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Abstract: 

Coronary heart disease is increasing in women all over the world. Due to the perception that women are less likely to 

have coronary heart disease there is still delay in diagnosis and   treatment of women with coronary artery disease and 

acute coronary syndrome.  Few coronary heart disease risk factors such as diabetes, dyslipidemia and obesity are more 

prominent in female as compared to male. There is gender wise differences in clinical presentation, pathophysiological 

mechanism and outcomes of acute coronary syndrome in women.  Non- obstructive coronary artery disease is common 

in women. Microvascular   dysfunction, coronary vasospasm, Spontaneous coronary artery dissection, plaque erosion 

is common pathophysiological mechanism of acute coronary syndrome   in women. This article reviews the coronary 

artery disease risk factors. clinical presentation, pathophysiological mechanism and outcome of acute coronary 

syndrome and coronary artery disease in women.  

Conclusion: 

As recent evidences reveal that there is sex differences in coronary artery disease, women with coronary artery disease 

needs special guideline and strategy for diagnosis, management and prevention of coronary artery disease. Clinical   

trials focused on women’s health and adequate representation of women in clinical trials.  is the need of today.  
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Introduction: 

Cardiovascular diseases (CVD) account for the major cause of death worldwide.  In 2019, 17.9 million people were 

estimated to have died from CVDs, representing a total of 35% death globally, of which 85% were caused by heart 

attack and stroke.1 Coronary heart disease (CHD) stands as a major cause of death among women.  

About 80% of women of age 40 to 60 are found to have one or more cardiac risk factors, increasing their likelihood 

for later on developing CHD. 3  

As compared to men, certain medical conditions occur more commonly in women that increase their risk of coronary 

heart disease, such as: anemia,  early menopause (before age 40), history of  gestational diabetes, preeclampsia, 

eclampsia , hormonal birth control, inflammatory and autoimmune diseases, lack of physical activities,  metabolic 

syndrome and   mental health problems, such as stress, anxiety and, depression.3     

Females are said to be 'protected' against cardiovascular disease; this misconception has led to a scenario where the 

risk of CVD in women is often underestimated and, when CVDs do occur, women are found to receive less aggressive 

treatment due to the variable clinical presentation of CVD in women. Female representation in clinical trials is also 

on the lower side, thereby creating a gap in gender specific evidence .4 

 

 

Coronary   Artery Disease Risk Factors:  

The concept of “risk factors” in coronary heart disease was first created by the Framingham heart study (FHS), which 

published its findings in 1957. FHS demonstrated the epidemiologic relations of cigarette smoking, blood pressure, 

and cholesterol levels to the incidence of coronary artery disease (CAD).  5 ,6 

https://medlineplus.gov/ency/article/000898.htm
https://medlineplus.gov/ency/article/000899.htm
https://www.nhlbi.nih.gov/health/coronary-heart-disease/women
https://www.nhlbi.nih.gov/health/metabolic-syndrome
https://www.nhlbi.nih.gov/health/metabolic-syndrome
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Coronary risk factors are divided in two broad categories: non-modifiable and modifiable risk factors. Non-modifiable 

risk factors include: age, gender, ethnicity, and family history of CAD. Modifiable risk factors include hypertension, 

hyperlipidemia, diabetes mellitus (DM), obesity, smoking, poor diet, sedentary lifestyle, and stress.  5, 6 ,7 ,8 

The INTERHEART study is a global case–control study including 27098 participants from 52 countries, out of whom 

6787 were women (including about 3000 cases). It is one of the largest studies of myocardial infarction (MI) risk 

factors in women.  It   included women from South Asia and other developing countries. It has demonstrated that 

although men and women have similar risk factors for coronary heart disease, certain risk factors are more prominent 

in women. These include tobacco abuse, type 2 DM, depression, and other psychosocial risk factors.  According to 

this study there were nine easily measurable and modifiable risk factors that could explain more than 90 per cent of 

the risk of a heart attack globally in all regions and major ethnic groups of the world.   These modifiable risk factors 

are smoking, hypertension, DM, waist to-hip ratio, dietary patterns, physical activity, alcohol consumption, plasma 

apo-lipoproteins, and psychosocial factors which   account for 96% of the population-attributable risk of MI in women.  

Among women, ApoB/A levels, current smoking, hypertension, and diabetes were more strongly associated with MI 

in younger compared to older women. 9 

 Similarly, in another recent study done in India by Iyengar S.S et al. where 997(72% men and 28% female) young 

patients (men <55, women <65) presenting with ACS or stable ischemic heart disease (IHD) at 22 centers across India 

were recruited; women, as compared to men, had greater prevalence of diabetes (62.1 vs 37.1%, p < 0.001), 

hypertension (72.1 vs 40.3%, p < 0.0001) and overweight/obesity (60.1 vs 35.2%, p < 0.0001), whereas men had 

greater prevalence of smoking/tobacco use (52.7 vs 3.2%, p < 0.0001).10 

Other studies done in India, in women with acute coronary syndrome had also shown that the prominent CAD risk 

factors were hypertension, diabetes, smoking and dyslipidemia with high levels of total cholesterol, triglycerides along 

with reduced high density lipid (HDL).11, 12    

 Another study was done by Kudenchek  PJ  et al, which  compared the signs and  symptoms , treatment, and outcome 

of 1,097 patients (851 men and 246 women) with confirmed acute myocardial infarction from the Myocardial 

Infarction Triage and Intervention (MITI) Project Registry, In that study Women were older than men and had a higher 

prevalence of known cardiovascular risk factors and women did not receive adequate treatment . Outcome was also 

less favorable for women. 13     

Other studies have also shown that on comparing men and women; women were older than men and had a higher 

prevalence of known cardiovascular risk factors. 14,15 

According to Mehta SL et al black women would have a higher prevalence of acute MI compared with other women, 

including higher rates of sudden cardiac death. Asian Indian women would have higher mortality rates, which might 

be associated with higher rates of cardiovascular disease (CVD) risk factors. 16  

The EUROASPIRE IV, a cross-sectional survey on hospitalized patients with coronary artery disease (n=7,998; ages 

of 18–80 years) including centers from 24 European countries. demonstrated that prevalence of multiple 

cardiovascular risk factors (3 or more from 5 risk factors including smoking, obesity, high blood pressure, high LDL 

cholesterol and diabetes) was significantly higher in female patients than in male patients .17    

Smoking: 

 

Smoking is one of the most important preventable risk factor for the development of coronary heart disease (CHD) 

among men and women. Cigarette smoking is the most important leading cause of MI in women. Smoking increases 

both men’s and women’s risk of a major heart attack at all ages, but especially women smokers under 50 years old 

have a significantly higher increased risk compared to men.18  

In the INTERHEART study, current smoking was more strongly associated with MI in younger women compared to 

older women.9 

 At younger ages (<50 years) smoking is more deleterious in women than in men. As compared to male smoker, first 

acute myocardial infarction (AMI) occurred significantly more prematurely in women smoker, the reason may be 

tobacco smoke exerting anti-estrogenic effect.  19, 20                    
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Hypertension: 

 

High blood pressure (HTN) is a major risk factor for heart disease. Hypertension is a major risk factor for MI in 

women.   More than 56 million women in the United States (44.3%) have high blood pressure or are taking 

antihypertensive drugs.21  

 

In INTERHEART study, hypertension was more strongly associated with MI in women compared with men and the 

Population attributable risk (PAR): (35.8 vs. 19.5%) was significantly greater among women compared to men . 9 

The   10-year follow-up study with 13,740 Dutch women, showed that elevated systolic blood pressure was associated 

with increased rates of cardiovascular mortality for women. A very high increase in cardiovascular mortality was 

observed among hypertensive diabetic women.  22   

 

Obesity and Dyslipidemia: 

Obesity is a major risk factor for type 2 diabetes, and dyslipidemia is also closely associated with diabetes. The lipid 

accumulation product (LAP), an index calculated by using levels of serum triglycerides and waist circumference, has 

been reported to be a good discriminator for diabetes.23  

Obesity leads to increase in incident of cardiovascular disease risk factors, such as dyslipidemia, type 2 diabetes and 

hypertension; it also plays major role in the development of the cardiovascular disease and cardiovascular disease 

mortality independently of other cardiovascular risk factors. More recent data reveals abdominal obesity as a 

cardiovascular disease risk marker that is independent of body mass index. 24  

The risks of developing CAD increases by 40% with every 10 cm rise in waist circumference, with an odds ratio of 

1.04 (95% CI: 1.01-1.07, P = 0.013) for a 1 cm increment. 25  

Higher waist hip ratio (WHR) and greater waist circumference were independently associated with a significantly 

increased age-adjusted risk of CHD in women.  It was observed that women with a WHR of 0.88 or higher had a 

relative risk (RR) of 3.25 (95% confidence interval [CI], 1.78-5.95) for CHD compared with women with a WHR of 

less than 0.72.26    

Data from the Nurse’s Health Initiative study showed that the incidence of IHD among women who followed healthy 

lifestyle and had lower BMI was significantly lower compared with women who had increased adiposity, high 

cholesterol levels, and lack of regular physical activities. 27  

Besides this, central obesity corresponding to increased waist circumference is an important component of the insulin 

resistance; hyperinsulinemia syndrome and has been found to be more frequent in persons of Indian origin.  

Central/Abdominal obesity is generally regarded as a more important predictor of ischemic heart disease than 

generalized obesity.9   

Reduced HDL cholesterol and high triglyceride levels are powerful risk factors for CHD in women. Among 32826 

postmenopausal women from the Nurses’ Health Study, high-density lipoprotein cholesterol was the lipid parameter 

that best discriminated risk of CHD. 28  

Obesity is one of the major risk factor for CAD in Indian women. Studies done in India have shown that 40 to 60% 

Indian women had obesity.10, 11, The result of INTERHEART Study   showed that metabolic syndrome was a 

significant risk factor for acute MI, in both women and men, from all regions and ethnic groups. similar to diabetes or 

hypertension alone.29  

 

 

Diabetes Mellitus: 

https://www.cdc.gov/bloodpressure/
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Diabetes Mellitus (DM) is an important cardiovascular risk factor. DM is a powerful risk factor in young women, 

increasing their risk of CAD, including ACS, by 4- to 5-fold. 30    According to INTERHEART STUDY, among 

women, diabetes was more strongly associated with MI in younger compared to older women.9  

According to the Rancho Bernardo study, the relative hazard of ischemic heart disease death in diabetics vs 

nondiabetics was 1.8 in men and 3.3 in women, after, adjusting for age, systolic blood pressure, cholesterol, body 

mass index, and cigarette smoking using the Cox regression model.31  

The meta analysis of 64 cohorts, including about 900,000 individuals and over 28,000 incident CHD events, 

demonstrates that women with diabetes have more than 40% greater risk of incident CHD as compared with men with 

diabetes. 32   

 

Menopause: 

Menopause is an important cardiac risk factor. Due to hormonal changes the risk of development of coronary heart 

disease is increased in women after menopause.33  

The reason for the increase in the risk of coronary artery disease in post-menopausal women is that natural menopause 

has an unfavorable effect on lipid metabolism.34 Menopause-related hot flashes and night sweats have been associated 

to a greater risk for high blood pressure and other cardiovascular risk factors in women. Depression which is common 

during the menopause transition is strongly associated to higher cardiovascular disease risk in women. 35  

 

Epidemiological evidence has shown that menopausal transition is associated with a higher prevalence of CVD risk 

factors, such as central adiposity, atherogenic dyslipidemia, glucose intolerance, arterial hypertension (AH) and non-

alcoholic fatty liver disease (NAFLD), compared with premenopausal status.36    

The pan European case control study revealed that early and surgical menopause was associated with higher CHD 

risk. Similarly, another meta-analysis also had shown that women with early menopause i.e. before age of 45 years 

had a 50% increased risk of coronary heart disease.37  

A cross-sectional study of ninety-six women which was  conducted to examine the effect of menopause and hormone 

replacement therapy (HRT) on plasma lipids, lipoproteins and oxidation of low density lipoproteins  showed that 

postmenopausal women not taking replacement hormones had significantly higher plasma cholesterol, low density 

lipoprotein (LDL) cholesterol and lipoprotein[a] (Lp[a]) levels compared to premenopausal women or postmenopausal 

women on HRT These results confirm the effect of menopause and exogenous hormones on plasma lipids and 

lipoproteins, LDL receptor.38  

Several studies have shown that apart from the traditional cardiac risk factors, even the levels of novel cardiovascular 

risk factors such as markers of insulin resistance, inflammation, activated coagulation and endothelial dysfunction are 

significantly greater in women than in men.39, 40, 41     

The pathophysiology of ACS in women: 

The pathophysiology of acute coronary syndrome (ACS) may also differ between men and women. Plaque erosion is 

the most frequent cause of ACS in women, while in male it is plaque rupture. Plaque erosion is seen in about one third 

of intravascular imaging of angiographically normal vessel in women with ACS.42   

Smoking and female gender are strong risk factors for endothelial erosion. Multiple mechanisms may contribute to 

endothelial erosion, including endothelial dysfunction,  

https://bnrc.springeropen.com/articles/10.1186/s42269-019-0227-2
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 Toll-like receptors (TLR) signaling, leukocyte activation and modification of sub-endothelial matrix by endothelial 

or smooth muscle cells, which may trigger loss of adhesion to the extracellular matrix or endothelial apoptosis.42  

 Spontaneous coronary artery dissection (SCAD), a rare cause of ACS, occurs mostly in young women.43   In a 

prospective cohort of patients with SCAD, more than 90% of patients were female .  Hypertension was found to 

increase the risk of recurrent SCAD. 43  

Spontaneous coronary artery dissection (SCAD) is an important cause of myocardial infarction accruing during 

pregnancy and post-partum periods. 44,45 

As compared to men, women have lower burden of obstructive coronary artery disease but more symptoms, ischemia, 

and adverse outcomes, which is due to abnormal coronary reactivity that includes microvascular dysfunction. 46 

Microvascular dysfunctions are common is common in women with ACS.47, 48   According to Reis et al.  coronary 

microvascular dysfunction can be identified in approximately half of women with chest pain in the absence of 

obstructive CAD.48 When women with chest pain do not have obstructive CAD, the diagnoses of coronary 

microvascular dysfunction should be considered.48, 49   Another study also showed that about two-thirds of women 

with non-obstructive coronary artery disease had evidence of microvascular dysfunction.47  

There are different causes for coronary microvascular dysfunction (CMD) such as epicardial abnormal vasomotion or 

endothelial microvascular dysfunction, atherosclerotic emboli or inflammation. 49 ,50 Contemporary data indicate that 

patients with signs and symptoms of ischemia and non-obstructive coronary artery disease (INOCA) often have 

coronary microvascular dysfunction (CMD) with elevated risk for adverse outcomes. 

Coronary vasospasm is also a common mechanism in women with non-obstructive lesions 51, 52  

MI with non-obstructive coronary arteries (MINOCA) occurs in 5–15% of patients presenting with acute ST-segment 

elevation MI or non-ST segment elevation MI. 53  

Clinical symptoms of acute coronary disease in women: 

Our review reveals that the most prominent symptom in both males and females during MI is chest pain. Studies have 

demonstrated that there are differences in symptom presentation associated with coronary artery disease between men 

and women. Chest pain is similar in both men and women however atypical symptoms such as nausea, dyspnea 

palpitations and indigestion are more prominent in women.  14 ,54   Chest pain was the most frequently reported 

symptom in women (70%) and men (71%).54   Some study revealed that approximately 90% of women and men with 

a myocardial infarction (MI) experience chest pain as their main presenting symptom However, women often 

experience more other accompanying symptoms along with the chest pain.55, 56  

Another study also revealed that, chest pain was the predominant symptom in both sexes; however, women reported 

a greater number of symptoms than men. The most common symptoms except chest pain were weakness, feeling hot, 

shortness of breath, cold sweats, and pain in the left arm or shoulder.in both sexes regardless of ACS type. 57 

The systematic review and meta‐analysis of 27 studies including >1 million patients shows that, there is sex differences 

in symptom presentation in patients with confirmed ACS, however some symptoms do overlap. According to this 

meta-analysis, most common symptoms for both sexes were, chest pain, diaphoresis, shortness of breath, left arm and 

left shoulder pain, and nausea or vomiting.  But women with ACS have higher odds of presenting with pain between 

the shoulder blades, nausea or vomiting and shortness of breath compared with men.58    

 

Coronary Angiographic Findings   in Women: 

There is differences in findings of coronary artery disease in between men and women. 

Women have low rates of anatomical or obstructive   coronary artery disease as compared to men.46   It was observed 

that a diagnosis of normal coronary arteries was five   times more common in women than men.59 Other studies also 

showed that diagnosis of normal coronary arteries was present in (12-15%) of women.14, 60    
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It was observed that the most common presentation of CAD in women was unstable angina or non-ST segment 

elevation MI while in men it was ST elevation MI.   Most common coronary angiography finding in women was single 

vessel disease, followed by triple vessel disease 60  

In the study carried out by Chiha .J et al. there was a marked difference in coronary artery disease severity and burden 

between females and males suspected of angina. Women compared to men without infarction had a lower burden of 

CAD with up to 50% having normal coronary arteries in the 30–44-years group and 40% in the 45–59-years group.61  

In the analysis of data of Korean women ‘s chest pain registry, it was found that the prevalence of obstructive CAD 

was significantly higher in men than in women (37.0% vs. 28.4%, P < 0.001). Men had a higher prevalence of Left 

Main disease (10.3% vs. 3.5%, P < 0.001) and three-vessel disease (16.1% vs. 9.5%, P = 0.007) compared to women.62  

 

, 

Treatment outcome and mortality of CAD in women: 

Although a lot progress and development have been made in the diagnosis and management of coronary artery disease 

and acute coronary syndrome, there exists sex differences in the diagnosis, management and outcome of coronary 

artery disease and ACS in women. 

Even after diagnosis, women are less likely than men to be referred for coronary angiography, percutaneous 

intervention, and fibrinolysis. Women receive less intensive medical therapy both during and after an ACS event. It 

has been observed that post-ACS outcomes are poorer in women than in men.  63 It is found that there is persistent 

knowledge gap with regard to optimal management of female ACS patients.64  

The condition of management of ACS is still inadequate for women everywhere and. the situation seems to be same 

in developed countries also More than 1.2 million percutaneous coronary interventions are performed annually in the 

United States, with only an estimated 33% performed in women, despite the established benefits of percutaneous 

coronary intervention and adjunctive pharmacotherapy.65  

The studies done in Europe have also shown that women were treated differently as compared to men. Fewer women 

with a positive history of ACS received revascularization.66, 67   

In another study done in Australia showed that women received less invasive management revascularization and 

preventive medication at discharge 68 

Not only women receive less evidence-based medical care than men but have higher rates of death after acute 

myocardial infarction (AMI). As compared to men, after myocardial infarction, percutaneous coronary intervention 

and coronary artery bypass grafting, women have poorer prognosis and outcome. Mortality after first MI is higher for 

women than men. Women have higher risk of recurrent MI, heart failure or death after first MI.4  

Women had more complications than men during hospitalization and a higher mortality rate at 30 days (6.0 percent 

vs. 4.0 percent, P<0.001). 15 The risk for hospital mortality in women was almost twice that for men (odds ratio 1.95 

[1.01 to 3.8]).13 

Similarly, another study revealed that after myocardial infarction, younger women, had higher rates of death during 

hospitalization than men of the same age. The younger the age of the patient, the higher the risk of death among 

women relative to men. 69 

After adjustment for age and extent of disease, women were more likely to have adverse outcomes (death, myocardial 

infarction, stroke and re hospitalization) at six months compared to men.14  

The analysis of 10-year mortality data of the Women’s Ischemia Syndrome Evaluation(WISE) study showed that 

women with non-obstructive lesions had higher mortality rates, and CAD risk factors such as dyslipidemia, 

hypertension, and T2 DM which played major role in mortality 70.   
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Conclusion: 

 There is difference in pathophysiology, clinical sign and symptoms, coronary angiography findings and outcomes in 

between male and female. Women are receiving less guideline directed therapy than men.  Outcome of acute 

myocardial infarction is poorer in women.  In this way we can say still there are a lot thing to do for the adequate 

management of female patients with coronary artery disease and acute coronary syndrome. 
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