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The burden of cardiovascular disease in the Indian subcontinent
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Ischaemic heart disease and stroke are among the most common causes of death and disability in
the world. The Indian subcontinent (including India, Pakistan, Bangladesh, Sri Lanka, and Nepal)
has among the highest rates of cardiovascular disease (CVD) globally. Previous reports have
highlighted the high CVD rates among South Asian immigrants living in Western countries, but
the enormous CVD burden within the Indian subcontinent itself has been underemphasized. In
this review, we discuss the existing data on the prevalence of CVD and its risk factors in the Indian
subcontinent. We also review recent evidence indicating that the burden of coronary heart disease
in the Indian subcontinent is largely explained on the basis of traditional risk factors, which
challenges the common thinking that South Asian ethnicity per se is a strong independent risk
factor for coronary heart disease. Finally, we suggest measures to implement in policy, capacity

building, and research to address the CVD epidemic in the Indian subcontinent.

“Live sensibly - among a thousand people, only one dies a natural death; the rest succumb to irrational modes-oflaimgnides

Ischaemic heart disease and stroke are the twdeen paid to the enormous burden of CVD in the
most common causes of death worldwidever 80 Indian subcontinent itself. We discuss hergetle
per cent of deaths and 85 per cent of disability from available data on the CVD burden in the Indiar
cardiovascular disease (CVD) occur in low- and subcontinent and the limitations of the daia), the
middle-income countriés. The Indian subcontinent prevalence of CVD risk factors in the Indian
(including India, Pakistan, Bangladesh, Sri Lanka, subcontinent;i{i) how the high rates of coronary
and Nepal) is home to 20 per cent of the world’s heart disease (CHD) in the Indian subcontinent ca
population and may be one of the regions with thebe explained by traditional environmental and
highest burden of CVD in the world. Although studies biological risk factors, offering a challenge to the
have documented that immigrants from the Indian prevailing wisdom that South Asian ethnicfgr se
subcontinent (South Asians) living in Western is an independent risk factor for CHD; arid) (steps
countries have a higher burden of cardiovascularin policy, capacity building, and research to tackle
disease than other ethnicitiésless attention has the CVD epidemic in the Indian subcontinent.
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The estimated burden of CVD the Indian The burden of CVD risk factors in the Indian
subcontinent subcontinent

The absence of reliable mortality data in the The huge burden of CVD in the Indian
Indian subcontinent has necessitated estimates ofubcontinent is the consequence of the larg
the CVD burden based on cross-sectional studiegpopulation and the high prevalence of CVD risk
that have been well described previo@8lyn 2003,  factors. Moreover, the projected increase in death
the prevalence of CHD in India was estimated to beand disability from CVD is expected to follow closely
3-4 per cent in rural areas (two-fold higher an explosion in the prevalence of traditional risk
compared with 40 yr ago), and 8-10 per centin urbanfactors. Driving this steep rise in CVD risk factor
areas (six-fold higher compared with 40 yr ago), purden is the rapid increase in the proportion of urba
with a total of 29.8 million affected (14.1 million jhhabitants (currently at 30% with a projected rise
in urba.n areas, and 1_5-7 million in rural ar_eas) to 43% in 20219 Urbanization is characterized by a
according to population-based cross-sectional naried increase in the intake of energy-dense food
survey§™. This estimate is comparable to the figure , jecrease in physical activity, and a heightened lev
of 31.8 million affected, deriveq from extrapolations of psychosocial stress, all of which promote the
of the Global Burden of Diseases _Stdd?q development of dysglycaemia, hypertension, an
However, these numbers are still likely dyslipidaemid.
underestimates as they do not account for those with
silent myocardial infarction or otherwise
asymptomatic CHD. In 1990, there were an
estimated 1.17 million deaths from CHD in India,
and the number is expected to almost double to 2.0
million by 201G In addition to the high rate of
CHD mortality in the Indian subcontinent, CHD

manifests almost 10 yr earlier on average in this ) i )
region compared with the rest of the wdrly in 2025 The Indian Council of Medical Research

resulting in a substantial number of CHD deaths (ICMR) estimates that the prevalence of diabetes i
occurring in the working age group. In Western 3.8 per cent in rural areas, compared with 11.8 pe
countries where CVD is considered a disease of the®€Nt in urban areésThis might be a substantial
aged, 23 per cent of CVD deaths occur below theunderestimate, according to some preliminary cross
age of 70; this compares with 52 per cent of CVD sectional survey data from Bangalore as part of th
deaths occurring among people under 70 yr of ageongoing Prospective Urban Rural Epidemiologic
in India®' As a result, the Indian subcontinent (PURE) study (Vaz M, Kurpad A and Yusuf S,
suffers from a tremendous loss of productive unpublished data).

working years due to CVD deaths: an estimated

9.2 million productive years of life were lostin India Hypertension Hypertension is even more
in 2000, with an expected increase to 17.9 million prevalent (20-40% among urban and 12-17Y%
years in 2030 (almost ten times the projected lossamong rural adults), and was affecting an
of productive life in the United Statés)The health  estimated 118 million inhabitants in India in 2000;
and economic implications of this staggering rise this number is projected to almost double to 21«
in early CVD deaths in South Asian countries are million in 2025, Similarly, the 1990-1994
profound and warrant prompt attention from National Health Survey of Pakistan revealed tha
governing bodies and policy makers of these one third of the Pakistani population over the ags
countries. of 45 yr had hypertensiéh

Diabetes mellitusThe Indian subcontinent has a
higher prevalence of diabetes mellitus than any othe
éegion in the world, and 2-3 times the reportec
prevalence in Western countrigdn India alone, an

estimated 19.3 million people had diabetes in 199¢
and this is expected to almost triple to 57.2 million



GOYAL & YUSUF: CVD BURDEN IN INDIAN SUBCONTINENT 237

Chronic kidney diseasé€Concomitant with the rise myocardial infarction [95% confidence interval (CI)
in the prevalence of diabetes and hypertension is ar2.11-3.96] compared to non-use, a risk that wa
increase in the prevalence of chronic kidney diseasecomparable to the risk of current cigarette smoking
also recognized as an independent risk factor for(OR 2.95, 95% Cl 2.77-3.14). In addition, there wa:
CHD?. A study from Pakistan reported a prevalence a graded increase in risk associated with the numb
of 15-20 per cent of reduced estimated glomerularof beedies smoked per day, a finding alsc
filtration rate among people of 40 yr of age or oter demonstrated for cigarette smoking. The risk o
data from India suggest a prevalence of chronichaving an acute myocardial infarction associated witl
kidney disease of 0.8-1.4 per cent in urban dféas the use of chewing tobacco was also increased (O
although this is likely a significant underestimate 2.23, 95% CI 1.41-3.52). Furthermore, the
given the absence of a kidney disease registry in IndidNTERHEART investigators found that 40 per cent
and low rates of screening for chronic kidney disease.of people who used smokeless tobacco also smok
cigarettes, and in these individuals there was
Cigarette smokingln 2002, a national survey of compounded risk of acute myocardial infarction
tobacco use reported that the Indian subcontinentassociated with the use of both chewing tobacco ar
second only to China in both the production and smoking cigarettes (OR 4.09, 95% Cl 2.98-5.61
consumption of tobacco products, had an alarmingcompared with the non-use of tobacco products]
rate of current tobacco use of 56 per cent amongAlthough all of these reported odds ratios are for thi
Indian men aged 12-60 §rReddy and colleagues entire INTERHEART cohort, analysis in only the
also recently observed in a survey of sixth and eighthSouth Asian countries revealed the same degree
graders attending school in an urban setting that theisk associated with all forms of tobacco use
prevalence of tobacco use (any history of use orTherefore, use of tobacco in forms other that
current use) was 2-3 times higher among sixth cigarette smokingg.g, beedies) is both common and
graders compared with eighth grad&rsuggesting important contributors to the CHD burden in South
a concerning new wave of smoking among India’s Asia.
youth that forebodes serious future public health
consequences for the Indian subcontinent. Dyslipidaemia The ICMR surveillance project
reported a prevalence of dyslipidaemia (defined as
Other forms of tobacco usén addition to the high  ratio of total to HDL cholesterol >4.5) of 37.5 per
prevalence of cigarette smoking, other forms of cent among adults aged 15-64 yr, with an even highe
tobacco use are common in South Asia, including prevalence of dyslipidaemia (62%) among young
reported prevalences of smoking beedies (a smalimale industrial workerls The INTERHEART
amount of tobacco wrapped in a temburini leaf) of investigators reported that the prevalence o
5.9 per cent among males, and of smokeless tobaccdyslipidaemia (abnormal apolipoprotein ApoB/
(chewing tobacco or chewing paan) of 7.3 per centApoAl ratio) among controls without acute
(5.5% in women and 7.6% in méh)Little data have = myocardial infarction was higher among study
existed regarding the association between the use gparticipants living in the five South Asian countries
other forms of tobacco and the risk of CVD; however, (45%) compared with participants from the other 47
a recent analysis of data from the INTERHEART countries represented in the study (35%
case-control study of risk factors for acute myocardial (unpublished data). As in the overall INTERHEART
infarction (MI)'? has documented that there is an population, abnormal ApoB/ApoAl ratio was the
increased risk of myocardial infarction associated single largest contributor to the population
with all forms of smoked and smokeless tobd&tco attributable risk for acute myocardial infarction in
Smoking beedies was associated with an age- an&outh Asian countries. The impact of dyslipidaemiz
sex- adjusted odds ratio (OR) of 2.89 for acuteon the burden of CHD has been otherwise
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understudied at a population level in native South South Asians consist of large quantities of
Asians, despite its large contribution to CHD in other carbohydrates such as rice and bread (whic
world populations. predisposes to atherogenic dyslipidaemia includin
hypertriglyceridaemia and low HDL cholesterol),
Alcohol consumptionMild to moderate alcohol ghee and fried foods (high in saturated fat), an
consumption has been associated with lower rates oprocessed foods (many of which are high in trans
CVD events in multiple Western-based observationalfatty acids). Moreover, the vegetables that ar
studied?24 However, Joshi and colleagues in the consumed are often overcooked (a process whic
INTERHEART South Asia study reported that has been shown to diminish their content o
consumption of alcohol was not associated with potentially protective micronutrients compared
myocardial infarction in any of the South Asian with raw or properly cooked vegetabies
countries (OR for acute myocardial infarction
associated with alcohol intake 1.06, 95 per cent CIPhysical activity A recent hospital-based case-
0.85-1.30 for South Asia, compared with OR 0.79, control study from two urban centers in India
95 per cent Cl 0.74-0.85 for the rest of the world) suggested that daily moderate intensity physice
(unpublished data). The authors postulated that thisactivity (e.g, the equivalent of briskly walking 35-
may be due to differences in the typical pattern of 40 min per day) is associated with a 55 per cent lowe
alcohol consumption among inhabitants of the Indianrisk for CHD”. In the INTERHEART study, the
subcontinent (consumption of relatively large prevalence of leisure time physical activity was
guantities of alcohol on an irregular basis,, binge substantially lower among South Asians (6.1% o
drinking) compared with other world populations control arm patients) compared with the rest of th
(consumption of relatively small quantities of alcohol world (21.6%)(unpublished data). Cultural norms,
on a regular basis). However, this observationsuch as the perceived impropriety of women’s
requires further corroboration and more careful studyengaging in leisure time physical activity in certain
of the association between patterns of alcohol intakeMuslim communities (unpublished data) may be ir
and CVD risk in the Indian subcontinent. part responsible for these low rates of physica
activity.
Fruit and vegetable intakeA review of 250
observational studies estimated that increasedCan the greater burden of CVD in the Indian
consumption of fruits and vegetables is associatedsubcontinent compared to the rest of the world
with a 16 per cent lower risk of cardiovascular be explained by traditional CVD risk factors?
death&, a result that is consistent with the overall
results of the INTERHEART study. It is In the past decade, studies have reported a high
commonly believed that inhabitants of South Asia burden of CVD among South Asians compared witl
consume large quantities of fruits and vegetables,other populations, despite the South Asiar
in part because of the high prevalence of populations in these studies having a similar o
vegetarianism in South Asia. However, careful smaller burden of traditional CVD risk factors
analysis of the INTERHEART data revealed that compared with other ethnicities This has led to
South Asians actually had a lower prevalence of experts suggesting that South Asian ethnipity se
daily fruit and vegetable intake (26.5% among is a risk factor for CVD that is independent of
control arm patients who did not have an acutetraditional risk factors. However, these prior studie:
myocardial infarction) compared with the rest of were characterized by several important limitations
the world (45.2% among control arm patients from (i) few studies focused on the burden of CVD amon
the 47 non-South-Asian countrie@npublished  South Asians living in their own countriesi)(there
data). Although vegetarian, the meals of many were relatively few clinical events to reliably
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compare the contributions of various risk factors on populations in INTERHEART. In addition, South
the presence of CVDijil) data were collected on the Asians had lower rates of protective factors
presence or absence of certain risk factors, and nofphysical activity, daily intake of fruits and
the intensity or pattern of exposure to these riskvegetables, and regular but moderated alcohc
factors and their relationship to CVDiy) data on  consumption). When age strata were compare
dietary patterns, physical activity, abdominal obesity, between South Asians and other ethnicities, Sout
alcohol intake, and psychosocial factors were oftenAsians actually had higher levels of risk factors
not collected; andvj data on dyslipidaemia included than non-South Asians for all age strata unde
only crude lipid measures such as total cholesterol60 yr. However, after adjusting for all nine risk
instead of apolipoproteins (ApoAl and ApoB). factors within each age stratum, the risk of acut
myocardial infarction was similar in South Asians
Recently, the INTERHEART case-control study compared with the risk in participants from the res
reported that nine risk factors [blood apolipoproteins of the world. These data challenge the prevailing
(ratio of apoB to ApoAl), smoking (number of wisdom that South Asian ethnicity by itself is a
cigarettes smoked per day), self-reported risk factor for acute myocardial infarction. Instead,
hypertension, self-reported diabetes mellitus, it suggests that the higher levels of risk factors ir
abdominal obesity (assessed by waist-to-hip ratio),South Asians may be primarily responsible for
psychosocial stressors, and three “protective” factorstheir higher rates of CHD. These data also sugge:
(leisure-time physical activity, intake of fruits and that aggressive screening for and modification o
vegetables, and alcohol consumption)] was traditional risk factors in South Asians at an early
associated with over 90 per cent of the populationage could substantially reduce the high rates c
attributable risk for myocardial infarction in the early-onset CHD in this population.
world (and as high as 94% in womé&n)he impact
of these risk factors in different populations around What steps should be taken to address the
the world were equally robust and similar, including enormous CVD burden in the Indian
in the Indian subcontinent. This suggests that thesesubcontinent?
risk factors account for the majority of Ml in India,
as well as globally. Steps in policy Recognition that the vast majority
of the CVD burden in the Indian subcontinent is due
The INTERHEART investigators have more to environmental factors has led to the understandir
recently completed a detailed analysis focusing onthat the greatest impact on the CVD burden in th
the CVD risk profile among the 1732 cases and Indian subcontinent will come from implementing
2204 age-matched controls from the five South societal changes through policy interventibiis
Asian countries (unpublished data). ComparedHowever, the Indian subcontinent is home to ¢
with study participants from the other 47 countries heterogeneous population for which a “one size fit:
in the world, South Asians had a lower mean ageall” policy approach to addressing the CVD burder
for first acute myocardial infarction (53 vs 58.8 is likely to be insufficient. Different manifestations
yr of age). However, there were important of CVD (reflecting different stages of the
differences between the risk factor profiles of epidemiologic transition of CVbcan be observed
South Asians compared with non-South Asians. not only between urban and rural populations, bu
South Asians had a higher burden of metabolic riskalso in between poor and wealthy households the
factors (ApoB/ApoALl ratio, diabetes mellitus, and live side by side in the same neighbourhood, makin
waist-to-hip ratio) and a higher prevalence of use even regional CVD prevention programmes (let alon
of smokeless tobacco, particularly in rural settings national programmes) a challenge to implemen
and among women, compared with other effectively. Currently, public health programmes anc
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health systems in South Asia have been designed toegular consumption of fresh fruits and vegetable
address primarily communicable diseases andto lower CHD risk. In addition, cultural norms that
conditions affecting maternal and child hedjth hinder the adoption of healthy lifestyles should be
prevention and control of chronic diseases (which appreciated so that novel approaches to encouras
have been incorrectly perceived as affecting only thehealthy lifestyles can be developed and implemente
wealthy population that seeks health care from thein a culturally sensitive mannee.g, engaging and
private sector) have not been integrated adequatelyeducating the leaders of the community to encourag
by these public programmes. leisure-time physical activity among urban men anc
women).
Tobacco cessationFor the prevention of chronic
diseases (in particular CVD), the highest priority for Steps in capacity buildingCapacity building of the
the Indian subcontinent is tobacco cessation, forresearch infrastructure in all aspects, including
which notable strides have already been achievedclinical research training of physicians and healtt
The Indian government’s enactment of the Tobaccocare workers, development of clinical trial and
Control Act in 2003 has mandated bans on smokingepidemiology networks, and formation of ethics
in public places, on tobacco advertising and tobaccoboards, is essential to enable countries in the Indie
use in the film industry, and on tobacco sales tosubcontinent to conduct high-quality research on th
minors or near educational institutions. India has alsoscope, determinants, and control of the CVLC
adopted the World Health Organization’s Framework epidemic. The absence of reliable mortality data ha
Convention on Tobacco Control. However, lack of necessitated the use of estimates of the CVD burde
a national regulatory authority for tobacco control which are often inadequate to guide policy ma¥krs
hinders enforcement of these polidie§&reater  National surveillance programmes to determine th:
concentration of tobacco cessation efforts must becauses of death and disease and the prevalence
applied to those groups in whom tobacco use raterisk factors must be established to documen
trends are particularly disturbing, including the accurately the scope, trends, and regional variatior
youth??, and rural populations in whom the use of of the problem. The knowledge and awareness of tt
smokeless tobacco and use of tobacco among womeVD epidemic among the lay public (adults and
are highly prevaledt Moreover, innovative means children), policy makers, and health care provider
are required to address the even greater challenge ahust be assessed to guide the effective developme
controlling the use of other forms of tobacco and implementation of policy interventions.
(beedies, chewing tobacco, and paan). Finally, in
addition to the challenges in India, similar tobacco Steps in researchSeveral steps can be taken to
cessation policies and efforts in Pakistan, Nepal, Sribolster the research agenda to help characterize a
Lanka, and Bangladesh are lacking. treat CVD and its underlying risk factors in South
Asia.
Lifestyle modification Structured programmes to
promote healthy dietary patterns and physical activity (i) Reliable statistics of rates of CVD and its
must be developed to combat the deleterious effectsunderlying risk factors are required to inform the
of urbanization. Policy efforts are needed tp ( development of sound policy changes to promot
reduce carbohydrate intake on a population basis tacardiovascular health. This can be achieved throug
lower rates of abdominal obesity and atherogenicthe conduct of high-quality, large cohort studies tha
dyslipidaemia (high triglycerides and low HDL sample participants from both urban and rura
cholesterol), ii) reduce the sodium content of settings. For example, the ongoing Prospective Urba
packaged foods(g, jarred pickle or snacks) to lower and Rural Epidemiologic (PURE) study is a
the prevalence of hypertension, ani)(increase  prospective cohort study that aims to understand tf
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determinants and rates of several chronic diseases iBvents in patients at moderate- to high-risk for CHD
over 135,000 people from about 15 countries Another question of great interest is whethel
worldwide, including 30,000 from India. Studies such homocysteine-lowering therapy is effective in
as PURE will help quantify the impact of reducing CHD events among South Asian individual
urbanization on risk factors for chronic diseases, andwith already existing vascular disease. Even thoug
shape policy efforts to address risk factor profiles recent trials have demonstrated no overall benefit fc
that are unique to urban versus rural areas. Reliabldhomocysteine-lowering therapy in Western
statistics can also be obtained by establishingpopulation&3? questions have been raised regardin
registries that are linked to already ongoing clinical the applicability of these results to South Asians
trials. For example, the CREATE-ECLA trial living in the Indian subcontinent where fortification
(testing the use of reviparin and glucose-insulin- of foods with folate is uncommon and population
potassium therapy using a 2 x 2 factorial design)levels of serum homocysteine are on averag
enrolled 20,201 acute myocardial infarction patients considerably higher than in the W&st
from 274 sites around the wott@. Of these patients,
8,060 were enrolled from 71 sites in the Indian (iii)Studies are needed to characterize childhood ris
subcontinent (67 from India and 4 from Pakistan). factors in South Asian countries. Obesity among
During the course of the CREATE trial, the children and adolescents are of particular concerr
investigators established the CREATE registry thatestimates from the World Health Organization
included patients with acute coronary syndromes. Theindicate that the prevalence of childhood obesity ir
CREATE registry, however, contains a wealth of data some developing countries has increased by 28 p
on over 20,000 additional South Asian patients, andcent in only two yeaf& Childhood risk factor data
this will allow study of the association between specific to the Indian subcontinent are essential |
medical and socio-economic risk factors and acutethe projected rise in CVD rates among future
myocardial infarction at both the individual patient generations is to be successfully curbed. Mos
and the site level. These data may also helpintriguing is the simultaneous presence of childrer
participating sites evaluate and improve the qualitywho are obese in families where others are
of care that they deliver to future patients. Investigatorsundernourished.
conducting randomized controlled trials in South Asia
should be encouraged to develop opportunistic(iv) More research on the prevalence of and risl
registries using already established clinical trial factors for stroke in South Asian countries must bt
networks to generate additional high-quality data atconducted. Cerebrovascular disease is recognized
little additional cost. a major cause of death and disability in South Asia
countries; however, very few large studies of strok
(i) More randomized controlled trials with (registries or case-control studies) in South Asian
substantial enrollment in South Asian countries arehave been conducted. This must be rectified in orde
needed to test lifestyle or pharmacologic to accurately determine the burden of stroke on th
interventions on patients with (or who are at high health and economy of South Asian countries, so th:
risk for) CVD. An important but as yet unanswered policy changes can be developed to combat this oth
research gquestion is the effectiveness of using amportant form of CVD.
polypill (a single pill consisting of a combination of
two or more pharmacologic agents proven to reduce(v) Data on the prevalence of manifestations of non
CVD risk, including an antiplatelet agent, low doses atherosclerotic cardiovascular disease shoul
of a beta-blocker, an angiolensin converting enzymecontinue to be generated. Increasing attention he
(ACE)-inhibitor, and a diuretic; as well as a lipid- been paid to the rising burden of CHD in developing
lowering agent) versus usual care to reduce CHDcountries over the past decade. However, othe
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conditions including rheumatic heart disease and Conclusion
tuberculous pericardial disease continue to be
important problems in the Indian subcontinent and Cardiovascular disease is the prevailing
are at risk of being forgotten in the wake of vascular noncommunicable cause of death and disability il
disease. The Indian subcontinent is a unique regiorthe Indian subcontinent, and will become the
in the world in which several stages of the prevailing overall cause of mortality among the
epidemiologic transition can be observed inhabitants of South Asia in the next 20 yr. The
simultaneously (often in the same region), resulting current epidemic and imminent growth are due tc
in CVD from both infectious and atherosclerotic the huge burden of CVD risk factors, largely driven
aetiologies co-existing in the same population. Thus,by urbanization. Newly emerging studies in which
programmes that are developed to addressCVD risk factors have been carefully and rigorously
atherosclerotic vascular disease in a certain localemeasured suggest that traditional biologic an
should also be equipped to identify and help treatenvironmental CVD risk factors are sufficient to
infectious diseases that afflict the same region. explain the vast majority of the burden of CVD in
the Indian subcontinent. Resources should be direct

~ Recommendations to tackle the CVD epidemic (4,514 applying the existing knowledge base tc
in the Indian subcontinent are summarized (Box).

Box. Recommendations to address the CVD epidemic in the Indian subcontinent
Suggested policy interventians

(i) Establishment of a national regulatory agency to enforce already existing tobacco control legislgyitre(
Tobacco Control Act and the World Health Organization’s Framework Convention on Tobacco Control).
(i) Development of programmes to address the high rates of use of smoked beedies and of smokeless tobacco
(chewing tobacco and paan).
(iii) Implementation of programmes to promote healthy dietary patterns and physical activity in schools and
workplaces.

(iv) Identification of cultural norms that might hinder CVD prevention efforts.

Suggested capacity building measures

(i) Development of research infrastructure and training of clinical researchers.
(i) Establishment of high-quality national surveillance programmes that document causes of death and disability
to guide policy and decision makers.
(iii) Assessment of the knowledge of the CVD burden in the Indian subcontinent among lay people, health care
workers, and policy makers.

Suggested research initiatives

(i) Generation of reliable statistics on prevalence and incidence of CVD and its risk factors and CVD-related
mortality through the initiation of large cohort studies and trial registries.
(i) Randomized controlled clinical trials based in South Asian countries to answer research questions of high
relevance to the Indian subcontineatq, effectiveness of the polypill in CVD prevention, homocysteine lowering
in subjects with vascular disease).

(iii’) Studies documenting childhood risk factors, such as obesity, in both urban and rural settings.
(iv) Large registries and case-control studies to document the burden of stroke and its determinants in the [Indian
subcontinent.
(v) Continuing efforts to address non-atherosclerotic manifestations of CVD, including rheumatic heart disease
and tuberculous pericarditis.
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tackle the CVD epidemic in policy, capacity building,
and research arenas. Control of the CVD epidemic
in the
foreseeable future, provided that policy makers, the
lay public, and health professionals in the India 11.
subcontinent acknowledge its potential impact and
promptly act to address it.

Indian subcontinent is tenable in the

References

Murray CJ, Lopez AD, editors. The global burden
of disease: A comprehensive assessment of mortality and
disability from diseases, injuries, and risk factors in 1990
and projected to 2020. Cambridge, MA: Harvard University
Press; 1996.

Reddy KS. Cardiovascular disease in non-western countries.

N Engl J Med2004;350: 2438-40.

Leeder SR, Raymond SU, Greenberg H, Lui H, Esson K. A

IN

10.

12.

13.

14.

race against time: the challenge of cardiovascular disease in15

developing economies. The Center for Global Health and
Economic Development. New York: Columbia University;
2004.

Yusuf S, Reddy S, Ounpuu S, Anand S. Global burden
of cardiovascular diseases: part |: general considerations,
the epidemiologic transition, risk factors, and impact of

urbanization.Circulation 2001;104 : 2746-53.

Anand SS, Yusuf S, Vuksan V, Devanesen S, Teo KK,
Montague PA,et al. Differences in risk factors,

groups in Canada: the Study of Health Assessment
and Risk in Ethnic groups (SHARE)ancet2000; 356 :
279-84.

McKeigue PM, Miller GJ, Marmot MG. Coronary heart
disease in South Asians overseas: a revie@lin Epidemiol
1989;42 : 597-609.

. Enas EA, Yusuf S, Mehta JL. Prevalence of coronary artery
disease in Asian Indiangm J Cardiol1992;70 : 945-9.

16.

17.

19.

20.

Reddy KS, Shah B, Varghese C, Ramadoss A. Responding

to the threat of chronic diseases in Indiancet2005;366
1 1746-51.

Gupta R. Burden of coronary heart disease in India.
Indian Heart J2005;57 : 632-8.

21.

INDIAN SUBCONTINENT 243

Gupta R. Coronary heart disease in India: Absolute numbe
and economic burden. Rapid response to Ghaffar A, Redd
KS, Singhi M. Burden of non-communicable diseases in
South Asia.BMJ 2004;328: 807-10. (April 6, 2004)

Ghaffar A, Reddy KS, Singhi M. Burden of non-
communicable diseases in South AsBiMJ 2004;328 :
807-10.

Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A,
Lanas F.et al Effect of potentially modifiable risk factors
associated with myocardial infarction in 52 countries
(the INTERHEART study): case-control studyancet2004;
364 : 937-52.

Jafar TH. The growing burden of chronic kidney disease ir
PakistanN Engl J Med2006;354 : 995-7.

King H, Aubert RE, Herman WH. Global burden of diabetes,
1995-2025: prevalence, numerical estimates, an
projections.Diabetes Carel998;21 : 1414-31.

Gupta R. Trends in hypertension epidemiology in India.
J Hum Hyperten2004;18 : 73-8.

Kearney PM, Whelton M, Reynolds K, Muntner P,
Whelton PK, He J. Global burden of hypertension: analysis
of worldwide datalLancet2005;365: 217-23.

Go AS, Chertow GM, Fan D, McCulloch CE, Hsu C. Chronic
kidney disease and the risks of death, cardiovascular event
and hospitalizationN Engl J Med2004;351 : 1296-305.

. . . .18. Mani MK. Experience with a program for prevention
atherosclerosis, and cardiovascular disease between ethnic P prog P

of chronic renal failure in IndiaKidney Int 2005;
94 (Suppl): S75-8.

Agarwal SK, Dash SC, Irshad M, Raju S, Singh R,
Pandey RM. Prevalence of chronic renal failure in
adults in Delhi, IndiaNephrol Dial Transplan2005;20 :
1638-42.

Reddy KS, Perry CL, Stigler MH, Arora M. Differences in
tobacco use among young people in urban India by se>
socioeconomic status, age, and school grade: assessment
baseline survey datdancet2006;367 : 589-94.

Teo KK, Ounpuu S, Hawken S, Pandey MR, Valentin V,
Hunt D, et al. Tobacco use and risk of myocardial infarction
in 52 countries: the INTERHEART studizancet2006 (in
press).



244 INDIAN J MED RES, SEPTEMBER 2006

22.Fuchs CS, Stampfer MJ, Colditz GA, Giovannucci EL, 29.YusufS, Mehta SR, Xie @t al Effects of reviparin, a low-

Manson JE, Kawachi let al. Alcohol consumption and
mortality among womenN Engl J Med1995; 332 :
1245-50.

23. Mukamal KJ, Conigrave KM, Mittleman MA, Camargo CA  30.

Jr, Stampfer MJ, Willett WCgt al. Roles of drinking pattern

and type of alcohol consumed in coronary heart disease in

men.N Engl J Med2003;348: 109-18.

24. Stampfer MJ, Colditz GA, Willett WC, Speizer FE,
Hennekens CH. A prospective study of moderate alcohol
consumption and the risk of coronary heart disease and

stroke in womenN Engl J Med1988;319: 267-73.

25.van’'t Veer P, Jansen MC, Klerk M, Kok FJ. Fruits and
vegetables in the prevention of cancer and cardiovascular

diseasePublic Health Nutr2000;3 : 103-7.

26. Matthews JH, Woods JK. Megaloblastic anemia in

vegetarian AsiansClin Lab Hematol1984;6 : 1-7.

27. Rastogi T, Vaz M, Spiegelman D, Reddy KS, Bharathi AV,
Stampfer MJet al. Physical activity and risk of coronary

heart disease in Indidnt J Epidemiol2004;33 : 759-67.

28. Yusuf S, Reddy S, Ounpuu S, Anand S. Global burden
of cardiovascular diseases: Part Il: variations in 34.
cardiovascular disease by specific ethnic groups and

geographic regions and prevention strateg@isculation
2001;104 : 2855-64.

molecular-weight heparin, on mortality, reinfarction, and
strokes in patients with acute myocardial infarction presentin
with ST-segment elevatiodAMA 2005;293 : 427-35.

Yusuf S, Mehta SR, Diaz R, Paolasso E, Pais P
Xavier D, et al. Challenges in the conduct of large simple
trials of important generic questions in resource-poot
settings: the CREATE and ECLA trial program evaluating
GIK (glucose, insulin and potassium) and low-molecular-
weight heparin in acute myocardial infarctiokm Heart J
2004;148: 1068-78.

31.Bonaa KH, Njolstad I, Ueland PM, Schirmer H,

Tverdal A, Steigen Tet al. Homocysteine lowering and
cardiovascular events after acute myocardial infarction
N Engl J Med2006;354 : 1578-88.

.Lonn E, Yusuf S, Arnold MJ, Sheridan P, Pogue J.

Micks M, et al. Heart Outcomes Prevention Evaluation
(HOPE) 2 Investigators. Homocysteine lowering with folic
acid and B vitamins in vascular diseaSeEngl J Med2006;
354: 1567-77.

.Khare A, Lopez M, Gogtay J. Correspondence:

Homocysteine, B vitamins, and cardiovascular disease
N Engl J Med2006;355: 205-11.

Global strategy on diet, physical activity and health.
Obesity and overweight. (Fact sheets). Geneva: Worlc
Health Organization; 2003vwwwhoint/hpr/NPH/docs/
gs_obesity pdf

Reprint requestsDr Abhinav Goyal, Population Health Research Institute, Hamilton General Hospital
237, Barton Street East, Hamilton, Ontario, Canada L8L 2X2

e-mail: agoyal@pbhri.ca



