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a b s t r a c t

Objectives: In a retrospective study, we aimed to explore the prevalence of risk factors and trends of
obstructive coronary artery disease (CAD) in Indian females <45 years of age compared to males of the
same age group who underwent percutaneous coronary intervention (PCI).
Materials and Methods: This was a retrospective, observational, multi-centre study of young Indian fe-
males and males (<45 years) who underwent PCI as per the guidelines at three high-volume centres in
India.
Results: In a group of 3656 patients under the age of 45 who had PCI, 3.1% of those with obstructive CAD
were young women (n ¼ 113), while 6.9% were young men (n ¼ 254). Traditional risk factors such as
hypertension (p ¼ 0.73), diabetes (p ¼ 0.61), and family history of premature CAD (p ¼ 0.63) were equally
common in both genders, whereas dyslipidaemia (p < 0.001), overweight (p < 0.006), smoking
(p ¼ 0.004) and, alcoholism (p < 0.001) were more common in young males. Acute coronary syndrome
was the most common clinical presentation. Single-vessel disease was common, with the involvement of
the left anterior descending artery as the most common angiographic feature. The prevalence of
cardiogenic shock was 4.4% in females and 4.1% in males, while the in-hospital mortality rate was 1.77%
in young females and 2% in young males.
Conclusions: Obstructive CAD in young men and women accounted for 10% of all CAD cases requiring PCI.
Although men account for the majority of patients, CAD in women under the age of 45 is not uncommon.
Traditional risk factors are becoming more prevalent in younger women.
© 2022 Cardiological Society of India. Published by Elsevier, a division of RELX India, Pvt. Ltd. This is an

open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

In developing countries such as India, cardiovascular diseases
(CVD) have surpassed cancer as the leading cause of death and
morbidity.1 In reference to the United Nations Declaration on
Noncommunicable Diseases (NCDs) in 2011, the World Health Or-
ganization (WHO) defined a target of lowering the likelihood of
premature death from NCDs, such as CVDs, by 25% by 2025.2 It is
estimated that 55 million people died in the world in 2017, with
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17.7 million as a result of CVD, with the number expected to double
by 2030.3 However, premature obstructive CAD has become a
prime concern for patients, practitioners, politicians, and policy-
makers in India. Coronary artery disease (CAD) in young people
refers to CAD that occurs before the age of 45. Various research,
meanwhile, has suggested an age restriction ranging from 35 to 55
years in the spectra of CAD in young people.4 With changing life-
styles, the onset of traditional risk factors at the early stages of life is
the major culprit for developing CAD at an early age. For several
years, the significance of CAD in young women was under-
estimated. There are some sex-related variations in CAD, and
symptoms of CAD in women, regardless of age, have low specificity
even in the absence of risk factors.5 Moreover, the presence of
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obstructive CAD in young women is usually neglected, due to the
notion that women are at a very low risk of developing CAD at a
young age. Furthermore, even thoughwomenwith obstructive CAD
have a less extensive disease than men, the former have more se-
vere symptoms regardless of the severity of the disease.6 Further-
more, when comparing young women to equally aged men, gender
disparities in post-acute coronary syndromemortality risk are even
more pronounced. Furthermore, following reperfusion procedures,
women have a substantially higher incidence of adverse effects
such as bleeding complications.7

So, in a multicenter retrospective analysis, we aimed to see how
common risk factors, the clinical profile and patterns of obstructive
CAD, and in-hospital outcomes differed between women under 45
years old who had percutaneous coronary intervention (PCI)
compared to their male counterparts.
2. Methodology

This was a retrospective, observational, multi-centre study of
3656 patients who had obstructive coronary artery disease and
were admitted to the intensive coronary care unit and underwent
PCI according to guidelines for established obstructive CAD from
July 2016 to December 2018, at three high-volume corporate hos-
pitals from three states (Telangana, Maharashtra, and Gujarat) of
India. Ethical clearance from the institutional ethical committees
was obtained.
3. Collection of data

The digital medical record system of the hospital was the source
of all data which was collected either by assigned personnel or by
qualified research coordinators. Information collected through the
proforma included history, including family history and details of
risk factors. Present and past medical records were used to collect
information about the patient's clinical presentation, including
diagnostic tests such as electrocardiogram and echocardiography,
treatments, and laboratory tests such as blood sugar levels, and
fasting lipid profiles (after 12 h of fasting), thyroid profile, and
collagen vascular profile. The obstetric history was obtained from
all the females of the childbearing age group, including the history
of usage of oral contraception. For patients with obstructive CAD
who underwent PCI, detailed information on demographic vari-
ables, conventional coronary risk factors such as hypertension,
diabetes mellitus, dyslipidemia, family history of premature car-
diovascular disease, obesity, smoking, and alcohol use is defined
below.

1. Hypertensionwas identified as a patient receiving care for high
blood pressure or having a systolic pressure of 140 mmHg and/
or a diastolic pressure of 90 mmHg.

2. Diabetes was described as fasting blood glucose equal to or
greater than 126 mg/dl, 2-h postprandial blood glucose greater
than 200 mg/dl, HbA1c 6.5%, and/or patients with a history of
diabetes mellitus or who are seeking anti-diabetic therapy.

3. Dyslipidemia was described as patients on lipid-lowering
therapy or with plasma lipids in the following ranges: Total
cholesterol greater than 240 mg/dl, triglycerides greater than
150 mg/dl, low-density lipoprotein (LDL) cholesterol greater
than 130 mg/dl, and high-density lipoprotein (HDL) cholesterol
lesser than 40 mg/dl.

4. A family history of premature CAD was defined as having a
first-degree relative who was diagnosed with CAD before the
age of 55 in a male relative or 65 in a female relative.
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5. Those with a body mass index (BMI) above 23 kg/m2 were
classified as obese. Broca's formula was used to measure the
BMI of all of the patients.

6. A smoker was described as anyone who smoked one or more
cigarettes per day on average for at least a year. Ex-smokers
were patients who had not smoked for more than 12 months.
The study did not look into the history of passive smoking.

7. Chronic alcoholism is defined as a chronic disorder influenced
by genetic, psychosocial, and environmental causes, marked by
a prolonged period of regular, excessive alcohol consumption as
well as reluctance to regulate drinking once it has started.

The information related to other medical comorbidities (non-
traditional risk factors) such as hypothyroidism, Takayasu arteritis,
collagen vascular diseases, rheumatic heart disease, and sponta-
neous coronary artery dissection was collected as per the defini-
tions below:

1. Hypothyroidism is defined as a thyroid hormone deficiency
with elevated TSH and a reduced T4 or free thyroxine index.

2. Takayasu arteritis was classified using the American College of
Rheumatology classification, which required the presence of
three of the six criteria.8

3. Collagen vascular diseases (also known as Connective tissue
diseases) are caused by an auto-immune response to collagen
and there may be a vascular component. There are a diverse
group of disorders characterised by the presence of autoanti-
bodies, including systemic sclerosis, rheumatoid arthritis, sys-
temic lupus erythematosus, dermatomyositis/polymyositis,
ankylosing spondylitis, Sj€ogren syndrome, undifferentiated
connective tissue disease, and mixed connective tissue disease.

4. Following the confirmation of a history of rheumatic fever or
typical echocardiographic features, a diagnosis of rheumatic
heart disease is made based on the presence of permanent
heart valve damage.

5. Spontaneous coronary artery dissection is defined as a non-
atherosclerotic spontaneous coronary artery dissection caused
by a tear in the tunica intima of the blood vessel, with blood
entering and separating the layers of the arterial wall and a
pathognomonic angiographic feature of the identifiable false
lumenwith a linear filling defect or dissection flap ranging from
contrast stasis in the false lumen to stenosis to complete
occlusion.
4. Inclusion criteria

The angiographic information like the number of vessels
involved, the severity of lesions, and details about the PCI were all
gathered in detail. The patients were classified as having single-
vessel disease, double-vessel disease, or triple-vessel disease,
determined by the number of major epicardial coronary arteries
affected (left anterior descending artery [LAD], left circumflex ar-
tery [LCX], and right coronary artery [RCA]). Obstructive CAD was
identified as the presence of at least one major epicardial coronary
artery or its branch with a lumen diameter narrowing of more than
70% and stenosis of more than 50% of the left main coronary artery
(LMCA).9 Of all patients, the clinical-angiographic information of
young females and males of 45 years of age was included in the
analysis.

5. Statistical analysis

All data was represented as counts and percentages. Descriptive
statistics were used to interpret the results, including means,
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medians, ranges, standard deviations, and percentages. To compare
differences between the categories, the Chi-square test, the student
t-test, and the odds ratio calculator were used. All significance tests
were two-tailed, and statistical significance was described as a P
value of less than 0.049. The Windows SPSS 16.0 software (SPSS,
Chicago, IL, USA) was used to conduct all statistical analyses.
6. Results

6.1. Study population

A total of 3656 PCIs (females: 37.6%; males: 62.4%) were con-
ducted during the study period, with young patients (age less than
45 years) with obstructive CAD accounting for 367 (10%) of those
who underwent PCIs. The 367 patients included 254 (69.2%) males
and 113 (30.8%) females. Young females accounted for 8.2% of all
females (113 out of 1374) studied, whereas young males repre-
sented 11.1% of males studied (254 out of 2282). The prevalence of
obstructive CAD necessitating PCI was found to be 3.1% in young
females and 6.9% in young males. Male patients had a mean age of
37.4 (± 7.3) years, while female patients had a mean age of 41.1 (±
3.8) years. Male patients were more overweight, with a baseline
BMI of 27.4 (± 4.27) kg/m2 compared to female patients at 24.7 (±
3.91) kg/m2.
6.2. Prevalence of risk factors in young with obstructive CAD

Over 40% of women and men had hypertension (p ¼ 0.733) and
diabetes (p ¼ 0.613), but the differences were statistically insig-
nificant. Overweight (p¼ 0.006), dyslipidemia (p < 0.001), smoking
(p ¼ 0.004), and chronic alcoholism (p < 0.001) were less frequent
amongst women compared to men. Importantly, fewer women
than men had no risk factors (10.6% vs. 30.7%, p ¼ 0.003). Various
risk factors such as hypertension, diabetes, and dyslipidemia were
under control in 45.7% of young patients using targeted therapies in
Table 1
Baseline demographics and distribution of risk factors in patients included in the study.

Total no. of PCI during the study period, n (%)

Risk factors Females (n ¼ 113) Ma

Hypertension, n(%) Yes 49 (43.3%) 1
No 64

Diabetes, n(%) Yes 49 (43.4%) 1
No 64

Overweight, n(%) Yes 23 (20.4%)
No 90

Dyslipidemia, n(%) Yes 36 (31.9%) 1
No 77

Family history of premature CAD, n(%) Yes 28 (24.8%)
No 85

Smoking, n(%) Yes 11 (9.7%)
No 102

Chronic Alcoholism, n(%) Yes 1 (0.9%)
No 112

No risk factors, n(%) Yes 12 (10.6%)
No 101
Associated Medical Conditions

Hypothyroidism, n(%) Yes 12 (10.6%)
No 101

Connective Tissue Disorder, n(%) Yes 1 (0.9%)
No 112

Rheumatic Heart Disease, n(%) Yes 1 (0.9%)
No 112

Takayasu Arteritis, n(%) Yes 1 (0.9%)
No 112

Spontaneous coronary artery dissection, n(%) Yes 2 (1.8%)
No 111
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this study. Two risk factors were present in 16.1% of young females
and 33.4% of young males, whereas more than three risk factors
were present in 3% of young females and 10% of young males. 10.4
percent of females reported using oral contraceptive pills in the
past. Hypothyroidism (p ¼ 0.15), spontaneous coronary artery
dissection (p ¼ 0.08), connective tissue disorders (p ¼ 0.92),
rheumatic valvular heart diseases (p ¼ 0.15), and Takayasu arteritis
(p ¼ 0.80) were the isolated occurrences of predisposing medical
conditions (Non-traditional risk factors for CAD). Overall, 15.04% of
women (17 of 113) and 17.7% of males (45 of 254) were diagnosed
with one or more of these associated medical conditions. However,
this difference was not statistically significant (p ¼ 0.675). Table 1
and Fig. 1 shows how often different risk factors for CAD were
found in the sample population.
6.3. The pattern of obstructive CAD

Acute coronary syndrome was the most common clinical pre-
sentation in both categories (95.6 in young females vs. 95% in young
males; average 95.3%), with ST-segment elevation myocardial
infarction (STEMI) being the most common, followed by unstable
angina and, least often, non-ST-segment elevation myocardial
infarction (NSTEMI). Chronic coronary syndrome in the form of
chronic stable angina was a less common presentation in young
Indians.There was no statistically significant relationship between
clinical manifestations, mortality, and gender observed. The details
of the clinical presentation and angiographic profile of the sample
population are demonstrated in Table 2 and Fig. 2. The pattern of
epicardial vessel involvement was similar in both men and women,
with most subjects having single-vessel disease. Triple vessel dis-
ease was not seen in women and occurred in 5.5% of men. Among
the cases classified as single-vessel disease, the LAD was the most
commonly involved, followed by the RCA and then the LCX. An
average of 2.7% of young people had isolated LMCA disease as a
single-vessel condition. The diagonal artery was the coronary
3656

les (n ¼ 254) Total p-value Odds ratio 95% confidence interval

15 (45.3%) 164 0.73 0.92 0.59e1.44
139 203

03 (40.5%) 152 0.61 1.12 0.71e1.75
151 215

98 (38.6%) 121 <0.006 0.40 0.71e1.75
156 246

58 (62.2%) 194 <0.001 0.28 0.17e0.45
96 173

69 (27.1%) 97 0.632 0.88 0.53e1.47
185 270

57 (22.4%) 68 0.004 0.37 0.18e0.74
197 299

98 (38.6%) 99 <0.001 0.01 0.002e0.10
156 268

78 (30.7%) 90 0.003 0.26 0.14e0.51
176 277

16 (6.2%) 28 0.15 1.76 0.80e3.87
238 339

2 (0.78%) 3 0.92 1.12 0.10e12.53
252 364

9 (3.5%) 10 0.15 0.24 0.03e1.94
245 357

3 (1.2%) 4 0.80 0.74 0.07e7.26
251 363

15 (5.9%) 17 0.08 0.29 0.06e1.27
239 350



Fig. 1. Forest plot analysis of the distribution of various risk factors and associated medical conditions among young Indians presented with obstructive CAD those who underwent
PCI. Abbreviations: CAD ¼ Coronary artery disease; PCI ¼ Percutaneous coronary intervention; CI ¼ Confidence Interval.

Table 2
Clinical and diagnostic presentation of patients included in the study.

Variables Females (N ¼ 113) (8.2%) Males (N ¼ 254) (11.1%) p-value

Clinical presentation
ST-segment elevation myocardial infarction, n (%) 58 (51.3%) 134 (54.9%) 0.580.82

Unstable angina, n (%) 40 (35.5%) 87 (34.25%)
Non-ST-segment elevation myocardial infarction, n (%) 10 (8.8%) 15 (5.9%)

Acute coronary syndrome, n(%) 108 (95.6%) 236 (95.05%)
Chronic stable angina, n (%) 05 (4.4%) 18 (7.08%)

Cardiogenic Shock 5 (4.4%) 15 (4.1%)
Death 2 (1.7%) 5 (2.05%)

No. of diseased vessels
Single vessel disease (SVD), n (%) 84 (74.3%) 162 (63.7%) 0.19
Double vessel disease (DVD), n (%) 29 (25.7%) 78 (30.7%)
Triple vessel disease (TVD), n(%) 0 14 (5.5%)

Distribution of SVD
Left anterior descending artery, n (%) 38 (45.2%) 78 (48.1%) 0.88

Right coronary artery, n (%) 21 (25.0%) 44 (27.2%)
Left circumflex artery, n (%) 19 (22.6%) 28 (17.3%)

Diagonal artery, n (%) 03 (3.6%) 05 (3.1%)
Left main coronary artery, n (%) 03 (3.6%) 07 (4.3%)

Distribution of DVD
LAD/RCA, n (%) 17 (58.6%) 28 (35.9%) 0.30
LAD/LCX, n (%) 05 (17.3%) 15 (19.2%)

Ramus/RCA, n (%) 02 (6.9%) 04 (5.1%)
LAD/Diagonal, n (%) 02 (6.9%) 14 (17.9%)

LCX/RCA, n (%) 02 (6.9%) 10 (12.8%)
Diagonal/LCX, n (%) 01 (3.4%) 07 (9.0%)
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vessel that was least affected. The most common double-vessel
disease was LAD and RCA involvement, followed by LAD and LCX
involvement. The angiographic patterns in related comorbid dis-
orders such as Takayasu arteritis, collagen vascular disorders, and
chronic rheumatic heart disease were not different from those in
atherosclerotic CAD. Also, there was no statistical gender-based
difference in patients who had spontaneous coronary artery dis-
sections. The females who had SCAD were oral contraceptive users.
During hospitalization, cardiogenic shock occurred in 4.4% of young
females and 4.1% of young males. The mortality rate was 1.7% in
young females while 2.05% of males died secondary to CAD. All the
deaths were related to STEMI and cardiogenic shock as their clinical
presentation.
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7. Discussion

7.1. Correlation between risk factors and premature CAD

It is a well-known fact that the higher incidence of proven risk
factors is to blame for the CAD epidemic in India. There is little
published data from recent Indian studies on the determinants of
obstructive CAD in young Indians. In a study conducted in south
India by Iragavarapu et al, the average age of CAD in young people
was 36.11 years, and males exceeded females, comparable to our
findings.10 Earlier studies stated that women develop CAD at an age
10 years later than men.11 Traditional risk factors such as hyper-
tension, diabetes, and dyslipidemia, which were once more prev-
alent in males, are now on the rise in young Indian women, as
evidenced by recent Indian population studies, and our findings in
the current study are also comparable to young males.12,13 Also, the



Fig. 2. Clinical presentation of coronary artery disease in young Indians. Abbreviations: STEMI ¼ ST-elevation myocardial infarction; NSTEMI ¼ Non-ST elevation myocardial
infarction.
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INTERHEART study reported that hypertension and diabetes were
more imminent risk factors in young Indian women than in men.14

In our sample, there were no significant differences in the risk
factor profiles of patients from three states. In young Indians, the
prevalence of risk factors such as hypertension, diabetes, and ab-
normalities in lipid parameters such as low high-density lipopro-
tein, high total cholesterol, triglycerides, low-density lipoprotein,
and lipoprotein (a) is usually linked to the development of pre-
mature obstructive CAD.15 Even though hormone protection could
delay atherosclerosis in women, our study found that at a young
age, the many risk factors completely cancel out the benefit.
7.2. Characteristics of CAD in young

Men and women present differently towards obstructive CAD in
terms of risk factors, genetics, socio-cultural processes, biological
factors, and pathophysiology. According to several irrefutable
pieces of evidence, women with presumed ischemia are often
undervalued. Young women have about a 50% higher risk of mor-
tality than young men, probably because diagnostic and thera-
peutic management is minimal in women at a young age.16,17

Because of resting ST-T segment variations, lower electrocardio-
gram voltages, and some hormonal variables, the treadmill test has
very poor sensitivity in women.18 Because of the higher prevalence
of atypical symptoms, the restricted usefulness of non-invasive
diagnostic testing, and the regular identification of normal/non-
obstructive CAD on angiography, identifying the predictors of
obstructive CAD in younger females before invasive testing is
critical.

The prevalence of obstructive CAD in young women aged 45
years was found to be 3.1% in our study, which is slightly lower,
possibly due to the inclusion of patients of a younger age group,
than the 4.4% incidence reported by Bhatt et al in women aged 50
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years.6 However, in our study, females with risk factors (89.4%) had
a higher prevalence of obstructive CAD than those without risk
factors (10.6%), and so the presence of risk factors in young females
is one of the strongest predictors of CAD.

On computed tomography of the coronary arteries, it has been
observed that women have smaller coronary artery diameters than
men.19 Han et al studied men and women with early CAD and
observed that men had excessive atheroma and epicardial endo-
thelial dysfunction, whereas women had more microvascular
dysfunction.20 In an autopsy study conducted by Vaideeswar et al,
88.4% of young patients had obstructive CAD caused by athero-
sclerosis, with females accounting for 15.5%. Predictably, the LAD
was predominantly involved, as was the appearance of fibrous
plaques. Thrombosis caused by plaque erosion was the most
frequent cause, seen in 36.9% of patients regardless of plaque
morphology in both genders. Acute coronary syndrome was found
in 61.9% of the patients.21

Acute coronary syndrome was the commonest presentation in
the young in our study, like in the CREATE registry, which recorded
STEMI in 61% of patients. STEMI was present in an average of 52.3%
of men and women in our study.18 Huang et al observed that
obstructive CAD of the LMCA and LAD is more common in young
males. However, in our analysis, the pattern of single-vessel disease
was comparable in both genders.22 Iragavarapu et al found that
single-vessel disease was the most prevalent form of vascular dis-
ease in their 120 young South Indian patients who presented with
the acute coronary syndrome (10.4%) at a tertiary care hospital,
analogous to our findings.6 Our analysis found about 5.5% of TVD,
which is consistent with reported data from Jamil et al23 and Ira-
gavarapu et al10



P. Jariwala, A. Padmavathi, R. Patil et al. Indian Heart Journal 74 (2022) 282e288
7.3. Prevention of CAD in young Indians

The presence of comorbidities such as hypertension, diabetes,
dyslipidemia, and obesity, can be controlled and corrected using
preventive measures. Females are less likely to smoke, which is a
trait that we can eradicate. Younger age groups have a wider win-
dow of opportunity for the prevention of premature CAD. When it
comes to analysing risk factors in women, it was observed that the
prevalence of risk factors was more prominent in post-menopausal
women than in premenopausal women.24 As a result, pre-
menopausal women have a greater benefit when it comes to tak-
ing preventive steps against these risk factors. Targeted regulation
of hypertension, obesity, lipid levels, and glycemia is needed, with a
focus on counselling the young on the mitigation of these risk
factors to reduce the burden of disease. It, therefore, indicates that
young Indians have an additional ten years to implement preven-
tive measures to successfully fight the menace of CAD. This can be
done by creating awareness among young individuals about
modifiable risk factors. Awareness programmes and campaigns can
be organized, and seminars and webinars can be conducted by
specialised physicians so that the general population gets knowl-
edge about the prevention of obstructive CAD from a young age,
because “prevention is better than cure”.25,26

7.4. Study limitations

Our research had a few limitations: 1) Our study was a brief
retrospective analysis of data from young Indian patients hospi-
talised for PCI with significant underlying CAD. It is not an epide-
miological review for determining CAD prevalence in society. Our
findings are a reflection of India's three states and not the whole
country. 2) Also, we did not study time to presentation, SYNTAX
score and, details of the PCIs, such as the number of stents used,
procedural complications, stent thrombosis, etc. 3) We haven't
looked at psychosocial influences, physical activity, sedentary
behaviour patterns, nutritional awareness, thyroid status, or the
effect of oral contraceptives in this young age group. 4) Finally, our
study had no follow-up data as the study aimed to determine the
prevalence of risk factors and obstructive coronary disease in young
Indian women. Finally, some of the variables, such as the family
history of premature CAD, may be skewed because we were unable
to conduct genetic studies.

7.5. What is already known?

CAD is becomingmore common in young Indians, particularly in
young females. In the modern world, the onset of traditional risk
factors at an early age is the primary cause of the development of
CAD at an early age. For a long time, the significance of coronary
artery disease (CAD) among young women was undervalued. Even
in the absence of risk factors, the symptoms of CAD in women have
low specificity, and there are some sex-related variations in CAD.

7.6. What this study adds?

� Though men make up the majority of patients in this age group,
CAD in females under the age of 45 is not uncommon.

� Approximately 9e11% of all CAD cases are caused by obstructive
CAD in young people, which is a distinct entity with a distinctive
risk factor profile, clinical appearance, angiographic profile, and
therapeutic outcome.

� Traditional risk factors including hypertension, diabetes,
abdominal obesity, smoking, and alcohol intake are on the rise
in younger women and are on par with men.
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� STEMI is a typical presentation of CAD, and single-vessel disease
is a more common form of angiographic pattern in the young,
and the most common culprit vessel is the LAD.

� Younger patients are treated with PCI as the primary modality,
and they perform better with few complications.

� Although coronary artery disease is less common in young
adults, it still presents a significant challenge for both the pa-
tient and the attending specialist.

� More attention should be paid to routinely screening and
counselling the young on the regulation of these modifiable risk
factors in order to reduce the incidence of CAD and themortality
associated with it.
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