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Summary

Background: Cardiovascular disorders (CVD) are due to a constellation of modifiable and non-
modifiable risk factors – some known and others unknown. Such risk factors are reported to
vary across ethnicities. CVD will likely become a major public health and clinical problem in
Asia such that by the year 2020 Asia will have more individuals with CVD than any other region.
However, the current evidence on variations in cardiovascular risk factors both from a clinical
and an epidemiological perspective with special reference to developing country settings is lim-
ited. In this context, we set out to review the existing evidence and to summarize the findings.
Methods: We did not carry out a systematic review but pursued a similar structure. We
abstracted the most appropriate published literature from electronic databases, namely, Pub-
Med, Embase and the Cochrane Library applying specific search terms. We searched grey liter-
ature and followed up bibliographic references.
Results: Ethnicity is emerging as an independent risk factor contributing to the rising epidemic
of CVD in developing countries. Furthermore, increasing rates of urbanization have led to strik-
ing changes in lifestyle patterns resulting in decreasing physical activity, increasing weight and,
consequently, increasing rates of diabetes, hypertension and dyslipidemia in urban Asians.
Conclusions: Variations in selected cardiovascular risk factors in developing countries were
identified. Prediction tools and risk assessments need to be population-specific and sensitive
to ethnic minorities. This summary of evidence could help to shift priorities to populations
for targeted cardiovascular prevention and control measures where resources are limited.
ª 2010 World Heart Federation. Published by Elsevier Ltd. All rights reserved.
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Introduction

Cardiovascular disease (CVD) is an important cause of mor-
bidity and premature mortality all over the globe and con-
tributes significantly to the escalating costs of health care
[1]. This epidemic has the potential to place a huge socio-
economic load on developing nations, where CVD mainly oc-
curs in the productive age groups [2–4]. The causal
pathology for CVD is atherosclerosis, which begins early in
life and progresses gradually through adolescence and early
adulthood over several years and is usually advanced by the
time symptoms occur, generally in middle age [5–7]. Acute
coronary and cerebrovascular events frequently occur
abruptly, and are often lethal before health care can be ar-
ranged [1]. Alteration of risk factors has been shown to re-
duce disability and death in people with diagnosed or
undiagnosed CVD [1] and this concept that CVD can be pre-
vented has become a driving force in cardiovascular medi-
cine [8]. Successful preventive strategies necessitate an
assessment of risk to categorize patients for selection of
appropriate intervention [9]. Recognition of risk factors lies
at the heart of clinical efforts to diminish the risk for CVD
[9].

The demographics of cardiovascular risk are altering. We
are now facing a democratization of this disease, where
individuals of all socioeconomic strata are being affected
by cardio metabolic risk and are susceptible to its complica-
tions, such as coronary artery disease (CAD) and stroke. Risk
factors for CVD are showing a reversal of the social gradient
in many developing countries [10,11]. CVD is among the
world’s important causes of death, and nearly 80% of these
deaths occur in developing countries [12]. One of the great-
est public health challenges posed to the developing coun-
tries is containing the epidemic of non-communicable
diseases in the midst of endemic communicable diseases
[13]. The fiscal and societal consequences of the CVD epi-
demics in developing countries will be overwhelming [14].
India, for example, is burdened with 25% cardiovascular-re-
lated deaths [15]. It has been predicted that these diseases
will rise quickly in India and will be host to more than half
the cases of heart disease in the world within the next
15 years [16].

Cardiovascular disease, an important cause of morbidity
and premature mortality worldwide is due to a constellation
of modifiable and non-modifiable risk factors – some known
and others unknown. Such risk factors are reported to vary
across ethnicities, especially among South Asians. However,
the current evidence on variations in cardiovascular risk fac-
tors both from a clinical and an epidemiological perspective
with special reference to developing country settings is lim-
ited. In this context, we set out to review the existing evi-
dence and to summarize the findings.

Prevalence of risk factors

The World Health Organization (WHO) stated in 2002 that
some of the most formidable obstacles to health are com-
bining with the associates of poverty to inflict a double bur-
den of disease, disability and premature death in a large
populace of developing nations [17]. This is particularly true
for South Asia with a quarter of the global population and
about half of them living below the poverty line with limited
access to health care. This the population is aging and non-
communicable diseases are escalating in the presence of
unrestrained infectious diseases [18,19]. Cardiovascular risk
factors find place in the Top 10 selected risks to health glob-
ally as per the World Health Report 2002 [17]. The same are
depicted in Table 1.

Risk factors for CVD are now important in every popula-
tion. Even in developing nations with high mortality, such as
sub-Saharan Africa, hypertension, hypercholesterolemia,
smoking, alcohol use and low vegetable/ fruit intake, al-
ready figure among prime risk factors [20]. In developing na-
tions with low mortality, such as China, cardiovascular risk
factors appear on the crest [20]. These populations encoun-
ter a dual burden of risks, grappling with problems of under
nutrition and communicable diseases. In developed coun-
tries at least one-third of all CVD is attributable to five risk



Table 1 The top 10 selected risks to health.

1. Under weight 6. Unsafe water,
sanitation and hygiene

2. Unsafe sex 7. Iron deficiency
3. High blood Pressure 8. Indoor smoke from solid fuels
4. Tobacco consumption 9. High cholesterol
5. Alcohol consumption 10. Obesity

Source: The World Health Report 2002. Reducing risks, promot-
ing healthy life. World Health Organization, Geneva, 2002.
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factors: smoking, alcohol use, hypertension, hypercholes-
terolemia and obesity [20].

Risk factor and CVD

The term ‘‘Risk factor’’ in relation to CVD, and particularly
CAD, was used for the first time in 1961 in a paper on the
Framingham Study [21]. The risk factors themselves, in par-
ticular elevated levels of serum cholesterol, blood pressure
and smoking, have been considered in prospective epidemi-
ological studies since their detection in the late 1940s [22–
24]. Over the years, much has been learned about risk fac-
tors, in terms of both depth of understanding and the recog-
nition of new predictors of risk. More than 300 risk factors
have been linked with CAD and stroke [20]. Some of these
are not new but need to be more precisely specified and
more accurately measured, while others have emerged only
recently. But a few risk factors explain this worldwide epi-
demic and the high cardiovascular risk status of populations
as seen in Fig. 1 [20] Social, environmental, economic fac-
tors as well as commercial influences are important deter-
minants of these risk factors [25].

Predisposing factors

Those which account for the increased incidence of CVD in
developing countries are summarized below:
Fig. 1 Percentage contribution of selected risk factors to CAD & is
Disease and Stroke. World Health Organization, Geneva, 2004.
� Demographic changes with altered population age pro-
files [26,27].
� Epidemiological transition: The change from a prepon-
derance of infectious diseases to predominance of
chronic diseases [28,29].
� Lifestyle changes due to recent urbanization, industriali-
zation and globalization [14,30].
� The degree and the duration of exposure to cardiovascu-
lar risk factors are expected to increase as a result of
higher risk factor levels [31] along with a longer life
expectancy [14].
� The prevalence of central obesity, diabetes, hypertrigly-
ceredimia, low HDL-c is highest among South Asians [32].
� Possible effects of fetal under nutrition on adult suscep-
tibility to CVD [33,34].
� Probable gene–environment interactions[35] or genetic
susceptibility possibly mediated through elevated levels
of lipoprotein (a) influencing ethnic diversity [36–38].
� Nutrition transition [39] along with physical inactivity
[40] are critical factors contributing to the acceleration
of CVD epidemics [31].

Nevertheless, a changing profile of cardiovascular risk
factors might provide further insights into the epidemic of
CVD in developing countries.

Ethnicity and CVD risk

The prevalence of risk factors and their association with
CVD vary markedly by ethnic group [41–43]. Existing
knowledge of CVD risk owes to a great extent from studies
of Caucasians. But certain ethnic groups experience an un-
duly larger burden of CVD including CAD and stroke. Age
adjusted cardiovascular disease death rates in Canada,
UK, China and Indian Subcontinent in 2005 are depicted
in Fig. 2 [44].

South Asians have an increased prevalence of CAD and
cardiovascular mortality among ethnic groups such as
Caucasians, African Blacks, Israeli Jews, Malays, Chinese
and Japanese, irrespective of their religious affiliations, life
chemic stroke. Source: MacKay J, Mensah GA. The Atlas of Heart



Fig. 2 Age adjusted cardiovascular disease death rates in
Canada, UK, China and Indian Subcontinent in 2005. Source:
World Health Organization. The World Health Report 2005.
Preventing Chronic Diseases: A Vital Investment, 2005. Geneva,
WHO.
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style, diet or the country of residence[45,46]. Excess predi-
lection of CAD in Indians is due to nature i.e. genetic predis-
position [36–38] due to high lipoprotein (a) and nurture (risk
factors influenced by environment or life style) [30,35]. In-
dia had 35 million people afflicted with CAD in 2005 and this
number is projected to increase to 62 million by 2015 [47].
The CAD rates in rural populations in India have increased to
6% from 2% and in urban populations up to 12% from 4% in
about 30 years [48].

African-Americans demonstrate an elevated rate of CAD
and stroke while African Caribbeans in the UK have lesser
CAD rates and elevated stroke rates than British Europeans.
Chinese and Japanese demonstrate an elevated rates of
stroke but not CAD, while Mexican Americans have an ele-
vated prevalence of both stroke and CAD, and North Amer-
ican native Indians also have high rates of CAD [41].

Thoroughly assessing and quantifying modifiable cardio-
vascular risk factors is vital in these populations. Improved
understanding of the disparity of cardiovascular risk fac-
tors by race and ethnicity may help clinicians and public
health professionals build up culturally sensitive interven-
tions, prevention programs, and services explicitly tar-
geted toward risk burdens in each of these populations
[42].

Conventional cardiovascular risk factors such as smoking,
hypertension and dyslipidemias calculate risk among these
ethnic groups. They do not entirely explain the differences
in risk between ethnic groups, suggesting that alternative
explanations might exist. Ethnic groups show variations in
levels of visceral adiposity, insulin resistance, and novel risk
markers such as C-reactive protein (CRP), adiponectin and
plasma homocysteine [41].

The striking variations across racial and ethnic groups in
disease risk are likely due in part to each of genetic-host
vulnerability and environmental factors. They can offer
important etiological clues to differences in patterns of dis-
ease presentation, therapeutic needs and response to treat-
ment. Current studies should enhance understanding of
ethnicity as a probable independent risk factor, thus en-
abling better recognition of treatment goals and choice of
therapy in particular populations [41].
Predicting heart disease and risk scores

In the current climate of a busy clinical practice, it is impor-
tant that prediction tools and comprehensive risk assess-
ments tailored to specific populations are validated,
adapted and easily accessible. CVD is now the most predic-
able, preventable and treatable of all the chronic diseases
[46].

Clinical assessment of cardiovascular risk should be con-
ducted with the following aims: [1].

� to look for all cardiovascular risk factors and clinical con-
ditions that may influence prognosis and treatment
� to establish the presence of target organ damage
� to recognize those at elevated risk and in need of press-
ing intervention
� to recognize those who need special investigations

Utilizing prediction charts to estimate total cardiovascu-
lar risk is a major advance over the earlier practice of iden-
tifying and treating individual risk factors [1]. Risk status in
persons without clinically apparent CAD or other clinical
forms of atherosclerotic disease is determined by multivar-
iable risk formulas, such as the Framingham risk score. They
have been developed to help in assessing an individual’s
absolute risk for CAD over 10 years and over a hundred risk
scoring methods have been proposed to direct management
decisions for primary prevention of CVD [46]. Consideration
should be given to absolute lifetime risk for CVD for younger
persons in whom 10-year risk is expected to be small. The
concept of the ‘‘lifetime risk’’ of CVD conveys the absolute
burden of the CVD in the population and compares absolute
lifetime risks of common diseases. It also measures cumula-
tive risk of developing the same during the remainder of an
individual’s life [49]. The intensity of preventive therapy
should match the level of estimated absolute risk. Many car-
diovascular risk factors tend to appear in clusters and com-
bining risk factors to predict total cardiovascular risk
consequently is a logical approach in deciding who should
receive treatment [1].

For the most part the cardiovascular risk assessment is
dependent upon equations derived from the Framingham
heart study and includes classical risk factors [50]. No dis-
ease prediction model applies equally well to all populations
[46]. Similarly the predictive power of the Framingham risk
score is extremely variable between populations [51] - in
non Americans with under prediction of risk in a high risk
population and over prediction in a lower risk population
[50]. This is because the absolute mortality rate from heart
disease varies from population to population for any given
level of traditional risk factors and no single risk prediction
model can take all the regional differences into account
[46]. Hence for Indians it is recommended to multiply
10 year risk of CAD by a factor of two [48] when using the
American model of Framingham risk score or European algo-
rithm of SCORE [52] (the systematic coronary risk evalua-
tion), except in UK or other countries, where specific
guidelines for Asian Indians already exist [48].

The World Health Organization (WHO) MONICA Project
was well-known for determine how trends in event rates
for CAD and stroke were related to trends in classic coronary



Table 2 Cardiovascular risk factors.

Major modifiable risk factors Other modifiable risk factors

High blood pressure Low socioeconomic
status (SES)

Abnormal blood lipids Mental ill-health
Tobacco use Psychosocial stress
Physical inactivity Alcohol use
Obesity Use of certain medication
Unhealthy diets Lipoprotein (a)
Diabetes mellitus Left ventricular

hypertrophy (LVH)

Non-modifiable risk factors ‘‘Novel’’ risk factors

Advancing age Excess homocysteine in blood
Heredity or family history Inflammation
Gender Abnormal blood coagulation
Ethnicity or race

Source: MacKay J, Mensah GA. The atlas of heart disease and
stroke. World Health Organization, Geneva, 2004.
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risk factors [53]. The majority of the quantifiable risk fac-
tors recognized to date confer augmented risk in a continu-
ous, graded fashion across the spectrum of values that arise
in the populace. Moreover there are no threshold values
above or below which the risk for occurrence CAD increases
dramatically. However, clinical practice strategies help cli-
nicians by providing normative values and targets for man-
agement of various modifiable risk factors. These factors
of risk can be readily assessed by routine laboratory tests.
By means of aggregating them into a composite risk profile,
or ‘‘global risk assessment,’’ the combined outcome can be
projected, and a section of population recognized that is at
high risk for development of CAD [54].

CVD risk equivalents

It is now recognized that several categories of patients
without heart disease are at an elevated short term (10-
year) risk for coronary events as those with established
CVD [55]. The disease states known to confer this high risk
status are termed as above by the National Cholesterol Edu-
cation Program (NCEP) ATP-III [56]. They include patients
with diabetes mellitus, symptomatic carotid atherosclero-
sis, aortic aneurysmal disease and peripheral vascular
disease.
Association of risk factors with pathogenesis of
specific CVD

As already mentioned over 300 risk factors have been asso-
ciated with CAD and stroke. They can be summarized as fol-
lows: see Table 2 [20] The major conventional risk factors
for CAD include dyslipidemia, diabetes mellitus, hyperten-
sion, tobacco smoking, male sex, postmenopausal female
and family history of premature CVD. Significant variations
exist in the impact of these risk factors on precise cardio-
vascular outcomes. All the key cardiovascular risk factors
add together for the development of CAD, whereas hyper-
tension appreciably for stroke and lipid levels confer only
modestly increased risk. For peripheral arterial disease,
smoking and diabetes are most significant. Similarly hyper-
tension, left ventricular hypertrophy (LVH), preexisting
CAD, and diabetes are vital for congestive heart failure
[57,58].

These common risk factors function at all ages but with
diverse degrees of influence in both genders. Diabetes or a
low high-density lipoprotein (HDL) cholesterol abolish the
advantage of women over men in terms of risk for CAD
[59]. Smoking is significant in males, it is non-cumulative,
and its effect is reversible after cessation. Several risk fac-
tors like dyslipidemia, diabetes, fibrinogen, reduce in im-
pact with advancing age [60]. But reduced relative risks
are offset by higher absolute risks for disease, resulting in
a large attributable risk. These risk factors are also perti-
nent in the elderly. Isolated systolic hypertension is a signif-
icant risk factor that is mostly prevalent in the elderly.
Obesity and overweight prop up all the major atherogenic
traits and physical inactivity promotes cardiovascular risk
factors at all ages [40,61].

Though the relative significance of these risk factors may
differ in diverse populations, these conventional risk factors
explain 75% of the CVD epidemic globally [62]. We recognize
the causal pathways linking these risk factors and CVD.
There is extensive evidence that, when action is taken
against these risk factors, the disastrous consequences of
this epidemic can be halted [63]. In this regard epidemiolog-
ical research on risk factors, taken together with clinical
and laboratory research is important in establishing causal
pathways to disease. The contributory chain can be traced
from genes and the environment through biochemical and
other bodily changes to pathological alterations and clinical
disease [64].

Strategies for prevention and control of CVD

Successful strategies for preventing and controlling CVD
must include specific medical treatment plus prevention
and control of various risk factors. The majority of cardio-
vascular risk reducing modalities have been found to be
both medically acceptable and effectual [65,66]. There is
an immense need to augment the potential for CVD preven-
tion in the whole community. More the number of risk fac-
tors detected to be etiologically linked to disease, the
greater the power to decrease the disease burden in the
community by reducing the levels of such pathogenic risk
factors [64]. Generally populations containing several
high-risk individuals are characterized as high-risk popula-
tions [67]. Moreover the major risk factors also exert path-
ogenic effects at levels below those arbitrarily selected as
indicators of high risk. In assessment of the preventive po-
tential of screening and controlling risk factors, account
must be taken of the fact that coexistence of multiple risk
factors confers a magnified risk which is multiplicative
rather than additive [64,68]. However most often, the cen-
ter of attention is on single risk factors, rather than on com-
prehensive cardiovascular risk assessment. For CVD
prevention and control activities to attain the greatest im-
pact, a paradigm shift is essential from the ‘‘treatment of
risk factors in isolation’’ to ‘‘comprehensive cardiovascular
risk management’’ [69]. This concept of clustering of



Fig. 3 Clustering of major risk factors, all countries (smoking,
high blood pressure, high blood sugar and high blood choles-
terol). Source: Cardiovascular disease prevention. Translating
evidence into action. Geneva, World Health Organization,
2005.
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cardiovascular risk factors is depicted in Fig. 3 from a mul-
tination WHO pilot project [70].

A variety of approaches might be considered to reduce
the population wide burden of CVD. An all-inclusive commu-
nity health strategy must amalgamate policies and programs
that successfully impact on multiple cardiovascular risk fac-
tors and provide protection over life span through primor-
dial, primary and secondary prevention [14]. The
distinction between primary and secondary prevention has
Fig. 4 The total risk approach to prevention of cardiovascular dis
required to reduce the cardiovascular disease risk distribution of th
left). Source: Prevention of cardiovascular disease: Guidelines for a
Health Organization, 2007.
become increasingly difficult, due to the ability to identify
subclinical disease at early stages with increasingly sensitive
technologies [71]. Hence primary prevention could be rede-
fined as prevention of atherosclerosis itself, with secondary
prevention being treatment of the atherosclerotic disease
process [72].

Decisions about whether to set off specific preventive
actions and with what degree of intensity should be
guided by estimation of the risk of any such vascular
event [1]. Even though cardiovascular endpoints are less
likely to occur in people with small levels of risk, no point
of risk can be considered ‘‘safe’’ [73]. A considerable
proportion of this morbidity and mortality could be pre-
vented through a population based stratagem, and by
making cost-effective interventions accessible and afford-
able, both for people with established disease and for
those at high risk of developing disease [74–76]. In all
populations it is indispensable that the high-risk approach
is complemented by population-wide public health strate-
gies [70]. See Fig. 4.

Potential reasons crippling CVD control in
developing countries

Lack of advancement in prevention and control of the CVD
epidemic is definitely not due to lack of information and sci-
entific evidence about what works to prevent CVD [25]. Sub-
stantial declines in CVD mortality in Finland, United
Kingdom, USA and Australia [77,78] show that an incorpora-
tion of risk factor control and effectual treatment can make
a considerable impact.

� Unrealistic use of assets for high technology/tertiary CVD
care in view of influential business and professional lob-
bies. These approaches are not sustainable in the long
term and will not generate anticipated results [25].
ease. A combination of population-wide and risk strategies are
e population (to shift the cardiovascular risk distribution to the
ssessment and Management of total cardiovascular risk. World
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� Insensitivity of governments to prioritize prevention,
negligible investment in strategies that have a most
cost-effective impact, lack of concern for appropriate
policy development [79], pressure of dominant commer-
cial interests that block action at the policy level [80,81]
and inconsistency at the level of policy implementation
[82,83].
� Communication gap: The lack of a public response to the
escalating burden of CVD is due mostly to a perception
among policy makers and the public that cardiovascular
disease is mostly a problem of the urban affluent and
accordingly the governments of developing countries
accord a low priority [12]. So global and regional indiffer-
ence towards non-communicable forms of CVD adds to
the complexity of issues to consider when establishing
cost effective prevention programs [84].
� Enormous research gap: The lack of aptitude for
research, meager financial allocation, pitiable quality
of research, language barriers and omission of journals
edited in developing countries from Medline [85–87].
� Low levels of literacy, gender inequality, religious beliefs
and poverty [25] are responsible for healthy behaviors
and usual medications for the prevention of CVD events
in the populace [70] in addition to inadequate media con-
cern in propagating risk modification and health promo-
tion [70].
� Inequitable allocation of health resources among regions
of developing countries leading to poor access of health
care by the rural populace.
� Inadequate knowledge of doctors in CVD management
due to the insufficiency of undergraduate medical
courses [70] and lack of reorientation of medical educa-
tion towards the needs of the community that they are
supposed to serve.
� Lack of organized preventive cardiology programmes in
our institutional practice and shortage of physicians
interested in this subspecialty as a primary career in
the developing world [88].
Conclusion

This review attempted to summarize the evidence in rela-
tion to variations in cardiovascular risk factors in low-
income population settings and dealing with approaches,
including both clinical and epidemiological to prevent and
reduce the cardiovascular burden. Consistent with emerging
evidence, ethnicity is indeed an independent cardiovascular
risk factor. It was also evident that clinical prediction tools
and cardiovascular risk assessments should be population-
specific and tailored to local needs similar to the ETHRISK
for British black and minority ethnic groups. The evidence
also lends support to a preventive cardiovascular approach
that is driven by a robust clinico-epidemiological knowledge
base. Because of limited resources in low-income countries,
innovative approaches to curbing the cardiovascular bur-
den, targeting modifiable risk factors, are imperative. In
this continuum of knowledge discovery and scientific inno-
vations we have definite information and scientific evidence
about what works to prevent CVD. However, it is the
moral responsibility of physicians, institutions, professional
bodies, regulatory authorities and governments to work to-
gether towards the alleviation of this preventable human
suffering.
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