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Background: Chronic non-communicable diseases (NCDs) are the leading cause of morbidity, mortality, and

disability worldwide. More than 80% of chronic disease deaths occur in low-income and middle-income

countries. Epidemiological data on the burden of chronic NCD and the risk factors which predict them are

lacking in most low-income countries. The INDEPTH Network (http://www.indepth-network.org) which

includes the Health and Demographic Surveillance System (HDSS) with many surveillance sites in low-

middle income countries provided an opportunity to establish surveillance of the major chronic NCD risk

factors in 2005 using a standardised approach.

Objective: This paper presents the conceptual framework and research design of the chronic NCD risk factor

surveillance within nine rural INDEPTH HDSS settings in Asia.

Methods: This multi-site study was designed as a baseline cross-sectional survey with sufficient sample size to

measure trends over time. In each of nine HDSS sites in five Asian countries, a sample of 2,000 men and

women aged 25�64 years, using the WHO STEPwise approach to Surveillance (http://who.int/chp/steps), was

selected using stratified random sampling (in each 10-year interval) from the HDSS sampling frame.

Results: A total of 18,494 men and women from the nine sites were interviewed with an overall response

rate of 98%. The major NCDs risk factors included self-reported information on tobacco and alcohol

consumption, fruit and vegetable intake, physical activity patterns, and measured body weight, height, waist

circumference, and blood pressure. A series of training sessions were conducted for research scientists,

supervisors, and surveyors in each site. Data quality was ensured through spot check, re-check, and data

validation procedures, including accuracy and completeness of data obtained. Standardised data entry

programme, created using the EPIDATA software, was used to ensure uniform database structure across sites.

The data merging and analysis were done using STATA Version 10.

Conclusion: This multi-site study confirmed the feasibility of conducting chronic NCD risk factor surveillance

in the low and middle-income settings by integrating the chronic NCDs risk factor surveillance into an

existing HDSS data collection and management setting. This collaborative work has provided reliable

epidemiological data as a basis for developing chronic NCD prevention and control activities.
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C
hronic non-communicable diseases (NCDs), in-

cluding heart disease, stroke, diabetes, cancer, and

chronic obstructive pulmonary disease (COPD),

have become the leading cause of morbidity, mortality,

and disability worldwide. Chronic NCDs accounted for

60% of global death in 2005, including cardiovascular

diseases and diabetes (32%), cancers (13%), and COPD

(7%) (1). Of concern, available data suggests that the

burden of chronic NCD is greater in low and middle-

income countries than that in high-income countries (2).

More than 80% of the 5.9 million deaths in 2005 occurred

in low-income and middle-income countries where re-

sources allocated for prevention and control of NCD are

scarce (1).

The myth that chronic NCDs are ‘diseases of afflu-

ence,’ has led health authorities, particularly in low and

middle-income countries, to be unaware of this threaten-

ing burden of chronic NCDs which is largely driven by

the aging of populations and changing of the lifestyles.

Globally, health budgets allocated for chronic NCD

prevention and control are insufficient. The misguided

belief that interventions for chronic NCD prevention and

control are less cost-effective than those for acute

infectious diseases discourages health authorities from

investing in chronic NCD prevention (2). Most chronic

diseases are caused by a few modifiable risk factors

(tobacco use, unhealthy diet, and lack of physical activity)

that can be prevented and controlled with existing cost-

effective interventions (3).

To date, most chronic diseases surveillance systems

have been conducted in high-income countries, among

which are: the World Health Organization (WHO)

MONICA (MONItoring of trend and determinants in

CArdiovascular diseases) Project which measured the

trends and determinants in CVD mortality and cere-

brovascular disease morbidity across populations in

21 countries, mainly in Europe (4), the Framingham

Heart Study in the USA, which started in 1948 and has

since contributed to a huge body of knowledge on CVD

risk factors from the so-called ‘classical risk factors’ such

as cigarette smoking, high blood cholesterol level, and

high blood pressure, to the emerging risk factors, such as

homocysteine, lipoprotein A, and apolipoprotein E, as

well as to the study of chromosomes and genes (5), and

the Västerbotten Intervention Program, which started in

Västerbotten County, Sweden in 1990 and has since

delivered intervention in reducing chronic disease risk

factors among people aged 40, 50, and 60 years old (6).

Surveillance on chronic disease requires ongoing commit-

ment in order to measure trends and can be resource-

demanding. Ideally, chronic disease surveillance requires

population level data on morbidity and mortality pat-

terns. Measuring the incidence of most chronic diseases,

except perhaps for stroke which is based on a clinical

definition, often requires diagnostic techniques which

are not readily available. Few low and middle-income

countries have adequate death registration systems. The

surveillance of chronic NCD risk factors, which is less

technological and resource intensive, is more feasible in

low-middle income countries compared with disease

surveillance. From a public health point of view, the

surveillance of risk factors is more justifiable for two

reasons. Firstly, current trends in risk factor status can

predict future disease patterns, and secondly, most

chronic disease can be explained by a few modifiable

risk factors (7). Prevention is the key to controlling the

increasing burden of chronic disease and this in turn will

have a favorable impact on national development.

Efforts also need to be strengthened to provide high-

quality epidemiological data in order to understand the

unfolding epidemiological transition. In most low-income

countries where population registration is not well-

established, the majority of demographic events occur

unregistered (8). During the last few decades, efforts

and resources have been invested in strengthening the

demographic surveillance and surveillance of major

communicable diseases such as malaria, HIV/TB,

and tuberculosis. Health and Demographic Surveillance

Systems (HDSSs) have been established in different

countries as platforms to monitor population dynamics.

In 1998, the INDEPTH Network (an International

Network of field sites for continuous Demographic

Evaluation of Populations and Their Health in develop-

ing countries; www.indepth-network.org) was founded to

facilitate linkage of existing HDSSs through a focused

network (9). The network has since expanded their focus

from HIV/AIDS and malaria to include adult health and

aging and NCD. In recognition of the changing patterns

of the burden of disease, at its 10th anniversary in 2008,

the INDEPTH Network reaffirmed its commitment to

develop its capacity and strengthen its effort from

knowledge generation to improved health policy and

practice.

Lack of high-quality epidemiological data on the

chronic NCDs burden and the major risk factors that

give rise to them is a barrier when advocating that health

authorities should invest resources in chronic NCD

prevention and control. Epidemiological data is also

required so that interventions for chronic NCDs and

their risk factors can be evaluated. The paper presents the

development of chronic NCDs risk factor surveillance

within the HDSS settings in Asia, and discusses the

potential of HDSS to provide accurate and timely

epidemiological data as the basis of chronic NCDs

prevention and control policies.

The INDEPTH Network
Lack of vital statistics, lack of representative data at the

population level, poor data quality control, and lack of

comparable data are among concerns when dealing with
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data from low-middle income countries. Low priority is

given to chronic disease surveillance in national health

systems, including morbidity, mortality, and risk factor

surveillance. Surveillance is ‘the tool underpinning

health promotion and disease prevention efforts and it

is a fundamental, but often neglected, component of

public health practice’ (10). For low and middle-income

countries, vital registration is often the starting point in

fieldwork (11). HDSS established in different countries

are used to monitor population dynamics and to test

and evaluate various health interventions to promote

population health. To date, 34 HDSSs in 17 different

countries, scattered in Africa (23 sites), Asia (10 sites),

and Oceania (one site), are participating in the IN-

DEPTH Network (9).

An initial census defines and registers the target

population in each of the HDSS. Regular subsequent

rounds of data collection are carried out to register all

new individuals, households and residential units, and to

update key variables and attributes of existing subjects.

This core system provides information on population

dynamics. In addition, complementary data covering

health, social, and economic indicators, are occasionally

collected. Regular core data collection maintains accurate

denominators for estimation of age, sex, and cause-

specific death rates (9).

The INDEPTH Network mostly covers countries in

low and middle income countries where data on chronic

disease risk factors are still lacking. These countries are

also experiencing different stages of demographic, eco-

nomic, and epidemiological transitions. Therefore the

HDSS creates an opportunity to provide insights into the

epidemiological transition processes in countries with

different levels of economic development. The well-

established population in the HDSS also creates the

possibility of monitoring risk factor changes over time,

and thus offers an opportunity to evaluate the effective-

ness of community interventions conducted within the

HDSS (12).

Methods � chronic non-communicable disease
(NCD) risk factor surveillance in INDEPTH
Health and Demographic Surveillance System
(HDSS)

Study setting, study population, and sampling
The study, upon which this series of papers is based, was

designed as a multi-site cross-sectional survey. The

purpose was to provide baseline data for the chronic

NCD risk factors burden in these defined populations.

The studies were conducted during June�November 2005

in all nine Asian HDSS within the INDEPTH Network.

The HDSSs, which are all in rural settings, cover a

representative sample of population at a district level.

The HDSSs are, however, self-selected, and therefore do

not necessarily represent the entire region or country.

Table 1 outlines differences in the population structure of

each district from which the HDSS was established and

the number of men and women included in the risk factor

survey.

The study was conducted among adult men and

women aged 25�64 years. In each HDSS site, a sample

of 250 individuals was randomly selected in each sex and

10-year age interval strata from the HDSS sampling

frame. More than one individual can be selected from

each household. The following assumptions were used

for sample size calculation: level of confidence 95%;

margin of error 6%; baseline level of risk factors 35%;

and expected response rate 95%. Sampling probability

weights were used to ensure representativeness of statis-

tics generated from this study to the HDSS population.

The weight was obtained as proportion of study sample

in each sex and 10 years age group to each HDSS

population in the same group.

Instruments and measurement
Demographic information
Basic demographic information, such as age, sex, and

education achievement, were extracted from the HDSS

databases for each of the selected participants. The

information on highest education level achieved is used

as a proxy of socio-economic status. We used four

standard education categories for further analysis, and

these included: (1) no schooling or not graduated from

primary school (equivalent to less than six years of

education); (2) graduated from primary school (at

least six years of education); (3) graduated from second-

ary school (at least nine years of education); and

(4) graduated from high school or university (at least 12

years of education).

The modules for each of the key risk factors were based

on the WHO STEPwise approach to Surveillance

(STEPS) for NCDs risk factors (7, 13�15). STEPS uses

different levels of risk factor assessment of increasing

complexity and cost, including collecting information

using questionnaires (Step 1), taking physical measure-

ments (Step 2), and taking blood samples for biochemical

assessment (Step 3). Each step contains core, expanded,

and optional items that can be added as needed and as

resources allow (7). This study utilised the core and some

expanded items of Steps 1 and 2. The risk factors

collected and analysed in this study included self-reported

tobacco use, alcohol use, fruit and vegetable consump-

tion, physical activity patterns, and measured body

weight, height, waist circumference, and blood pressure

(16�22).

Tobacco use

The core questions on tobacco use assess current and

current daily tobacco users. For those who smoked daily,

Chronic non-communicable diseases risk factor surveillance in INDEPTH HDSS
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Table 1. Population distribution in the nine rural INDEPTH HDSS and the risk factor survey

Characteristics Bangladesh India Vietnam Indonesia Thailand

Matlab Mirsarai Abhoynagar WATCH Vadu Chililab Filabavi Purworejo Kanchanaburi

Established in 1966 1995 1983 1995 2003 2003 1999 1994 1999

Demographic indices

Total population in the

district/area in 2005

511,546 371,614 233,837 7,816,220a 7,232,555 142,278 230,000 776,453 826,169

Total population in the

HDSS in 2005

224,750 39,677 22,899 83,054 60,260 9,502 50,000 49,599 57,224

Population structure in 2005

B25 years (%) 118,774 (52.8) 22,378 (56.4) 19,402 (48.9) 37,578 (45.2) 30,871 (51.2) 3,966 (41.7) 23,419 (47.2) 18,143 (36.6) 25,380 (44.4)

25�34 (%) 29,335 (13.1) 5,198 (13.1) 6,507 (16.4) 17,732 (21.3) 11,088 (18.4) 1,265 (13.3) 6,722 (13.7) 4,975 (10.0) 9,447 (16.5)

35�44 (%) 29,364 (13.1) 4,364 (11) 5,475 (13.8) 10,653 (12.8) 7,711 (12.8) 1,509 (15.9) 7,262 (14.7) 6,662 (13.4) 8,406 (14.7)

45�54 (%) 20,366 (9.1) 3,452 (8.7) 4,007 (10.1) 6,975 (8.4) 4,722 (7.8) 1,288 (13.6) 4,659 (9.4) 7,644 (15.4) 6,487 (11.3)

55�64 (%) 14,057 (6.3) 2,182 (5.5) 2,262 (5.7) 4,240 (5.1) 3,432 (5.7) 675 (7.1) 2,636 (5.3) 4,631 (9.3) 3,717 (6.5)

�64 (%) 12,854 (5.7) 2,182 (5.5) 2,024 (5.1) 5,876 (7.1) 2,436 (4.0) 799 (8.4) 4,816 (9.7) 7,544 (15.2) 3,787 (6.6)

Risk�factor survey

Men (n)

25�34 years 247 246 233 248 262 267 241 243 258

35�44 years 251 256 260 249 273 273 263 247 261

45�54 years 268 255 245 250 257 304 239 249 265

55�64 years 273 262 253 250 245 246 246 251 272

25�64 years 1,039 1,019 991 997 1,037 1,090 989 990 1,056

Women (n)

25�34 years 260 242 238 250 250 271 262 240 266

35�44 years 258 262 256 250 259 272 249 239 274

45�54 years 253 254 249 250 273 310 260 247 278

55�64 years 251 251 249 250 255 251 240 230 272

25�64 years 1,022 1,009 992 1,000 1,037 1,104 1,011 956 1,090

Response rate (%) 95 99.9 99.5 99.2 98 95 98.4 94.7 100.0

aTotal population in 10 sub-districts where BRAC WATCH DSS sites are located.
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information on the age at which the respondent started

smoking and the types and number of tobacco products

smoked each day were also collected. Smokers were

defined as those who smoked manufactured, hand-rolled

cigarettes, cigars, cheroots, cigarillos, or pipes full of

tobacco. The optional module on smokeless tobacco,

relevant for the sites selected for this survey, provided

information on the proportion of current and current

daily smokeless tobacco users or chewers. Chewers were

defined as those who chewed betel leaf with sliced betel

nut or areca nut and slaked lime, or those who placed sun

dried tobacco leaf with slaked lime on the gum, or those

who snuffed tobacco.

Alcohol use

Alcohol use was defined as consumption of alcoholic

drinks such as beer, wine, spirit, as well as other local

drinks such as arak or tuak in Indonesia, ruou gao in

Vietnam, sonti in India, and Satoh, Ou, and Krauche in

Thailand. Lifetime abstainers were defined as those who

had never consumed any alcoholic drink. Respondents

were asked about the number of standard drinks of

alcohol consumed in each of the last seven days. A show

card which has been tailored to show various local

alcoholic drinks were shown to the respondents. The

numbers of local drink consumed were later standardised

across sites. Respondents who engaged in heavy episodic

drinking were men who had five or more drinks or

women who had four or more drinks on any day in the

past 30 days.

Fruit and vegetable consumption

The core module on fruit and vegetable consumption

included information on the number of days fruits and

vegetables were consumed in a typical week in the last

year, as well as the number of servings of fruit/vegetable

consumed in one of those days. Respondents were shown

a show card with different local fruits and vegetables,

with the size of a serving. The size of the serving referred

to in the show cards were calibrated across sites. Those

who ate less than five servings of fruit and/or vegetables

on average per day were defined as those with did not

meet fruit/vegetable consumption recommendation.

Physical activity patterns

The physical activity was measured using the Global

Physical Activity Questionnaire Version 2/GPAQ2 (15).

GPAQ assesses: (1) physical activity in three different

domains (work, transport, and leisure time); as well as (2)

sitting time. The interviewer read introductory statements,

which explain what is meant by vigorous and moderate

activities, to respondents. The respondents were asked to

detail time spent in a typical week on: (1) vigorous and

moderate activities at work; (2) vigorous and moderate

activities during recreational/leisure time activities; and

(3) activities when travel to and from places. Vigorous

activities were defined as those that required hard physical

effort and caused large increases in breathing or heart

rate. Respondents were asked to only consider activities

for 10 minutes or more. Information on the number of

days in a week spent and time spent in a typical day for

each activity were recorded. Time spent sitting or reclin-

ing, either at work, at home, or on travel, excluding

sleeping time, on a typical day was gathered. Show cards

of various local physical activities were developed and

shown to the respondents during interview.

The following individuals were excluded from the

physical activity analysis: those who reported activities

for at least one sub-domain more than 16 hours per day;

those who reported more than seven days of activity in a

week; and those who reported minutes spent on activities

following a zero day of conducting activity. Activities less

than 10 minutes were recorded as missing data. All

durations were converted to minutes. In addition to the

total minutes of activity, the activity volume was also

computed by weighting each type of activity by its energy

requirement in metabolic equivalents (METs). One MET

is defined as the energy cost of sitting quietly, and is

equivalent to a caloric consumption of 1 kcal/kg/hour. A

MET minute showed the total activity volume on weekly

basis, and calculated by multiplying time spent on each

activity during a week by the MET values of each level of

activity. MET values for different activities level were

established based on the Compendium of Physical

Activities and were set as four MET for moderate-

intensity physical activity, eight MET for vigorous

physical activity, and four MET for transport-related

walking or cycling. The total activity for GPAQ was

calculated as the sum of total moderate, vigorous, and

transport-related activities per week. The number of days

and total physical activity MET minutes per week were

used to classify respondents into three categories of low

(less than 600 MET minutes per week), moderate, and

high level (over 3,000 MET minutes per week) of physical

activities (15).

Body mass index (BMI)
Weight and height were measured with the participant

wearing lightweight clothing and standing barefoot on

instruments placed on a flat surface. Weight was mea-

sured to the nearest 10 grams using an electronic scale

(Seca Gmbh, Hamburg, Germany). These scales were

purchased centrally and provided to each of the partici-

pating HDSS during the training course. Height was

measured to the nearest 0.1 cm using a portable

stadiometer. Body mass index (BMI) was calculated as

weight in kilograms divided by height in metres squared.

Participants were classified as being overweight or obese

if they had a BMI ]25. We defined obese participants as

those who had a BMI ]30. Waist circumferences were

Chronic non-communicable diseases risk factor surveillance in INDEPTH HDSS
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measured using non-elastic tape (Seca Gmbh, Hamburg,

Germany) to the nearest 0.1 cm; these tapes were

purchased centrally and provided to each of the partici-

pating HDSS during the training course. Waist circum-

ference was measured at the midpoint between the lower

margin of the last rib and the top of the hip bone at the

end of expiration, with the measuring tape put at

umbilicus level.

Blood pressure

Blood pressure was measured using digital blood pressure

measurement device (Omron M4-I, Omron Healthcare

Europe BV, Hoofddorp, the Netherlands). These devices

were purchased centrally and provided to each of the

participating HDSS during the training course. Blood

pressure was measured at the right arm at heart level after

a period of 10 minutes of rest following the STEPS

methods, three measurements were taken and the

averages of the last two readings were used in the analysis.

Raised blood pressure was defined as those with systolic

blood pressure ]140 mmHg and/or diastolic pressure

]90 mmHg, or under any anti-hypertensive drugs

medication. More detailed analyses are undertaken to

compare the burden of raised blood pressure by excluding

treatment with anti-hypertension drugs from the defini-

tion to explore the impact of different treatment patterns

across the sites.

Data collection and quality control
The questionnaires were translated into local language,

and back-translated into English to ensure its validity.

Instruments for anthropological and blood pressure

measurements were standardised and calibrated routinely

in the field in each HDSS. To ensure high quality of

data, the group conducted several training sessions. In

February 2005, the principal investigators of the selected

HDSS met in Ballabgarh HDSS, India, to discuss and

finalise the research protocol and instruments. Discussion

focused on the adaptation of the WHO STEPS instru-

ment to respective sites’ settings while maintaining

comparability of expected results. A show card for

standard alcoholic drinks was developed to ensure the

comparability of alcoholic drinks measured. A show card

for different local fruits and vegetables available, as well

as different local physical activities were also developed

for similar reasons. In May 2005, each HDSS organised

several trainings for field data collectors and supervisors.

In each training workshop, the standardised study

protocol and instruments were discussed thoroughly,

and data collectors conducted pilot tests of both inter-

views using the standardised questionnaire as well as of

physical measurements. During the data collection per-

iod, field supervisors conducted regular spot checks, re-

checks and data validation procedures to ensure the

accuracy and completeness of data obtained. Weekly field

meetings were held to enable researchers, supervisors, and

surveyors to identify and discuss problems encountered

during the data collection processes. Completed ques-

tionnaires were sent to the data entry manager.

Data management and analysis

A standardised data entry programme using EPIDATA

software was used in each site for data entry to ensure

uniform database structure across sites. In some sites,

additional questionnaires were employed, and sites up-

dated their database structure accordingly but kept the

common core STEP data structure intact. Plausible values

for each variable were set in the data entry programme to

prevent any possible mistakes during data entry process.

Double entry for 10% of data was also done in each site.

Each site was responsible for cleaning their data, and the

cleaned data was sent to the group coordinator. The site

data were later merged into a cross-site dataset to facilitate

further cross-site analysis. Further cleaning process of

outliers were undertaken in the pooled data, and uniform

indicators onvarious risk factors (for example, variables on

the level of physical activity or overweight, etc.) were

developed for all sites to ensure consistency and compar-

ability. Following the WHO STEPS model, we also

constructed a new variable for combined risk factors,

which showed the clustering of the following risk factors:

current daily smokers, less than five servings of fruits and

vegetables per day, low level of physical activity, over-

weight, and raised blood pressure. The data merging and

pooled analysis were done centrally by the group coordi-

nator using STATAVersion 10.

All analyses were stratified by sex and adjusted for age.

All categorical risk factors were presented as proportion

in percentages with their 95% confidence interval (CI).

The mean values of all continuous risk factors were also

presented with their 95% CI. We complied with the WHO

STEPS reporting format in preparing the descriptive

section of the papers, which mainly show the proportion

of study subject with risk factors with its 95% CI, or the

mean value of risk factors with their 95% CI (7).

Ethical consideration

Ethical approval was obtained from the Ethical Commit-

tee in each HDSS site. Prior to sharing their data for

merging, each site removed individual identification from

their database to ensure confidentiality of the data. The

merged file was then shared among the sites based on the

cross-site data sharing agreement.

Results
A total of 18,932 individuals were randomly selected

from the nine HDSSs sampling frame. A total of 18,494

individuals were successfully interviewed, a pooled re-

sponse rate of 98% (ranging from 95% in Matlab HDSS,

Chililab HDSS, and Purworejo HDSS to 100% in

Nawi Ng et al.
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Kanchanaburi HDSS). A high response rate for this

study, taking into consideration that it was embedded in

a well-functioning HDSS, has been expected. Only less

than 1% of data (65 individuals) were lost due to

cleaning.

Respondents from HDSSs in Vietnam, Thailand, and

Indonesia had higher education level compared to those

from Bangladesh and India. Overall, men had higher

level of education than women. These discrepancies were

prominent in Bangladesh, where less than 7% of women

had ever attended high school or university (Table 2). In

many of these countries, education was not compulsory

until the last two decades; level of education has

been used in many HDSSs in measuring socio-economic

status of the population. A significant proportion of

study subjects had no schooling experience, and did not

even finish their primary school, and this group of

population was regarded as the least favorable group in

terms of socio-economic development.

This study showed that chronic NCDs risk factors were

prevalent in most HDSS sites (Table 3). Smoking was

prevalent among men in all HDSSs, and chewing was also

common among women and men in HDSSs in Bangladesh

and India. Overweight was also a significant public health

issue particularly among women in most HDSSs, with an

overall 13% of women in this study were overweight. In

both Purworejo HDSS (Indonesia) and Kanchanaburi

HDSS (Thailand), the proportions of overweight women

have reached 25 and 44%, respectively. About 22% of the

people have raised blood pressure, and there were no

significant differences observed between men and women.

A detailed analysis of each risk factor will be presented in

subsequent papers in this series (16�22).

Overall, 20% of study subject had three or more risk

factors (either smoking, low physical activity, overweight,

raised blood pressure, or consumption of fruits and

vegetables less than five servings per day). The proportion

of risk factors clustering ranged from 9% in Chililab

Vietnam to 28.3% in Mirsarai HDSS in Bangladesh

(Fig. 1). Consumption of fruits and vegetables less than

recommended was the main problem in many of the sites,

and in WATCH HDSS in Bangladesh, all respondents

did not meet the recommendation. About one in four of

the respondents in Filabavi HDSS, Vietnam, had a

number of risk factors; if heavy alcohol use were

included, the proportion with risk factors cluster will

surge because of the high alcohol consumption among

Vietnamese men.

Discussions

Main findings
The rural settings of HDSS within the INDEPTH

Network are not spared from the chronic NCDs risk

factor burden. This study shows that most of the chronic

NCDs risk factors, in particular smoking among men,

tobacco chewing among women, overweight among

women, lack of physical activity, and consumption of

fruit and vegetable below the recommendation levels, are

prevalent in most of the HDSSs. Even though the risk

Table 2. Education level of participants in the risk factor survey in nine rural INDEPTH HDSS

Bangladesh India Vietnam Indonesia Thailand

Matlab Mirsarai Abhoynagar WATCH Vadu Chililab Filabavi Purworejo Kanchanaburi

Men (n) 1,039 1,019 991 997 1,037 1,090 989 990 1,056

Highest education

No schooling and not graduated

from primary school

48.4 47.2 49.5 60.9 25.6 5.2 8.0 22.3 28.6

Graduated from primary school 26.7 10.1 8.6 12.3 11.9 14.2 17.2 36.9 44.7

Graduated from secondary school 5.9 28.7 32.4 11.9 20.3 41.4 57.9 18.6 11.0

Graduated from high school or

university

19.0 14.0 9.5 14.9 42.3 39.1 16.9 22.2 15.7

Women (n) 1,022 1,009 992 1,000 1,037 1,104 1,011 956 1,090

Highest education

No schooling and not graduated

from primary school

60.3 64.4 66.5 75.3 56.3 10.3 11.7 30.8 39.1

Graduated from primary school 28.3 10.7 11.9 14.6 10.7 19.8 19.8 39.6 45.4

Graduated from secondary school 5.4 21.5 18.6 6.6 16.9 41.6 54.2 16.3 6.0

Graduated from high school

or university

6.0 3.4 3.0 3.5 16.1 28.3 14.3 13.3 9.5
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factor burdens were more prevalent among respondents

in older age group, we also observe a significant burden

of these risk factors among young productive age groups

below 55 years old. By using educational level as a socio-

economic indicator, we observed that risk factor burdens

are borne by all economic groups. Evidence from this

study, which showed the existence of chronic NCDs risk

factor burden in all economic and age-groups in men and

women; suggests that chronic diseases do not mainly

affect high-income countries, rich people, old people, and

men (2).

Strengths of the study
This study demonstrates the added value of integrating

the chronic NCDs risk factor surveillance into a well-

functioning HDSS setting. Availability of a reliable

sampling frame, established mutual trust, and good

relationships between the researchers and the study

respondents over time, possibilities of linking the risk

factor data with other health and demographic data

available in the HDSS, are among the advantages of

integrating risk factor surveillance into HDSS routine

operation from time to time (12).

Existing surveillance databases in each HDSS provides

reliable sampling frame for the study subject selection,

and it allows for random selection of a certain number of

study subjects within each age-group strata. Availability

of a sampling frame is a main constraint when conduct-

ing health surveys in low-middle income countries where

vital registration systems are not well-developed. With

the regular update of demographic events in the popula-

tion under surveillance, the HDSS is able to catch the

dynamics of its finite population, and therefore continu-

ously have up-to-date and reliable sampling frame for

conducting surveys and other epidemiological studies.

This collaborative work is among the first research

collaborations within the INDEPTH Network utilising

uniform study protocols and standardised instruments to

achieve consistent and comparable research results across

sites. Efforts to produce a global data repository on

chronic NCDs risk factors are hampered by the lack ofT
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Fig. 1. Cluster of risk factors in nine rural Asian HDSS sites.
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comparability of surveys done across different countries

and across different times within the same country.

Methodologies, sample sizes, and age groups differ;

different questions and instruments to assess risk factors

are used (23).

Integrating the risk factor surveys within an ongoing

demographic surveillance in a finite population enhances

the possibility of obtaining a better response rate in the

study, thus a result with higher internal and external

validity. Embedding this research into the ongoing

surveillance mechanism ensures appropriate feedback to

the study population through established dissemination

channel built within the surveillance system in each site.

Dissemination of chronic NCDs risk factor information

to general population is an important step in raising

public awareness and providing education to the public

on chronic NCDs and putting forward the agenda for

chronic NCDs risk factor prevention and control more

visible and sustainable in the population (24).

The WHO STEPwise approach was developed to

address the need for standardised data on a few key

risk factors to allow countries to have small amounts of

good quality data for comparison between and within

countries, but also to have sufficient power to measure

trends in these risk factors over time (7). The STEPS

approach has been developed as a simple hierarchical

system which allows some flexibility while maintaining

comparability of core items over time and between

countries (13). It has been constructed in such a way

that add-on modules can be built into the information

package to capture, on a population basis, emerging

chronic disease risk factor patterns. In this study, we

developed the STEPS baseline survey as part of the

ongoing HDSSs routine surveillance at district level.

Access to the HDSS has facilitated building reliable

chronic NCD risk factors surveillance within the IN-

DEPTH Network, with the plan to conduct a further

cross-sectional survey in 2010 to measure changes over

time. The use of standardised modules within this

surveillance system, and adherence to minimum age

and sex sampling, allows the assessment of risk factors

trends over time.

This multi-site study also acts as an example of south�
south research collaboration within the INDEPTH Net-

work, and an extension of north�south�south collabora-

tion through communication and networks built to assist

researchers build knowledge and skills in conducting

chronic NCDs surveillance. This work should also be

extended to INDEPTH sites in Africa, as chronic NCDs

have become an imminent public health threat to the

population in Sub-Saharan Africa as well (25). The multi-

site study has also been an example of developing leader-

ship capacity at all levels, gaining strong support from the

community, and widening the network in achieving a

successful chronic disease control programme (26). This

collaborative study brings prospective researchers from

developing countries together and the INDEPTH Net-

work provides vast opportunities for this group to interact

with other networks working in this field, such as the

Oxford Health Alliance (OxHA; 27), or the Bloomberg

Initiative for tobacco control (28).

This study opens the opportunity to build capacity and

to develop leadership capacity in the field of chronic

NCDs risk factor surveillance. The research team in this

study includes researchers with different scientific back-

grounds, i.e. epidemiologist and biostatisticians who

contribute to study design and instrument developments,

anthropologist and social scientist whose knowledge and

expertise become the backbone in developing qualitative

studies in identifying socio-cultural issues of life style and

human behaviour related to the risk factors, as well as

health promotion specialist whose experiences in devel-

oping community interventions in communicable disease

control programme can be utilised and adapted to

chronic disease control programme development. The

development of such multi-disciplinary team in each

HDSS setting will allow HDSS’s scientists to conduct

researches on chronic disease with holistic approach.

Linkage of the core risk factor data with the HDSS

database allows the researchers to generate research

questions and to test hypothesis relating the risk factors

with other demographic and health indicators, such as

migration, socio-economic, health status, physical and

cognitive function, etc. This will allow investigators to

explore issues in understanding the mechanisms of

development and patterns of chronic NCDs risk factors

in the study populations. The HDSS can also be a

platform to test hypothesis related to local and cultural

differences in risk factors, such as diet and physical

activity patterns.

Limitations of the study

Representativeness of our results
Despite comparable results across all Asian sites within

the INDEPTH Network, chronic NCD risk factors data

from the cross-sites study need to be interpreted cau-

tiously. The HDSS which participated in this study were

initially developed as a district-level surveillance system

in rural settings. It is not possible, therefore, to extra-

polate our findings to a larger population at country

level. However, findings from our study are in line with

most of the findings from other sub-national or national

surveys where each HDSS is located (23).

Comparability of results across sites
Most of the risk factors studies are contextually bound,

stressing the important contribution of social, political,

and cultural factors in shaping individual behaviour

related to these risk factors. Differences in physical activity

Chronic non-communicable diseases risk factor surveillance in INDEPTH HDSS
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levels across sites should be interpreted with sufficient

knowledge concerning agricultural work and occupational

patterns, as well as seasonal physical activity patterns in

each site. Interpretation of the proportion of population

with raised blood pressure should be done carefully by

considering differences in health care system and delivery

of anti-hypertensive medications in each setting. The lower

tobacco use rates in women in many of these Asian

countries need to be explored in order to strengthen

resistance to aggressive smoking campaigns launched by

the tobacco industries in this region in the recent years.

Why Asian populations consume little fruit and vegetables

despite their vast availability, may need to be explored in a

qualitative study to complement the quantitative results

obtained in this study. Even though the studies were

conducted in all nine HDSSs during the same period of

time, potential seasonality impacts on fruit and vegetable

intake, and the level of physical activity cannot be ignored.

Some of the findings in the subsequent papers will require

exploration of socio-cultural factors influencing individual

behaviour, as well as potential influences of season on risk

factors patterning in each setting. It is also important to

understand the population awareness and knowledge on

the importance of these risk factors in chronic NCDs

prevention and control.

Methodological considerations
Some of the behavioural risk factors in this study (i.e.

tobacco use, alcohol use, and physical activity) were self-

reported which might raise questions about the validity of

the level of risk factors reported. A systematic review,

which assessed the accuracy of self-reported smoking

against smoking status determined by biological fluid’s

cotinine measurement, has reported potential under-

estimation of self-reported smoking prevalence. However,

the review is limited by the different definitions of smoker

and different cut-off points of cotinine used across

studies, and other unmeasured factors such as types of

cigarettes used and metabolisms pattern which might

contaminate the study results (29). We believe that results

of smoking behaviour in our study are valid and the

prevalence confirms the level reported in several other

surveys in the study settings (23). Alcohol consumption is

more likely to be underreported, especially in the Muslim

HDSS where alcohol use is prohibited by religion, and

drinking is not socially accepted. In the data analysis, we

did not calculate standardised rates of risk factors;

however, we presented proportion of risk factor in each

HDSS, adjusted with sampling probability weight.

Ethical considerations
We faced ethical considerations when identifying the

NCD risk factor burden in the community without the

ability to provide any sustainable intervention for their

long-term control. However, each HDSS worked closely

with the governmental health care service providers, for

example, primary health care centres in the study area, to

whom we referred study subjects who were identified with

elevated blood pressure. Elevated blood pressure has been

erroneously used as the most common known risk factors

to be referred to public health centre. Smoking, alcohol

abuse, obesity, and lack of physical activity have not

received the same attention, and unfortunately many health

care services are not ready to provide behavioural counsel-

ling to patients with NCD risk factors. Brief health

education was given to each household after all measure-

ments were completed. Even though this might not be an

optimal solution in a setting in which chronic diseases

prevention and control are not yet prioritised by the

government, this is the least the researchers in the HDSSs

can do.

Implications of the study
This study provides baseline population data on chronic

NCDs risk factors which are not readily available in many

low-middle income countries. These epidemiological data

are of value if presented and used by the health policy

maker in developing interventions for chronic disease risk

factor prevention and control in respective countries. The

study also provides strong evidence that populations in

low-middle income countries are not spared from the

threatening burden of chronic NCDs risk factor and their

future emerging disease burdens. The existence of double

burden of diseases in many of these countries should be

treated as important pressure to governments in these

countries to re-orient their health system and to develop

concrete action plans for short-term and long-term chronic

disease prevention and control programme (2, 30, 31). If

this surveillance is maintained, it will be possible to assess

the changes in pattern of risk factors over time, and

associate the changes with incidence rates of chronic

NCDs.

Effective population-level interventions for primary

prevention such as population-based intervention on

tobacco control and salt reduction have been showed to

be cost-effective in reducing the population level of risk

factors in low and middle-income countries (32, 33).

However, the feasibility and the success of such interven-

tions are highly dependent on how the programmes are

tailored into different socio-cultural�political settings, in

order to make the programmes credible for policy maker

and acceptable by the community in large (31). The

HDSSs in the INDEPTH Network offer a good platform

to develop and to test such interventions within uniquely

diverse population in Asia and Africa. HDSS, in addition

to their primary purpose, can measure changes in

population levels of risk over time, and use them to

measure the effectiveness of any population wide inter-

vention for risk factors prevention and control.
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Conclusions
Linking the core chronic NCDs risk factors data to a

multi-site surveillance database allows researchers to test

hypothesis on the association between risk factors and

different demographic and health indicators. Good qual-

ity epidemiological data on chronic NCDs risk factor,

supported by an understanding of how individuals and

populations adapt with different habits related to chronic

NCDs are an essential component in designing appro-

priate interventions at the population level for preventing

and controlling chronic NCDs. This multi-site study

builds south�south research collaboration within the

INDEPTH Network and it aims in developing leadership

capacity at all levels, gaining strong support from the

community, and widening the network in achieving a

successful chronic disease control programme.
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