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Abstract

Introduction: Urbanization plays a growing role in the development of atherosclerotic cardiovascular disease
(ASCVD) across the Middle East, particularly among younger adults. Yet, we still know very little about how the
health profiles of young women differ between urban and rural settings. In this study, we aim to bridge that gap
by examining the demographic characteristics and the prevalence of both classical and novel ASCVD risk factors
in young Middle Eastern women. Methods: We analyzed the demographic, social, and clinical profiles of women
aged 18-50 years, including 19 classical and novel ASCVD risk factors. We included participants living in either
urban or rural areas, recruited from 11 centers across Jordan and 1 in the Gaza Strip between August 2020 and
October 2023. Results: Of the 627 women studied (mean age 44.2 + 5.1 years), 74% lived in urban areas and 26%
in rural areas. ASCVD was present in 32.0% of urban and 37.3% of rural participants. Rural women had higher
rates of physical inactivity, obesity, and elevated BMI, while smoking was more common among urban women.
Among novel risk factors, premature menopause and depression were more frequent in urban women, whereas
hypertensive disorders of pregnancy were more common in rural women. Conclusion: Urban young women de-
monstrated a worse clinical profile, with higher prevalence of several key ASCVD risk factors.
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Introduction

Atherosclerotic cardiovascular disease (ASCVD) has be-
come a major global epidemic, accounting for nearly one--
third of all deaths worldwide [1]. In Jordan, ASCVD was re-
sponsible for 45% of all deaths in 2019, according to the Min-
istry of Health [2]. Across the Middle East and North Africa
(MENA), the number of ASCVD cases increased by 140.9%
between 1990 and 2019 [3]. Although women experience
ASCVD at rates similar to men, evidence shows they often
suffer higher mortality and worse outcomes after acute car-
diovascular (CV) events [4]. The long-held belief that women
are protected from ASCVD is false because the data shows
that almost half of all women will develop heart disease or
experience a stroke during their lifetime [5-6]. Notably, acute
myocardial infarction in the Middle East occurs at a younger
age compared with other regions [3, 7]. Classical (traditional)
ASCVD risk factors (e.g. diabetes mellitus (DM), hypertension
(HTN), smoking, dyslipidemia, obesity, family history of pre-
mature ASCVD, physical inactivity) vary even within the same
country. One in six women with type 2 diabetes (T2DM) in the
Middle East and Africa experience early ASCVD, with most at
high or very high risk for an acute CV event [8]. HTN is also
highly prevalent, and about 10% of untreated individuals
develop ASCVD [9-10]. Smoking further increases risk, with
women who smoke facing a 25% higher CV risk than men of
the same age. Hypercholesterolemia contributes substan-
tially as well, accounting for 47% of the population-adjusted
CV risk in women [11]. Family history of premature ASCVD
remains another key risk factor, affecting around 2.3% of
the population and associated with recurrent events [12].
Emerging evidence has highlighted several female-specif-
ic and reproductive age-related novel risk factors (including
gestational diabetes mellitus (GDM), hypertensive disorders
of pregnancy (HDP), preterm delivery, postpartum weight
gain, polycystic ovary syndrome, and premature menopause)
that contribute to ASCVD development in young women [13].
Our aim was to bridge this gap by investigating the variations
in clinical and socioeconomic characteristics encompassing
classical and novel CV risk factors within a cohort of Middle
Eastern women.

Material and methods

This study is based on data from the Novel and Classical
Atherosclerotic Cardiovascular Risk Factors in Middle Eastern
Young Women (ANCORS-YW) Study. The detailed method-
ology has been described earlier [14]. In summary, this was
a case-control, cross-sectional multicenter study conducted
between August 2021 and October 2023, and it follows the
STROBE guidelines for reporting observational research. Par-
ticipants were recruited from 12 centers, including 11 across
Jordan and one in the Gaza Strip. The sample size was calcu-
lated using a significance level of 0.05, a power of 80%, and an
estimated frequency of 10% for each variable. Based on these
assumptions, and to detect a clinically meaningful difference
between the study groups (odds ratio = 2%), the required total
sample size was 627 participants (209 cases and 418 controls).

Cases included married women aged 18-50 years who
had ASCVD and at least 1 previous pregnancy. Each case was
matched by age (+ 5 years) to 2 healthy controls. We collect-
ed detailed information on ASCVD diagnosis, anthropometric
measurements, demographics (age, education, residency,
health insurance, physical activity), blood test results, chronic
medication history, and any history of heart failure or sleep
apnea. Both classical and novel (emerging) CV risk factors
were recorded for all cases and their matched controls.
“Urban communities” were defined as communities with
high population density, determined by the government as
a “city” [15]. On the other hand, “rural society” is any com-
munity of people outside the urban settlements.

Definition of ASCVD

ASCVD was defined as the presence of at least one ma-
jor atherosclerotic condition. These included acute coro-
nary syndrome (STEMI, NSTEMI, or unstable angina), signif-
icant epicardial coronary artery disease identified on CCTA
(= 50% stenosis in the left main artery or = 70% stenosis in any
other major coronary vessel), ischemic or hemorrhagic stroke,
transient ischemic attack (TIA), extracranial carotid artery dis-
ease (ECCAD), or peripheral arterial disease (PAD).
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STEMI was defined as ischemic chest pain accompanied
by ST elevation (= 1.5 mm in leads V2-V3 or = 1 mm in two or
more contiguous leads) along with elevated cardiac biomark-
ers. NSTEMI was characterized by ischemic symptoms with ST
depression, T-wave inversion, or even a normal ECG, but with
elevated cardiac enzymes. Unstable angina was defined as is-
chemic chest pain with ECG evidence of ischemia but without
biomarker elevation. ECCAD and PAD diagnoses were based
on clinical symptoms supported by Doppler studies, CT imag-
ing, or angiographic confirmation of atherosclerosis. Stroke
and TIA diagnoses were confirmed by a neurologist and veri-
fied with the appropriate neuroimaging.

Classical risk factors

Classical ASCVD risk factors in this study included HTN,
smoking, obesity, metabolic syndrome, dyslipidemia, low
HDL-C, and T2DM. HTN was defined as systolic BP > 140
mmHg and/or diastolic BP > 90 mmHg on at least 2 occa-
sions or the use of antihypertensive medication. T2DM was
diagnosed based on classic hyperglycemic symptoms with
random glucose > 200 mg/dl, fasting glucose > 126 mg/dl,
HbAlc > 6.5%, or documented history of DM or use of DM
medications. Dyslipidemia was defined as LDL-C >70 mg/dI
in patients with ASCVD or T2DM, and > 116 mg/dl in others.
Low HDL-C was defined as < 50 mg/dl. Obesity was defined
as BMI > 30 kg/m?. Metabolic syndrome was defined by the
presence of 4 components: HTN, obesity, low HDL-C, and hy-
pertriglyceridemia (> 200 mg/dl) at the same time.

Novel risk factors

We also assessed several novel ASCVD risk factors among
urban and rural women, including preterm delivery, HDP,
GDM, premature menopause, polycystic ovary syndrome
(PCOS), and depression. Preterm delivery was defined as birth
before 37 weeks’ gestation. HDP included gestational HTN
(onset after 20 weeks of pregnancy), chronic HTN, preeclamp-
sia (BP > 140 mmHg with end-organ damage), and eclampsia
(seizures following preeclampsia). GDM was defined as glu-
cose intolerance first recognized during pregnancy. PCOS was
diagnosed using the Rotterdam criteria (> 2 criteria) or prior
gynecologic diagnosis [16]. Premature menopause was de-
fined by a prior diagnosis or by oligomenorrhea before age 40
lasting > 4 months with elevated gonadotropins on two tests
4-6 weeks apart. Depression was defined by a documented
psychiatric diagnosis or prescribed antidepressant therapy.

Statistical analysis

Descriptive statistics are presented as means with stand-
ard deviation (SD) in case of continuous variables, or as fre-
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quencies and percentages in case of categorical variables.
To compare continuous variables, means were compared
using an independent t-test, while categorical variables were
compared using the Chi-square test or Fisher’s exact test, as
appropriate. Statistical significance was determined when
p < 0.05. Statistical analysis was computed using the R Lan-
guage and Environment for Statistical Computing (version
4.1.2, R Core Team, Vienna, Austria).

Ethical considerations

This observational study was carried out according to the
Declaration of Helsinki [17], which was registered in the Clin-
icalTrials.gov database (NCT04975503). This study obtained
ethical approval from an institutional review board at each
participating institute in the 3 target regions (approval num-
ber IH-IRB-IRC-7-29-2021). In addition, written informed con-
sent was obtained from each patient.

A total of 627 women between 18 and 50 years of age
were included in the study, with a mean age of 44.2 + 5.1
years. Most participants lived in urban areas (73.8%), while
164 of them (26.2%) were residents of rural regions. Baseline
demographics, ASCVD prevalence, and CV risk factors by resi-
dence type are summarized in Table 1.

Age distribution was similar between urban and rural par-
ticipants, and there was no significant difference in the type
of ASCVD diagnosed in the two groups (32.0% vs. 37.2%,
p = 0.5). Among the classical risk factors, smoking was more
common among urban residents compared to rural resi-
dents (33.5% vs. 17.1%, p < 0.001). In contrast, rural residents
demonstrated higher rates of physical inactivity and obesity
and had a higher mean BMI (p < 0.05). Serum LDL concentra-
tions were available for 252 participants (40.2%). Specifical-
ly, hypercholesterolemia was identified in 132 of 160 urban
women (82.5%) and 67 of 92 rural women (72.8%), with no
statistically significant difference (p =0.07). HTN, DM, and fam-
ily history of ASCVD were similar between groups (Figure 1).

Regarding novel ASCVD risk factors, HDP were more com-
mon among rural women. In contrast, depression and pre-
mature menopause were significantly more prevalent among
urban women. GDM, preterm delivery, persistent postpar-
tum weight gain, PCOS, and prior breast radiation (due to
cancer) were comparable between the two groups (p > 0.05)
(Figure 2). Additionally, women living in urban areas were
more likely to have a university-level or higher education,
while being less likely to have health insurance coverage.
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Table 1. Demographics, risk factors, and social attributes of young women living in urban vs. rural residence

Characteristic Overall (n = 627) | Urban (n = 463) | Rural (n = 164) | p-value

Age (years), mean + SD 44,2 £ 5.1 44.3 £ 4.8 43.8 £ 5.9 0.3

Age (years)

<40 127 (20.3%) 87 (18.8%) 40 (24.4%) 0.13
> 40 500 (79.7%) 376 (81.2%) 124 (75.6%)
ASCVD patients 209 (33.3%) 148 (32.0%) 61 (37.2%) 0.2
ASCVD classification 0.5
ACS 169/209 (80.9%) | 120/148 (81.1%) | 49/61 (80.3%)
Non-obstructive CAD 10/209 (4.8%) 8/148 (5.4%) 2/61 (3.3%)
PAD or stroke 30/209 (14.4%) 20/148 (13.5%) 10/61 (16.4%)

Classical risk factors

HTN 232 (37.0%) 163 (35.2%) 69 (42.1%) 0.12
DM 132 (21.1%) 93 (20.1%) 39 (23.8%) 0.3
Smoking 183 (29.2%) 155 (33.5%) 28 (17.1%) < 0.001
Family history 199 (31.7%) 148 (32.0%) 51 (31.1%) 0.8
Hypercholesterolemia (n = 252) | 199 (79.0%) 132 (82.5.5%) 67 (72.8%) 0.070
Physical inactivity 470 (74.9%) 332 (71.7%) 138 (84.1%) 0.002
Obesity 269 (42.9%) 187 (40.4%) 82 (50.0%) 0.033
BMI, mean + SD (kg/m2) 29.5+5.9 29.2 £ 5.7 30.4 £ 6.4 0.039

Novel risk factors

Hypertensive disease of

pregnancy 159 (25.4%) 108 (23.3%) 51 (31.1%) 0.049
Gestational DM 77 (12.3%) 51 (11.0%) 26 (15.9%) 0.10
Preterm delivery 125 (19.9%) 98 (21.2%) 27 (16.5%) 0.2
z:lrif,i:x“t el D B 120 (19.1%) 91 (19.7%) 29 (17.7%) 0.6
PCOS 42 (6.7%) 35 (7.6%) 7 (4.3%) 0.15
Premature menopause 62 (9.9%) 55 (11.9%) 7 (4.3%) 0.005
Radiation to the breast 5 (0.8%) 4 (0.9%) 1 (0.6%) < 0.9
Social determinants of health

University or higher education 308 (49.1%) 242 (52.3%) 66 (40.2%) 0.008
Insurance status 387 (61.8%) 257 (55.6%) 130 (79.3%) < 0.001
Depression 54 (8.6%) 48 (10.4%) 6 (3.7%) 0.009

ACS — acute coronary syndrome, ASCVD — atherosclerotic cardiovascular disease, BMI — body mass index, CAD — coronary artery disease,
DM — diabetes mellitus, HTN — hypertension, PAD — peripheral artery disease, PCOS — polycystic ovary syndrome, SD — standard deviation
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In this study, physical inactivity or sedentary lifestyle was
the most prevalent classical risk factor among women with an
overall percentage of (74.9%) comprising of 71.7% and 84.1%
in urban and rural areas’ residents respectively. Our results
were consistent with the observations of the 2009 North-
ern Sweden MONICA cohort [18]. Another study established
a positive correlation between sedentary lifestyle and mortal-
ity among rural inhabitants in the USA regardless of depres-
sive symptoms [19]. According to the 2019 Jordan National
Stepwise Survey (STEPs) for Noncommunicable Disease Risk
Factors, 25% of respondents didn’t meet the WHO recom-
mendations for physical activity for health, with an average of
(24%) women being physically inactive [2]. Another Jordanian
study reported lower prevalence of physical activity practice
in women than in men [20]. Such findings of high rural than
urban prevalence of inactivity could be related to the defi-
ciency of sporting facilities in addition to the more conserv-
ative culture of rural areas than those living in cities. Doctors
and other medical care givers should encourage women of
any age to engage in regular physical activity, as it reduces the
risk of mortality and cardiovascular disease (CVD) events [21].
Similar results were reported by Kazemi et al. [22]. It is worth
mentioning the impact of a 10-minute substitution of seden-
tary time with light-intensity physical activity on all-cause and
CVD-specific mortality risk reduction among patients with
heart failure [23].

In another study, the prevalence of obesity (BMI > 30)
among Jordanian women was higher than those reported
in Saudi, Iranian and American women, while similar to that
reported among Turkish women [24]. Obesity in our results
accounts for an overall prevalence of (42.9%), recording
a higher percentage among rural dwellers (50.0%) than in ur-
ban (40.4%). The overall mean BMI among our study’s partici-
pants was in the overweight range (29.5). Urban residents had
a similar mean BMI (29.2), while rural women's mean BMl fell
within the obesity range (30.4). In rural areas, women exhibit
lower levels of physical activity, often attributed to a higher
percentage of women engaged in homemaking duties, in
contrast to their urban counterparts. Our findings align with
those of the Swedish MONICA study [18], but contradict those
reported in India [25].

An overall 29.2% of women in this study reported smok-
ing, with higher percent 33.5% in urban areas versus 17.1% in
rural. Such findings could be attributed to the relatively higher
incomes and financial prosperity among people living in ur-
ban areas compared to rural dwellers. Opposite results with
rural predominance were found in India, such different find-
ings could be correlated to the diversity and the wide spread
of tobacco products in India, particularly the cheap smoke-
less tobacco [25]. Whilst our results and the study from India

showed urban-rural distribution difference in tobacco con-
sumption, such difference was not observed in the Swedish
MONICA study [18]. Medical intervention regarding smoking
cessation should be taken into consideration, particularly be-
cause females are more prone than males for coronary heart
events [26-27].

Contrary to existing literature, our study did not reveal
statistically significant urban-rural disparities in the distribu-
tion of HTN, DM, and hypercholesterolemia. Such similarity in
the distribution of these 3 risk factors could be influenced by
the ongoing process of urbanization within rural communities
and the substantial migration rates of rural residents to urban
areas. This socio-economic situation may contribute to a con-
vergence in health profiles between urban and rural popula-
tions, blurring traditional distinctions.

A 2019 study conducted in Jordan revealed that almost
one-third of Jordanian adults had HTN [28]. We noted a sim-
ilar distribution of HTN among the urban rural groups of
our study cohort, which is in contrast to the findings of the
Swedish MONICA study, where rural dwellers reported higher
burden of increased systolic blood pressure in both men and
women [18].

DM is a global health problem which besides end-or-
gan damage also causes and accelerates atherosclerotic CV
events [29]. Similar urban-rural distribution was noted by
a study in India [25] and the Swedish MONICA [18] which
consists with our findings. A Chinese study discussed sex and
urban-rural distribution difference of dyslipidemia, revealed
higher percentages of dyslipidemia (apart from low HDL-C)
in rural residents with females exhibiting higher whole lipid
profile readings compared to males in both areas of resi-
dence contrasting to our results [30]. Higher education in
the Arab world is rapidly evolving, shaped by the diverse cul-
tural and socio-economic contexts of the 22 countries in the
MENA [31]. Higher level of education is inversely linked to
smoking and high salt intake on the one hand, while positive-
ly linked to increase in physical activity on the other hand,
as both of these lifestyle habits may provide a clue for such
a relationship [32]. In our study, nearly half of the partici-
pants (49.1%) had higher education. Women in urban areas r
eported a higher prevalence of higher education (52.3%)
compared to their rural counterparts (40.2%). These numbers
are not so different as the mean age of most participants in
both groups is quite high.

As for the novel ASCVD risk factors, HDP (including pre-ec-
lampsia, gestational HTN and eclampsia) are common com-
plications of pregnancy globally and are the top causes of
maternal and fetal morbidity and mortality [32]. In 2017, the
incidence of preeclampsia in Jordan was approximately 1.5%,
which was similar to the other countries in the region [33]. In
our study, we found that there is a significant difference in the
prevalence of HDP between urban and rural residents, with



a p-value of 0.049. The difference was more obvious among
rural participants, where 31.1% were affected compared to
23.4% of their urban counterparts. Similarly, a study conduct-
ed in South Africa revealed that most of the women with HTN
over the age of 65 were living in rural areas [34]. This variabili-
ty in prevalence might be explained by the variety of maternal
risk factors, including age, parity, obesity, high blood pressure
and the region.

Depression is a well-established independent risk factor
for CVD in the non-pregnant population. However, the risk
of a new CVD diagnosis diagnosed postpartum was elevated
among patients with prenatal depression [35]. A Swedish na-
tionwide study demonstrated that the risk of developing CVD
varies between women with antepartum depression (APD)
and postpartum depression (PPD), with higher risk among
women with PPD [36]. We found a significant difference in
depression prevalence (p = 0.009) between women living in
urban (n = 48, 10.4%) and rural (n = 6, 3.7%) areas. A study
conducted on the prevalence of depression and mood dis-
orders among African American women and non-Hispanic
white women revealed that rural residence is linked to lower
rates of depression: because these women have developed
resources and coping mechanisms to deal with stressful cir-
cumstances (including supportive social ties and high levels of
religious participation) [37].

The American College of Cardiology (ACC) and American
Heart Association (AHA) guidelines have demonstrated that
premature menopause (at > 40 years of age) might pose as
a risk for ASCVD due to the cardiometabolic changes that oc-
cur earlier [38]. A 2023 study of a large Korean cohort found
that premature menopause was associated with 1.5 times
greater risk of MI, 1.25 times risk of ischemic stroke, and
1.2 times the risk of all-cause mortality when compared to
women with normal menopause [39]. In our study, 62 women
had premature menopause, 55 of them were living in urban
areas (11.9%), and 7 were in rural (4.3%), p = 0.005. This dif-
ference is consistent with the findings of an Indonesian study,
that revealed women living in rural areas lowered their po-
tential for premature menopause by 0.67 times compared
to women who live in urban areas, who are 1.46 times more
likely to experience premature menopause [40].

Limitations

It is important to acknowledge several limitations that
may have influenced the interpretation and generalizability
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of our findings. The small sample size in this study may have
limited the ability to draw definitive conclusions and gener-
alize the findings to broader populations. Furthermore, the
limited availability of resource data for comparison with oth-
er studies restricted our ability to assess the study.

Our findings study underscore the critical need for
sex-specific approaches in CV care. Recent international col-
laborations have emphasized the necessity of timely man-
agement of acute coronary syndrome in women to improve
their prognosis which often is worse compared to men [41].
Furthermore, the establishment of specialized heart centers
for women has been proposed as a vital modality to enhance
long-term CV, metabolic, and reproductive care, offering
a comprehensive solution to the regional disparities identified
in our cohort [42].

Our cohort demonstrated clear differences in ASCVD risk
factor patterns between urban and rural women in Jordan and
Gaza. Urban participants showed worse overall clinical pro-
files, with higher rates of premature menopause, depression,
and smoking, whereas hypertensive disorders of pregnancy
emerged as the most significant novel risk factor among rural
women. Physical inactivity and obesity were also more com-
mon in rural areas. Other classical risk factors showed no sig-
nificant differences. Our findings highlight the need for pop-
ulation-specific strategies addressing both classical and novel
ASCVD risk factors.

The authors relied on self-financing sources to complete
the preparation and publication of their research article.
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