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Original Article 
 

Prevalence of Coronary Artery 

Disease in Young Women 

Undergoing Elective Cardiac 

Catheterization: Role of Pre –

Invasive Workup  
 
ABSTRACT 
 

Objective: To study the prevalence of significant CAD in young women (≤50 years) 
undergoing elective coronary angiography and to discuss the role of non invasive 
modalities to assess CAD in female. 
Study design:  Cross sectional study. 
Place and Duration: The study was conducted at Faisalabad Institute of Cardiology, 
Faisalabad from August 2010 to   April 2011. 
Material and Method: Total 3319 patients underwent coronary angiography during the 
study period. 857 (25.82%) were female. Out of these 857 female patients, 200 
consecutive patients who fulfill the inclusion and exclusion criteria were enrolled in the 
study. A full history including age, sex, occupation, history of IHD, hypertension, diabetes 
mellitus, smoking, family history of IHD, obesity and hperlipidemia was taken. ECG of 
every patient was done. Records of other non invasive investigations were noted. After 
coronary angiography patients were divided into two groups with and without CAD. 
Numbers of risk factors were correlated with number of vessels involved in disease and 
were compared in both groups.  
Results: Total 3319 patients underwent diagnostic catheterization during study period. 
200 female patients who fulfill the inclusion and exclusion criteria were enrolled in the 
study. Mean age was 43.9, SD ± 5.644 years. Majority of the patients 102(51%) were in 
age group 35-46 years. There were 140 (70%) hypertensive, 72 (36%) diabetics. Family 
history of IHD was present in 72(36%). 86(43%) patients presented with typical angina 
symptom, resting ECG shows ischemic changes in only 60(30%) patients. 
Echocardiography was performed in 34(17%) patients. ETT and stress Thallium only in 10 
% and 1% respectively. Diabetes was more common 68% in patients with CAD compared 
with patients without CAD 25% (68% vs. 25% ≤ 0.001). 75% of the patients had normal 
coronary angiography while significant CAD was identified in only 25%. Significant left 
main stem stenosis was found in 4/50(8%) patients. A normal coronary angiogram was 
inversely related to the number of risk factors for CAD. 
Conclusions: The prevalence of CAD is low among young women age ≤ 50 years 
undergoing elective coronary angiography. CAD in women represents an important 
problem that is difficult to identify early. The atypical presentation, the unique risk factors 
and more frequent normal coronaries on angiography should be kept in mind. More 
research is needed to explore these sex-related differences so that optimal gender 
specified diagnostic and management strategies can be developed.  
Key Words: CAD in women, Role of various stress testing modalities in female for CAD  
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Introduction 

CAD is the leading cause of death for both men and 

women in the United States.1 The burden of CAD is high 

among women. It is a myth that coronary artery disease 

(CAD) is less common and less severe in women. 

During the fertile age they do have a lower incidence of 

CAD, but after menopause the incidence is higher. They 

tend to be 10 years older than men when they first 

experience an ischemic episode. A 50 year old woman’s 

risk of dying from coronary artery disease is higher than 

of cancer (including breast cancer), chronic lower 

respiratory disease, Alzheimer disease, and accidents 

combined.1 From 1998 to 2008, the rate of death 

attributable to CAD declined 30.6% but the rates are 

increasing in young women (<55 years).1, 2 The gender-

based differences in the age of manifestation, risk 

factors, pathophysiology, clinical manifestations and 

diagnosis of CAD need to be understood by the treating 

physician so that appropriate and timely treatment can 

be given. 

Very few studies have been conducted on women so 

the knowledge regarding heart disease in them is poor. 

Although substantial medical advances have improved 

outcomes following cardiac ischemic events, they 

generally receive suboptimal and less aggressive 

therapy. India and many other countries of the world are 

male dominated societies where females have lesser 

treatment resources; hence their treatment is delayed 

and incomplete. Women are less likely to have an ECG 

when they have an episode of ischemic heart disease or 

chest pain.3 

The syndrome of chest pain without obstructive 

coronary artery disease (CAD) is distinctly more 

common in women than in men. They are more prone to 

have atypical symptoms. Almost half of myocardial 

infarctions in women present with shortness of breath 

(SOB), nausea, and indigestion, a burning sensation in 

the chest or fatigue. They are more likely to have neck, 

arms, back and shoulder pain. They also tend to 

experience anxiety and sleep disturbances, as initial 

cardiac symptoms. A recent study has observed that 

women reporting frequent angina were more likely to 

exhibit ischemia and this may characterize a female 

specific typical angina pattern.4 

For women, the initial manifestation of CAD is usually 

stable angina (47% in women compared to 26% in men) 

or unstable angina rather than enzyme or ECG 

documented acute MI. Among those with MI, fewer 

women than men had ECG-ST elevation MI 5, the 

subset appropriate for coronary thrombolysis. Pathologic 

evidence of MI may exist in the absence of obstructive 

CAD.6 Women, in particular young ones (<55 years), 

have a worse prognosis from acute MI than their male 

counterparts, with a greater recurrence of MI 7. For a 

woman less than 50 years of age, who has a myocardial 

infarction (MI) the mortality rate is approximately twice 

that for men.7 

Women are less likely than men to have obstructive 

CAD at the time of coronary angiography 8,9. Despite the 

lack of obstructive CAD visualized on cardiac 

catheterization at the time of acute coronary syndrome 

(ACS), the prognosis of these women is not benign. 

Over one-half of symptomatic women without 

obstructive CAD continue to have signs and symptoms 

of ischemia and to undergo repeat hospitalization and 

coronary angiography 10, 11. 

In symptomatic women, noninvasive diagnostic studies 

(ETT and cardiac imaging studies) are recommended 

for those who are at an intermediate to high pre-test 

likelihood of coronary artery disease 12. These include 

women older than 50 years with risk factors like 

diabetes and metabolic syndrome. The ETT has a lower 

sensitivity for women (with more false positives) than for 

men, which is compound by the inability of many women 

to exercise to adequate intensity. Nonetheless, a true 

negative exercise ECG has high predictive accuracy for 

the absence of clinically significant CHD in women. On 

the whole, treadmill testing has lesser diagnostic value 

in women as compared to men. Myocardial perfusion 

imaging improves the diagnostic accuracy of exercise 

testing, with particular benefit of technetium 99 in  

sestamibi SPECT imaging. Stress echocardiography in 

women shows comparable sensitivity and specificity to 

studies in men and is a valuable test as long as 

adequate echocardiographic image can be obtained. It 

is advisable to follow a sequential approach to testing as 

it would be a more cost-effective diagnostic strategy.13 

Materials and Methods 
This study was conducted at Faisalabad Institute of 

Cardiology (FIC) Faisalabad from August 2010 to April 

2011. 

Inclusion Criteria: 200 consecutive female patients 

with age ≤50 years who were referred for elective 

diagnostic coronary angiography for the first time 

through outdoor or indoor were included in the study. 

Exclusion Criteria 
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1) Patients with prior history of coronary 

angiography, PCI or CABG. 

2) Patients with history of documented ST 

elevation MI or Non ST elevation MI or raised 

cardiac markers (Cardiac enzymes and Trop I). 

3) Patients with valvular heart disease, 

Cardiomyopathy, or renal dysfunction. 

A full history was taken, particularly age, sex, 

occupation, address, and history of hypertension, 

diabetes mellitus, smoking, ischemic heart disease, 

hyperlipidemia and family history of ischemic heart 

disease. Symptoms regarding their referral for coronary 

angiography were recorded. Clinical examination, 

especially relevant cardiovascular examination of all the 

patients included in the study was done. ECG of every 

patient was done prior to coronary angiography. Record 

of previous non- invasive investigations like 

Echocardiography, Exercise tolerance test ( ETT) and 

perfusion imaging ( SPECT) was noted. Random blood 

sugar level taken at the time of admission. Diabetes was 

defined as fasting blood sugar more than 126mg/ dl and 

random blood sugar level of more than 140 mg / dl or a 

previous history of use of anti-diabetic medicines’ 

patient was said to have positive family history of IHD if 

any first degree relative had a history of MI or 

documented IHD before the age of 65 years in case of 

female or before age 60 years in case of male relative. 

Symptoms were categorized as either typical (Exertional 

chest pain, heaviness relieved either by rest or by 

sublingual nitroglycerine) or atypical (Palpitations, heart 

sinking, shortness of breath or resting chest pain with no 

relation to exertion) etc. 

Resting ECG was regarded as positive for ischemia, if 

ST segment depression of more than 1mm and T 

inversion of more than 2.5 mm in any two contagious 

leads were present. ECG was considered negative for 

ischemia (ST-T changes other than described above), or 

inconclusive (LBBB, RBBB, CHB, or VT).  

Significant CAD was defined if the patient has ≥50% 

lumen narrowing of left main stem or any of the three 

major epicardial arteries of size ≥ 2mm. The study 

population was divided into two groups i.e. patients with 

CAD and without CAD. All the data was analyzed by 

SPSS (Statistical Package for Social Sciences) Version 

14.0 for Windows. Categorical variables were expressed 

as frequencies and percentages and continue variables 

were presented as means±SD (Standard Deviation). 

Qualitative variables were compared using chi sq test. 

5% level of significance was used. All tests applied were 

two tailed. 

Results 

Total 3319 patients underwent diagnostic catheterization 

at Faisalabad Institute of Cardiology Faisalabad during 

August 2010 to April 2011. 857 (25.82%) were women. 

200/857(23.33%) female patients who fulfill the inclusion 

and exclusion criteria were enrolled in the study. 

Age of the patients ranged from 27 to 50 years. Mean 

43.9, SD ± 5.644 years. Majority of the patients 

102(51%) were in age group 35-46 years. 37 % were 

above 46 years and 12 % were below 35 years ( Table 

I). There were 140 (70%) hypertensive, 72 (36%) 

diabetics. Family history of IHD was present in 72(36%). 

Obesity was observed in 116(58%) patients. (Table I). 

86(43%) patients presented with typical angina 

symptom, resting ECG shows ischemic changes in only 

60(30%) patients. Before angiography, 

Echocardiography was performed in 34(17%) patients. 

ETT and stress Thallium only in 10 % and 1% 

respectively (Table I).  

  

Diabetes was more common 68% in patients with CAD 

compared with patients without CAD 25% (68% vs. 25% 

≤ 0.001) and hypertension was present in (85% vs. 

65.3% p < 0.078). No significant difference regarding 

age (mean 43.92%, SD ± 5.644), BMI (mean 27.56 vs. 

28.445) and positive family history of IHD (36% vs. 36% 

p ≤ 1.00) was observed between the two groups (Table 

II). Typical angina symptoms were more frequent among 

patients with CAD than patients without CAD (72% vs. 

Table I: Base line Characteristics of patients (n= 200) 

Characteristic Frequency Percentage 

AGE 

<35 Years 24 12% 

35-46 Years 102 51% 

>46 Years 74 37% 

DIBETES  MELLITUS 72 36% 

HYPERTENSION 140 70% 

F/H of CAD 72 36% 

Obesity 116 58% 

No Risk factor 30 15% 

ECG Changes Consistent 
with CAD 

60 30% 

Patients with Typical chest 
pain 

86 43% 

ECG 200 100% 

ECHO 34 17% 

ETT 20 10% 

STRESS THALLIUM 02 01% 
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33%, p < 0.003). Similarly ischemic ECG changes were 

also slightly more frequent in patients with CAD (36% 

vs., 28% o ≤ 0.355) (Table II).  

 

Table II:  Comparison of Characteristics in Patients With 
and  Without CAD 

CHARACTERISTICS WITH 
CAD 

N= 50 

WITHOUT 
CAD N= 

150 
 

TOTAL 

n=200 

DIABETES 
MELLITUS 

34(68%) 38(25%) 72 

HYPERTENSION 42( 84%) 98(65.33%) 140 

F/H of CAD 18(36%0 54(36%) 72 

OBESITY 46(92%) 70(46.66%) 116 

No Risk Factor 0(0%) 30(20%) 30 

1 Risk Factor 16(32%) 64(42.66%) 80 

2 Risk Factor 24(48%) 42(28%) 66 

>2 Risk Factor 10(20%) 14(9.33%) 24 

Typical Angina 36(72%) 50(33.33%) 86 

Atypical Angina 12(24%) 92(61.33%) 104 

Other 06(12%) 04(2.66%) 10 

Positive ECG 
Changes 

18(36%) 42(28%) 60 

Negative ECG 
Changes 

32(64%) 98(65.33%) 130 

Other ECG Changes 04(08%) 06(4%) 10 

ECHO 10(20%) 24(16%) 34 

ETT 10(20%) 10(6.66%) 20 

THALLIUM 02(04%) 0(0%) 02 

 

75% of the patients had normal coronary angiography 

while significant CAD was identified in only 25%. Single 

vessel CAD was identified in 18/50 (36%) patients. 

18/50 (36%) patients were found to have two vessel 

CAD and 10/50 (20%) of the patients were found to 

have three vessel CAD. Significant left main stem 

stenosis was found in 4/50(8%) patients (Table III) 

 

Table III: Distribution Of Patients With CAD According 
To Number of Vessels Involved (N=50) 

No of Vessels 
involved in 
CAD 

Frequency Percentage 
        % 

Single vessel 
CAD 

18 36% 

Double vessel 
CAD 

18 36% 

Triple vessel 
CAD 

10 10% 

LMS disease 02 04% 

 

Normal coronary angiogram was inversely related to the 

number of risk factors for CAD present , as 100% (n=30) 

of the patients without a risk factor were found to have 

normal coronary angiogram, compared to 42.66% with 

single risk factors, 28% with two risk factors and 9.33% 

of the patients with more than two risk factors were 

found to have normal coronary angiogram (p valve of ≤ 

0.022 all comparisons). 

Discussion 

The burden of CAD is high among women. It is a myth 

that coronary artery disease (CAD) is less common and 

less severe in women. Recent studies showed that 

irrespective of the age, women with CAD experience 

worst outcome both in terms of mortality and morbidity 
14, promising the need of early detection and 

management of this disease in women. Advancement in 

diagnostic technology helps to meet these challenges, 

but their inappropriate use can compromise their 

potential benefits besides increasing health care costs. 

A low prevalence of CAD (25%) was observed among 

the study population and these results are consistent 

with CASS study in which 46% of women (age ≤ 67 

years) referred with chest pain for angiography had CAD 
15.  In the WISE Cohort study only 38% women (mean 

age 58 years) were found to have significant CAD. In a 

Swedish Coronary Angiography and Angioplasty 

Registry study 78.8% of women (<59 years) compared 

to 42.3% of men were found to have less than 50% 

narrowing of their coronaries.16 The prevalence of CAD 

in our study is lower than Wise Cohort and Swedish 

study and this is probably due to absence of smoking 

and relatively younger age of study population (mean 

age = 43.77). There was no smoker in our study and 

smoking is very common in western population. 

Many international studies have proved that diabetes 

mellitus among premenopausal women and 

hypertension among post-menopausal women is the 

most important predictor of CAD and this is consistent 

with our results which show that apart from diabetes 

mellitus (p ≤ 0.001) other risk factors were poor 

discriminators for CAD.17- 19 In CASS study 60% of the 

patients with definite angina were found to have CAD 15 

and this is comparable with our results which show that 

72% of the patients with CAD were found to have typical 

angina symptoms but the reverse was not true as 58% 

of the patients with typical angina symptoms were also 

found to have normal coronary angiogram which proved 

that angina symptoms are poor predictors of CAD in 

women. Similarly 70% of the patients with definite ECG 

changes for ischemia were found to have no CAD.  
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Poor discriminative ability of clinical symptoms and risk 

factors in females bring forth the importance of pre-

angiography non-invasive work-up. Current ACC/AHA 

guidelines for coronary angiography clearly recommend 

that even patients with stable angina having two or more 

than two risk factors for CAD should undergo non-

invasive testing for ischemia demonstration prior to 

coronary angiography 20. Only 22 (11%) patients 

underwent non-invasive tests for ischemia evaluation in 

our study, despite the fact that 55% of our study 

population had less than two risk factors for CAD. Lin et 

al (41%) 21 and Sibai AML et al 22 (16%) observed the 

same results in their study and points towards the 

reflexive tendency of the cardiologists to opt for 

coronary angiography as an easy way to diagnose CAD. 

Though ETT and stress perfusion imaging have lower 

sensitivity and specificity in predicting CAD in women 23 

and a recently done Meta-analysis of National 

Cardiovascular Data Registry (USA), failed to increase 

the diagnostic yield of coronary angiography 24, but we 

strongly advocate more judicious use of these non-

invasive tests, as these tests not only act as a cost 

effective screening tool to limit the number of patients 

undergoing an invasive procedure but also provide a 

rational basis for future revascularization decision 

making. 

Conclusion 

The prevalence of significant CAD is low among young 

women age ≤ 50 years undergoing elective coronary 

angiography. Poor risk stratification, underutilization of 

non-invasive diagnostic modalities and poor compliance 

with the guidelines of coronary angiography was 

observed at the study centre.  

CAD in women represents an important problem that is 

difficult to identify early, owing to our incomplete 

understating of the disease mechanisms. There is a 

need for recognizing CAD as a major public health issue 

in women so that outcomes can be improved in future 

with timely medical management. The atypical 

presentation, the unique risk factors and more frequent 

normal coronaries on angiography should be kept in 

mind. More research is needed to explore these sex-

related differences so that optimal gender specified 

diagnostic and management strategies can be 

developed. 

Study Limitations: This study has some limitations. Lipid 

profile was not done because hyperlipidemia is a well-

documented, significant risk factor for CAD, limiting our ability 

to perform regression analysis to know the role of each risk 

factor in the expression of CAD. In addition, exclusion of 

patients who underwent non-invasive tests but were not 

considered a candidate for coronary angiography may be 

underestimating the use of these tests at the institute. 
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