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Article 

Age and Gender-Specific Pattern of Cardiovascular 
Disease Risk Factors in Saudi Arabia: A Subgroup 
Analysis from the Heart Health Promotion Study 

Amel A. Fayed  

Clinical Sciences Department, College of Medicine, Princess Nourah bint Abdulrahman University, P.O. Box 

84428, Riyadh 11671, Saudi Arabia.aafayed@pnu.edu.sa 

Abstract: Objective: To investigate gender and age-specific distribution patterns of cardiovascular 

disease risk factors in the Saudi population for tailored health policies. Methods: From the heart 

health promotion study, 3063 adult Saudis were included in this study. The study cohort was divided 

into five age groups (less than 40 years, 40–45 years, 46–50 years, 51–55 years and ≥56 years). The 

prevalence of metabolic, socioeconomic, and cardiac risk was compared between the groups. 

Anthropometric and biochemical data were gathered using the World Health Organization stepwise 

approach to chronic disease risk factors. The cardiovascular risk (CVR) was determined using the 

Framingham Coronary Heart Risk Score. Results: The prevalence of CVR risk increased with age in 

both genders. Both Saudi men and women exhibit similar propensities for sedentary lifestyles and 

unhealthy food habits. The prevalence of tobacco smoking was significantly higher and from an early 

age in males compared to females (28% and 2.7%, respectively, at age 18–29 years). There is no 

significant difference in either the prevalence of diabetes, hypertension, or metabolic syndrome 

between men and women before the age of 60 years. Old Saudi females (≥60 years) have a higher 

prevalence of diabetes (50% vs. 38.7%) and metabolic syndrome (55.9% versus 43.5%). Obesity was 

more prevalent in females aged 40–49 years onwards (56.2% vs. 34.9% males), with 62.9% of females 

aged ≥60 years being obese compared to 37.9% of males. Dyslipidaemia prevalence increased with 

the progression of age, significantly more in males than females. Framingham high-risk scores 

showed that 30% of males were at high risk of cardiovascular diseases at the age group of 50–59 years, 

while only 3.7% of the females were considered as such. Conclusions: Both Saudi men and women 

exhibit similar propensities for sedentary lifestyles and unhealthy food habits, with a marked increase 

in cardiovascular and metabolic risk factors with age. Gender differences exist in risk factor 

prevalence, with obesity as the main risk factor in women, while smoking and dyslipidaemia were 

the main risk factors in men. 
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1. Introduction 

Cardiovascular disease (CVD) is a leading cause of morbidity and mortality worldwide, and it 

is associated with several modifiable risk factors such as hypertension, dyslipidaemia, diabetes 

mellitus, obesity, smoking, and a sedentary lifestyle [1,2]. Epidemiological studies which used data 

from the global burden of CVD documented considerable spatiotemporal variation at the levels of 

exposure to different risk factors and risk-attributable burden [1]. The prevalence of these risk factors 
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differs between men and women [3] and with age; furthermore, risk factors are influenced by various 

social, cultural, and biological factors; hence, their prevalence differs between countries and regions [1]. 

It is increasingly recognized that biological differences modify the risk and the onset of 

developing CVD in women compared to men. Studies confirmed that the onset of CVD in women is, 

on average, nine years later than in men [4]. This early manifestation of CVD in men may be explained 

by the high prevalence of some risk factors, which operate from a young age, such as smoking, or the 

suggested protective effect of oestrogen in pre-menopausal women [5,6]. However, pregnancy and 

childbirth imposes gender-specific risks for CVD in women. Some pregnancy-related disorders are 

related to the development of CVD in later life, such as gestational diabetes and preeclampsia [7,8]. 

In addition, excessive gestational weight gain and postpartum weight retention are associated with 

the development of many CVD risks [9,10]. Compared to pre-menopausal women, postmenopausal 

women have a significantly higher prevalence of metabolic syndrome [11] and dyslipidaemia [12,13]. 

This exponential increase in CVD and its risk factors following menopause may be associated with 

the lower concentrations of oestrogen and higher concentrations of androgen due to ovarian failure 

at this stage of the women’s reproductive life [2,14]. 

Based on the global burden of disease, CVD is the leading cause of premature death in Saudi 

Arabia, while high body mass index (BMI) is the top risk factor [15]. 

A recently published systematic review on CVD risk factors in women in Saudi Arabia, which 

included more than 60 studies, showed a high prevalence of overweight and obesity of 67% and 

physical inactivity of between 50% to 98% [16]. However, the authors did not conduct analysis based 

on age, which is imperative to tailor interventions to at-risk age groups. 

The results of the PURE study, which included data from Saudi Arabia, showed that men have 

a greater CVD risk factor burden compared to women and that both CVD incidence and death from 

CVD are significantly more in men compared to women [17]. 

Given the increasing burden of CVD in Saudi Arabia, it is important to recognize these 

differences and to develop age and gender-specific strategies for CVD primordial and primary 

prevention and management in Saudi Arabia [18]. This may include interventions targeted to address 

the specific risk factors that are more prevalent in each gender bearing in mind that some risk factors, 

such as smoking and obesity [19,20], may start at an early age to manifest as CVD later in life. 

The aim of this study is to compare the prevalence of CVD risk factors between Saudi men and 

women to identify gender and age-specific patterns of CVD risk factors in Saudi Arabia. 

2. Materials and Methods 

2.1. Consent and Ethics 

The study followed the standards of the Helsinki Declaration after receiving approval from King 

Saud University’s Institutional Review Board (IRB) (reference number 13–3721). All participants 

signed informed consent forms. 

2.2. Study Setting 

The original cohort from the heart health promotion study included 4500 participants recruited 

from employee clinics in King Saud University Hospital that serve the employees and their families 

[21]. 

2.3. Study Population and Sampling Technique 

For this study we included a cohort from the heart health promotion study of 3063 Saudi 

participants. We excluded non-Saudis and pregnant women from this study. 

Considering the prevalence of obesity as 25% ± 5% (p < 0.01), a power of >0.9 was calculated 

using STATA/IC14.2. 



Int. J. Med. Healthc. Res., 2023, Vol. 1. Issue 2 3 of 15 

 

 

The study cohort was divided into males and females then each gender group was divided into 

five age groups (less than 40 years, 40–45 years, 46–50 years, 51–55 years, and ≥56 years). The groups 

were compared with respect to the prevalence of metabolic and socioeconomic cardiovascular risks 

(CVR). 

2.4. Data Collection and Physical Measurements 

The sociodemographic data (age, marital status, and educational attainment), data about tobacco 

use, physical activity, healthy diet, and anthropometric and biochemical measurements were 

collected using the World Health Organization (WHO) stepwise approach to chronic disease risk 

factor Surveillance-Instrument v2.1 [22]. 

All participants were required to fast for at least 12 h before giving blood samples. Glycosylated 

haemoglobin (HbA1c), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein 

cholesterol (LDL-C), total cholesterol (TC), and triglycerides (TG) were measured. 

2.5. Study Variables 

2.5.1. Obesity 

Weight and height were measured for all participants. Weight was measured to the nearest 10 

g, while height was measured to the nearest 0.1 cm. Body mass index (BMI) was calculated using the 

formula BMI = weight (kg)/height (m2). Based on BMI, the study population was divided into two 

groups: non-obese (<30 kg/m2) and obese (30+ kg/m2) [23]. 

2.5.2. Central Obesity 

Waist circumference (WC) was measured in centimetres to the nearest 0.1 cm, using a flexible 

non-stretchable plastic tape, in a relaxed standing position, during expiration, at the midline between 

the lower costal margins and the iliac crest parallel to the floor. A WC of 88 cm was used for the 

diagnosis of central obesity among women, which are cut-off values reported to be applicable to Arab 

ethnicities [24]. 

2.5.3. Current Smokers 

Smokers were classified as individuals who had smoked at least one cigarette per day for the 

previous six months, one cigar or water pipe weekly for the last six months, or one waterpipe tobacco 

smoke/shisha session each month for the prior three months [25]. 

2.5.4. Physical Inactivity 

Participants were deemed physically inactive if they did not meet any of the following WHO 

standards: 150 min of moderate activity each week or 60 min of vigorous activity [26]. 

2.5.5. Low Fruit and Vegetable Intake 

According to the WHO, any subject who had less than five servings (400 gm) of fruit and/or 

vegetables per day was considered as having inadequate intake [27,28]. 

2.5.6. Hypertension 

Both systolic and diastolic pressures were measured at two readings set five minutes apart; the 

average of the two readings was used. Hypertension was defined as being previously diagnosed as 

hypertensive and currently using any anti-hypertensive medications or having high blood pressure 

readings according to the Seventh Report of the Joint National Committee on Prevention, Detection, 

Evaluation, and Treatment of High Blood Pressure (JNC7) [29]. 
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2.5.7. Diabetes Mellitus 

Diabetes mellitus was defined as per WHO and American Diabetes Association criteria or by the 

subject reporting of being previously diagnosed as diabetic and using anti-diabetes medication [30]. 

2.5.8. Cardiovascular Risk (CVR) Scores 

Scores were calculated for all participants using the Framingham Coronary Heart Risk Score 

(FRS), which is one of the most extensively used cardiovascular risk calculators in clinical practice. It 

was used to calculate the 10-year risk of coronary heart disease, where the cohort was subdivided 

according to their scores into three categories: low-risk score (<10%), intermediate (10–20%), and high 

(>20%) [31]. 

2.5.9. Metabolic Syndrome (MetS) 

If participants satisfied at least three of the five criteria listed in the Third Report of the National 

Cholesterol Education Program (NCEP) Adult Treatment Panel III) (NCEP-ATPIII) criteria, they were 

considered to have metabolic syndrome [32]. 

2.5.10. Dyslipidaemia 

Dyslipidaemia was considered according to definitions adopted by the National Cholesterol 

Education Program F(NCEP) criteria for dyslipidaemia (elevated cholesterol, elevated TG, high HDL-

C level, and low LDL-C). 

2.6. Statistical Analysis 

Continuous variables were reported as means with standard deviations. Categorical variables 

were presented as frequencies with equivalent percentages, and Pearson’s chi-square test was used 

for the comparison of different proportions. 

3. Results 

The sociodemographic characteristics of the participants are shown in Table 1. While more than 

50% of the female participants of the age group 60 years and above were illiterate, only 3.2% of males 

in this group were illiterate. However, this high rate of illiteracy was not observed in young age 

groups, nor were the marked differences between females and males in different levels of education 

(Table 1). Most of the participants were married by the age of 30–39 years; however, by the age of ≥60 

years, significantly more women were widowed than men (Table 1). While 23–36% of the male 

participants smoke tobacco, only 1.4–3.0% of the female participants do so; however, female 

participants were significantly less physically active compared to the male participants in all age 

groups (Table 1). Nevertheless, 90–80% of the participants have poor dietary habits (Table 1, Figure 

1) 
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Figure 1. Prevalence of smoking in the studied sample according to age and gender (*: p<0.05). 

 

Figure 2. Prevalence of obesity in the studied sample according to age and gender (*: p<0.05). 

We noticed the same pattern of distribution of the prevalence of central obesity between females 

and males in different age groups, where females have a lower prevalence at the age group of 18–29 

years compared to males (12% vs. 7.9%), then at the age of 40–49 years the prevalence is higher in 

females compared to men (37.8% vs. 22.9%), and at the age ≥60 years prevalence in females was 

double that in the males (51.7% vs. 24.2%) (Table 2, Figure 3). 
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Figure 3. Prevalence of central obesity in the studied sample according to age and gender (*: p<0.05). 

The prevalence of diabetes in both males and females was low until the age of 49 years (males 

1.2–16% and females 1.9–16.5%). Then, we noticed a progressive increase in the prevalence in both 

genders in the age group of 50–59 years, where the prevalence in males was slightly more than in the 

females (35.3% vs. 30.4%); however, in the age group ≥60 years, almost 50% of the females were 

diabetic, while 38.7% of the males were diabetic (Table 2, Figure 4). 

 

Figure 4. Prevalence of diabetes in the studied sample according to age and gender. 

There was a progressive increase in the prevalence of hypertension in both genders with the 

increase in age. The prevalence was low in the age groups 18–29 and 30–39 years (males 6.5–13.8% 

and females 2.4–5.4%). In the age group 50–59 years, 40% of males and females had hypertension, 

and in the age group of ≥60 years, 62.1% and 67.8% of males and females, respectively, had 

hypertension (Table 2, Figure 5). 
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Figure 5. Prevalence of hypertension in the studied sample according to age and gender(*: p<0.05). 

The prevalence of all forms of dyslipidaemia was aggravated with the progression of age among 

both males and females. In addition, metabolic syndrome was initially more prevalent in women 

than in men at earlier ages (3% vs. 7.7%), but subsequently, it surpassed that of men at older ages 

(55.9% against 43.5%) (Table 2, Figures 6–9). 

 

Figure 6. Prevalence of metabolic syndrome in the studied sample according to age and gender. 
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Figure 7. Prevalence of high levels of triglycerides in the studied sample according to age and gender. 

 

Figure 8. Prevalence of high levels of low-density lipoproteins in the studied sample according to age and 

gender. 

 

Figure 9. Prevalence of low levels of high-density lipoproteins in the studied sample according to age and 

gender. 
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Calculation of Framingham risk for males and females showed that 30% of males were at high 

risk of CVD in the age group 50–59 years, while only 3.7% of females were considered as such. In the 

age group ≥60 years, 67.7% of males were at high risk for CVD, while 28.7% of the females were in 

the high-risk group (Table 2, Figure 10). 

 

Figure 10. Prevalence of intermediate and high cardiac risk in the studied sample according to age and 

gender. 

4. Discussion 

This study showed that both Saudi men and women have a similar propensity to sedentary 

lifestyles and unhealthy food habits and that more than one quarter of the male participants were 

tobacco smokers. In addition, there was a significant increase in the prevalence of cardiovascular and 

metabolic risk factors with age, both in men and women. However, there are important gender 

differences in the prevalence of those risk factors, with women generally having a lower prevalence 

of risk factors among young age groups but catching up and sometimes surpassing men in old age 

groups. 

The positive role of a plant-based diet in the prevention of CVD has been repeatedly recognized 

[33,34]. Such a diet was found to lower dyslipidaemia, one of the main modifiable risk factors of CVD 

[35]. The adoption of an energy-balanced, plant-based diet at a national level was found to be 

associated with up to 22% reduction in premature mortality [36]. Based on the results of this study 

that showed a low prevalence of fruits and vegetable consumption (Table 1), such a strategy is 

urgently needed in Saudi Arabia to improve consumption and reduce premature death [37]. 

The high prevalence of physical inactivity in both genders, nevertheless, significantly more in 

women in all age groups observed in this study, is consistent with previous reports from Saudi Arabia 

(Table 1) [38,39]. In addition, the high prevalence of inactivity among women and its association with 

CVD has been reported in previous studies as a global modifiable risk factor for CVD in women [40]. 

The positive impact of physical activity in the prevention and treatment of CVD is well-proven [41]. 

The results of the INTERHEART study, which investigated modifiable risk factors for CVD and 

analyzed data from 52 countries, showed that regular physical activity is associated with reduced 

odds of developing CVD (OR, 0.86, CI 0.76–0.97), with more than 12% population attributable risk 

(PAR) [2]. 

Another noteworthy socioeconomic determinant of health in this study is the significant 

difference in the level of education between men and women, starting in the age group ≥ 40 years, 

with obvious differences in education in the age group ≥60 years, where 50% of women were illiterate 

compared to 3.3% of men (Table 1). 

Many studies confirmed the association between low levels of education and CVD and mortality 

[42,43]. A low level of education is associated with poor health literacy, such as nonadherence to 
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medication, and risky health behavior, such as physical inactivity and tobacco smoking [44,45]. 

However, the extent of the effect of education as a risk factor for CVD was not quite clear in this 

study. Some risky behaviors, such as smoking, are significantly more prevalent among men, who are 

more educated, than among women; in addition, sedentary lifestyles and unhealthy food habits are 

common in both genders (Table 1). 

The findings of this study revealed that the prevalence of metabolic syndrome, including 

abdominal obesity, hypertension, diabetes, and dyslipidaemia, which are the main risk factors for 

CVD, is initially lower in women compared to men at younger ages, but then it exceeds that of men 

at older ages (Table 2, Figures 2–9). This finding is consistent with other studies that have shown a 

higher prevalence of metabolic syndrome in postmenopausal women compared to men of the same 

age group [11,46]. This difference in the prevalence may be associated with hormonal changes, 

including oestrogen deficiency and high androgens levels that occur during this stage of women’s 

life [11]. Furthermore, in this study, women had a higher prevalence of general obesity as indicated 

by BMI 30+ kg/m2, which is almost double the prevalence in men from the age of 40 years and more 

(Table 2, Figure 1). This high prevalence of obesity in Saudi women compared to men in this age 

group may be due to excessive gestational weight gain and postpartum weight retention [9,10,47] 

during the reproductive stage of their life, as most of these women are married and have completed 

their families (Table 1). On the other hand, the high obesity prevalence noted in older women may 

be explained by the hormonal effect of menopause transition and menopause, as reported in earlier 

studies [48,49]. 

The Framingham high-risk category for developing CVD was less frequent in women compared 

to men in this study (Table 2 and Figure 6), an observation consistent with previous studies which 

proved that CVD manifests nine years earlier in men compared to women [2,4,50]. The earlier 

manifestation of CVD in men may be explained by the earlier exposure of men to the main risk factors 

for such disease [51], as is apparent in this study. An additional important difference between men 

and women in the risk of CVD in this study is the high rate of tobacco smoking among men compared 

to women (Table 1). Tobacco smoking was found to increase the odds of myocardial infarction by 

nearly three-fold; in addition, it has the highest PAR of 35.7% compared to the other known risk 

factors such as abdominal obesity (PAR 20%), hypertension (PAR 17.9%), and diabetes (PAR 9.9%) 

[2]. Another significant difference between men’s and women’s risk of CVD is the higher prevalence 

of abnormal lipid profiles in men, throughout the age groups, compared to the women, as seen in 

Table 2. These results are consistent with the findings of other studies, which showed dyslipidaemia 

prevalence higher in men than in women [52]. In addition, a recently published report showed an 

increased trend of disability and premature death in Saudi Arabia during the recent decades from 

dyslipidaemia, while in most of the other countries, such a trend has been static [53]. Dyslipidaemia 

is associated with atherosclerotic cardiovascular disease [54]. Globally, smoking and dyslipidaemia 

are the two most important risk factors for CVD [2], responsible for two-thirds of PAR of myocardial 

infarction [2]. 

To reduce the burden of CVD in Saudi Arabia, health policy should be tailored to address the 

modifiable risk factors with the greatest bearing on the group of the community most affected by 

those factors, yet not ignoring the other globally operating risk factors [18,55]. The results of this 

study showed that tobacco smoking and dyslipidaemia are the main risk factors in Saudi men, 

especially the former, which is prevalent in the young age group. Tobacco smoking cessation 

intervention may be challenging [56]; nevertheless, scaling up such interventions and using a 

multifaceted approach will have an impact on reducing and preventing the use of tobacco among 

school children and college students [57]. Screening and management of dyslipidaemia have long 

been advocated to reduce the burden of CVD in the Middle East. There is great emphasis on 

educating healthcare providers and the community on the importance of treating dyslipidaemia and 

on establishing surveillance systems for CVD to monitor the effects of interventions [58]. 

It is well recognized that obesity worsens other CVD risk factors by its augmenting effects on 

dyslipidaemia, high blood pressure, peripheral insulin resistance, and inflammation [59,60]. Based 
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on the results of this study and previous reports from Saudi Arabia [61,62], which showed a 

distinctive pattern of obesity in Saudi women, obesity management and prevention in women should 

be focused on weight management around pregnancy and menopause. 

4.1. Strength and Limitations 

This study provided important information about the modifiable risk factors and at-risk groups 

based on gender and age in the Saudi community. This information is imperative for strategically 

targeting at-risk populations with sustainable and cost-effective interventions as part of intermediate 

and long-term strategies to reduce the burden of CVD in Saudi Arabia [63]. We are aware of the 

limitations of this study, including the cross-sectional nature of this sub-group analysis which did 

not include follow-up of participants. Such follow-up is important to explore the effects of other non-

modifiable risks, such as genetics and their influence on modifiable risk factors [64]. 

4.2. Implication to Practice 

The Kingdom of Saudi Arabia, as a high-income country, is in a good position to implement 

primordial and primary prevention of CVD, which is the leading cause of mortality and morbidity 

in the country. Addressing social determinants of health such as maternal and child nutrition, 

smoking cessation, advocating healthy food habits, and improving physical activity should be the 

main component of any strategy to address CVD risk management [18]. In addition to the known 

primary, secondary, and tertiary prevention programs [18], this study suggested that special 

attention should be paid to the following groups of the community: 

• Preventive interventions should target school children and university students to stop tobacco 

smoking initiation and to implement active programs for tobacco smoking cessation. 

• Programs for screening and treatment of dyslipidaemia, especially for men, should be an integral 

part of any preventive program for CVD. 

• Obesity prevention and management for women should be targeted at the reproductive age group 

to prevent excessive weight gain during pregnancy and postpartum weight retention. 

• Programs for primary and secondary prevention of CVD in old men and women should include the 

prevention and management of obesity in postmenopausal women. 

• Saudi men and women should be at the center of preventive and curative care for CVD. 

4.3. Implication to Research 

• Extensive research should aim at investigating the effective means of improving the physical activity 

of individuals in the Saudi community as part of lifestyle modification. 

• Research should focus on effective and acceptable means of changing the type and habit of food 

consumption in the community and among at-risk populations [65,66]. 

• Surveillance systems for CVD and all the risk factors should be established to monitor the 

effectiveness of interventions. 

5. Conclusions 

This study showed that all cardiometabolic risk factors are prevalent in both men and women; 

however, they show higher prevalence at earlier ages in men compared to women. A small 

proportion of Saudi men and women assume an active lifestyle and adopt a plant-based diet. The 

main risk factors for men are tobacco smoking and dyslipidaemia, while obesity is the main risk in 

females. 

Author Contributions: H.W., A.F., and R.Z. conceived and designed the study. H.W. wrote the original draft. 

A.F. conducted the statistical analysis. S.E. and A.J. finalized the manuscript. All authors have read and agreed 

to the published version of the manuscript. 

Funding: This project was funded by the Princess Nourah bint Abdulrahman University researchers supporting 

the project (number PNURSP2022R21), Princess Nourah bint Abdulrahman University, Riyadh, Saudi Arabia. 



Int. J. Med. Healthc. Res., 2023, Vol. 1. Issue 2 12 of 15 

 

 

Institutional Review Board Statement: The study followed the standards of the Helsinki Declaration after 

receiving approval from King Saud University’s Institutional Review Board (IRB) (reference number 13-3721). 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study. 

Data Availability Statement: Most of the data needed are included in the published article. However, more data 

are available from the King Saud University Ethics Committee for researchers for those who meet the criteria for 

access to confidential data. The ethics committee contact details for data requests are: irb@ksu.edu.sa. This 

contact point is completely independent of all researchers. 

Acknowledgments: We extend our gratitude to all individuals who participated in this study and to the Princess 

Nourah bint Abdulrahman University researchers supporting the project for funding this study. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. Global, regional, and national comparative risk assessment of 84 behavioural, environmental and occupational, 

and metabolic risks or clusters of risks for 195 countries and territories, 1990–2017: A systematic analysis for the 

Global Burden of Disease Study 2017. Lancet 2018, 392, 1923–1994. 

2. Yusuf, S.; Hawken, S.; Ounpuu, S.; Dans, T.; Avezum, A.; Lanas, F.; McQueen, M.; Budaj, A.; Pais, P.; Varigos, J.; 

et al. Effect of potentially modifiable risk factors associated with myocardial infarction in 52 countries (the 

INTERHEART study): Case-control study. Lancet 2004, 364, 937–952. 

3. Vogel, B.; Acevedo, M.; Appelman, Y.; Bairey Merz, C.N.; Chieffo, A.; Figtree, G.A.; Guerrero, M.; Kunadian, V.; 

Lam, C.S.P.; Maas, A.H.E.M.; et al. The Lancet women and cardiovascular disease commission: Reducing the 

global burden by 2030. Lancet 2021, 397, 2385–2438. 

4. Karlson, B.W.; Herlitz, J.; Hartford, M. Prognosis in myocardial infarction in relation to gender. Am. Heart J. 1994, 

128, 477–483. 

5. Honigberg, M.C.; Zekavat, S.M.; Aragam, K.; Finneran, P.; Klarin, D.; Bhatt, D.L.; Januzzi, J.L.; Scott, N.S.; 

Natarajan, P. Association of premature natural and surgical menopause with incident cardiovascular disease. 

Jama 2019, 322, 2411–2421. 

6. Mendelsohn, M.E.; Karas, R.H. Molecular and cellular basis of cardiovascular gender differences. Science 2005, 

308, 1583–1587. 

7. Leon, L.J.; McCarthy, F.P.; Direk, K.; Gonzalez-Izquierdo, A.; Prieto-Merino, D.; Casas, J.P.; Chappell, L. 

Preeclampsia and cardiovascular disease in a large UK pregnancy cohort of linked electronic health records: A 

CALIBER study. Circulation 2019, 140, 1050–1060. 

8. Kramer, C.K.; Campbell, S.; Retnakaran, R. Gestational diabetes and the risk of cardiovascular disease in women: 

A systematic review and meta-analysis. Diabetologia 2019, 62, 905–914. 

9. Fayed, A.; Wahabi, H.A.; Esmaeil, S.; Elkouny, R.; Elmorshedy, H.; Bakhsh, H. Independent effect of gestational 

weight gain and prepregnancy obesity on pregnancy outcomes among Saudi women: A sub-cohort analysis 

from Riyadh mother and baby cohort study (RAHMA). PLoS ONE 2022, 17, e0262437. 

10. Wahabi, H.A.; Fayed, A.A.; Tharkar, S.; Esmaeil, S.A.; Bakhsh, H. Postpartum weight retention and 

cardiometabolic risk among saudi women: A follow-up study of RAHMA subcohort. Biomed. Res. Int. 2019, 2019, 

2957429. 

11. Janssen, I.; Powell, L.H.; Crawford, S.; Lasley, B.; Sutton-Tyrrell, K. Menopause and the metabolic syndrome: 

The study of women’s health across the nation. Arch. Intern. Med. 2008, 168, 1568–1575. 

12. Matthews, K.A.; Crawford, S.L.; Chae, C.U.; Everson-Rose, S.A.; Sowers, M.F.; Sternfeld, B.; Sutton-Tyrrell, K. 

Are changes in cardiovascular disease risk factors in midlife women due to chronological aging or to the 

menopausal transition? J. Am. Coll. Cardiol. 2009, 54, 2366–2373. 

13. Matthews, K.A.; El Khoudary, S.R.; Brooks, M.M.; Derby, C.A.; Harlow, S.D.; Barinas-Mitchell, E.J.; Thurston, 

R.C. Lipid changes around the final menstrual period predict carotid subclinical disease in postmenopausal 

women. Stroke 2017, 48, 70–76. 

14. Zhao, D.; Guallar, E.; Ouyang, P.; Subramanya, V.; Vaidya, D.; Ndumele, C.E.; Lima, J.A.; Allison, M.A.; Shah, 

S.J.; Bertoni, A.G.; Budoff, M.J.; et al. Endogenous sex hormones and incident cardiovascular disease in post-

menopausal women. J. Am. Coll. Cardiol. 2018, 71, 2555–2566. 

15. Tyrovolas, S.; El Bcheraoui, C.; Alghnam, S.A.; Alhabib, K.F.; Almadi MA, H.; Al-Raddadi, R.M.; Bedi, N.; El 

Tantawi, M.; Krish, V.S.; Memish, Z.A.; et al. The burden of disease in Saudi Arabia 1990–2017: Results from the 

Global Burden of Disease Study 2017. Lancet Planet Health 2020, 4, e195–e208. 

16. Alshaikh, M.K.; Filippidis, F.T.; Baldove, J.P.; Majeed, A.; Rawaf, S. Women in Saudi Arabia and the prevalence 

of cardiovascular risk factors: A systematic review. J. Environ. Public. Health 2016, 2016, 7479357. 

17. Walli-Attaei, M.; Joseph, P.; Rosengren, A.; Chow, C.K.; Rangarajan, S.; Lear, S.A.; AlHabib, K.F.; Davletov, K.; 

Dans, A.; Lanas, F.; et al. Variations between women and men in risk factors, treatments, cardiovascular disease 



Int. J. Med. Healthc. Res., 2023, Vol. 1. Issue 2 13 of 15 

 

 

incidence, and death in 27 high-income, middle-income, and low-income countries (PURE): A prospective cohort 

study. Lancet 2020, 396, 97–109. 

18. Gupta, R.; Wood, D.A. Primary prevention of ischaemic heart disease: Populations, individuals, and health 

professionals. Lancet 2019, 394, 685–696. 

19. Vundavalli, S.; Alfawzan, A.A.; Ramaiah, V.V.; Alruwaithi, M.; AlMogbel, A.; Mathew, M. Exposure to parental 

and sibling smoking and future intentions to smoke among 13–15 years old school age children in Saudi Arabia. 

Pan Afr. Med. J. 2021, 38, 158. 

20. Al Shaikh, A.; Farahat, F.; Abaalkhail, B.; Kaddam, I.; Aseri, K.; Al Saleh, Y.; Al Qarni, A.; Al Shuaibi, A.; Tamimi, 

W. Prevalence of obesity and overweight among school-aged children in Saudi Arabia and its association with 

vitamin D status. Acta Biomed. 2020, 91, e2020133. 

21. Alzeidan, R.R.F.; Mandil, A.; Hersi, A.; Fayed, A. Non-communicable disease risk factors among employees and 

their families of a Saudi University: An epidemiological study. PLoS ONE 2016, 11, e0165036. 

22. Disease, W.-N. Surveillance, Monitoring and Reporting. STEPwise Approach to NCD Risk Factor Surveillance 

(STEPS). Available online: https://www.who.int/teams/noncommunicable-diseases/surveillance/systems-

tools/steps (accessed on 10 May 2023). 

23. WHO. Global Database on Body Mass Index: BMI Classification. 2015. Available online: 

http://apps.who.int/bmi/index.jsp?introPage=intro_3.html (accessed on 1 March 2023). 

24. WHO Expert Consultation. Waist Circumference and Waist-Hip Ratio, Report of a WHO Expert Consultation, 

Geneva. 2008. Available online: http://apps.who.int/iris/bitstream/10665/44583/1/9789241501491_eng (accessed 

on 1 March 2023). 

25. Eriksen, M.P.; Mackay, J.; Ross, H. The Tobacco Atlas: Citeseer; American Cancer Society: Atlanta, GA, USA, 2012. 

26. WHO. Physical Activity. Available online: https://www.who.int/news-room/fact-sheets/detail/physical-activity 

(accessed on 1 March 2023). 

27. World Health Organization. Diet, Nutrition, and the Prevention of Chronic Diseases: Report of a Joint WHO/FAO 

Expert Consultation; World Health Organization: Geneva, Switzerland, 2003. 

28. WHO. Global Strategy on Diet, Physical Activity and Health; World Health Organization: Geneva, Switzerland, 

2004. 

29. Chobanian, A.V.; Bakris, G.L.; Black, H.R.; Cushman, W.C.; Green, L.A.; Izzo, J.L., Jr.; Jones, D.W.; Materson, 

B.J.; Oparil, S.; Wright, J.T., Jr.; et al. Seventh report of the joint national committee on prevention, detection, 

evaluation, and treatment of high blood pressure. Hypertension 2003, 42, 1206–1252. 

30. WHO. HBA1C Use of Glycated Haemoglobin (HbA1c) in the Diagnosis of Diabetes Mellitus. 2011. Available 

online: http://www.who.int/diabetes/publications/report-hba1c_2011.pdf (accessed on 1 March 2023). 

31. Lee, H.M.; Le, H.; Lee, B.T.; Lopez, V.A.; Wong, N.D. Forced vital capacity paired with Framingham Risk Score 

for prediction of all-cause mortality. Eur. Respir. J. 2010, 36, 1002–1006. 

32. Grundy, S.M. Third report of the National Cholesterol Education Program (NCEP) expert panel on detection, 

evaluation, and treatment of high blood cholesterol in adults (adult treatment panel III) final report. Circulation 

2002, 106, 3143–3421. 

33. Trautwein, E.A.; McKay, S. The role of specific components of a plant-based diet in management of dyslipidemia 

and the impact on cardiovascular risk. Nutrients 2020, 12, 2671. 

34. Wojda, A.; Janczy, A.; Małgorzewicz, S. Mediterranean, vegetarian and vegan diets as practical outtakes of EAS 

and ACC/AHA recommendations for lowering lipid profile. Acta Biochim. Pol. 2021, 68, 41–48. 

35. Vega, G.L.; Grundy, S.M. Hypoalphalipoproteinemia (low high density lipoprotein) as a risk factor for coronary 

heart disease. Curr. Opin. Lipidol. 1996, 7, 209–216. 

36. Springmann, M.; Wiebe, K.; Mason-D’Croz, D.; Sulser, T.B.; Rayner, M.; Scarborough, P. Health and nutritional 

aspects of sustainable diet strategies and their association with environmental impacts: A global modelling 

analysis with country-level detail. Lancet Planet. Health 2018, 2, e451–e461. 

37. Alruwaili, H.; Ahmed, A.; Fatani, A.; Al-Otaibi, K.; Al-Jahdali, S.; Ali, Y.; Al-Harbi, A.; Baharoon, S.; Khan, M.; 

Al-Jahdali, H. Symptoms and risk for obstructive sleep apnea among sample of Saudi Arabian adults. Sleep Biol. 

Rhythm. 2015, 13, 332–341. 

38. Al-Nozha, M.M.; Al-Hazzaa, H.M.; Arafah, M.R.; Al-Khadra, A.; Al-Mazrou, Y.Y.; Al-Maatouq, M.A.; Khan, 

N.B.; Al-Marzouki, K.; Al-Harthi, S.S.; Abdullah, M.; et al. Prevalence of physical activity and inactivity among 

Saudis aged 30–70 years. A population-based cross-sectional study. Saudi Med. J. 2007, 28, 559–568. 

39. Al-Hazzaa, H.M. Prevalence of physical inactivity in Saudi Arabia: A brief review. East. Mediterr. Health J. 2004, 

10, 663–670. 

40. Bellettiere, J.; LaMonte, M.J.; Evenson, K.R.; Rillamas-Sun, E.; Kerr, J.; Lee, I.M.; Di, C.; Rosenberg, D.E.; Stefanick, 

M.L.; Buchner, D.M.; et al. Sedentary behavior and cardiovascular disease in older women: The Objective 

Physical Activity and Cardiovascular Health (OPACH) study. Circulation 2019, 139, 1036–1046. 

41. Elagizi, A.; Kachur, S.; Carbone, S.; Lavie, C.J.; Blair, S.N. A review of obesity, physical activity, and 

cardiovascular disease. Curr. Obes. Rep. 2020, 9, 571–581. 



Int. J. Med. Healthc. Res., 2023, Vol. 1. Issue 2 14 of 15 

 

 

42. Khaing, W.; Vallibhakara, S.A.; Attia, J.; McEvoy, M.; Thakkinstian, A. Effects of education and income on 

cardiovascular outcomes: A systematic review and meta-analysis. Eur. J. Prev. Cardiol. 2017, 24, 1032–1042. 

43. Manrique-Garcia, E.; Sidorchuk, A.; Hallqvist, J.; Moradi, T. Socioeconomic position and incidence of acute 

myocardial infarction: A meta-analysis. J. Epidemiol. Community Health 2011, 65, 301–309. 

44. Bostock, S.; Steptoe, A. Association between low functional health literacy and mortality in older adults: 

Longitudinal cohort study. BMJ 2012;344. 

45. Nielsen, K.M.; Faergeman, O.; Foldspang, A.; Larsen, M.L. Cardiac rehabilitation: Health characteristics and 

socio-economic status among those who do not attend. Eur. J. Public Health 2008, 18, 479–483. 

46. Gurka, M.J.; Vishnu, A.; Santen, R.J.; DeBoer, M.D. Progression of metabolic syndrome severity during the 

menopausal transition. J. Am. Heart Assoc. 2016, 5, e003609. 

47. O’Kelly, A.C.; Michos, E.D.; Shufelt, C.L.; Vermunt, J.V.; Minissian, M.B.; Quesada, O.; Smith, G.N.; Rich-

Edwards, J.W.; Garovic, V.D.; El Khoudary, S.R.; et al. Pregnancy and reproductive risk factors for cardiovascular 

disease in women. Circ. Res. 2022, 130, 652–672. 

48. Nappi, R.E.; Chedraui, P.; Lambrinoudaki, I.; Simoncini, T. Menopause: A cardiometabolic transition. Lancet 

Diabetes Endocrinol. 2022, 10, 442–456. 

49. Kodoth, V.; Scaccia, S.; Aggarwal, B. Adverse changes in body composition during the menopausal transition 

and relation to cardiovascular risk: A contemporary review. Womens Health Rep. 2022, 3, 573–581. 

50. Srichaiveth, B.; Ruengsakulrach, P.; Visudharom, K.; Sanguanwong, S.; Tangsubutr, W.; Insamian, P. Impact of 

gender on treatment and clinical outcomes in acute ST elevation myocardial infarction patients in Thailand. J. 

Med. Assoc. Thai. 2007, 90 (Suppl. S1), 65–73. 

51. Anand, S.S.; Islam, S.; Rosengren, A.; Franzosi, M.G.; Steyn, K.; Yusufali, A.H.; Keltai, M.; Diaz, R.; Rangarajan, 

S.; Yusuf, S. Risk factors for myocardial infarction in women and men: Insights from the INTERHEART study. 

Eur. Heart J. 2008, 29, 932–940. 

52. Walli-Attaei, M.; Rosengren, A.; Rangarajan, S.; Breet, Y.; Abdul-Razak, S.; Sharief, W.A.; Alhabib, K.F.; Avezum, 

A.; Chifamba, J.; Diaz, R.; et al. Metabolic, behavioural, and psychosocial risk factors and cardiovascular disease 

in women compared with men in 21 high-income, middle-income, and low-income countries: An analysis of the 

PURE study. Lancet 2022, 400, 811–821. 

53. Roth, G.A.; Mensah, G.A.; Johnson, C.O.; Addolorato, G.; Ammirati, E.; Baddour, L.M.; Barengo, N.C.; Beaton, 

A.Z.; Benjamin, E.J.; Benziger, C.P.; et al. Global burden of cardiovascular diseases and risk factors, 1990–2019: 

Update from the GBD 2019 study. J. Am. Coll. Cardiol. 2020, 76, 2982–3021. 

54. Naito, T.S.M.; Arai, T.; Chida, K.; Hamamatsu, A.; Harada, K.; Ozawa, T.; Murayama, S.; Muramatsu, M. 

Dyslipidemia is a major determinant of systemic atherosclerosis in the elderly: An autopsy study. Geriatr. 

Gerontol. Int. 2007, 7, 229–237. 

55. Yusuf, S.; Joseph, P.; Rangarajan, S.; Islam, S.; Mente, A.; Hystad, P.; Brauer, M.; Kutty, V.R.; Gupta, R.; Wielgosz, 

A.; et al. Modifiable risk factors, cardiovascular disease, and mortality in 155,722 individuals from 21 high-

income, middle-income, and low-income countries (PURE): A prospective cohort study. Lancet 2020, 395, 795–

808. 

56. Fanshawe, T.R.; Halliwell, W.; Lindson, N.; Aveyard, P.; Livingstone-Banks, J.; Hartmann-Boyce, J. Tobacco 

cessation interventions for young people. Cochrane Database Syst. Rev. 2017, 11, Cd003289. 

57. Patnode, C.D.; Henderson, J.T.; Thompson, J.H.; Senger, C.A.; Fortmann, S.P.; Whitlock, E.P. Behavioral 

counseling and pharmacotherapy interventions for tobacco cessation in adults, including pregnant women: A 

review of reviews for the U.S. preventive services task force. Ann. Intern. Med. 2015, 163, 608–621. 

58. Al Rasadi, K.; Almahmeed, W.; AlHabib, K.F.; Abifadel, M.; Farhan, H.A.; AlSifri, S.; Jambart, S.; Zubaid, M.; 

Awan, Z.; Al-Waili, K.; et al. Dyslipidaemia in the Middle East: Current status and a call for action. Atherosclerosis 

2016, 252, 182–187. 

59. Ortega, F.B.; Lavie, C.J.; Blair, S.N. Obesity and cardiovascular disease. Circ. Res. 2016, 118, 1752–1770. 

60. Flegal, K.M.; Kit, B.K.; Orpana, H.; Graubard, B.I. Association of all-cause mortality with overweight and obesity 

using standard body mass index categories: A systematic review and meta-analysis. JAMA 2013, 309, 71–82. 

61. Wahabi, H.; Fayed, A.A.; Shata, Z.; Esmaeil, S.; Alzeidan, R.; Saeed, E.; Amer, Y.; Titi, M.; Bahkali, K.; Hneiny, L. 

The impact of age, gender, temporality, and geographical region on the prevalence of obesity and overweight in 

Saudi Arabia: Scope of evidence. Healthcare 2023, 11, 1143. 

62. Wahabi, H.; Esmaeil, S.; Zeidan, R.; Fayed, A. Effects of age, metabolic and socioeconomic factors on 

cardiovascular risk among Saudi women: A subgroup analysis from the heart health promotion study. Medicina 

2023, 59, 623. 

63. Hooper, L.; Martin, N.; Jimoh, O.F.; Kirk, C.; Foster, E.; Abdelhamid, A.S. Reduction in saturated fat intake for 

cardiovascular disease. Cochrane Database Syst. Rev. 2020, 5, Cd011737. 

64. Alanazi, M.; Reddy, N.P.; Shaik, J.P.; Ajaj, S.A.; Jafari, A.A.; Saeed, H.; Khan, Z.; Khan, A. Association of BRCA2 

variants with cardiovascular disease in Saudi Arabia. Genet. Mol. Res. 2014, 13, 3876–3884. 



Int. J. Med. Healthc. Res., 2023, Vol. 1. Issue 2 15 of 15 

 

 

65. Warren, J.M.; Smith, N.; Ashwell, M. A structured literature review on the role of mindfulness, mindful eating 

and intuitive eating in changing eating behaviours: Effectiveness and associated potential mechanisms. Nutr. 

Res. Rev. 2017, 30, 272–283. 

66. Dunn, C.; Haubenreiser, M.; Johnson, M.; Nordby, K.; Aggarwal, S.; Myer, S.; Thomas, C. Mindfulness 

approaches and weight loss, weight maintenance, and weight regain. Curr. Obes. Rep. 2018, 7, 37–49. 

 


