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Purpose: Young women are at risk of acute coronary syndrome (ACS). They represent a unique population exposed to traditional 
cardiovascular risk factors and female sex-specific, non-traditional risk factors. The current study aimed to describe traditional and 
non-traditional risk factors of ACS in young women from the Middle East.
Patients and Methods: The present study used data from the Jordanian, nationwide, multicenter, case-control study, ANCORS-YW. 
Bivariate analyses and logistic regression models were used to predict independent risk factors of ACS using adjusted odds ratios 
(AOR) and 95% confidence intervals (CI).
Results: The study included 572 young women (≤50-years) with a median age of 45-years, divided into an ACS group (n=154, 
26.9%) and a control group with no atherosclerotic cardiovascular disease (n=418, 73.1%). The most common presentation of ACS 
was non-ST-elevation ACS (n=98, 64%). The ACS group, compared to control group, had higher proportions of type-2 diabetes 
(41.6%vs.11.7%, p<0.001), hypertension (53.9%vs.23.4%, p<0.001), tobacco use (37.7%vs.24.2%, p=0.001), family history of 
cardiovascular disease (53.2%vs.23.4%, p<0.001), metabolic syndrome (14.3%vs.2.4%, p<0.001), and preterm delivery (24.7% 
vs.16.7%, p=0.032). ACS group had nonsignificantly greater proportions of hypertensive disorders of pregnancy (29.2%vs.22.7%, 
p=0.109) and gestational diabetes (15.6%vs.10.3%, p=0.081). Multivariable logistic regression analyses identified five independent 
predictors of ACS: type-2 diabetes (AOR, 95% CI: 3.45, 1.98─5.99), family history of cardiovascular disease (3.33, 2.15─5.17), 
tobacco use (2.01, 1.26─3.21), hypertension (1.72, 1.07─2.78), and metabolic syndrome (4.35, 1.72─11.03).
Conclusion: Modifiable risk factors play an important role in ACS risk among young women. Efforts should be made to improve 
primordial and primary prevention in this population.
Keywords: cardiovascular, female, ischemic heart disease, prevention, myocardial infarction

Introduction
Cardiovascular disease, including acute coronary syndrome (ACS), remains the most common cause of death worldwide. 
The prevalence of myocardial infarction is estimated to be above three-percent in the United States, and approximately, 
every 40 seconds a myocardial infarction will occur.1 The incidence of ACS has been declining for the past few decades. 
The rates of myocardial infarction-related hospitalization dropped from 1485 per 100,000 person-years in 2002 to 
1122 per 100,000 person-years in 2011.1 This trend has not been observed in young women who have been experiencing 
increasing incidence of ACS.2,3 In the United States, the percentage of women hospitalized for acute myocardial 
infarction who were young (<55-years) grew from 21% in the period 1995─1999 to 31% in the period 2010─2014 
while among men, it did not significantly change (30% to 33%).2 ACS has been historically considered a “man’s 
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disease”, it is now recognized that coronary heart disease (CHD) and ACS are important diseases in young women.4–7 

Young women present a unique population with distinct risk factor profile, pathology, and outcomes.2–12 Importantly, 
young women who experience ACS are more often sicker with greater comorbidity burden and have higher short-term 
mortality rates, regardless of guidelines-based treatment, which albeit is less frequently pursued in this patient popula
tion. Improved prevention strategies for young women are highly warranted and identifying significant risk factors in this 
population is an important step in informing such strategies, especially as young women show different responses to 
traditional cardiovascular risk factors and are at risk for non-traditional factors that are either unique to or more prevalent 
in young women.5,6,9,10 The Middle East has a high burden of cardiovascular disease (CVD), which accounts for one- 
third of all deaths in the region.13 CHD and premature death due to CHD are more prevalent in the Middle East compared 
to most other regions of the World.14 This is likely due to the high prevalence of modifiable cardiovascular risk factors 
such as sedentary lifestyle, smoking, hypertension and type 2 diabetes mellitus (T2D).13 Of note, the Middle East has the 
highest prevalence of T2D worldwide.15 CHD burden seems to also be greater among young Middle Eastern individuals 
compared to other World regions.16 Young women from the Middle East have poorer ACS-related outcomes compared to 
young men. Young, Middle Eastern women hospitalized for ST-segment elevation myocardial infarction (STEMI) are at 
almost double the risk of in-hospital and one-year mortality compared to young men.17 The causes and risk factors for 
ACS in the Middle East are underexplored, especially among young women.

The present study describes the risk factors for ACS in young women from the Middle East, using data from the 
multicenter case-control study, the Atherosclerotic cardiovascular disease Novel and Classical risk factORS in Young 
Middle Eastern Women (ANCORS-YW) study,18 and taking into account traditional and female sex-specific, non- 
traditional cardiovascular risk factors as described in previous literature.5

Materials and Methods
Study Population
ANCORS-YW is a multicenter case-control study that consecutively enrolled married women aged 18–50 years-old who 
were diagnosed to have atherosclerotic cardiovascular disease (ASCVD), and had at least one pregnancy. Each patient was 
age-matched (±5 years) with two women not known to have ASCVD and who had at least one pregnancy. Enrollment was 
between August 2021 and October 2023 from 12 hospitals in Jordan. Cases and controls were selected randomly from the 
hospitals’ patient populations, including from emergency departments, outpatient clinics of different specialties and 
subspecialties and inpatient wards of different specialties. Anthropometric and demographic profiles, age at enrollment 
(current age), traditional and non-traditional risk factors, and social determinants of health (place of residence, level of 
education, and presence of health insurance) were reported for participants in the case and control groups. These data were 
collected through interviewing the participants and were supplemented by reviewing their electronic medical records. The 
definition of young women is not well-established in the literature. Most studies define it as younger than 45–55 years.2,8,11 

The current study used the age 50 years as an arbitrary cutoff as it also approximates the median age of menopause.
ASCVD included diagnoses in one of the following conditions: ACS, which included ST-segment elevation 

myocardial infarction (STEMI), and non-ST-segment elevation ACS (NSTE-ACS),19 which encompasses non-ST- 
segment elevation myocardial infarction (NSTEMI), and unstable angina (UA); major epicardial coronary artery disease 
(CAD) diagnosed by coronary computed tomographic angiography; stroke; transient ischemic attack; extracranial carotid 
artery disease; and peripheral arterial disease. Obstructive CAD was defined as luminal narrowing ≥50% of the left main 
coronary artery, or ≥70% of other epicardial coronary artery.

The study received ethical oversight and Institutional Review Board (IRB) approval from Istishari Hospital IRB 
(July 29, 2021). It was performed in line with the principles of the Declaration of Helsinki. Each patient signed a written 
informed consent. The study is registered with ClinicalTrials.gov (NCT04975503).

Diagnostic Criteria
Definition of STEMI was based on the presence of cardiac ischemic chest pain, ST-segment elevation of ≥1.5 in leads V2 
to V3 and/or of ≥1 mm in other contiguous chest leads or limb leads on the 12-lead electrocardiogram (EKG), and 
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elevated cardiac biomarkers. NSTEMI was diagnosed by the presence of cardiac ischemic chest pain, ST-segment 
depression, inverted T wave, or normal EKG and elevated cardiac biomarkers. UA was diagnosed by the presence of 
ischemic cardiac pain, ST-segment depression, inverted T wave or normal EKG and no elevation of two sequential 
cardiac biomarkers. Stroke and transient ischemic attack were diagnosed by a neurologist based on standard clinical and 
imaging criteria. Extracranial carotid artery disease was diagnosed by the presence of atherosclerosis of the common or 
internal carotid artery evident by arterial Doppler, computed tomography, or invasive angiography. Lower limb peripheral 
arterial disease was diagnosed based on the presence of lower extremity ischemic pain and/or atherosclerosis evident by 
arterial Doppler, computed tomography, or invasive angiography.

Exclusion Criteria
For the purposes of this study, cases with diagnoses in ASCVDs other than ACS were excluded to produce two study 
groups, an ACS group and a control group consisting of young women without ASCVD. The control group of the current 
study included the same participants in the control group of ANCORS-YW.

Traditional Risk Factors
Eight traditional cardiovascular risk factors were evaluated and reported: hypertension, T2D, history of tobacco use 
(current or ex-smoker), family history of CVD (first-degree relative: male <55 years, female <65 years), dyslipidemia, 
obesity according to body mass index (BMI), physical inactivity, and metabolic syndrome. Hypertension was defined as 
repeated resting blood pressure measurements >140/90mm Hg,20 a prior diagnosis by a treating physician, or use of 
blood pressure medications. T2D was defined as the presence of classical symptoms of hyperglycemia (polyuria, 
polydipsia, and unexplained weight loss) and random plasma glucose ≥200 mg/dl; fasting plasma glucose ≥126mg/dl; 
serum level of glycated hemoglobin ≥6.5g/dl,21 a prior diagnosis of diabetes, or prescription of anti-diabetic medications 
by a treating physician. Dyslipidemia was defined as an elevated serum level of low-density lipoprotein cholesterol 
(LDL-C) >70 mg/dl in those with ASCVD or diabetes, and >116 mg/dl in those with no ASCVD or diabetes. Body mass 
index was calculated by the standard formula (weight [kg]/ height [m2]), and obesity was defined as BMI≥30kg/m2. 
Diagnosis of metabolic syndrome was confirmed by the presence of at least 3 of the following criteria: hypertension, 
obesity, serum level of high-density lipoprotein cholesterol (HDL-C) <50mg/dl, and serum level of triglycerides 
>150mg/dl.

Non-Traditional Risk Factors
Eight female-sex specific, non-traditional risk factors were assessed in the current study: preterm delivery, hypertensive 
disorders of pregnancy (HDP), gestational diabetes mellitus (GDM), polycystic ovarian syndrome (PCOS), premature 
menopause, persistent weight gain after delivery, depression, and autoimmune disease. Preterm delivery was defined as 
a live delivery before 37 weeks of gestation and after 20 weeks of gestation.22 HDP included diagnoses in gestational 
hypertension, chronic hypertension, and preeclampsia. Systolic blood pressure ≥140mmHg and/or diastolic blood 
pressure ≥90mmHg on two separate occasions at least four hours apart was used to define hypertension in HDP; 
accordingly gestational hypertension was defined as hypertension taking place after 20 weeks of gestation in a previously 
normotensive women; chronic hypertension was defined as hypertension diagnosed before 20 weeks of gestation; and 
preeclampsia was defined as gestational hypertension plus proteinuria or end-organ damage, or severe hypertension 
(systolic blood pressure ≥160mmHg or diastolic blood pressure ≥110mmHg).23 GDM was diagnosed based on the 2006 
WHO criteria if one or more of the following criteria are met: fasting plasma glucose ≥126 mg/ dl, 2-hplasma glucose 
≥200mg/dl following a 75g oral glucose load, and random plasma glucose ≥200 mg/dl in the presence of diabetes 
symptoms.24 PCOS was defined according to the Rotterdam diagnostic criteria25 (presence of two clinical or biochemical 
hyperandrogenism features, ovulatory dysfunction, or polycystic ovaries) or based on a prior diagnosis by a gynecologist. 
Premature menopause was defined as oligo-amenorrhea of more than 12 months associated with serial elevated 
gonadotropins on three occasions measured 4–6 weeks apart in women under the age of 40 years, or based on a prior 
diagnosis by a gynecologist. Depression was defined as prior diagnosis by a psychiatrist, or prescription of antidepressant 
medication.
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Statistical Analysis
Continuous variables were reported as median, interquartile range (IQR), and categorical variables were reported as 
numbers and percentages. Mann–Whitney U-tests and Kruskal Wallis tests were used to compare continuous variables 
and Pearson chi-square tests were used to compare categorical variables.

Univariate binary logistic regression analysis was performed to investigate whether traditional and non-traditional risk 
factors were predictive of ACS. Multivariable binary logistic regression models were constructed to identify independent 
risk factors for ACS. Variance inflation factors (VIF) were calculated to assess for multicollinearity. Multiple models 
were formed to assess for potentially confounding factors using statistical methods including backward stepwise 
selection. All tested models yielded similar results and a model that included that included the most clinically relevant 
factors was reported.

All statistical tests were two-sided. A p-value of <0.05 was considered statistically significant for all tests. IBM SPSS 
Statistics for Windows, version 26 (IBM Corp., Armonk, N.Y., USA) and Stata/MP release 14.2 (STATA, College 
Station, TX, USA) were used for statistical analyses.

Results
A total of 627 young women were enrolled in the ANCORS-YW study, including 209 patients with ASCVD and 418 
non-ASCVD controls. Of the ASCVD cases, 74% (n=154) had a diagnosis in ACS only. The current analyses included 
only a total of 572 young women (median age = 45-years) divided into the ACS group (n=154, 26.9%) and the control 
group (n=418, 73.1%). Thirty-six percent (n=56) of young women with ACS presented with STEMI while 64% (n=98) 
had NSTE-ACS, of which, 44.8% (n=69) had evidence of obstructive CAD and 18.8% (n=29) did not have obstructive 
coronary arteries.

Sociodemographic and clinical characteristics of the study groups are provided in Table 1. Young women with ACS 
were older than controls (46 vs 45-years, p=0.003) and had less post-secondary education (35.1% vs 55.7%, p<0.001). 
All ACS patients had at least one traditional risk factor while 5% of the control group lacked any traditional risk factors 
(p=0.005). The median number of traditional risk factors was greater in the ACS group (4 vs 2, p<0.001). The most 
prevalent traditional risk factors were physical inactivity (74.7%) and obesity (43.2%). History of tobacco use was more 
common in the ACS group (p=0.001) as were T2D, hypertension, family history of CVD, and metabolic syndrome 
(p<0.001 for all comparisons) (Figure 1). Dyslipidemia and lipid profile (total cholesterol, triglycerides, LDL-C, and 
HDL-C) were assessed and reported in around 40% of participants. Still, dyslipidemia was significantly more common in 
the ACS group (89 vs 70.5, p=0.001). Among smokers, the most commonly used tobacco products were cigarettes 

Table 1 Sociodemographic and Clinical Characteristics

Characteristic Total N=572 ACS n=154  
(26.9%)

Control n=418  
(73.1%)

Age, median [IQR] 45 [41.5─48] 46 [42─49] 45 [41─48]

Post-secondary education, n (%) 287 (50.2) 54 (35.1) 233 (55.7)

Health Insurance, n (%) 356 (62.2) 118 (76.6) 238 (56.9)

Weight, kg, median [IQR] 75 [67─86] 78 [68─90] 75 [66─85]

Height, cm, median [IQR] 160 [158─166] 160 [158─165] 161 [158─166]

BMI, kg/m2, median [IQR] 28.9 [25.4─33.1] 29.4 [25.7─33.9] 28.6 [25.4─32.9]

Traditional risk factora, n (%) 551 (96.3) 154 (100.0) 397 (95.0)

Number of traditional risk factors, median [IQR] 2 [2─4] 4 [3─5] 2 [1─3]

Obesity (BMI≥30), n (%) 247 (43.2) 73 (47.4) 174 (41.6)

(Continued)
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Table 1 (Continued). 

Characteristic Total N=572 ACS n=154  
(26.9%)

Control n=418  
(73.1%)

History of tobacco use (current or ex-), n (%) 58 (37.7) 101 (24.2) 159 (27.8)

Exposure to second hand smoke, n (%) 114 (19.9) 28 (18.2) 86 (20.6)

Dyslipidemiab, n (%) 175 (78.8) 89 (89.0) 86 (70.5)

Total cholesterol, mg/dLb, median [IQR] 199 [170─241] 188 [160─239] 209.5 [180─244]

Triglycerides, mg/dLb, median [IQR] 155.5 [106.75─231.5] 160 [107.25─247.75] 148.5 [101─223]

LDL-C, mg/dLb, median [IQR] 122 [100─150] 112 [90─147.5] 127.5 [108─151]

HDL-C, mg/dLb, median [IQR] 45 [39─52] 41 [35─47.25] 48 [40─56]

Family history of CVD, n (%) 180 (31.5) 82 (53.2) 98 (23.4)

T2D, n (%) 113 (19.8) 64 (41.6) 49 (11.7)

Years with T2D, median [IQR] 4 [2─10] 5.5 [3─13.75] 3 [1─5]

Hypertension, n (%) 197 (34.4) 83 (53.9) 114 (27.3)

Years with hypertension, median [IQR] 4 [1.75─8] 5 [3─11] 3 [1─5]

Metabolic syndrome, n (%) 32 (5.6) 22 (14.3) 10 (2.4)

Physical inactivity, n (%) 427 (74.7) 119 (77.3) 308 (73.7)

Non-traditional risk factorc, n (%) 370 (64.7) 99 (64.3) 271 (64.8)

Number of non-traditional risk factors, median [IQR] 1 [0─2] 1 [0─2] 1 [0─2]

Preterm delivery, n (%) 108 (18.9) 38 (24.7) 70 (16.7)

Hypertensive disorder of pregnancy, n (%) 140 (24.5) 45 (29.2) 95 (22.7)

Gestational hypertension, n (%) 75 (13.1) 22 (14.3) 53 (12.7)

Chronic hypertension, n (%) 22 (3.8) 13 (8.4) 9 (2.2)

Preeclampsia, n (%) 43 (7.5) 10 (6.5) 33 (7.9)

GDM, n (%) 67 (11.7) 24 (15.6) 43 (10.3)

Persistent weight gain after delivery, n (%) 112 (19.6) 23 (14.9) 89 (21.3)

Premature menopause, n (%) 54 (9.4) 12 (7.8) 42 (10.0)

PCOS, n (%) 39 (6.8) 11 (7.1) 28 (6.7)

Autoimmune disease, n (%) 24 (4.2) 7 (4.5) 17 (4.1)

Depression, n (%) 50 (8.7) 14 (9.1) 36 (8.6)

Comorbidities, n (%)

Heart failure 24 (4.2) 22 (14.3) 2 (0.5)

LVEF≤45% 32 (5.6) 27 (17.5) 5 (1.2)

Sleep apnea 8 (1.4) 6 (3.9) 2 (0.5)

Hypothyroidism 70 (12.2) 18 (11.7) 52 (12.4)

(Continued)
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(14.7%) followed by hookah (waterpipe) (8.2%) and e-cigarettes (2.4%). Furthermore, ACS patients were more frequent 
current cigarette smokers and hookah smokers compared to controls (p<0.001) (Supplementary Materials, Table S1). 
Among current cigarette smokers, ACS patients had greater pack-years compared to the control group (p<0.001) 
(Supplementary Materials, Table S2). Non-traditional risk factors’ distribution by groups was not statistically significant 
(64.3% and 64.8%, p=0.903). Preterm delivery was more common among ACS patients (24.7% vs 16.7%, p=0.032) and 
ACS patients had higher, non-statistically significant, prevalence of HDP (29.2% vs 22.7%, p=0.109) and GDM (15.6% 
vs 10.3%, p=0.081) (Figure 2). ACS patients had more reported comorbidities with more frequent heart failure (14.3% vs 
0.5%, p<0.001) and sleep apnea (3.9% vs 0.5%, p=0.002). ACS patients were more frequently using cardiovascular 
medications including antiplatelets, lipid lowering agents, beta-blockers, angiotensin-converting enzyme inhibitors/ 
angiotensin-II receptor blockers, and anti-diabetic agents (p<0.001 for all comparisons).

Sub-analyses were performed to describe sociodemographic and clinical characteristics of young women with STEMI 
and NSTE-ACS (Supplementary Materials, Table S3), as well as young women with NSTE-ACS with obstructive CAD 
and NSTE-ACS with non-obstructive coronary arteries (Supplementary Materials, Table S4). Young women with NSTE- 
ACS had greater median number of traditional risk factors compared to young women with STEMI and healthy controls 
(4 vs 3 vs 2, p<0.001). Young women with STEMI and NSTE-ACS and the control group all had a median of one non- 
traditional risk factor.

Seventy percent of young women with ACS (n=106) had a history of pursuing coronary revascularization (Table 2). 
The most commonly performed procedure was percutaneous coronary intervention with stent placement (66.2%).

Table 1 (Continued). 

Characteristic Total N=572 ACS n=154  
(26.9%)

Control n=418  
(73.1%)

Previous caesarian section 104 (18.2) 16 (10.4) 88 (21.1)

Medications, n (%)

Aspirin 73 (12.8) 37 (24.0) 36 (8.6)

Dual antiplatelet 99 (17.3) 97 (63.0) 2 (0.5)

Lipid lowering agent 207 (36.2) 139 (90.3) 68 (16.3)

Beta-blocker 216 (37.8) 127 (82.5) 89 (21.3)

ACEI/ARB 142 (24.8) 74 (48.1) 68 (16.3)

Diuretics

No 518 (90.6) 132 (85.7) 386 (92.3)

Loop diuretics 48 (8.4) 20 (13.0) 28 (6.7)

Thiazide diuretics 5 (0.9) 1 (0.6) 4 (1.0)

MRA 1 (0.2) 1 (0.6) 0 (0.0)

Oral hypoglycemic agent 69 (12.1) 33 (21.4) 36 (8.6)

Insulin 16 (2.8) 14 (9.1) 2 (0.5)

Notes: aTraditional risk factors include obesity, smoking history (current or ex-smoker), dyslipidemia, family history of CVD, type 2 diabetes mellitus, 
hypertension and metabolic syndrome. bThe number of observations in ACS and control was n=100 and n=122 in dyslipidemia (missing=350); n=103 and 
n=128 in total cholesterol (missing=341); n=100 and n=122 in triglycerides (missing=350); n=101 and n=122 in LDL-C was (missing=349); and n=98 and n=113 in 
HDL-C (missing=361). Continuous variables are reported as median [IQR] and categorical variables as n (%).cNon-traditional risk factors included preterm 
delivery, hypertensive disorder of pregnancy, GDM, persistent weight gain after delivery, premature menopause, PCOS, autoimmune disease, and depression. 
Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ACS, acute coronary syndrome; ARB, angiotensin-II receptor blocker; BMI, body mass index; 
CVD, cardiovascular disease; GDM, gestational diabetes mellitus; HDL-C, high density lipoprotein cholesterol, LDL-C, low density lipoprotein cholesterol; 
LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; PCOS, polycystic ovarian syndrome; T2D, type 2 diabetes mellitus.
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Figure 1 Traditional cardiovascular risk factors in young women with acute coronary syndrome. 
Note: *Difference is significant at p<0.05 level. 
Abbreviations: ACS, acute coronary syndrome; BMI, body mass index; CVD, cardiovascular disease.

Figure 2 Non-traditional risk factors in young women with acute coronary syndrome. 
Note: *Difference is significant at p<0.05 level. 
Abbreviations: ACS, acute coronary syndrome; GDM, gestational diabetes mellitus; HDP, hypertensive disorders of pregnancy; PCOS, polycystic ovarian syndrome.
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Twenty-five percent of young women reported regular exercise, with 5.8% exercising less than three hours a week, 
16.1% performing 3─5 hours of exercise weekly, and 3.5% reporting over five hours of physical exercise every week 
(Supplementary Materials, Table S5).

Univariate and multivariable binary logistic regression models were constructed to identify independent predictors of 
ACS in young women. Crude and adjusted odds ratios (AOR) and 95% confidence intervals (CI) are reported in Table 3. 

Table 2 Coronary Revascularization Procedures Pursued in Young Women with Acute 
Coronary Syndrome

Revascularization Procedure Acute Coronary Syndrome Patients n=154 (%)

None 46 (29.9)

Percutaneous coronary intervention with stent 102 (66.2)

Coronary artery bypass grafting 4 (2.6)

Refused procedure 2 (1.3)

Table 3 Univariate and Multivariable Logistic Regression Models for 
Prediction of Acute Coronary Syndrome in Young Women

Risk Factor Crude OR 95% CI AOR 95% CI

Age (continuous) 1.1 1.01─1.10 1.0 0.95─1.05

Weight, kg (continuous) 1.0 1.00─1.02 1.0 0.86─1.18

Height, cm (continuous) 1.0 0.97─1.02 1.0 0.83─1.16

BMI, kg/m2 (continuous) 1.0 1.00─1.06 1.0 0.65─1.49

Obesity

Non-obese (BMI<30) 1.0 Ref 1 Ref

Obese (BMI≥30) 1.3 0.87─1.83 1.0 0.51─2.07

Dyslipidemiaa

No 1.0 Ref

Yes 3.4 1.62─7.08

Total cholesterola (continuous) 1.0 0.99─1.00

Triglyceridesa (continuous) 1.0 1.00─1.00

LDL-Ca (continuous) 1.0 0.99─1.01

HDL-Ca (continuous) 0.9 0.92─0.97

Physical activity

Active 1.0 Ref 1 Ref

Inactive 1.2 0.79─1.88 1.1 0.63─1.73

Tobacco use

Never 1 Ref 1 Ref

Ever smoker 1.9 1.28─2.82 2.0 1.26─3.21

(Continued)
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Table 3 (Continued). 

Risk Factor Crude OR 95% CI AOR 95% CI

Family history of cardiovascular disease

No 1 Ref 1 Ref

Yes 3.7 2.52─5.49 3.3 2.15─5.17

Type 2 diabetes

No 1 Ref 1 Ref

Yes 5.4 3.46─8.30 3.5 1.98─5.99

Hypertension

No 1 Ref 1 Ref

Yes 3.1 2.13─4.57 1.7 1.07─2.78

Metabolic syndrome

No 1 Ref 1 Ref

Yes 6.8 3.14─14.73 4.4 1.72─11.03

Preterm delivery

No 1 Ref 1 Ref

Yes 1.6 1.04─2.55 1.5 0.91─2.62

Persistent weight gain

No 1 Ref 1 Ref

Yes 0.6 0.39─1.07 0.5 0.25─0.87

Premature menopause

No 1 Ref 1 Ref

Yes 0.8 0.39─1.48 0.6 0.28─1.31

Hypertensive disorders of pregnancy

No 1 Ref 1 Ref

Yes 1.4 0.93─2.13 1.2 0.73─2.00

Gestational diabetes mellitus

No 1 Ref 1 Ref

Yes 1.6 0.94─2.76 1.0 0.50─1.93

Polycystic ovarian syndrome

No 1 Ref 1 Ref

Yes 1.1 0.52─2.21 1.1 0.46─2.57

Autoimmune disease

No 1 Ref 1 Ref

Yes 1.1 0.46─2.76 1.2 0.41─3.52

(Continued)
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All variables entered into the final multivariable model are reported in Table 3 along with their respective AOR and 95% 
CI. Independent risk factor for ACS in young women included T2D (AOR 3.45, 95% CI 1.98─5.99), family history of 
CVD (AOR 3.33, 95% CI 2.15─5.17), history of tobacco use (AOR 2.01, 95% CI 1.26─3.21), hypertension (AOR 1.72, 
95% CI 1.07─2.78), and metabolic syndrome (AOR 4.35, 95% CI 1.72─11.03).

Discussion
Data regarding ACS in young women is scarce especially in developing regions like the Middle East. The current study 
used a multicenter case-control design to assess traditional and female-sex specific, non-traditional cardiovascular risk 
factors for ACS in young women. The most common ACS presentation was NSTE-ACS. Traditional risk factors such as 
history of tobacco use, family history of CVD, T2D, hypertension, and metabolic syndrome were more common in young 
women with ACS whereas obesity and physical inactivity were comparable in the ACS group and control group. The 
non-traditional risk factor preterm delivery was more frequently reported in the ACS group. HDP and GDM were also 
more prevalent in the ACS group although this was not statistically significant. Multivariable logistic regression analysis 
identified five independent risk factors for ACS in young women: T2D, history of tobacco use, hypertension, metabolic 
syndrome, and family history of CVD. These finding provide valuable information that can be used to better inform 
primordial and primary preventive strategies and other public health measures against CHD. This is especially useful in 
the Middle East, where the need to reduce CVD burden is crucial and the prevalence of modifiable cardiovascular risk 
factors is high. This is also critical considering the need to design interventions focusing on young women, who represent 
a high risk and underexplored group.

Women present with NSTE-ACS more frequently than men,1 possibly due to more prevalent ACS with non- 
obstructive coronary arteries in female patients as well as greater burden of cardiovascular risk factors and 
comorbidities.6 In the ISACS-TC study, young women with ACS presented more commonly with STEMI than NSTE- 
ACS.8 However, the incidence of STEMI has been declining over the past decades while NSTE-ACS incidence has been 
rising,3,26 and it has recently been estimated that around three quarters of new ACS presentations in the United States are 
NSTE-ACS.19 This opposing trend may reflect a switch in the predominant pathophysiologic mechanism of ACS from 
plaque rupture to plaque erosion, especially with the increasing use of medical preventive strategies including lipid 
lowering agents.27 Moreover, plaque erosion occurs more often in young women and is more likely to present as NSTE- 
ACS.28 Furthermore, studies of registry data have reported a greater propensity for NSTE-ACS among Middle Eastern 
women.12,29 In the current study, the more common ACS presentation in young women was NSTE-ACS.

Women are at risk of traditional cardiovascular risk factors such as diabetes, hypertension, tobacco smoking, obesity 
and dyslipidemia.10 However, there are female-unique considerations. At the time of ACS presentation, women usually 
have a greater burden of risk factors and comorbidities.2 Furthermore, the relative potency of a given risk factor differs 
from men to women, as diabetes, smoking, and hypertension produce a greater effect in women compared to men while 
dyslipidemia is a more potent factor in male patients.9,10 A study from Poland reported that diabetes, hypertension, 
hyperlipidemia, and smoking were independent predictors of ACS in young women.7 Similarly, in a more recent Chinese 
case-control study of young women with and without ACS,30 diabetes, hypertension and family history of CHD were 

Table 3 (Continued). 

Risk Factor Crude OR 95% CI AOR 95% CI

Depression

No 1 Ref 1 Ref

Yes 1.1 0.56─2.03 1.1 0.51─2.36

Notes: aThe number of observations included in the univariate model for dyslipidemia was n=222 
(missing=350); for total cholesterol was n=231 (missing=341); for triglycerides was n=222 (miss
ing=350); for LDL was n=223 (missing=349); for HDL was n=211 (missing=361). 
Abbreviations: BMI, body mass index; HDL-C, high density lipoprotein-cholesterol; LDL-C, low 
density lipoprotein-cholesterol.
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found to be independently predictive of ACS. The current study supports these findings, as T2D, hypertension, smoking 
history, metabolic syndrome, and family history of CVD were independently risk factors for ACS. Of note, T2D occurs 
in women at a younger age than men, exposing them to longer disease duration, which can increase their risk of chronic 
complications including CVD.5 In addition, it has been demonstrated that diabetes in young women can close the sex- 
related gap in cardiovascular risk, neutralizing the cardioprotection of premenopause.5

Along with traditional cardiovascular risk factors, young women are also at risk of female sex-unique factors such as 
adverse pregnancy outcomes, premature menopause and PCOS, as well as risk factors that are substantially more 
prevalent among women including autoimmune diseases and psychosocial factors such as depression.5,10 HDP are 
associated with future risk of CVD including hypertension and CHD, and have been added as a risk-enhancer to recent 
guidelines.5,31,32 A recent registry-based study from Denmark reported an increased incidence of acute myocardial 
infarction and stroke in the first decade following pregnancies complicated by pre-eclampsia compared to pre-eclampsia- 
free pregnancies.33 Several hypotheses have been proposed to explain the link between HDP and CVD. The processes 
causing spiral artery dysfunction in HDP may become generalized and persist beyond pregnancy resulting in systemic 
vascular remodeling and a picture of accelerated ASCVD. On the other hand, pregnancy has been described as a “natural 
stress test”, which may uncover underlying cardiovascular risk predisposing to both HDP and CHD.10 In the current 
study, HDP was associated with a forty percent increase in likelihood of ACS among young women in univariate 
regression analysis; however, this did not reach statistical significance. GDM is associated with increased risk of T2D 
and other cardiometabolic risk factors after pregnancy,5,10 which, in turn, can lead to higher incidence of CVD.34 Recent 
prospective studies from Denmark and the United Kingdom have demonstrated an elevated hazards of myocardial 
infarction as well as other cardiovascular events among women with history of GDM,35,36 and these findings were 
confirmed in a meta-analysis.37 In the present study, GDM produced a 61% increase in the odds of having ACS although 
this was not statistically significant. Preterm delivery is associated with increased risk of CHD and CHD-related 
mortality. Furthermore, earlier gestational age of preterm birth increases the associated cardiovascular risk.5 In the 
current study, a history of preterm delivery significantly increased the likelihood of ACS; yet, this effect become non- 
significant in multivariable analysis. PCOS is associated with insulin resistance and an increased risk of diabetes and 
cardiometabolic factors.5,10 Furthermore, PCOS has been reported to increase the likelihood of CHD although this 
association has been controversial, as it is difficult to separate the effects of PCOS from associated diabetes.10 

Additionally, studies have suggested ethnic variation in the phenotypic expression of the disease. PCOS-related insulin 
resistance is most common in East Asian patients while Middle Eastern patients are more likely to present with 
androgenic signs.38 Furthermore, cardiometabolic factors have been reported to be comparable between Middle 
Eastern women with and without PCOS.39 Moreover, the Middle Eastern region has the highest prevalence of diabetes 
worldwide;15 and it has been reported that among women without PCOS, insulin resistance is higher in Middle Eastern 
women than in Caucasian women from the United Kingdom; however, it is similar among women with PCOS of the two 
ethnic groups;40 thus PCOS may not effectively increase prevalence of diabetes among Middle Eastern women as much 
as women from other ethnic groups. In the current study, PCOS was not significantly associated with ACS in young 
Middle Eastern women. Furthermore, T2D and metabolic syndrome were comparable between young women with and 
without PCOS (20.5% and 19.7%, p=0.902; 5.1% and 5.6%, p=0.896; respectively) (unreported data). Premature 
menopause is associated with increased risk of CVD, which has been suggested to be due to early withdrawal of the 
protective effects of estrogen.5,10 However, in the current study, premature menopause was less common among young 
women with ACS compared to the control group although this was not statistically significant. The mean time from 
menopause to incidence of CVD in women has been reported to be around 13.5 years;41 thus, the cutoff of 50 years used 
to define young women in the present study may have underestimated history of premature menopause among women 
with ACS. Persistent weight gain after pregnancy is associated with increased cardiometabolic risk.42 A study of Saudi 
women from the RAHMA cohort reported an increase in cardiometabolic factors, including metabolic syndrome among 
women with greater postpartum weight retention.43 In a Danish cohort study, Kirkegaard et al 44 demonstrated that risk of 
CVD is not generally evident in women with persistent weight gain after pregnancy and is dependent on pre-pregnancy 
BMI. They reported that women with pre-pregnancy normal/underweight BMI and persistent weight gain were at 
increased risk of CVD while those who were overweight/obese pre-pregnancy did not show significant increase in 
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CVD risk. In the current study, persistent weight gain was associated with decreased likelihood of ACS. However, among 
the current study population, young women with a history of persistent weight gain were more commonly obese (61.6% 
vs 38.7%, p<0.001) and had greater prevalence of metabolic syndrome (10.7% vs 4.3%, p=0.009) compared to those 
without postpartum persistent weight gain (unreported data).

Autoimmune diseases such as systemic lupus erythematosus and rheumatoid arthritis are important risk factors for 
CVD in women, as their prevalence is considerably higher among women compared to men.5,10 Autoimmune disease can 
cause accelerated atherosclerosis as well as coronary microvascular dysfunction leading to premature CHD. Furthermore, 
CVD has been reported to be the most common cause of death in systemic lupus erythematosus.5 However, autoimmune 
diseases are less common than other traditional and non-traditional cardiovascular risk factors.30 In the current study, 
autoimmune disease had a relatively low prevalence overall (4.2%), and was similar in the ACS and control groups. 
Psychosocial factors including depression are also more common in women than men.3 Depression has been associated 
with CHD as well as poor prognosis following ACS, especially among young women.3,5,10 The relationship between 
depression and CHD may be a result of greater prevalence of depressive symptoms among CHD patients or due to 
activation of adverse biological pathways in depression patients such as increased sympathetic tone, inflammation, and 
endothelial and platelet dysfunction.45 On the other hand, depression is associated with harmful behavior including 
tobacco smoking, poor diet, and physical inactivity, which increase cardiovascular risk. In the present study, depression 
did not increase the likelihood of ACS among young women. However, depression was associated with greater 
prevalence of smoking history (42% vs 26.4%, p=0.019) compared to young women without history of depression 
(unreported data).

Strengths and Limitations
The current study provides a comprehensive description of the risk factors for ACS in young women from the Middle 
East using a multicenter case-control design. Participants were recruited from 12 hospitals in Jordan, which included both 
private-sector and public-sector centers. This provided a study population which was more representative of Jordanian 
young women. The risk factors investigated in the study included traditional cardiovascular risk factors as well as non- 
traditional, female sex-specific risk factors. However, the study is not without limitations. The case-control design 
exposes the study to the limitations of observational studies. The current study used secondary data obtained from the 
ANCORS-YW study. The specific indications for the medications used by the participants were not reported in the 
ANCORS-YW study and specific serum levels were not targeted to initiate certain medications. Future studies should 
consider the associations between risk factor management and ACS, specifically how risk factors are managed, what 
interventions/medications are used for risk factor control, the number interventions required to achieve risk factor control 
and whether control is achieved or not. The current study assessed the risk of ACS in young women while considering 
multiple non-traditional risk factors. Still, other factors that may play a role in cardiovascular risk among this population 
may have not been assessed such as anemia. Future studies should consider assessing such factors. The ANCORS-YW 
study identified participants with premature menopause (<40-years). However, it did not record menopause in those 
between the age 40–50. Given the cutoff age of 50-years in our study population, premature menopause likely had 
a considerably greater impact on ACS compared to menopause occurring at age 40 to 50-years. Still, future studies 
assessing cardiovascular risk in young women should consider menopause at all ages. Furthermore, although extensive 
risk factors were included in the analysis, it is possible that some potentially confounding factors may have been missed. 
Still, traditional cardiovascular risk factors emerged as independent predictors of ACS in young women.

Conclusion
Young women are at risk for ACS. Modifiable risk factors including T2D, smoking, and hypertension play an important 
role in ACS risk, and primordial and primary preventive strategies for CVD should be encouraged in young women. 
Family history of premature CVD is also a strong independent predictor of ACS in young women, highlighting the 
importance of inherited CVD risk factors in this patient population.
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