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Abstract

Context: Though the cardiovascular diseases are the leading cause of mortality in India, little is known about the human
and economic loss attributed to the disease. The aim of this paper is to account the age and sex pattern of mortality,
hospitalisation and the cost of hospitalisation for cardiovascular diseases in India.

Data and Methods: Data for the present study has been drawn from multiple sources; 52" and 60" rounds of the National
Sample Survey, Special Survey of Death, 2001-03 and the Sample Registration System 2004-2010. Under the changing
demographics and constant assumptions of mortality, hospitalisation and cost of hospitalisation, we have estimated the
deaths, hospitalisation and cost of hospitalisation for cardiovascular diseases in India during 2004 to 2021. Descriptive
analyses and multivariate techniques were used to understand the socio-economic differentials in cost of hospitalisation for
cardiovascular diseases in India.

Findings: In India, the cardiovascular diseases accounted for an estimated 1.4 million deaths in 2004 and it is likely to be 2.1
million in 2021. An estimated 6.7 million people were hospitalised for cardiovascular diseases in 2004, and projected to be
10.9 million by 2021. Unlike mortality, majority of the hospitalisation due to cardiovascular diseases will be in the prime
working age group (25-59). The estimated cost of hospitalisation for cardiovascular diseases was 94/— billion rupees in
2004 and expected to be 152/— billion rupees by 2021, at 2004 prices. The cost of hospitalisation for cardiovascular diseases
was significantly high in private health centres, high fertility states and among high socio-economic groups.

Conclusion: The cardiovascular mortality and hospitalisation will be largely concentrated in the prime working age group
and the cost of hospitalisation is expected to increase substantially in coming years. This calls for mobilising resources,
increasing access to health insurance and devising strategies for the prevention, control and treatment of cardiovascular
diseases in India.
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Introduction for one-fifth of all deaths [24]. According to medical certification
of cause of death (MCCD), the proportion of deaths due to

" 18ee A diseases of the circulatory system (cardiovascular diseases) was
health challenge globally. Recent estimates indicate a rising trend 20.4% in 1990 and increased to 27.1% in 2004 [25,26]. Besides
in CVD deaths from 17 million in 2002 to 23 million in 2030, with

a distinct growth pattern in developed and developing countries
[1]. While, there is a preponderance of CVD deaths in older ages,
in developed countries, it is more pronounced among the younger
population, in developing countries [2,3]. The onset of cardiovas-
cular diseases in developing countries is 10-15 years carlier than
that of developed countries [4]. In recent decades, there has been
growing research interest on disease burden and implications of
CVDs in developing countries [5-16]. Numerous studies have also
envisaged the adverse economic consequences of growing CVDs
both at micro and macro level [17-23].

India, with a population of 1.2 billion, is experiencing an
increase in longevity and income levels, reduction in fertility and
increasing burden of CVD mortality and morbidity. Evidence
from the special survey on cause of death (2001-2003) suggests
that the CVDs are the leading cause of death in India; accounting

Cardiovascular diseases (CVDs) have emerged as a major public

high burden, the disease is increasingly affecting the working
population. For instance, CVDs accounted for 24.8% of the total
deaths in the age group 25-69 and 25.7% among 70 years and
above [24]. The mean age of first myocardial infarction is 53 years
among Indians; which is about 10 years earlier than their
counterparts in developed countries [4]. While earlier studies
have shown a positive gradient of CVDs with socio-economic
status [27,28], recent studies documented CVDs as the major
cause of death among poor, less educated and in rural areas [29—
32]. The CVDs not only account for a higher proportion of
deaths, it is one of the leading causes of hospitalisation in the
country [23,33]. The private sector is the main provider of
mpatient and outpatient services for CVDs [34,35]. The median
cost of treatment for CVDs in India varies from US $773 in low
income group to US $2917 in high income group (2007 prices)
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[18]. The macro estimates on loss in annual houschold income in
India were in the range of Rs 144-158/— billion for heart disease
and Rs 199/ — billion for hypertension in 2004 [23]. The WHO
estimated a loss of US $9 billion in India’s national income from
premature deaths due to heart disease, stroke and diabetes in 2005
and US $235 billion in 2015 [1]. The number of years of life lost
due to coronary heart disease deaths in India, below 60 years, is
estimated to be 17.9 million in 2030, higher than that of China,
USA and Russia combined [35]. The burden of CVDs is likely to
grow cutting across the socio economic groups [36,37].

The aim of this paper is to project the deaths, hospitalisation
and cost of hospitalisation for cardiovascular diseases in India. The
exercise was carried out for 2004 (base year) and projected for
2010, 2016 and 2021. The paper has been conceptualised with the
following rationale. First, though the CVDs are the leading cause
of death in India, little is known about the changing age and sex
pattern of mortality and hospitalisation due to CVDs. An attempt
to estimate the current and future scenario of mortality and
hospitalisation by age and sex will be helpful for evidence based
policies in prevention and control of CVDs. Second, evidences
suggest that the treatment of CVDs is expensive, need specialised
medical care, mostly provided by the private health centres and
often tend to be catastrophic [18,34,35]. On the other-hand, the
public health centres in India, that largely caters to the poor and
disadvantageous, are not equipped to provide the curative services
for CVDs. Third, though a number of studies have analysed the
risk factors of CVDs, few studies have examined the socio-
economic differentials in cost of hospitalisation for CVDs [33].
Fourth, the high level expert group (HLEG) has recommended
increase in public spending on health from 1% of GDP in 2010 to
3% by 2020 [38]. Thus, increasing the budgetary allocation for
cardiovascular diseases is of prime significance that would
effectively save human lives and reduce the economic burden to
the households.

Age and Sex Pattern of Cardiovascular Diseases

Materials and Methods

The data were analysed anonymously, using publicly available
secondary data, therefore no ethics statement is required for this
work.

Data

The study utilises the unit and aggregate data from multiple
sources as no single source provides comprehensive information on
mortality and hospitalisation for CVDs in India. The unit data
were drawn from the 52" and 60™ rounds of the National Sample
Survey (NSS) conducted during July 1995-June 1996 and January-
June 2004 respectively, by the National Sample Survey Organi-
zation (NSSO), Government of India. The two rounds of the NSS
are the only data bases that provide comprehensive and
comparable information on morbidity pattern and health care
utilisation among the general population in the country. The
schedule 25 of 52™" and 60™ rounds on morbidity and health care
broadly covered type of aliment, duration of ailment, health care
utilisation and expenditure incurred for each member of the
sampled houschold for both hospitalisation and outpatient
services. The hospitalisation includes those who sought treatment
as inpatient in a reference period of 365 days, while, the outpatient
services had a reference period of 15 days. Details of the sample
design, survey findings and the instruments are available in the
national report [33,39]. The aggregate data were obtained from
the Special Survey of Deaths (SSD), 2001-03, the Sample
Registration System (SRS) 2004-2010 and the population total
of Census of India 2001 and 2011. The SSD 2001-03 is a
collaborative effort of Office of Registrar General of India (ORGI)
and Centre for Global Health Research (CGHR), Canada. The
survey is based on the advanced form of verbal autopsy, which
covered all the deaths under SRS during 2001 to 2003. The SSD
is a benchmark study that provides comprehensive and reliable

Table 1. Assumptions on projecting deaths, hospitalisation and cost of hospitalisation for cardiovascular diseases, India, 2004-21.

2004 (Base year) 2010

2016 2021

A- Inputs on estimating
mortality due to CVDs

Proportion of deaths due
to CVDs

Age specific death rate

Age distribution of population

B-Inputs on estimating
hospitalisation due to CVDs

Hospitalisation rate

Age distribution of population

C-Inputs on estimating cost
of hospitalisation

Real cost of hospitalisation and
hospitalisation rate-

Age distribution of population

Estimates from Special Survey of
Deaths, 2001-03

Sample Registration System, 2004
(Observed)

SRS age distribution and inter
censal population for 2004

Computed from NSS 2004
(Observed)

Same as mortality projection

Computed from NSS 2004
(Observed)

Same as mortality projection

Constant at 2004 level

Sample Registration System,
2010 (Observed)

SRS age distribution and inter
censal population for 2010

Constant at 2004 level

Same as mortality projection

Constant at 2004 level and
prices

Same as mortality projection

Constant at 2004 level

UN model life table (based
on Lee carter approach)

Expert group population
projection (based on
cohort component
method)

Constant at 2004 level

Same as mortality
projection

Constant at 2004 level
and prices

Same as mortality
projection

Constant at 2004 level

UN model life table (based
on Lee carter approach)

Expert group population
projection (based on
cohort component
method)

Constant at 2004 level

Same as mortality
projection

Constant at 2004 level
and prices

Same as mortality
projection
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Figure 1. Sensitivity analysis for the estimates of CVD deaths by varying three parameters, India, 2004.

doi:10.1371/journal.pone.0062134.g001

estimates on causes of death in India. The rationale, design and
the findings of the study are available elsewhere [24,40,41].

The age and sex distribution of the population for 2004, 2010,
2016 and 2021 is one of the key inputs in estimating deaths,
hospitalisation and cost of hospitalisation. We have used the age
distribution and age specific death rates for 2004 and 2010 from
the SRS [42,43]. The total population for 2004 and 2010 (1*
March) was estimated using the inter-censal growth rate (2001-11)
and combined with the age-sex distribution to obtain population
by age and sex. The projected population for the year 2016 and
2021 was borrowed from the expert committee report on
population projections for India and states [44]. We have
preferred to use the population projection of the expert committee
because of its wider acceptability. Also, the population projection
of the expert committee for the year 2011 was close to the census
count [44,45]. The ASDR for 2016 and 2021 was borrowed from
the revised United Nations Model Life Table (South Asian
pattern) [46].

Methods

The study derives macro estimates of mortality, hospitalisation
and cost of hospitalisation by broad age group and sex in India.
We have carried out the exercise for the year 2004, 2010, 2016
and 2021. The year 2004 is taken as base as most of the data
pertain to the same period. Under the assumption of constancy in
proportion of CVD deaths, hospitalisation rate, mean cost (2004
prices), and changing age and sex structure, we have projected the
deaths, hospitalisation and cost of hospitalisation for 2010, 2016
and 2021.

To estimate total deaths due to CGVDs, the following mathe-
matical equation is used;

Devd =Y " ASDRi* Pi*di (1)

where, D.,q is the total number of deaths due to cardiovascular
diseases.
ASDR; is the age specific death rate in the i™ age group.
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Figure 2. Estimated number of deaths due to CVDs (in 000’s) by age and sex, India, 2004.

doi:10.1371/journal.pone.0062134.g002
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Figure 3. Estimated number of deaths due to CVDs (in 000’s) by age and sex, India, 2010.

doi:10.1371/journal.pone.0062134.g003

P; is the population in the i age group.

d; 13 the proportion of cardiovascular deaths to total deaths in
the i age group.

To estimate total hospitalisation due to CVDs, the following
mathematical equation is used;

Hevd=") " hix Pi (2)
where, Hgq is the total number of hospitalisation due to
cardiovascular diseases.

h; is the hospitalisation rate for cardiovascular diseases in the i
age group.

The hospitalisation rate is defined as the total number of
episodes of hospitalisation due to cardiovascular diseases per 1000
exposed population.

P; is the population in the i age group

Similarly, the cost of hospitalisation due to CVDs was estimated
using the following mathematical equation:

TCcvd = Z Hevdi* ACi (3)

Where TC,q is the total cost of hospitalisation for cardiovas-
cular diseases.

H,.q ; is the hospitalisation for cardiovascular diseases in ith age
group.

AC; is the average cost of hospitalisation for cardiovascular
diseases in the i"™ age group.

Table 1 presents the key inputs and assumptions used in the
projection of mortality, hospitalisation and cost of hospitalisation
for CVDs in India. The key inputs are age and sex distribution of
population, age specific death rate, proportion of CVD deaths,
hospitalisation rate and cost of hospitalisation. With respect to
mortality projections, while the age distribution of population and
the ASDR are varied for the projected period, the proportion of
CVD deaths is assumed to be constant at the base level. Similarly,
the estimates of hospitalisation and associated cost were projected
by varying the age distribution, and constancy in hospitalisation
rate and cost at the base level. It may be mentioned that the
population estimates are fairly accurate as we have estimated the
population for 2004 and 2010 using inter-censal estimates and
age-sex distribution of SRS. The projected population for 2016
and 2021 is borrowed from expert committee population
projection. Similarly, the ASDR for 2004 and 2010 are observed
[42,43]. The proportion of CVD deaths for 2004 is obtained from
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Figure 4. Estimated number of deaths due to CVDs (in 000’s) by age and sex, India, 2016.

doi:10.1371/journal.pone.0062134.g004
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Figure 5. Estimated number of deaths due to CVDs (in 000's) by age and sex, India, 2021.

doi:10.1371/journal.pone.0062134.g005

the Special Survey of Deaths. The hospitalisation rate and the cost
of hospitalisation for 2004 are derived from unit data of NSS,
2004. We have also provided the confidence interval for
hospitalisation and cost of hospitalisation by broad age group
(Table S1).

Sensitivity Analysis

To examine the precision of the estimated CVD deaths, we
have carried out the sensitivity analyses by varying three
parameters; total population, crude death rate (CDR) and the
proportion of CVD deaths to total deaths. In the absence of the
confidence interval, the sensitivity analysis is used to examine the
sensitivity of the estimates to changes in its inputs [47,48]. For
2004, we observed that the estimated CVD deaths are less

sensitive to population change and crude death rate (Figure 1). For
example, the estimated number of deaths due to CVDs in India, in
2004, was 1.52 million and varied in the range of 1.50-1.54
million under low and high population variant respectively.
Similarly, the estimated deaths by varying the CDR were in the
range of 1.52-1.58 million. The estimated deaths were, however,
more sensitive to the proportion of CVD deaths and varied in the
range of 1.04-1.93 million for 2004. Based on these results, we
have further carried out the sensitivity analyses for 2010, 2016 and
2021 by varying the proportion of CVD deaths only. We have
used the estimated inter-censal population as standard, population
projection of the expert committee as low variant and the UN
population projection (high variant) as high [49]. We have used
the observed CDR and 95% confidence interval as low and high

3.0 ~

Estimated CVD deaths in millions

2010 2016

2021

B Baseline
B Medium variant

¥ High variant

Baseline: proportion of CVD deaths constant at 2004 level, Medium variant: 5%, 10% and 15% increase
in CVD deaths from 2004 level for 2010, 2016 and 2021 respectively, High variant: 10%, 15% and 20%
increase in CVD deaths from 2004 level for 2010, 2016 and 2021 respectively

Figure 6. Sensitivity analyses for the estimates of CVD deaths in India, 2010-21.

doi:10.1371/journal.pone.0062134.g006
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Figure 7. Estimated number of hospitalisation due to CVDs (in 000’s) by age and sex, India, 2004.

doi:10.1371/journal.pone.0062134.g007

variant [42,43]. Similarly, the observed proportion of CVD deaths
for Empowered Action Group States (the states of Bihar,
Chhattisgarh, Jharkhand, Madhya Pradesh, Odisha, Rajasthan,
Uttarakhand and Uttar Pradesh) and Assam was taken as low
variant and all other states as high variant [24]. To provide the
precision of estimates of CVD deaths by age and sex, we assume a
uniform increase of 5% (medium variant) and 10% (high variant)
of CVD deaths for 2010 across age groups, from 2004 level. The
increase was 10% (medium variant) and 15% (high variant) for
2016 and 15% (medium variant) and 20% (high variant) for 2021.

In addition to the macro estimates, we have provided the mean
cost of hospitalisation for CVDs by population subgroups.
Descriptive statistics, bi-variate analyses and a log transformed
ordinary least square (OLS) regression model are used to
understand the socio-economic differentials and significant pre-
dictors of cost of hospitalisation for CVDs. The log transformed
model is used as there were very few zero cases (less than 40) and
the distribution of the dependent variable (cost of hospitalisation
for CVDs) was skewed. Those who reported zero expenditure
were excluded from the regression analyses. The dependent
variable is in logarithm form (log of cost of hospitalisation for
CVDs).

Results

Results are presented in two sections. Section I presents the
estimated number of deaths, hospitalisation and the cost of
hospitalisation for cardiovascular diseases. Section II describes the
socio-economic differentials in cost of hospitalisation for cardio-
vascular diseases.

Section |

Estimated deaths due to cardiovascular diseases in India,
2004-21. The age and sex pattern of CVD deaths for 2004,
2010, 2016 and 2021 are presented in figure 2, figure 3, figure 4
and figure 5 respectively. The total number of CVD deaths is
estimated at 1.4 million in 2004, 1.6 million in 2010, 1.8 million in
2016 and 2.1 million in 2026. Among males, the estimated
number of CVD deaths was 0.8 million in 2004 and projected to
be 1.0 million in 2016 and 1.1 million in 2021. Similarly, the
estimated number of deaths due to CVDs, among females was 0.6
million in 2004, 0.8 million in 2016 and likely to be 0.9 million in
2021. The distribution of deaths by broad age group suggests that
less than 1% of CVD deaths were below 25 years, 56.2% in the
age group 25-69 and 41.2.% among 70 years and above, in 2004.
This shows that the CVDs are affecting both working and elderly
population, and the pattern remains similar till 2010. By 2021, it is
projected that 45% of CVD deaths will be in the age group 25-69
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Figure 8. Estimated number of hospitalisation due to CVDs (in 000’s) by age and sex, India.

doi:10.1371/journal.pone.0062134.g008
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Figure 9. Estimated number of hospitalisation due to CVDs (in 000’s) by age and sex, India, 2016.

doi:10.1371/journal.pone.0062134.g009

and about 55% in the age group 70 years and above. The
estimated number of deaths is likely to increase for all the age
groups except 0-19 during the projection period. Besides the open
ended age group (70+), the concentration of deaths is in the age
group 55—69 during the study period. For example, the estimated
number of deaths in the age group 5569 s likely to increase from
0.49 million in 2004 to 0.59 million in 2010 and 0.69 million in
2021. The shape of the pyramid in all the three projected period
continues to be inverted. The sex pattern of CVD reveals that the
estimated number of deaths was higher among males than that of
females.

Figure 6 presents the results of the sensitivity analysis for
estimates of CVD deaths for 2010, 2016 and 2021. The estimated
deaths in 2010 were 1.65 million under the baseline scenario, 1.73
million under medium variant and 1.81 million under high
variant. The estimate varies in the range of 1.82-2.09 million for
2016 and 2.06-2.47 million for 2021. The detailed age-sex specific
estimates of the sensitivity analyses are presented in Table S2.

Estimated hospitalisation due to cardiovascular diseases
in India, 2004-21. The age and sex pattern of hospitalisation
for 2004, 2010, 2016 and 2021 are presented in Figure 7, Figure 8.
Figure 9 and Figure 10 respectively. The number of hospitalisa-

tions due to CVDs was estimated at 6.6 million in 2004, 7.7
million in 2010 and 10.9 million by 2021. Among males, the
estimated number of hospitalisation was 3.7 million in 2004 and
projected to be 4.3 million in 2010, 5.2 million in 2016 and 6
million in 2021. Similarly, among females the estimated number of
hospitalisation due to CVDs was 3 million in 2004, 3.5 million in
2010, 4.3 million in 2016 and likely to be 4.9 million in 2021. The
distribution of hospitalisation in 2004 indicates that about 8% of
hospitalisation was among less than 25 years, 76% in the age
group 25-69 and 16% among 70 years and above. By 2021, it is
projected that 5% of hospitalisation will be among those less than
25 years, 74% in the age group 25-69 and 21% in 70 years and
above. The shape of the pyramid will broaden over time indicating
that the estimated number of hospitalisation due to CVDs is likely
to increase across all age groups. For example, the estimated
number of hospitalisation in the age group 50-59 is likely to
increase from 1.7 million in 2004 to 2.8 million in 2021. Of note,
more than 50% of the hospitalisation due to CVDs are
concentrated in the prime working age group (25-59) and will
hold true for the projected years (3.7 million in 2004, 4.1 million in
2010 and 5.6 million in 2021). The estimated number of
hospitalisation due to CVDs was higher among males compared

1830
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Figure 10. Estimated number of hospitalisation due to CVDs (in 000’s) by age and sex, India, 2021.

doi:10.1371/journal.pone.0062134.g010
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to females during the projected period. For example in 2004, 3.7
million males were hospitalised compared to 3.0 million females
and the differences will continue over time. On comparing the
deaths and hospitalisation by age group for 2021, we found that
while the CVDs deaths will be higher in older ages (70+), the
hospitalisation will be higher in the working age group.
Estimated cost of hospitalisation for cardiovascular
diseases in India, 2004-21. Figure 11 presents the mean cost
of hospitalisation for CVDs by broad age group and sex. In 2004,
the mean cost of hospitalisation for CVDs was Rs 14, 975/ — for
males and Rs 12, 276/ — for females, while the median cost was Rs
4870/ — for males and Rs 3500/ — for females. There is no specific
age pattern in cost of hospitalisation for CVDs. Among males, the
mean cost of hospitalisation for CVDs was highest in the age
group 50-59 and lowest in the age group 30-39. Similarly, among
females, the mean cost of hospitalisation was highest in the age
group 30-39 and lowest in the age group 40-49. Based on the
mean cost, we have presented the macro estimates on cost of
hospitalisation for CVDs in India for 2004 (Table 2). We estimated
that the total cost of hospitalisation for CVDs was Rs 93.8/—
billion (2004 prices) accounting for 0.42% of GDP in 2004. The
estimated cost was highest in the age group 50-59. Under the
constant assumption of rate of hospitalisation and cost of

Table 2. Cost of hospitalisation for cardiovascular diseases, India, 2010-21 (at 2004 prices).

Estimated cost of hospitalisation in Indian rupees (in billions)
Age group 2004 2010 2016 2021

Male Female Total Male Female Total Male Female Total Male Female Total
0-19 13 3.9 52 13 3.9 52 1.2 3.7 5.0 1.2 3.6 4.8
20-29 2.1 22 4.4 25 26 52 2.8 2.7 55 2.8 2.8 55
30-39 1.8 57 7.6 2.1 6.4 85 23 6.9 9.2 2.7 7.8 10.5
40-49 8.9 4.1 13.0 10.7 55 16.3 1.9 6.6 18.5 13.0 7.1 20.1
50/59 19.9 7.7 276 23.1 8.1 31.2 29.7 10.2 39.9 33.1 11.9 45.1
60-69 143 8.6 229 15.7 9.0 247 20.2 11.5 31.7 254 141 395
70+ 7.2 6.1 133 8.4 7.7 16.2 1.1 10.9 22.0 13.4 13.2 26.5
All 55.6 382 93.8 63.9 433 107.2 79.3 52.6 131.8 91.6 60.5 152.1
doi:10.1371/journal.pone.0062134.t002

hospitalisation (2004 prices), the estimated cost of hospitalisation
for CVDs in 2010 was Rs 107.2/— billion and likely to be Rs
131.8/— billion in 2016 and Rs 152.1/— billion in 2021 at 2004
prices. The macro estimates on cost of hospitalisation for CVDs
show that about one-third of the total cost was in the age group
50-59 during all the time points.

Section |l

Socio-economic differentials in cost of hospitalisation for
cardiovascular diseases in india, 1995-2004. Table 3 de-
scribes the socioeconomic and demographic differentials in
hospitalisation and mean cost of hospitalisation for CVDs in
1995-96 and 2004. The cost includes expenditure on doctor’s fee,
medicines, diagnostic tests, bed charges, attendant charges and
other non medical costs for each episode of hospitalisation. The
cost of hospitalisation for CVDs for 1995-96 is adjusted to 2004
prices to nullify the price effect. During 1995-2004, the proportion
of hospitalisation due to CVDs has increased significantly across
all the socio-economic and demographic sub-groups. During
19952004, the proportion of hospitalisation due to CVDs had
increased from 9.3% to 12.2% in the age group 40-59 and from
9.1% to 14.1% in the age group 60 years and above. With respect
to educational attainment, we found that the increase is more
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Figure 11. Mean cost of hospitalisation for CVDs by age and sex, India, 2004.

doi:10.1371/journal.pone.0062134.g011
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Table 3. Socio-economic differentials in hospitalisation and mean cost of hospitalisation for cardiovascular diseases, India, 1995-
2004.
Proportion of
Socio-economic and hospitalisation due to Mean cost of hospitalisation for CVDs Percentage change in
demographic variables CVDs at 2004 prices mean cost
1995-96 2004 Z statistic 1995-96 2004
Age
Less than 25 years 12 1.8 0.5 7851 15430 49
25-39 years 26 38 —3.8 9547 12666 25
40-59 years 9.3 122 =57 15502 13077 =19
60 years and above 9.1 14.1 —74 9050 15192 40
Place of residence
Rural 4.6 59 —5.6 9392 10746 13
Urban 6.4 10.5 —9.7 16074 17923 10
Sex
Male 53 7.5 =745 12441 14984 17
Female 5.0 7.1 —6.9 11645 12767 9
Marital status
Never married 22 1.5 34 8683 17143 49
Currently married 5.9 9.5 —123 14129 14425 2
Widowed/divorced/separated 9.8 1.4 -1.9 6236 10606 41
Education
llliterate 45 6.0 —5.1 5175 7699 33
Primary 5.2 7.3 —54 8972 12189 26
Secondary 6.3 8.5 —4.6 17449 14205 —23
Higher Secondary and above 6.0 10.6 —54 36711 34401 =7
Work status
Self employed 6.7 9.6 —5.0 9416 14816 36
Regular employee 6.5 123 —6.2 23131 13470 =72
Low paid workers 3.9 8.7 —8.2 5008 10606 53
Not working 4.7 57 —3.8 12562 15514 19
Caste
SC/ST 4.0 53 —35 6882 11030 38
Others 5.6 78 —94 13257 14566 9
MPCE Quintiles
Poorest 2.7 4.8 =25 1335 4345 69
Poor 3.6 59 —4.3 4230 5865 28
Middle 33 5.6 =52 3641 11582 69
Rich 6.1 8.0 —4.0 4737 12517 62
Richest 6.1 9.0 —83 18372 18957 3
Type of CVD
Heart disease 3.2 5.0 —104 16221 17777 9
Hypertension 2.0 2.3 —28 5244 5666 7
Type of hospital
Public 4.8 6.3 —53 6548 7430 12
Private 5.8 8.0 —7.6 16275 17411 7
Region
North 74 7.1 0.5 9352 17223 46
East and NE 3.2 5.1 —4.6 11215 16773 33
West 5.0 83 —6.8 12996 12274 —6
South 6.1 8.8 —-74 12161 12618 4
Central 3.6 53 =347/ 15404 15887 3
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Table 3. Cont.

Age and Sex Pattern of Cardiovascular Diseases

Proportion of

Socio-economic and hospitalisation due to

Mean cost of hospitalisation for CVDs Percentage change in

demographic variables CVDs at 2004 prices mean cost
1995-96 2004 Z statistic 1995-96 2004
All 5.2 7.3 —10.1 12080 13963 13

Source: NSSO 52" and 60" round.
doi:10.1371/journal.pone.0062134.t003

pronounced among those who had educational attainment up to
higher secondary and above, followed by those had education up
to secondary level. Similarly, the proportion of hospitalisation due

Table 4. Results from log transformed ordinary least square
regression on cost of hospitalization in India.

Confidence

B Coefficients T statistic interval

Log (age) 0.01 0.17 (—0.14-0.17)
Place of residence
Rural
Urban —0.14 —2.22 (—0.33-0.05)
Sex
Male
Female —0.23 —1.46 (—0.44- —0.03)
Marital status
Currently married
Others 0.18 1.69 (—0.03-0.39)
Education
llliterate
Primary 0.27 2.40 (0.05-0.49)
Secondary 0.37 3.05 (0.13-0.61)
Higher Secondary and 0.51 2.88 (0.16-0.85)
above
Work status
Self employed
Regular employee —0.37 —2.12 (—0.72--0.03)
Low paid workers —0.05 —0.37 (—0.34-0.23)
Not working 0.10 0.74 (—0.16-0.35)
Caste
SC/ST
Others 0.25 1.78 (—0.03-0.52)
Log (MPCE) 0.40 4.22 (0.22-0.59)
Type of hospital
Public
Private 0.89 9.17 (0.70-1.07)
States
Low fertility
Moderate fertility 0.33 3.17 (0.13-0.54)
High fertility 0.55 539 (0.35-0.75)
Constant 3.54 577 (2.34-4.74)
Source: NSSO 60™ round.
doi:10.1371/journal.pone.0062134.t004
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to CVDs has increased across MPCE quintiles, and the increase
was significantly higher in the richest quintile. The increase in
proportion of hospitalisation due to CVDs was higher in private
health centres compared to public centres. The proportion of
hospitalisation due to CVDs was highest among regular employee
(those worked on regular salary/wage) followed by self employed
and relatively low among low paid workers. The differentials in
hospitalisations due to CVDs by geographical regions suggest that
it was highest in the southern region indicating a possible
association of demographic transition and the epidemiological
transition.

The mean cost of hospitalisation for CVDs varies largely across
socio-economic and demographic sub-groups. With respect to
economic groups, the cost of hospitalisation for CVDs among
those belonging to the richest MPCE quintile, in 2004, was four
times higher than those in the poorest MPCE quintile, linking the
ability to pay with treatment of CVDs. However, the differentials
in cost of hospitalisation across MPCE quintiles have narrowed
down over time. During 1995-2004, the increase in real cost of
hospitalisation for GCVDs was maximum for the poorest quintile
(69%) compared with the richest quintile (3%). The mean cost of
hospitalisation for CVDs by work status indicates a decline in cost
of hospitalisation among regular employee. Like economic status,
the mean cost of hospitalisation for CVDs was high for more
educated. For example, in 2004, an illiterate spent Rs 7699/ — on
hospitalisation for CVDs, and those having education up to higher
secondary and above, spent Rs 34401/ —. Similarly, the mean cost
of hospitalisation in a private health centre was two times more
than that of public health centre. The mean cost of hospitalisation
for CVDs was higher for those residing in urban areas than that of
rural areas. During 2004, the mean cost of hospitalisation was
highest in the northern region and lowest in the western region.

Predictors of cost of hospitalisation for cardiovascular
diseases in India. Table 4 presents the results of the OLS
regression where the dependent variable is the logarithm of cost of
hospitalisation for CVDs. The independent variables are age, sex,
place of residence, marital status, caste, educational attainment,
work status, monthly per capita consumption expenditure
(MPCE), type of hospital and states based on fertility levels. The
states were classified on the basis of crude birth rate (CBR) of 19 or
less, 19.1-23 and more than 23. The continuous variables age and
MPCE were log transformed. The regression coefficients are in
expected direction and support the bi-variate analyses. The
significant predictors in the model are MPCE, educational
attainment, type of hospital, level of fertility in the states, place
of residence and occupation. With respect to MPCE, the
coefficient was positive and statistically significant indicating that
economically better off households demand for better health
services. The cost of hospitalisation in private health centres was
89% higher than that of public health centres. As compared to low
fertility states, the cost of hospitalisation for CVDs was 33% higher
in moderate fertility states and 55% higher in high fertility states.
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This may be attributed to the availability of better and low cost
curative services for non communicable diseases in low fertility
states.

Discussion

India, like many transitional economies, is undergoing rapid
demographic and epidemiological transition. The demographic
transition, characterised by an increase in longevity and reduction
in fertility, has begun to alter the age-sex structure of the
population. The age-sex structural transition, coupled with
epidemiological transition has seen a rising trend in CVD burden
in India. Though the CVDs are the leading cause of mortality and
one of the major causes of hospitalisation in India, little is known
about the magnitude of deaths, hospitalisation and associated cost
of treatment. Most of the writings on CVDs in India are based on
small scale un-representative studies and limited to analysing the
risk factors [29,50,51]. Therefore, the first logical step in this
direction is to provide a numerical estimate of mortality,
hospitalisation and cost of hospitalisation due to CVDs. This is
because many of the CVD deaths are premature and avoidable.
However, there is no single comprehensive data source in India
that provides information on the deaths, disease pattern and the
cost of treatment for CVDs. The aim of this paper is to project the
deaths, hospitalisation and cost of hospitalisation for cardiovascu-
lar diseases in India.

The following are the salient findings of our study. First, our
results indicate a sharp increase in deaths and hospitalisation due
to CVDs across age groups in coming years. During 200421, the
estimated deaths and hospitalisation due to CVDs is likely to
increase from 1.4-2.1 million and 6.7-10.8 million respectively. It
is projected that one-third of the deaths and half of the
hospitalisation due to CVDs will be in the working age group
(25-59) that are premature and avoidable. The increase in
mortality and hospitalisation is largely attributed to the rise in the
risk factors of CVDs and rapid age-structural transition. Majority
of hospitalisation due to CVDs will be in the working age group
indicating that a large young population is at risk. If timely and
proper intervention is provided, it may reduce the premature
mortality and burden of disease. Our estimates on CVD deaths for
2010 are lower than the WHO estimates for 2008 because of the
methodological differences [52]. Second, both hospitalisation and
mortality were higher among males than females across age group,
over time. This may be due to the fact that the risk factors like
smoking, alcohol consumption and work related stress are higher
among males than females [53,54]. Third, the increase in the cost
of hospitalisation was high among illiterate, poor and those in low
paid jobs. Adjusting for confounders, the cost of hospitalisation
was high in private health centres, rural areas, and in high fertility
states. Though studies suggest that the treatment of CVDs requires
specialised medical care and highly expensive [18,35], the recent
Lancet Series argue that low cost and effective interventions do
exist and stressed the need of political commitment for reduction
of NCDs [15,16,55,56]. The cost of treatment was higher in the
northern region as compared to the western region. This is
possibly due to limited availability of health centres in selected
urban pockets and varying fees in the private health centres for
treatment of CVDs in the northern region. Fourth, the proportion
of hospitalisation due to CVDs has increased over time, and we
found a positive socio-economic gradient for CVD hospitalisation.
The findings are consistent with many studies in the developing
countries [34,57-61].
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Based on the findings, we suggest an increase in the budgetary
allocation for non-communicable diseases, in order to expand and
modernise the existing infrastructure for treatment of CVDs.
Though the Government of India has increased the health
spending substantially, little has been earmarked for non-
communicable disease. Second, we recommend formulating
comprehensive strategies for prevention and control of CVDs.
These include strategies on the reduction of risk factors, revamping
the public health centres, accreditation of private health centres to
provide cost-effective treatment and care, increasing awareness on
healthy life style through mass media, free health check up and
insurance coverage. Though the National Programme for
Prevention and Control of Cancer, Diabetes, Cardiovascular
Diseases and Stroke (NPCDCS) was launched in 2010 with the
primary objective of reducing the risk factors of NCDs in the
community, the coverage of the programme is limited [62]. Third,
we recommend launching a population based study to bridge the
data gap and generate evidence on the prevalence, socio-economic
differentials and risk factors of non-communicable diseases.
Though a number of population based representative studies
have guided us in arriving at evidence based policies to improve
the maternal and child health, there are no such studies on non-
communicable diseases. Such evidences will be helpful to plan and
develop a comprehensive strategy for the prevention, control and
treatment of CVDs and other non communicable diseases.

We outline the following limitations of our study. First, the cross
sectional data are compiled from the two main sources, namely
SSD 2001-03 and the NSS and integrated with the population
estimates by age and sex. While the NSS provides the unit data on
morbidity that facilitate detailed analyses, the SSD provides only
aggregate data, and so mortality differentials were not analysed.
Second, the sample size was limited to carry out disaggregated
analyses by disease and regions. Third, though the NSS provides
the hospitalisation and cost of treatment, there are limited
variables on the risk factors of CVDs. Also, the estimates on cost
are limited to direct cost. Despite these limitations, the strength of
this paper is the use of multiple data source and a simplified
methodology to arrive at the macro estimates of deaths,
hospitalization and cost of hospitalisation for CVDs. Our estimates
for 2004 are actual and that for the successive years are projected
under constancy in the age pattern of CVD deaths and
hospitalisation. Given the current state of epidemiological
transition and rise in the risk factors, the CVD deaths and
hospitalisation is likely to increase in coming years. Though our
estimates are minimum, they provide an insight into the future
magnitude of the problem and underscore the need to develop
strategies to save human life and medical cost.

Supporting Information

Table S1 Proportion of CVD hospitalization, mean cost
of hospitalization and 95% Confidence interval, India,
2004.

DOCX)

Table S2 Sensitivity analyses on estimates of CVD
deaths by age and sex, India, 2010-21.
(DOCX)

Author Contributions

Conceived and designed the experiments: AS. Performed the experiments:
AS. Analyzed the data: AS. Contributed reagents/materials/analysis tools:
AS SKM. Wrote the paper: AS SKM.

May 2013 | Volume 8 | Issue 5 | e62134



References

1.

20.

21.

23.

24.

26.

27.

Mathers CD, Loncar D (2005) Updated projections of global mortality and
burden of disease, 2002-2030: data sources, methods and results. WHO. 2005.
Evidence and Information for Policy working Paper.

. Leeder SR, Raymond SU, Greenberg H, Lui H, Esson K (2004) A Race Against

Time: the Challenge of Cardiovascular Discase in developing economies. New
York: The Centre for Global Health and Economic Development, Columbia
University. Available:http://www.earth.columbia.edu/news/2004/images/
raceagainsttime_FINAL_051104.pdf. Accessed 2010 Dec 22.

. Adeyi O, Smith O, Robles S (2007) Public Policy and the Challenges of Chronic

Noncommunicable Diseases. World Bank. Available: http://siteresources.worldbank.
org/INTPH/Resources/PublicPolicyandNCDsWorldBank2007FullReport.pdf.  Ac-
cessed 2010 May 1.

. Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A et al. (2004) Effect of

potentially modifiable risk factors associated with myocardial infarction in 52
countries (the INTERHEART study): case-control study. Lancet 364: 937-52.

. Jordan JE, Galea G, Tukuitonga C, Beaglehole R (2005) Preventing chronic

discases: taking stepwise action. Lancet 366: 1667-71.

. Reddy KS, Shah B, Varghese C, Ramadoss A (2005) Responding to the threat

of chronic diseases in India. Lancet 366: 1746-51.
Strong K, Mathers C, Leeder S, Beaglehole R (2005) Preventing chronic

diseases: how many lives can we save?. Lancet 366: 1578-82.

. Wang L, Kong L, Wu I, Bai Y, Burton R (2005) Preventing chronic diseases in

China. Lancet 366: 1821-24.

. Abegunde DO, Stanciole A (2006) An estimation of the economic impact of

chronic non communicable diseases in selected countries. Available: http://
www.who.int/chp. Accessed 16 Jan 2011.

. Asaria P, Chisholm D, Mathers C, Ezzati M, Beaglehole R (2007) Chronic

disease prevention: health effects and financial costs of strategies to reduce salt
intake and control tobacco use. Lancet 370: 2044-53.

. Beaglehole R, Ebrahim S, Reddy S, Voute J, Leeder S (2007) Prevention of

chronic diseases: a call to action. Lancet 370: 2152-57.

. Gaziano TA, Galea G, Reddy KS (2007) Scaling up interventions for chronic

disease prevention: the evidence. Lancet 370: 1939-46.

. Lim S, Gaziano TA, Gakidou E, Reddy KS, Farzadfar F, et al. (2007)

Prevention of cardiovascular disease in high-risk individuals in low-income and
middle-income countries: health effects and costs. Lancet 370: 2054-62.

. Miranda JJ, Kinra S, Casas P, Smith GD, Ebrahim S (2008) Non communicable

diseases in low and middle income countries: context, determinants and health
policy. Tropical Medicine and International Health 13(10): 1225-1234.

. Geneau R, Stuckler D, Stachenko S, McKee M, Ebrahim S, et al. (2010) Raising

the priority of preventing chronic diseases: a political process. Lancet 376: 1689
98.

Samb B, Desai N, Nishtar S, Mendis S, Bekedam H et al. (2010), Prevention and
management of chronic disease: a litmus test for health systems strengthening in
low and middle income countries. Lancet 376, 1785: 97.

. Whitehead MT (2001) Equity and health Sector Reforms: Can Low income

countries Escape the medical Poverty Trap? Lancet 358(928): 833-6.

. Huffman MD, Rao KD, Riviere AP, Zhao D, Harikrishnan S et al. (2011) A

cross sectional study of the microeconomic impact of cardiovascular disease
hospitalisation in four low and middle income countries. PLoS ONE 6(6):
€20821. doi:10.1371/journal.pone.0020821. Accessed 6 January 2012.

. Abegunde DO, Stanciole A (2006) An estimation of the economic impact of

chronic non communicable diseases in selected countries. Available: http://
www.who.int/chp. Accessed 2011 Jan 16.

Suhrcke M, Urban D (2006) Are Cardiovascular Diseases Bad for Economic
Growth. CESIFO working paper no. 1845.

Heindenreich PA, Justin GT, Olga AK, Buder J, Dracup K, et al. (2011)
Forecasting the future of Cardiovascular diseases in the United states: A Policy
statement from the American Heart Association. Available:http://circ.
ahajournals.org/content/carly/2011/01/24/CIR.0b013¢31820a55f5.full.
pdf+html. Accessed 2012 March 31.

. Azambuja MIR, Foppa M, Maranhao MFC, Achutti AC (2008) Economic Burden of

Severe Cardiovascular diseases in Brazil. Available: http://www.scielo.br/pdf/abc/
v91n3/en_05.pdf. Accessed 2012 Jun 7. Mahal A, Karan A, Engelgau M (2010) The
economic implications of non communicable diseases for India. Available: http://
siteresources.worldbank.org/HEALTHNUTRITIONANDPOPULATION/
Resources/281627-1095698140167/ EconomicImplicationsofNCDforIndia.pdf. Ac-
cessed 22 December 2010.

Office of the Registrar General (RGI), India (2009) Report on Causes of Death
in India 2001-2003. New Delhi: Office of the Registrar General.

Office of the Registrar General (RGI), Census Commissioner, India (1990)
Medical Certification on Causes of Death in India (1990). New Delhi: Office of

the Registrar General and Census Commissioner.

. Office of the Registrar General (RGI), Census Commissioner, India (2004)

Medical Certification on Causes of Death in India (2004). New Delhi: Office of
the Registrar General and Census Commissioner.

Sarvothham SG, Berry JN (1968) Prevalence of Coronary Heart Disease in an
Urban Population in Northern India. Circulation Volume XXXVII,

Chaddha SL, Gopinath N, Shekhawat S (1997) Urban-rural differences in the
prevalence of coronary heart disease and its risk factors in Delhi. Bulletin of the

World Health Organization 75 (1): 31-38.

PLOS ONE | www.plosone.org

28.

29.

30.

31.

32.

33.

36.

37.

38.

39.

40.

41.

42.

43.

44.

46.

47.

48.

49.

50.

51.

52.

Age and Sex Pattern of Cardiovascular Diseases

Joshi R, Cardona M, Iyengar S, Sukumar A, Raju CR et al. (2006) Chronic
discases: Cause of death In rural India. International Journal of Epidemiology
35: 1522-1529.

Jeemon P, Reddy KS (2010) Social determinants of cardiovascular disease
outcomes in Indians. Indian Journal of Medical Research 132: 617-622.
Pednekar MS, Gupta R, Gupta PC (2011) Illiteracy, low educational status, and
cardiovascular mortality in India. Available: http://www.biomedcentral.com/
1471-2458/11/567. Accessed 2011 Dec 27.

Xavier D, Pais P, Devereaux PJ, Xie C, Prabhakaran D, et al. (2008) Treatment
and outcomes of acute coronary syndromes in India (CREATE): a prospective
analysis of registry data. Lancet 371: 1435-42.

National Sample Survey Organisation (NSSO) g2006) Morbidity, Health Care
and the Condition of the Aged, 2004, NSS 60" round. Report No. 507 (60/
25.0/1). New Delhi: NSSO, Government of India.

Rao KD, Bhatnagar A, Murphy A (2011) Socio-economic inequalities in the
financing of cardiovascular & diabetes inpatient treatment in India. Indian
Journal of Medical Research 133: 57-63.

. Patel V, Chatterji S, Chisholm D, Ebrahim S, Gopalakrishna G, et al. (2011)

Chronic diseases and injuries in India. Lancet 377(9763): 413-28.

. Rissam HS, Kishore S, Trehan N (2001) Coronary Artery Disease in Young

Indians — The Missing Link. Indian Academy of Clinical Medicine 2(3): 128—
131.

Goyal A, Yusuf S (2006) The burden of cardiovascular disease in the Indian
subcontinent. Indian Journal of Medical Research 124: 235-244.

Planning Commission, Govt of India (2011) High Level Expert Group Report
on Universal Health Coverage for India, (New Delhi). Available:http://
planningcommission.nic.in/reports/genrep/rep_uhc0812.pdf. Accessed 2012
Jun 7.

National Sample Survey Organisation (NSSO) (1998) Morbidity and Treatment
of Ailments, 1959-96, NSS 52" round. Report No. 441(52/25.0/1). New Delhi,
NSSO, Government of India.

Bhutta ZA (2006) The Million Death Study in India: Can It Help in Monitoring
the Millennium Development Goals? PLoS Med 3(2): el03. doi:10.1371/
journal.pmed.0030103.Available:http://www.plosmedicine.org/article/
info%3Adoi%2F10.1371%2Fjournal. pmed.0030103. Accessed 2012 Jun 7.
Jha P, Gajalakshmi V, Gupta PC, Kumar R, Mony P, et al. (2006) Prospective
study of million deaths in India: Rationale, design, and validation results. PLoS
Med3(2): el8.Available:http://www.plosmedicine.org/article/info:doi/ 10.
1371/journal.pmed.0030018. Accessed 7 June 2012.

Office of the Registrar General and Census Commissioner of India (ORGI)
(2006) Sample Registration System Statistical Report 2004. New Delhi: Office of
the Registrar General, India.

Office of the Registrar General and Census Commissioner of India (ORGI).
(2012(1)) Sample Registration System Statistical Report 2010. New Delhi: Office
of the Registrar General, India.

Office of the Registrar General (ORGI) (2006b) Population Projection for India
and States (2001-2026). New Delhi: Ministry of Home Affairs.

Office of the Registrar General and Census Commissioner India (2011) Census
of India 2011. Provisional Population Totals. New Delhi: Office of the Registrar
General and Census Commissioner. Office of the Registrar General and Census
Commissioner.

United Nations Department of Economic and Social Affairs, population
Division, Population Estimates and Projections Section (2010) World Population
Prospects 2010: Extended Model Life Tables. Available: http://esa.un.org/
wpp/Model-Life-Tables/download-page.html. Accessed 2012 Jun 7.

Taylor M (2009) What is sensitivity Analysis? Available:http://www.medicine.
ox.ac.uk/bandolier/painres/download/whatis/ What_is_sens_analy.pdf. Ac-
cessed 2012 Oct 22.

Yang L, Parkin DM, Ferlay J, Li L, Chen Y (2012) Estimates of Cancer
Incidence in China for 2000 and Projections for 2005. Available: http://cebp.
aacrjournals.org/content/ 14/1/243.full. pdf+html. Accessed 2012 Oct 29.
World Population Prospects (2010) United Nations, Department of Economic
and Social Affairs. Population Division, Population Estimates and Projection
Section. Available: http://esa.un.org/unpd/wpp/unpp/panel_population.htm.
Accessed 2012 Jun 7.

Gupta R, Prakash H, Majumdar S, Sharma S, Gupta VP (1995) Prevalence of
coronary heart disease and coronary risk factors in an urban population of
Rajasthan. Indian Heart Journal 47(4): 331-8.

Reddy NK, Kumar DN, Rayudu NV, Sastry BK, Raju BS (2002) Prevalence of
risk factors for coronary atherosclerosis in a cross-sectional population of Andhra
Pradesh.Indian Heart Journal 54(6): 697-701.

World Health Organisation (WHO) (2011) NCD Country Profiles. Available:
http://www.who.int/nmh/publications/ncd_profiles2011/en/index.html. Ac-
cessed 2012 Oct 20.

Sugathan TN, Soman CR, Sankaranarayanan K (2008) Behavioural risk factors
for non communicable discases among adults in Kerala, India. Available:
http://www.icmr.nic.in/ijmr/2008/june/0609.pdf. Accessed 13 December
2012.

. Msyamboza KP, Ngwira B, Dzowela T, Mvula C, Kathyola D, et al. (2011) The

Burden of Selected Chronic Non-Communicable Diseases and Their Risk

May 2013 | Volume 8 | Issue 5 | e62134



Factors in Malawi: Nationwide STEPS Survey. PLoS ONE 6(5): ¢20316.
doi:10.1371/journal.pone.0020316.

. Alwan A, MacLean DR, Riley LM, Tursan EE, Mathers CD, et al. (2010)

Monitoring and surveillance of chronic non-communicable diseases: progress
and capacity in high-burden countries. Lancet 376: 1861-68.

. Cecchini M, Sassi F, Lauer JA, Lee YY, Guajardo-Barron V, et al. (2010)

Tackling of unhealthy diets, physical inactivity, and obesity: health effects and
cost- effectiveness. Lancet 376: 1775-84.

5. Reddy KS, Yusuf S (1998) Emerging epidemic of cardiovascular disease in

developing countries. Circulation 70: 945-949.

. Vorster HH (2002) The emergence of cardiovascular disease during urbanisation

of Africans. Public Health Nutrition 5(1A): 239-243.

. Zhou B, Li Y, Stamler J, Tao S, Davis CE, et al. (2003) Change to

cardiovascular risk factor levels in rural Chinese men: The People’s Republic of

PLOS ONE | www.plosone.org

13

59.

60.

61.

Age and Sex Pattern of Cardiovascular Diseases

China-United States collaborative study on cardiovascular and cardiopulmo-
nary epidemiology. American Journal of Public Health 93(12): 2049-2051.

Ala L, Gill G, Gurgel R, Cuevas L (2004) Evidence for affluence related
hypertension in Brazil. Journal of Human Hypertension 18: 775-779.
Ezeamama AE, Viali S, Tuitele J, McGarvey ST (2006) The influence of
socioeconomic factors on cardiovascular disease risk factors in the context of
economic development in the Samoan archipelago. Social Science & Medicine
63: 2533-2545.

Ministry of Health & Family welfare Government of India. National Programme
for Prevention and control of cancer, diabetes, CVDs and stroke (NPCDCS)
(2010) Available: http://health.bih.nic.in/Docs/Guidelines-NPCDCS.
pdf.Accessed 2012 Oct 30.

May 2013 | Volume 8 | Issue 5 | e62134



