno-
sis and treatment, resulting in poor clinical
outcomes [8, 9]. However, the mechanisms
behind these variations remain largely unex-
plored [10, 11].

In Palestine, there are insufficient data
studying sex differences in acute myocardial
infarction. As a result, we opted to investigate
the association between sex variations, clini-
cal presentations, treatment processes, and pa-
tient outcomes in Ml in a large Palestinian ter-
tiary hospital. This study provides new infor-
mation to help improve morbidity and mortal-
ity in our community.

METHODS
Study design, settings, and population

This retrospective study was conducted
between January 2018 and December 2020 at
An-Najah National University Hospital
(NNUH), a large tertiary referral hospital. Its
cardiology department is one of the main car-
diology centers in the north of West Bank,
with three interventional cardiology consult-
ants providing continuous primary percutane-
ous coronary intervention (PCI) services day
and night for patients from all over Palestine.
The sample size was all MI patients admitted
to An-Najah National University Hospital
from January 2018 to December 2020. Age,
sex, smoking history, STEMI, NSTEMI,
comorbidities (e.g., hypertension, diabetes
mellitus, chronic renal disease, cerebrovascu-
lar disease, dyslipidemia, and coronary artery
disease), prior PCI, and previous coronary ar-
tery bypass graft (CABG) were collected and
analyzed. The final study group consisted of
422 eligible patients.

Inclusion and exclusion criteria
Inclusion criteria

— Patients were over 18 years old.
— Meet Ml criteria.
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— Patients have presented or transferred to a
large tertiary hospital with the required
facilities.

Exclusion criteria

Patients who had MI during hospitaliza-
tion.

Data collection

We designed a three-section data collec-
tion form.

— Section 1 includes demographic
characteristics, including age, sex, and
smoking status.

— Section 2 includes the type of M, patient
comorbidities, medication, PCI history,
and CABG history.

— Section 3 includes clinical presentation,
type of intervention made, in-hospital
complications related to MI, and in-hospi-
tal mortality.

Ethical considerations

The research protocol, which includes the
use and access of patient clinical data, was ap-
proved by the Institutional Review Boards
(IRB) of An-Najah National University and the
regional health authorities. We confirm that
the information gathered was only utilized for
clinical research.

Statistical analysis

The data were entered and analyzed using
IBM-SPSS version 21, a widely used statisti-
cal software package. The data are presented
as continuous variables' means and standard
deviations (SD), while categorical variables
are expressed as frequencies and percentages.
The medians were used to represent nonnor-
mally distributed variables (lower-upper quar-
tiles). The variables' normality was then veri-
fied using the Kolmogorov—Smirnov test. To
examine the significance between categorical
variables, exact chi-square or Fisher exact
tests were performed as needed. Next, the
Kruskal-Wallis or Mann—Whitney tests were
used for median differences between catego-
ries. A p-value of 0.05 was used to determine
the significance threshold.
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RESULTS

Four hundred twenty-two patients were
enrolled in this study over two years, of whom
96 (22.7%) were women. The baseline fea-
tures are shown in Table 1, stratified by sex.
Compared to men, women were older (mean
age 67 vs. 60 years; p < 0.001), were signifi-
cantly less likely to use tobacco (2 vs. 63%: p
<0.001), and had significantly more diabetes
mellitus (67 vs. 47%: p <0.001) and hyperten-
sion (75 vs. 50%: p <0.001). However, there

was no substantial disparity in dyslipidemia
between men and women (5 vs. 3%: p
<0.319), chronic renal disease (15 vs. 13%: p
<0.653), congestive heart failure (8 vs. 10%: p
<0.547), or stroke (5 vs. 4%: p <0.603). Re-
garding the history of CABG and PCI, there
were no notable disparities between women
and men (6 vs. 9%: p <0.283 and 27 vs. 30%:
p <0.573, respectively). More commonly,
women who presented to the hospital had
atypical chest pain (44 vs. 31%; p = 0.012).

Table (1): Baseline characteristics of patients with myocardial infarction according to sex.

Variable Male (n=326), n (%) | Female (h=96), n (%) [ P value, n (%)
Age, (meanSD, years) 60.02+10.870 67.85+10.703 <0.001
Risk Factors

Smoking 206 (63.2) 2(2.1) <0.001
DM 154 (47.2) 65 (67.7) <0.001
Hypertension 166 (50.9) 72 (75) <0.001
Dyslipidemia 10 (3.1) 5(5.2) 0.319
History of CABG 32 (9.8) 6 (6.3) 0.283
History of PCI 98 (30.1) 26 (27.1) 0.573
Medical History

CKD 45 (13.8) 15 (15.6) 0.653
CHF 34 (10.4) 8 (8.3) 0.547
Stroke 13 (4) 5(5.2) 0.603
Chest pain character

Typical 225 (69) 53 (55.2) 0.012
Atypical 101 (31) 43 (44.8) 0.012
Time , median (Q1-Q3) * 24 (4-48) 24 (18-48) 0.003
Type of Ml

STEMI 117 (35.9) 22 (22.9) 0.017
NSTEMI 209 (64.1) 74 (77.1) 0.017
Medication history

Aspirin 204 (62.6) 53 (55.2) 0.193
Clopidogrel 47 (14.4) 11 (11.5) 0.459
B blocker 74 (22.7) 27 (28.1) 0.273
Statin 102 (31.3) 30 (31.3) 0.994
ACE-I 97 (29.8) 27 (28.1) 0.758
ARB 41 (12.6) 12 (12.5) 0.984
Anticoagulant 7(2.1) 4 (4.2) 0.281
Laboratory Result

Creatinine, median (Q1-Q3) | 0.92 (0.8-1.3) 0.9 (0.7-1.3375) 0.181
Troponin, median (Q1-Q3) | 1.7 (0.4-7.2) 1.285 (0.6-3.335) 0.412
Echocardiography

LVEF, median (Q1-Q3) | 50 (40-55) | 45 (40-55) | 0.582

Abbreviations: DM, diabetes mellitus; CABG, coronary artery bypass graft; PCI, percutaneous coronary intervention;
CKD, chronic kidney disease; CHF, congestive heart failure; STEMI, ST-segment elevation myocardial infarction;
NSTEMI, non-ST segment elevation myocardial infarction; ACE-I, angiotensin-converting enzyme inhibitor; ARB, angi-

otensin receptor blocker; LVEF, left ventricular ejection fraction.

*Time from symptoms to the presentation (hours).
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Regarding the in-hospital course shown
in Table 2, men had a significantly higher me-
dian number of stents used than women (p =
0.029). In contrast, women were significantly
more likely to receive a blood transfusion (4
vs. 0.6%: p = 0.026). There were no statisti-
cally relevant variations in recurrent angina (0

vs. 0.6%: p > 0.999), reinfarction (1 vs. 0.6%:
p = 0.54), cardiogenic shock (4 vs. 1%: p =
0.245), bleeding (1 vs. 0.6%: p = 0.54), renal
impairment (5 vs. 3%: p = 0.408), or cardiac
arrest (4 vs. 3%: p = 0.767). Women's in-hos-
pital mortality rates were significantly higher
than men's (7 vs. 2%: p = 0.013).

Table (2): In-hospital course of patients with myocardial infarction according to sex.

. Male (n=32 Femal P value, n
Variable 2 eng% )3 ) (n=9§), 2 i‘% ) (i‘,/‘:)e
Number of coronary vessels, median (Q1-Q3)* | 2 (1-3) 2 (1-3) 0.923
Number of stents, median (Q1-Q3) 1(0-2) 1(0-1) 0.029
Complications
Recurrent angina 2 (0.6) 0(0) >0.999
Reinfarction 2 (0.6) 1(2) 0.540
Cardiogenic shock 6 (1.8) 4(4.2) 0.245
Bleeding 2 (0.6) 1(0) 0.540
Transfusion 2 (0.6) 4 (4.2) 0.026
Renal impairment 11 (3.4) 5(5.2) 0.408
Cardiac arrest 12 (3.7) 4(4.2) 0.767
In-hospital mortality 7(2.1) 7(7.3) 0.013

*Number of major coronary vessels with significant lesions.

DISCUSSION

Emerging studies over the last decade
have revealed sex variations in the clinical
manifestations, diagnosis, pathogenesis, and
therapy of ACS in women. ACS women were
older and had many more comorbidities. They
had atypical angina more commonly than men
and took far longer to seek medical help. Fur-
thermore, women are more prone to Ml-re-
lated in-hospital complications and mortality
[8, 24-27].

Several agencies have recently advocated
for more women to be included in clinical tri-
als investigating gender differences [28-30].
The proportion of women in clinical trials has
increased recently, yet sex-specific analyses
are still insufficiently undertaken[30]. In our
study, the female proportion was 22.7%, less
than that of other global studies, reaching al-
most 38.2% [31].

In this investigation, women with myo-
cardial infarction were older, as in previous re-
search [25, 32, 33]. This might be explained
by estrogen's ability to protect against coro-
nary vascular disease, presumably through
anti-inflammatory effects and by producing
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low vascular resistance in blood vessels [19,
20]. Furthermore, women have increased en-
dothelial shear stress, which protects against
CVD by reducing lipid buildup and plaque in-
stability [16-18].

Women reported significantly greater di-
abetes and hypertension than men in our
study, consistent with previous research [8,
34, 35]. This is supported by the fact that there
is evidence to suggest that women, on aver-
age, may experience more socioeconomic dis-
advantages and psychosocial stressors than
men, which can lead to poorer physical and
mental health outcomes and lower quality of
life [36, 37]. This is consistent with the obser-
vation that women's psychological stress has
grown dramatically over the previous two dec-
ades as their economic contribution and edu-
cational attainment have increased [38].

As in previous research, women are more
likely to present with atypical angina and wait
longer to seek medical attention [25, 39, 40].
Women are more likely to experience atypical
symptoms during a heart attack, such as nau-
sea, vomiting, back or jaw pain, shortness of
breath, or extreme fatigue, which may be
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mistakenly attributed to other conditions. This
can lead to delays in seeking medical attention
and receiving appropriate treatment for a heart
attack. Additionally, women are more likely to
downplay their symptoms or dismiss them as
stress- or anxiety-related, which can delay
seeking help. Both women and healthcare pro-
viders must be aware of these atypical symp-
toms and take them seriously to ensure timely
and appropriate care [41]. As a result, women
are at a higher risk of receiving an inaccurate
diagnosis and delayed intervention, as proven
by multiple studies finding significant system
delays in women [42-44]. Furthermore, in
some regions of our society, women may have
reduced access to healthcare services, which
can contribute to delayed presentation. As a
result, women presenting with noncardiac
symptoms, particularly those with cardiovas-
cular risk factors, require attentive care.

Women are more likely to have NSTEMI
as the primary diagnosis and require less angi-
oplasty for therapy with fewer stents, con-
sistent with prior research [42, 43, 45].
Women have a lower proportion of obstruc-
tive coronary artery disease and are more
likely than men to develop microvascular an-
gina [46, 47]. Others contend that the lack of
sex recommendations and the significant pro-
portion of women having nontypical symp-
toms and comorbid conditions contribute to
women's lower likelihood than men of under-
going invasive cardiac intervention [48, 49].

The gender difference in the current study
substantially influenced in-hospital complica-
tions such as blood transfusion and in-hospital
mortality, which are greater in women. This
finding is consistent with earlier research [25,
33, 43, 50-52]. Higher blood transfusion rates
in women have been linked to advanced age,
comorbidities, body weight, and homeostasis
variations due to the menstrual cycle, hormo-
nal contraceptives or hormonal replacement
therapy (HRT), menopause, and pregnancy
[53, 54]. Furthermore, estrogen's direct inhib-
itory action on platelet aggregation may con-
tribute to women's higher bleeding risk [46,
47, 55].

Multiple factors might contribute to in-
hospital mortality. For instance, women with
ACS are often older and have more concomi-
tant diseases than males. Furthermore, women
are less likely than males to have chest pain,

diagnostic electrocardiograph (ECG) abnor-
malities, or elevated troponin levels on arrival,
resulting in an incorrect diagnosis and treat-
ment delay [56-58]. Finally, women have
more mental stress after ACS than men, which
leads to worse results [47, 59-61].

This emphasizes the need for social
health practitioners to perform more compre-
hensive assessments in hospitals and after dis-
charge to enhance the psychosocial domain
[47].

Study limitations

This study was carried out at a single cen-
ter (NNUH), and the study population was
comparatively small to examine all variables.
Our data are based on an observational retro-
spective registry and did not include patients
with acute myocardial infarction who had not
been admitted to the hospital. Moreover, the
female proportion in our study was less than
that in other global studies, which could affect
the results of our study. Other demographic
characteristics, such as education level, geo-
graphical area, and economic status, were not
considered. However, well-designed registry
data will provide valid results.

CONCLUSIONS

Myocardial infarction manifests differ-
ently in men and women. Women had more
comorbidities than males with an initial diag-
nosis of myocardial infarction. Women were
often older than males and had higher in-hos-
pital mortality rates. This increase in female
mortality rates may be due to women having
more atypical symptoms, resulting in misdiag-
nosis and undertreatment. We advocate that
healthcare practitioners consider these dispar-
ities when diagnosing and treating patients
suspected of having a myocardial infarction to
reduce the fatality rate among women. We
also suggest that future studies on myocardial
infarction be performed in Palestine, given
that there are preliminary studies on this life-
threatening condition.

Ethics approval and consent to participate

The administrator of An-Najah National
University Hospital and the institution's insti-
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