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ABSTRACT

Background: The World Health Organization and the Government of India have set targets to reduce burden
of noncommunicable diseases. Information on population level trend of risk factors would provide insights
regarding the possibility of achieving them.

Objective: This study aimed to determine the population trends of cardiovascular disease risk factors in the
National Capital Region of Delhi over 2 decades.

Methods: Two representative cross-sectional surveys were conducted among men and women ages 35 to 64
years, residing in the urban and rural areas (survey 1 [1991 to 1994] and survey 2 [2010 to 2012]) using similar
methodology. The urban sample was collected from the Municipal Corporation of Delhi, and the rural sample
was from the Ballabgarh block of the adjoining state of Haryana. A total of 3,048 and 2,052 subjects of urban areas
and 2,487 and 1,917 subjects of rural areas were surveyed in surveys 1 and 2, respectively. Behavioral (smoking
and alcohol use), physical (overweight, abdominal obesity, and raised blood pressure), and biochemical risk
factors (raised fasting blood glucose and raised total cholesterol) were measured using standard tools.

Results: Urban and rural prevalence of overweight, alcohol use, raised blood pressure, and blood glucose
increased with increases in age-standardized mean body mass index (urban: 24.4 to 26.0 kg/m2; rural:
20.2 to 23.0 kg/m2), systolic blood pressure (urban: 121.2 to 129.8 mm Hg; rural: 114.9 to 123.1 mm Hg),
diastolic blood pressure (urban: 74.3 to 83.9 mm Hg; rural: 73.1 to 82.3 mm Hg), and fasting glucose (urban:
101.2 to 115.3 mg/dl; rural: 83.9 to 103.2 mg/dl). The smoking prevalence increased in the rural male
population. Raised total cholesterol declined in urban and increased significantly in rural populations.

Conclusions: The study indicates an overall worsening of population levels of all cardiovascular disease risk
factors in National Capital Region over past 20 years, though some signs of stabilization and reversal are seen
in urban Delhi.

The meeting of the U.N. General Assembly on non-
communicable diseases (NCD) [1] and the subsequent
goals and targets set by the World Health Organization
(WHO) has opened an enormous window of opportunity
to reduce the burden of chronic diseases worldwide.
These targets set by WHO include those on major risk
factors such as tobacco and alcohol use, inappropriate
diet, physical inactivity, raised blood pressure, overweight/
obesity, and raised blood glucose and cholesterol levels
[2]. India has taken the agenda further and developed its
own national targets for reducing NCD burden [3].
However, achieving and monitoring these targets requires
a robust surveillance system and benchmarks against
which the targeted reductions can be measured. Among
NCD, cardiovascular diseases (CVD) are the major causes
of morbidity and mortality in India [4]. Epidemiological

studies (largely cross-sectional surveys) conducted at
different points in time and from different locations of
India suggest a consistent increase in the prevalence of
CVD risk factors over the past 50 years [5,6]. Recent
mortality surveillance from rural north India showed that
there has been a significant increase in deaths due to CVD
[7]. However, in the absence of a comprehensive sur-
veillance system and well-designed repeat population
surveys in a representative sample, an accurate trend of
CVD risk factors in the Indian population cannot be
ascertained.

We conducted surveys on prevalence of CVD risk
factors between April 14, 1991 and June 30, 1994 (survey
1) in National Capital Region (NCR) of India (urban Delhi
and adjoining rural Haryana). To estimate the changes in
CVD risk factors, we repeated a survey between August 10,
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2010 and January 15, 2012 among another set of randomly
selected individuals from the same population using
similar sampling techniques (survey 2). Here we report the
changes in CVD risk factors between the 2 surveys.

METHODS
The cross-sectional surveys were carried out in adults ages
35 to 64 years using a multistage cluster random sampling
method in the urban area and a simple random sampling
method in the rural area. Both the surveys received ethical
clearance by the Ethics Committee of All India Institute of
Medical Sciences, New Delhi, and were funded by Indian
Council of Medical Research. Table 1 describes the meth-
odological similarities and differences between the 2 surveys.

Sample size
The sample size estimations of both the surveys were based
on the prevalence of coronary artery disease. A design ef-
fect of 1.5 was used to adjust for the cluster sampling in the
urban population. The sample size was further increased to
adjust for the nonresponse rate (15%). The final sample
was sufficient to detect an estimated absolute increase in
coronary artery disease prevalence between the surveys
(1.5% to 2.0% in rural area and 3.0% to 3.5% urban area)
with a power of 80%. Because the prevalence of risk factors
is higher than that of coronary artery disease, the final
sample size was sufficiently powered to detect an increased
prevalence of all risk factors. The sample size for the survey
2 was for 30þ year age group. As the first survey was
restricted to the 35 to 64 year age group, we have only
reported for that age group in this paper.

Sampling
The rural sample was collected from villages that are part
of the Ballabgarh Health and Demographic Surveillance
System (HDSS) [8]. The same villages participated in the

2 surveys and are located in Ballabgarh block of Faridabad
district in the state of Haryana, India. Being an HDSS site,
it had population level sampling frame and a simple
random sampling was used to select households and all
eligible individuals in that household were included. The
urban sample was collected from areas within the juris-
diction of the Municipal Corporation of Delhi. Urban
villages, unauthorized colonies, government colonies
including New Delhi Municipal Corporation and Delhi
Cantonment areas and Diplomatic Enclave were excluded
from the sampling frame. Of the 143 Municipal Corpo-
rations of Delhi wards, 12 were randomly selected. Three
census enumeration blocks (CEB) were selected randomly
from each of these wards (36 total CEB). Finally, 70
randomly selected households from each CEB were
enrolled for the study.

In both surveys, all eligible individuals from the pri-
mary sampling unit (household) were approached for their
consent to participate in the survey. A detailed question-
naire was administrated by trained interviewers to capture
data on sociodemographic characteristics, presence of CVD
risk factors, and treatment status. Physician-led medical
camps were conducted at respective CEB (urban)/villages
(rural) to collect data on anthropometric and biochemical
risk factors of CVD. Data collected included height and
weight measurements to calculate body mass index (BMI),
measurement of hip and waist circumference, and blood
pressure measurements. Two blood pressure readings were
recorded in sitting position, 5 min apart. If the difference
between the 2 readings was >10 mm Hg, a third mea-
surement was taken. The mean of the last 2 measurements
were taken for final analysis. Standard instruments and
equipment (Table 1) were used to record anthropometric
measurements. Regular calibration and periodic checking
of stadiometers and weighing machines were as per man-
ufactures’ guidelines to ensure the validity and reliability of
data collected. The blood pressure measurement was done

TABLE 1. Comparison of methods and measurement of CVD risk factors of surveys 1 and 2

Parameters Survey 1 Survey 2

Height Measured in centimeters using a scale with movable rule attached Measured in centimeters using a portable stadiometer

Weight Measured in kilograms using a beam balance Measured in kilograms using a portable platform scale

weighing machine

Waist circumference Measured in millimeters using a fiberglass tape after applying a

tension of 600 g. The measurement was done at the midpoint

between the subcostal margin and highest point of the iliac

crest

Measured in millimeters using a nonstretchable tape. The

measurement was done at the midpoint between the

subcostal margin and highest point of the iliac crest

Hip circumference Measured in millimeters using fiberglass tape after applying a

tension of 600 g. The measurement was done at the level of

the greater trochanters

Measured in millimeters using a nonstretchable tape. The

measurement was done at the level of the greater

trochanters

Blood pressure Random 0 sphygmomanometer OMRON (HEM-7080) digital blood pressure apparatus*

Blood glucose Enzymatic glucose oxidase method Enzymatic method using hexokinase

Total cholesterol Enzymatic cholesterol oxidase method Enzymatic cholesterol oxidase method

*Omron Healthcare (Kyoto, Japan).
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