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Objectives: Most World Health Organisation (WHO) STEPS surveys use cluster sampling to

assess the prevalence of risk factors for non-communicable diseases (NCDs) for which

design effects need to be estimated using intracluster correlation (ICCs) coefficients, for

sample size calculation. Although there are many reports of risk factor surveys reported

from developing countries, there are very few reports of ICCs for risk factors for NCDs,

which can inform planning the appropriate sample size needed for such surveys. This

study reports the ICCs for NCD risk factors, obtained from a WHO STEPS survey conducted

in Vellore district, in the state of Tamil Nadu, South India.

Study design: Cross-sectional study.

Methods: A cross-sectional study was carried out in 48 urban clusters (wards) and nine rural

clusters (villages) between 2011 and 2012, using the WHO STEPS methodology for assessing

behavioural, anthropometric, physical and biochemical risk factors. The ICC estimates for

various risk factors were obtained using loneway and xtmelogit commands using STATA to

study clustering of risk factors.

Results: The number of respondents was 6196 adults aged 30e64 years. The median ICC of

cardiovascular risk factors in the urban area was 0.046, while it was 0.064 in the rural area.

Clustering was higher for behavioural risk factors such as physical activity (ICC: 0.179 rural,

0.049 urban) and fruit and vegetable intake (ICC: 0.105 rural, 0.091 urban) as compared with

physical risk factors (ICCs for hypertension: 0.044 rural, 0.006 urban; body mass index:

0.046 rural, 0.041 urban) and biochemical outcomes such as fasting plasma glucose (ICC:

0.017 rural, 0.027 urban).
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Conclusions: This study provides estimates of ICCs for cardiovascular risk factors from

Vellore, South India, as such data have not been reported fromWHO STEPS surveys in India

or neighbouring countries. Such estimates of ICCs if reported from various WHO STEPS

being carried out across the country can contribute to better planning of epidemiological

surveys. Clustering of behavioural risk factors at village/ward level as seen in this study

points to the need for community-based interventions for health promotion, as spatial

clustering influences behaviour, which in turn affects chronic disease outcomes.

© 2018 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.
Introduction

Many studies have estimated prevalence of cardiovascular

risk factors using World Health Organisation (WHO) STEPS

methodology.1e4 The WHO recommends selection of samples

using multistage cluster sampling methodology for STEPS

surveys.1 In cluster surveys, increasing the sample size ob-

tained based on simple random sampling by the design effect

or variance inflation factor is to be considered to compensate

the loss of variability that occurs as a result of cluster sam-

pling.1,5 It is important to adjust for clustering in both the

design and analysis stages to avoid overestimation of effective

sample size by using statistics meant for simple random

sampling. However, few WHO STEPs studies have reported

intracluster correlation (ICC) estimates in the analysis, espe-

cially from developing countries such as India, with the pos-

sibility of overestimation of the effective sample size.

Factors influencing variability of individuals within clus-

ters depend on cluster definition and characteristics (e.g.

availability of fruits and vegetables, access to avenues for

engaging in physical activity and availability of healthcare

services). Estimates of ICCs for various cardiovascular risk

factors are not available from India to calculate design effects

for cluster-based surveys. The objective of this analysis was to

estimate ICCs from a cardiovascular risk factor survey carried

out in Vellore district, Tamil Nadu, South India (2011e2012),

which aimed to study the prevalence of coronary heart dis-

ease and its risk factors.4
Methods

A cross-sectional WHO STEPS survey was carried out among

adults aged 30e64 years to assess prevalence of cardiovascu-

lar risk factors in urban and rural Vellore, Tamil Nadu, for

which the results related to prevalence have been previously

published.4 The current article describes the ICCs obtained

from this study as additional information to enable planning

of cluster surveys for non-communicable disease (NCD) risk

factors.

Ethical clearance was obtained from the Institutional Re-

view Board and Ethics Committee, and written informed

consent was obtained from participants.

The rural component of the studywas carried out in a rural

block where the predominant occupations are non-

agricultural and agricultural manual labour and in 48 urban
wards of the Vellore Corporation in 2011e2012, a tier-II city.

Nine villages (clusters) were selected in the block based on

simple random sampling, from the list of 23 villages in the

block where a similar study had been carried out in

1991e1994.4 All adults aged 30e64 years were included in the

study, constituting nine rural clusters of varying sizes (mean

size: 420: range 63e798). In urban Vellore, from the list of

streets in each ward, one street (cluster) was randomly

selected in each of the 48 wards. In each selected street, all

adults aged 30e64 years in the first 40 consecutive households

were included for the study. As the number of participating

adults among the 40 households in the selected streets varied,

these urban clusters were unequal (mean size: 50, range

16e72).

Sociodemographic and behavioural risk factors were

gathered through home visits using the STEPS interview

schedule, while physical and biochemical factors (STEPS 2 and

3) were collected at special early morning study clinics, after

an overnight fasting of at least 8 h.4 Hypertension was defined

as elevated blood pressure measurements (�140 mm Hg sys-

tolic or� 90mmHgdiastolic) or onmedication and diabetes as

fasting plasma glucose (FPG) of �126 mg/dl or on medication.1

Abdominal obesity was defined as waist circumference of

�80 cm in women and �90 cm in men.4 Current tobacco use

was taken as current smoking or use of smokeless tobacco,

and current alcohol use was defined as use of an alcoholic

drink within the last 12 months. A serving of fruits/vegetables

was taken as equal to 80 g.1

ICCs with 95% confidence intervals were calculated for

urban and rural areas separately, considering villages and

urban wards as clusters, using the ‘loneway’ (large analysis of

variance, random effects) and xtmelogit followed by estat icc

commands, using STATA v. 13.1 (Stata Corporation, College

Station, Texas, USA) for continuous and binary variables,

respectively.6,7
Results

The number of subjects interviewed for behavioural risk fac-

tors was 6196 (rural 3799), which represented 83% and 77% of

the population aged 30e64 years in the study area.4 The

response of participants for biochemical tests was lower, with

the sample for these tests representing 68% and 60% of the

eligible population in the rural and urban areas, respectively.

Themean age in the nine rural clusters ranged from 44.4 years

to 46.9 years, while in the 48 urban clusters it ranged from 42.2
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years to 47.4 years. The average cluster size was 422 in the

rural area and 50 in the urban areas. Females formed 56% of

the sample in both urban and rural areas.

The ICCs for various behavioural, physical and biochemical

variables are shown in Table 1. The median of all ICCs for the

urban data was 0.046 (median for continuous variables was

0.048 and for binary variables 0.045). The median value of all

the rural ICCs was 0.064 (median for continuous variables was

0.064 and for binary variables 0.079), showing a higher level of

clustering of cardiovascular risk factors in villages as

compared with urban wards.

The ICCs for behavioural risk factors were high, especially

in the rural area (ICC for physical activity: 0.179; fruits and

vegetable intake: 0.105) (Table 1). The ICCs for hypertension

(rural 0.044, urban 0.006), body mass index (rural 0.046, urban

0.041) and FPG (rural 0.017, urban 0.027) were lower compared

with behavioural risk factors (Table 1). The ICC values were

low (<0.1) formost clinical outcome variables, with abdominal

obesity being an exception (Table 1).
Discussion

This study documents ICCs for NCD risk factors, from a large

cross-sectionalWHO STEPS survey from Vellore, South India,4
Table 1 e Intracluster correlation (ICC) coefficients for cardiova

Risk factor Rural (clusters ¼ v

Number ICC

Behavioural

Physical activity minutes/day 3774 0.179

Fruit and vegetable servings per day

(1 serving ¼ 80 g)

3782 0.105

Current tobacco use M: 1666 M: 0.028

F: 2129 F: 0.069

Alcohol use in malesa in the last

12 months

1666 0.019

Physical

Systolic blood pressure (mm Hg) 3317 0.038

Diastolic blood pressure (mm Hg) 3317 0.034

Percent with hypertensionb 3317 0.044

Body mass index (BMI) (kg/m2) 3315 0.046

Overweightc 3315 0.070

Waist circumference (cm) M: 1417 M: 0.090

F: 1857 F: 0.174

Percent with abdominal obesityd M: 1417 M: 0.104

F: 1857 F: 0.182

Biochemical

Fasting plasma glucose (FPG) (mg/dl) 3095 0.017

Percent with diabetese 3104 0.042

Total cholesterol (mg/dl) 3095 0.099

Triglycerides (mg/dl) 3095 0.012

High-density lipoprotein (HDL) (mg/dl) 3095 0.064

M: males; F: females; FPG: fasting plasma glucose.
a < 1% of females were current alcohol users.
b Blood pressure �140/90 mm Hg or on medication.
c Percent with BMI �25 kg/m2.
d Waist circumference �80 cm (females) and �90 cm (males).
e FPG �126 mg/dl or on medication.
according to the guidelines suggested by Campbell et al.11

namely description of the data set, method of calculation of

ICCs and precision of ICCs. Although it is recommended that

researchers publish the ICCs obtained in their cluster-based

studies to enable better estimates of ICCs for various loca-

tions,12 this is rare in literature from developing countries.13

In this study, the highest ICCs were observed in the rural

area for behavioural indicators such as daily physical activity

and servings of fruits and vegetables. A similar result was seen

from a study in the United States which showed high clus-

tering of unhealthy diet within physician practice areas.8 As

these behavioural factors are linked to issues of accessibility

and availability, such as access to fruits and vegetables or

availability of opportunities for physical activity, they appear

to be clustered, in rural areas. This is also an important point

to bear inmindwhile designing intervention programs for diet

and physical activity for which community-level in-

terventions need to be planned rather than only individual-

based programs. The high clustering of alcohol use, espe-

cially in urban areas (ICC 0.055), as shown in this study implies

that this behaviour is also influenced by within cluster char-

acteristics such as availability and social norms. This was also

reported from a population-based study in Madhya Pradesh,

where the ICC for alcohol use scores was 0.052, with a wide

variation of alcohol use scores between wards/villages.14
scular risk factors.

illages) Urban (clusters ¼ wards)

95% confidence
interval

Number ICC 95% confidence
interval

0.0e0.343 2390 0.049 0.022e0.077

0.0e0.211 2379 0.091 0.049e0.133

M: 0.008e0.100 M: 1058 M: 0.044 M: 0.015e0.124

F: 0.016e0.249 F: 1339 F: 0.226 F: 0.016e0.418

0.006e0.063 1057 0.055 0.022e0.128

0.0e0.081 1938 0.017 0.0e0.033

0.0e0.073 1938 0.023 0.004e0.042

0.015e0.124 1959 0.006 0.0e0.101

0.0e0.096 1938 0.041 0.015e0.067

0.026e1.78 1938 0.046 0.024e0.089

M: 0.0e0.185 M: 805 M: 0.027 M: 0.0e0.062

F: 0.013e0.336 F: 1111 F: 0.115 F: 0.057e0.173

M: 0.036e0.261 M: 805 M: 0.043 M: 0.014e0.124

F: 0.076e0.376 F: 1111 F: 0.141 F: 0.071e0.259

0.0e0.039 1857 0.027 0.006e0.048

0.018e0.139 1879 0.023 0.006e0.077

0.0e0.200 1825 0.097 0.051e0.144

0.0e0.29 1825 0.048 0.019e0.077

0.0e0.133 1825 0.374 0.268e0.481
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As individuals within a cluster (e.g. a village) are likely to

interact with one another more than with other clusters

leading to ICC,5 interventions which affect lifestyle may also

be spread within a cluster, leading to similar behaviour. The

high clustering of hypertension in rural areas (ICC 0.046)

compared with urban areas (ICC 0.006) was also seen in a

study from Tanzania, which reported an ICC of 0.167 for hy-

pertension in rural areas compared with 0.056 in urban

areas.13 Clustering for diabetes was low in this study from

Vellore (ICC for FPG: 0.017 rural, 0.027 urban), as was also

found in Tanzania (ICC for HbA1c: 0.012).13

The lower ICCs for clinical outcome variables as opposed

to ‘process variables’ have been shown previously, and

behavioural factors are possibly more clustered as they are

processes which lead to physical and biochemical out-

comes.9,15 A study in Canada among 84 primary-care prac-

tices also found similar low ICCs of <0.1 for most clinical

outcomes relating to cardiovascular disease and its risk

factors.15

The design effect has not been presented here as it de-

pends on cluster size and is not as generalisable as the ICC.10

The sample population for this studywas froma single district

in South India and hence is generalisable only to places with

similar sociocultural settings. However, as burden of disease

and risk-factor patters in India are highly variable from state

to state, it is useful to map local variations in disease and risk-

factor patterns. The age group for the study was restricted to

30e64 years based on recommendation for such risk factor

surveys, and therefore results may not be the same for all age

groups.

Conclusion

Although the WHO suggests a blanket design effect of 1.5 for

STEPS surveys,1 it would also be useful for countries to have a

‘catalogue of ICCs’ as suggested by Littenberg and Maclean,

based on estimates from large surveys.6 Using local ICCs,

where available, may improve calculation of design effect and

sample size estimation for cluster-based studies compared

with relying on external estimates of ICCs, leading to over or

underestimation of sample size requirements.15 The esti-

mates of ICCs in this study could encourage the calculation of

design effects for WHO STEPS surveys in similar settings in

developing countries, enabling researchers publish more sta-

tistically authentic findings.
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