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Epidemiology and Demographics
of Coronary Artery Disease

Shahriar Dadkhah and Korosh Sharain

1 A Brief History of Coronary Artery Disease

Coronary artery disease (CAD) has plagued mankind for thousands of years. In fact,
recent computed tomography imaging studies of mummies over 4000 years old
identified vascular atherosclerosis in a large number who had an average age of
death of 43 years [1]. However, the description of coronary atherosclerosis is much
more recent and dates back just centuries. Leonardo da Vinci was one of the first to
describe vascular atherosclerosis in the late fifteenth century stating “vessels in the
elderly, through thickenings of the tunics, restrict the transit of the blood [2].” Over
200 years later, in 1772 William Heberden is credited with the first description of
angina [2, 3]:

Those who are afflicted with it are seized, while they are walking, and more particularly

when they walk soon after eating, with a painful and most disagreeable sensation in the

breast which seems as if it would take their life away if it were to increase or to continue.
The moment they stand still, all this uneasiness vanishes.

The connection between angina and CAD was made by Edward Jenner in the late
eighteenth century, after a patient of his who described angina was found to have
ossified coronary arteries on autopsy [2]. It was not until the nineteenth century that
Rudolph Virchow described his famous triad of thrombosis and provided the early
theories of the development of atheroma which remain relevant today [2] (see Fig. 1
for current understanding of the development of coronary atherosclerosis and myo-
cardial infarction). In 1910, Obrastzow and Straschesko, two Russian clinicians
described clinical acute myocardial infarction (MI) in a living patient confirmed
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| Our understanding of the pathophysiology of the intima and proliferate with eventual
coronary artery disease is multifactorial and alterations and remodeling of the extracellular
continues to evolve. A key initiator is injury or matrix of the artery. Accumulation of lipids and
dysfunction of the endothelium caused by other materials can form a necrotic core which

' hypertension, dyslipidemia, smoking, or other if disrupted can expose the blood to
inflammatory processes. This injury in turn procoagulants causing occlusive thrombosis and
increases the expression of endothelial acute myocardial infarction.

| adhesion molecules and causes release of

| chemuatractant cylokines which attract
circulating leukocytes to the area of injury.

| These two processes lead to adherence of
leukocytes to the endothelial surface and

| eventual migration into the intima where lipids
are phagocytosed by macrophages to form
foam cells and fatty streaks, the earliest
morphologic changes of atherosclerosis.
Through complex communication mechanisms, Figure courtesy of Libby P. Circulation. 2001;104:365-372.
endothelial smooth muscle cells then migrate to

Fig. 1 Brief pathophysiology of coronary artery disease

later on autopsy [2, 3]. Just 2 years later, James Herrick established the use of elec-
trocardiography to diagnose MI and the role of bed rest for management [2—4].

The twentieth century saw a boom in the understanding and diagnosis of CAD
with the discovery of lipoproteins, the advent of cardiac catheterization by Werner
Forssmann in 1929, selective coronary angiography by Mason Sones in 1958, and
identification of risk factors associated with CAD through the Framingham Heart
Study [2, 5]. Additionally, the treatment of CAD with medical therapy through clin-
ical trials and the development of coronary artery stents were paramount in the late
twentieth century.

Despite the advances in our understanding of CAD in regard to diagnosis, man-
agement, and prevention, cardiovascular diseases (CVD), and specifically coronary
heart disease (CHD), remain the leading causes of death in the twenty-first century.

2 History of Coronary Artery Disease Epidemiology

The study of epidemiology is vital in identifying the connections which exist
between lifestyle, environment, and disease, thus providing knowledge of the fac-
tors, distribution, and pathology of the particular disease. A notable shift in the
study of epidemiology occurred in the mid-twentieth century when epidemiological
studies began to include chronic noncommunicable diseases such as lung cancer
and CAD [6]. Prior to that, epidemiology studies largely focused on infectious dis-
eases as they were easier to diagnose. On the other hand, noncommunicable dis-
eases like CAD were much more difficult to diagnose and understand as they had
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long latency periods [6, 7]. In order to understand CAD, a paradigm shift in the
approach to disease was warranted, one that required the understanding of disease
as the outcome of numerous compounding factors, often habitual in nature, and that
were chronic rather than acute [6].

Coronary artery disease was the consequence of multiple “risk” factors with
unpredictable onset and disease progression resulting in atherosclerotic lesions
which could not be observed in the living patient. In fact, a diagnosis of CAD in the
beginning of the twentieth century could only be made postmortem. Therefore, it
was difficult to truly assess the prevalence and mortality of CAD, although even at
that time it was estimated that approximately one in five deaths in the United
Kingdom were due to atherosclerotic heart disease [6]. Additionally, such factors of
risk or “risk factors” (which was a term that was not well established until the early
1960s) were not always present in patients with disease [6]. Thus, the implementa-
tion of prospective cohort studies by the Framingham Study sought to better under-
stand CAD epidemiology.

The Framingham study, which investigated heart disease epidemiology, was
designed in 1947 as a longitudinal study intended to perform long-term follow-up
of a population of individuals without known heart disease and assess the progres-
sion of CAD in order to study the natural history of coronary heart disease (CHD)
[6]. Risk factor epidemiology emerged from the CAD methodology of epidemiol-
ogy which, unlike prior noncommunicable disease epidemiology studies, identified
multiple risk factors for a single disease [6]. Coronary artery disease epidemiolo-
gists incorporated the multiple risk factor concept that the insurance industry had
used for years previously [6]. Over the ensuing years, factors including hypercho-
lesterolemia, hypertension, use of tobacco, and physical activity were identified to
impact risk of CAD although a causal link was not established due to study design
until the 1980s [6].

Since then, numerous studies have been performed that have evaluated the natu-
ral history and epidemiology of CAD providing clinicians with the tools to better
diagnose, treat, and even prevent CVD and CAD.

3 Total Cardiovascular Disease Statistics

3.1 Prevalence

According to the most updated 2020 America Heart Association (AHA) heart dis-
ease and stroke statistics, the prevalence of CVD (including CHD, heart failure,
stroke, and hypertension) in the United States (US) is approximately 121.5 million
or 48% of adults >20 years of age (Fig. 2), which accounts for almost one out of
every two adults >20 years of age [8, 9]. The prevalence of CVD is lower in women,
those with a bachelor’s degree or higher, and those who are employed [9].
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Fig. 2 Prevalence of Prevalence of Cardiovascular Disease
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Fig. 3 General trend of deaths attributed to CVD in the US between 1900-2017. Deaths are pre-
sented in the thousands. CVD = cardiovascular disease. Data extracted from the American Heart
Association heart disease and stroke statistics—2020 update [9]

3.2 Mortality

Globally, CVD is the leading cause of death, and in 2017, approximately 17.8 mil-
lion deaths were attributed worldwide to CVD, which is a 21% increase compared
to a decade prior [9].

According to the Centers for Disease Control and Prevention, CVD remains the
leading cause of death in the US accounting for one in four deaths [8]. Deaths attrib-
utable to CVD increased from the 1900s to the 1980s where it declined in 2010;
however, recently there has been an increase (Fig. 3) [9]. Although the absolute
number of CVD deaths continues to increase, the age standardized death rate has
decreased by approximately 15% from 2007 to 2017 [9]. In 2016, over 1000 CVD-
related deaths occurred daily with the highest mortality rates in non-Hispanic blacks
(Fig. 4) [9].
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Percent Total CVD Deaths by
Race/Ethnicity and Sex
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Fig. 4 Percent total CVD death by race/ethnicity and sex in the US. CVD cardiovascular disease,
NH = non-Hispanic. Data extracted from the American Heart Association heart disease and stroke
statistics—2020 update [9]
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A common misconception is that cardiovascular diseases do not affect females
as it does males. This could not be further from the truth (Fig. 5). Cardiovascular
diseases claimed the lives of approximately 420,000 American females in 2017; by
comparison, breast cancer took the lives of just over 42,000 American females. For
comparison, Fig. 6 illustrates the other top causes of death in the US. Of note, the
data presented in Fig. 6 is based on 2017 data and does not take into account deaths
caused by the 2020 Coronavirus disease 19 (COVID-19) pandemic, which at the
time of writing this chapter accounted for approximately 350,000 deaths (per report,
it was the third leading cause of death at the current time) [8].

Regionally, the highest CVD-related mortality rates are in Louisiana, Mississippi,
Alabama, and Oklahoma, and the lowest rates are in Minnesota, Colorado,
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Major Causes of Death in the US

CVvD 8,59,125

|

Cancer 5,99,108

|

Accidents 1,69,936

CLRD 1,60,201

1}

Alzheimer's Disease 1,21,404

1

Diabetes 83,564

1]

Fig. 6 Major causes of death in the US (total number) per 2017 data. CLRD = chronic lower
respiratory disease, CVD = cardiovascular disease. Data extracted from the American Heart
Association heart disease and stroke statistics—2020 update [9]

Massachusetts, and Hawaii [9]. CVD mortality is higher with lack of insurance and
lower socioeconomic status.
The estimated direct and indirect cost of CVD is approximately $220 billion.

4 Coronary Artery Disease Statistics

4.1 Prevalence

Heart disease caused by CAD or CHD accounts for almost half of all causes of heart
disease and remains the leading cause of death in the US in those over age 35 years
(Fig. 7) [9]. Approximately 18.2 million Americans >20 years old have CHD (9.4
million males and 8.8 million females). For comparison, the population of the four
most populated cities in the US combined is approximately 18 million (New York
City, Los Angeles, Chicago, and Houston). The prevalence of CHD is 6.7% of US
adults >20 years of age (7.4% for males and 6.2% for females) with the highest
prevalence among blacks (Fig. 8).

The prevalence of CHD has decreased over time based on autopsy studies in US
military personnel. Autopsy confirmed that CHD in soldiers in the Korean War in
the 1950s was approximately 77%, while it was 8.5% in soldiers who died from
2001 to 2011, although the majority of the soldiers were male [10, 11].

Globally, it is estimated that 126.5 million people have CHD, which is almost a
75% increase between 1990 and 2017, with highest prevalence in North Africa, the
Middle East, and Eastern Europe.
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Fig. 7 Causes of death
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Fig. 8 Coronary heart disease prevalence (in percent) by age and sex in the United States. CHD =
coronary heart disease. Data extracted from the American Heart Association heart disease and
stroke statistics—2020 update [9]
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In regard to MI, the overall prevalence is 3.0% in US adults >20 years of age
(4.0% in males and 2.3% in females). Interestingly, males have a higher prevalence
than females in all age groups except the 20-39 year age group [9].

4.2 Incidence

Annually, it is estimated that 805,000 Americans will have an MI. Of these, approx-
imately 605,000 are first time MIs, and approximately 200,000 are recurrent MI’s
[9]. It is also estimated that 170,000 of these MIs will be silent. The average age at
first MI for males is 65.6 and for females is 72.0. The incidence of MI increases with
lower income and lower education level. However, there is suggestion that the rate
of MI has declined significantly over time [9].

According to the ARIC study, clinically recognized MI was higher in whites than
in blacks (5.04 versus 3.24 per 100 person-years) [12].

Interestingly, the rate of MI as a primary diagnosis decreased, while the rate of
MI as a secondary diagnosis increased (this may be due to increased type 2 events
or acute myocardial injury in response to acute illness rather than type 1 events or
acute myocardial injury) [9].

4.3 Mortality

Mortality associated with CHD was 541,008, and MI mortality was 149,028 [9].
Although CVD and CHD remain leading causes of death, mortality from MI has
decreased significantly [13] (by over 50% over the last 25 years). Fortunately, there
is also a downward trend in CHD mortality, and this trend is predicted to continue.
For example, between 2007 and 2017, there was a 10% decline in the number of
deaths due to CHD [9]. Reasons for this trend largely are due to therapy (both pri-
mary and secondary prevention).

CHD age-adjusted death rates were highest in non-Hispanic black males fol-
lowed by non-Hispanic white males, Hispanic males, non-Hispanic black females,
non-Hispanic white females, and Hispanic females [9]. Additionally, survival and
life expectancy after an MI is higher in whites than in blacks (7.4% vs. 5.7%) and
improved with higher socioeconomic area [9]. Unfortunately, approximately 35%
of people with CHD will suffer a coronary event and approximately 14% will die
because of the coronary event. Interestingly, over 75% of CHD deaths occurred out
of hospital [9].

The estimated direct and indirect cost of CHD and MI combined is approxi-
mately $21 billion and accounts for two of the top ten most expensive conditions
treated in the US.

Mortality from CAD is expected to increase in developing countries due to eco-
nomic and societal changes that occur with advanced development [14, 15]. The
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risk of development of CAD is said to increase with the transition of rural, agrarian,
economically underdeveloped to urbanized, industrialized modern societies [14,
15]. Modernization leads to a more sedentary lifestyle, diets higher in calories, and
psychosocial stresses [15]. It was found that a population of Japanese people (Japan
being a low risk CAD location) who immigrated to the US acquired an incidence of
CAD that was similar to those native to the US [14]. Higher life expectancy, changes
in diet, lifestyle, and environment may be to blame [15]. India, China, and the
United States are among the countries with the highest deaths attributed to CAD [14].
See Fig. 9 for a quick overview of relevant statistics related to CVD and CAD.

5 Risk Factors Associated with CAD

Epidemiological studies have provided the medical community with determinants
of CAD. Approximately 90% of patients with CAD have at least one major modifi-
able risk factor such as hypertension, physical inactivity, smoking, hyperlipidemia,
obesity, dietary factors, and regular alcohol use [16]. See Fig. 10 for a brief list of

Fig. 9 Cardiovascular
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risk factors associated with CAD. The more risk factors a person has, the higher the
risk of CVD and CAD [16]. The following section is a brief discussion regarding
some common CAD risks factors.

5.1 Hypertension

The prevalence of hypertension (defined as a blood pressure greater than or equal to
130/90 mmHg) was 46% or 116.4 million adults (58.7 million males and 57.7 mil-
lion females), which translates to roughly one in three Americans [9]. However, it is
estimated that 35% of adults are unaware that they have hypertension [9]. There is
a doubling of mortality from CHD and stroke for every 20/10 mmHg increase in
blood pressure [17].

5.2 Physical Inactivity

Physical inactivity is another major risk factor of CAD. Physical inactivity increases
risk of CAD by up to twofold [9]. Based on self-reporting, the prevalence of physi-
cal inactivity among adults has declined from 40.2% in 2005 to 25.9% in 2017 [9].
However, the prevalence of high school students meeting the recommended physi-
cal activity goal of >60 minutes of moderate to vigorous activity 7 days a week was
26.1% with girls meeting this goal half as likely as boys [9]. Additionally, 19.5% of
girls and 11.0% of boys report that they do not participate in >60 min of any kind
of physical activity in the prior week. Of note, these data are based on 2017 data,
prior to implementation of the virtual learning environment due to the COVID-19
pandemic.

5.3 Smoking/Tobacco Use

Smokers are 2-3 times more likely to develop CHD than nonsmokers [18]. Smoking
just one cigarette per day carries a greater than expected risk of developing CHD. In
fact, smoking just one cigarette per day carries half the risk of smoking 20 cigarettes
per day, thus there is no safe level of smoking in regard to CVD risk [18]. However,
27.1% of high school students and 7.2% of middle school students admit to using
tobacco products with highest rates in non-Hispanic whites [9]. Although the rates
of smoking have decreased by 50% since the 1960s, currently the prevalence for
smoking in adults >18 years of age is 34.1 million or 14% of the adult population
[8]. The highest rates of smoking are in males, those aged 45-64 years, non-Hispanic
American Indians/Alaska Natives, lower education level, lower income, and those
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who are divorced/separated/widowed [8]. Approximately 90% of people that use
cigarettes daily begin before age 18 years [8].

The most commonly used tobacco product in adolescents is now electronic ciga-
rettes which has increased from 1.5% to 20.8% from 2011 to 2018 (although the
CVD risks associated with electronic cigarettes are not known at this time) [9].
Quitting smoking at any age does significantly lower mortality from diseases related
to smoking including CVD [9, 18].

5.4 Overweight and Obesity

Obesity is an independent risk factor for CHD, and over 80% of patients with CHD
are overweight or obese [19]. The hazard ratio for CHD in adults with obesity
ranges between 2 and 3 [9]. The prevalence of obesity in adults increased signifi-
cantly (30.5% in 1999) to 38.3% in 2018 (36% of males and 40.4% of females). The
highest rates in males are in Hispanics and in females are in non-Hispanic blacks.
Obesity correlates with CHD, diabetes mellitus (DM), hypertension, hyperlipid-
emia, and sleep-disordered breathing which can all worsen CVD.

In adolescents aged 12-19 years, the prevalence of obesity (defined as BMI
>95th percentile for age) is 20.6% with lowest rates in non-Hispanic Asians.
Longitudinal studies have identified that adolescents with obesity carry a signifi-
cantly increased risk of CHD-related death as adults with a hazard ratio of 4.9 com-
pared to adolescents at the lowest BMI quartile [9].

5.5 Hpyperlipidemia

It is estimated that 92.8 million Americans have total blood cholesterol >200 mg/
dL, which is about 38.2% of the adult population with an increasing trend [9].
Females had higher prevalence of total cholesterol >200 mg/dL (40.4% vs 35.4% in
males) and the mean LDL-C for adults >20 years of age was 112.1 mg/dL and for
HDL was 54.2 mg/dL [9].

5.6 Diabetes

Diabetes mellitus doubles the risk of CHD [8]. It is estimated that 26 million adults
have diagnosed DM, 9.4 million have undiagnosed DM and 91.8 million have pre-
diabetes [9]. Additionally, 1.5 million new cases of diabetes were diagnosed in
adults in 2015 [9]. Worldwide, the trend of diabetes is increasing [9].
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6 Conclusion

Despite the wealth of knowledge gained through epidemiological studies of CVD
and CHD, there is still much work to do as CVD and CHD remain the leading
causes of death. We must continue to push community education and awareness
programs. In fact, the median time from cardiac symptom onset to hospital arrival
has not improved significantly (45% presented within first 2 hours of symptoms
between 2001 and 2003 compared to 48% between 2009 and 2011) [9]. Additionally,
it is unknown what the consequences of the COVID-19 pandemic will have on CVD
and CHD rates going forward. There is data suggesting that the delay in cardiac
symptom to first medical contact has increased as a result of fears related to con-
tracting COVID-19 [20, 21]. Additionally, there is concern that patients may be
avoiding health care all together, suffering MIs at home. Only time will tell as to the
longer term cardiovascular sequelaec of COVID-19. As we continue to monitor the
distribution of CAD in populations, epidemiology will provide us with even better
insights into such devastating disease worldwide.
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