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Abstract 
Introduction: The importance of physical activity, fitness on CVD risk factors are well established in western 

cohorts. However, there are no geographical cohorts available in India.  

Aims and objectives: It has formed to identify role of physical activity, fitness, yoga practice and other sedentary 

behaviors on the development of some CVD risk factors (i.e) hypertension, diabetes and obesity in urban Indian 

population. The secondary objective is improved physical activity, fitness behavior, yoga practice and reduced 

sedentary behavior on the prognosis of above said risk factors once it developed.  

Methodology: 1804 subjects (female 54.6%; response rate 71.9%) were selected through multi-stage random 

sampling technique in 6 different locations of urban Hisar city during summer 2016. Main eligibility criteria was 

age should be at least 30 years at the time of recruitment. Therapist assisted standard questionnaire was 

administered to collect baseline subjective data.Most of the outcome variables, muscular strength were measured 

objectively. Yoga practice; physical activity/sitting time through GPAQ are being measured now. 

Future plan: Aerobic fitness through Rockport 1 mile walk test will be measured within 2 years. Subjectively 

measured physical activity, ADL and sedentary behaviors will be validated through pedometers.Usage of mobile 

phone, physiotherapists to modify the behavior of subjects and its effect on development and prognosis of CVD risk 

factors will be studied future. 
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I. Introduction 

 Being physically active and fit has now shown many health benefits.
[1, 2]

Physicians in western countries are 

now even thinking of putting exercise as fifth vital sign for health assessment.
[3]

It all started from a land mark article 

from Framingham Heart Study in 1967 that reported protective effect of physical activity on coronary heart diseases. 

This leads to form another cohort in 1970-Aerobic center longitudinal study (ACLS) from Cooper institute with the 

aim to find health outcomes associated with physical activity and cardiorespiratory fitness. Later in 1985-86 

CARDIA study started with an aim of aerobic fitness at young age on CVD risk factors, diseases and 

mortality.These two along with several other longitudinal studies confirmed the findings of Framingham Heart 

Study. Recent meta-analysis shows that fitness prevent better than BMI in all-cause mortality and advise the readers 

to concentrate on fitness than mere physical activity and weight reduction alone.
[4]

Resultsare showing sedentary 

behaviors like sitting time, TV watching associated with greater risk of CVD risk factors, all-cause mortality 

independent of physical activity.
[5-7]

However, there are few cohorts available from India on physical activity with 

two known to us-one from southern India (Kerala)
[8]

, one from north India (Haryana)
[9]

 and few on physical fitness 

(hand-grip strength).
[10]

Epidemiological studies based on physical activity and physical fitness over CVD risk 

factors are too less in India. To the best of our knowledge, there is no longitudinal study from India that sees the 

combined physical activity, physical fitness and sedentary behaviors on CVD risk factors in urban population. 

There are several unanswered questions likehow much is the dose of physical activity for Indians? Indian 

specific practices like yoga does have productive role on CVD risk factors or not? If yes, what is the minimal dose 

of yoga and in which form?Indians are considered less fit as it is evident from Olympic and Asiad medal tally.So 

how much fitness is required by Indians to be prevented from CVD risk factors? Apart from these questions, Will all 

these four factors really prevent CVD risk factors in urban Indians or not? To answer these questions we decided to 

form a cohort with following objectives. 
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II. Objectives 
 Immediate (1

st
year)- Prevalence of hypertension, diabetes, abdominal obesity, physical inactivity, 

musculoskeletal pain and its correlates in urban population.Long term (5-20 years)- 5 year incidence rate (after 5, 

10, 15 and 20 years) of all-cause mortality, hypertension, diabetes, abdominal obesity, musculoskeletal pain and its 

determinants (based on exposure variables) in urban population.Role of physical activity, yoga practice, aerobic 

fitness, muscle strength and reduction of sedentary behavior as prognostic variables in people with hypertension, 

diabetes, abdominal obesity and musculoskeletal pain. 

 

Exposure Variables (all are modifiable) 

Primary- Physical activity, Yoga practice, Aerobic fitness, Muscular strength, Sedentary activities like 

Laptop/computer/TV watching, Sitting, Sleeping (Total 07 variables) 

Secondary- Education, Income, Smoking, Alcohol consumption, Food habit, Ghee use (Total 06 variables) 

 

Outcome Variables 

Blood pressure (Hypertension), Fasting blood glucose (Diabetes), BMI (General obesity), Waist circumference 

(Abdominal Obesity), Musculoskeletal pain and all-cause mortality. 

 

III. Methodology 
Type of cohort 

Prospective observational cohort on general population from specific geographical location(Hisar Urban Area) 

 

Sample collection from population: 

 Population of this cohort was people living in urban area of Hisar city situated in Haryana state. Sample 

selected for this cohort was based on muti-stage random sampling technique. Sample size was calculated using 

online free software (OpenEpi) at 95% significant level, 80% power with ratio of 1:7 for exposed versus unexposed 

and OR of 2.00 which yielded 1844.
[11]

 We decided at least 300 samples from one location so that difference 

between the locations can be studied easily in future, if need arises. 6 locations had to be selected with the sample 

size of 308 in each location to achieve our aims and objectives. Hisar city has20 wards and each ward was divided 

into 1-6 logistic locations where,student volunteers thought feasibility (near to University), response and compliance 

rates will be high. 6 wards were selected (Ward No 1, 5, 8, 14, 16 and 20) and one location from each ward was 

randomly selected by corresponding author.Student volunteers randomly selected one house and invited the master 

of the house to participate in this cohort. If he agrees, all members above 30 years old were included in cohort after 

getting initial verbal consent from eachfollowed by administration of a questionnaire and measurement of other 

outcome variables. Participants also provided their mobile number along with written willingness to join the cohort 

at the end of questionnaire. If master of the house not agreed to participate, volunteers visited next house using left 

thumb rule until they reach desired sample size (i.e) 308 from each location.  

Baseline data was collected by 3 master degree student volunteers through door-to-door visit in summer 

2016 which was validated telephonically by final year bachelor degree student volunteer (this reduced the sample 

size from 1848 to 1804; 44 subjects were removed due to high mismatched responses). Follow-up of outcome 

variables data collection along with physical activity and sedentary activity measurement, yoga practice is 

undergoing now by 2 master degree student volunteers (Response rate above 90% in one location). All student 

volunteers were trained and motivated/guided by corresponding author and were acknowledged at the end of this 

paper. 

 

Questionnaire: 

 Pre-designed questionnaire (in English), modified from pilot study done in 2015, was administered to the 

individual participants and therapist assisted if there was a problem to read/understand. Following parameters were 

self-reported: age, height, weight (are being objectively measured now), occupation, community [general (OC), 

backward (BC) and scheduled caste (SC)], education, income, smoking, alcohol habits, food habit, ghee use, ADL 

activity, computer/laptop/TV watching time, sitting time, sleeping time, self-reported hypertension, family history of 

hypertension, self-reported diabetes, family history of diabetes. 
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Measurement of Outcome variables: 

Musculoskeletal pain was defined as pain that required meeting physician or pain that prevented from 

carrying normal ADLfor at least 3 days in the past 12 months. Modified Nordic musculoskeletal questionnaire (only 

middle 2 sections) with diagram used by de Barros and Alexandre
[12]

 , was used for this purpose and was recorded 

for major joints (i.e) neck, shoulder, elbow, wrist, low back, hip, knee and ankle joints. All outcome variables except 

musculoskeletal pain were measured in early morning (6-9.30 AM) after overnight fasting (6-8 hours rest after 

dinner) in a manner described below. 

Blood pressure was measured using automatic digital sphygmomanometer [OMRON
®
, Binh Duong, 

Vietnam] which is operated by batteries. Subject was asked to sit without support in relaxed manner while keeping 

hands in knees, elbow in extension and forearm supination. Cuff was fit into the left arm, while the tube connected 

to the instrument kept above the brachial artery. Apparatus always kept at heart level and the body of apparatus has 

‘start’ button which has to be pressed before reading. This results automatic inflation of cuff to the level above the 

SBP, then deflated; at the end it shows SBP, DBP, pulse rate (HR) values. The same procedure was repeated thrice 

and the middle value was recorded with both higher and lower values removed. 

Fasting blood glucose was measured by hand-held portable glucometer [ACCU-CHECK Active, 

Mannheim, Germany]. After sterilizing the subject’s ring finger using spirit swab, it was pricked using sterile 

softclix lancets. Initial oozing blood was wiped out, and then one drop blood was taken by sensor side of gluco-

strips. After approximately 5 seconds, display section shows blood glucose level in mg.dL
-1

. The whole procedure 

was repeated if only extreme values comes (<60 mg.dL
-1

 or >200 mg.dL
-1

 without self-reported diabetes) and higher 

reading in lower values, lower readings in higher values were recorded. 

Waist circumference was measured using non-elastic inch tape in early morning after bladder and bowel 

emptying. Subject was asked to stand with minimal and loose clothing. Measurement site was decided by mid-way 

between 12
th

 rib and ASIS (anterior superior iliac spine). Measurement was recorded in the assessment form, 

questionnaire, to the nearest centimeter (cm) value.BMI was calculated from self-reported values of weight in 

Kilogram and height in meters. The formula used was weight divided by height
2
. 

 

Measurement of Primary exposure variables: 

 Self-reported physical activity is being measured using global physical activity questionnaire (GPAQ) as 

this is easy to administer and has been validated in India. Physical inactivity will be termed if the subject is not 

meeting 600 MET minutes per week criteria.  

Yoga practice is being measured using questionnaire. Questions included were whether subject practice 

yoga or not (no, yes/occasional, yes/regular), if yes frequency (per week or month), duration (hours per week) and 

type [asana (posture flow), pranayama (breathing exercise), meditation (concentration, chanting) and kiriyas 

(cleansing technique)]. 

Aerobic fitness will be measured using submaximal Rockport 1-mile walk test as it is easy to administer 

with less complications when medical personnel are not present during test. The test will be administered in 

treadmill where speed will be self-selected by subjects. Subject will not be allowed to touch hand-rail or allowed to 

touch rail to maintain balance. Time taken to complete the test (in hundredth of minute), heart rate at the end of test 

will be measured to calculate VO2 max using standard formula. Strength of this test is since heart rate is used in VO2 

max calculation, speed of subject walking will not affect aerobic fitness (i.e) faster walking will increase heart rate 

vice-versa, fitter person will have less heart rate in given walking speed. Disadvantage of this test is administration 

of cardiovascular drugs will affect the heart rate hence VO2 calculation.  

Hand-grip strength (HGS)was measured using Jamar digital hand-held hydrolic hand dynamometer [Base 

Line Evaluation set, Fabrication Enterprises Inc, NY]. HGS measurement was measured in sitting position for both 

right and left side. Each subject was asked to maintain the desired upper limb position (shoulder adducted, 0º 

flexion; elbow in 90º flexion; forearm mid-pronation), which was physically demonstrated by the therapist, and 

asked to press as hard as possible for 5 seconds (command given was press...one...two...three...four...five...relax). 

The procedure was repeated three times in right and left hand. One minute rest was given between trials. Average of 

three was recorded in the assessment form as Kg. 

Household ADL activity was measured by questionnaire. Household activities include cooking, washing 

clothes, cleaning floor, roof, vehicle and utensils etc, gardening, preparing children and elders, walking/cycling for 

getting water, vegetables, groceries, milk etc. Questions asked for both week days and week end. Value was 

recorded in hours spend on household ADL activities per week. 
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Table 1: Baseline values of different variables in all six locations for comparison 

 
 
Abbreviations: SD- standard deviation; Min- minimum; Max- maximum; BC- backward community; SC- scheduled caste; FV- fruit and 

vegetables; BMI- body mass index; ADL- activities of daily living; SBP- systolic blood pressure; DBP- diastolic blood pressure; FBG- fasting 
blood glucose; HGS- hand-grip strength 

Note: ‘p’ values were calculated from one-way ANNOVA for continuous variables and chi-square test for string or categorical variables 

 
TV watching time included watching serials, movies, songs, reality shows, sports matches, live shows, 

bhajans etc. in sitting position. These may be viewed in theater, TV, computer or lap top, mobile. This item also 

included surfing internet, social media use, chatting etc. in mobile. Computer or laptop use for billing, office work, 

and study purpose apart from above activities was also part of this item. Condition for this item was subject should 

be in sitting position. Questions asked for both week days and week end. Value was recorded inhours spend on TV 

watching per week. Classification will be used as per Grontved and Hu
[6]

 study result. 

Sitting time included activities spend in sitting position other than above item (i.e) chatting with friends, 

reading newspaper, office/shop, listening music, travel etc. Questions asked for both week days and week end. 

Value was recorded in hours spend per week. Classification will be used as per Chau et al.
[14]

 study result. 

Sleeping time included time spend in bed during night as well as day (napping). Questions asked for both 

week days and week end. Value was recorded in hours spend per week. Definition for normal, short and long sleep 

will be used as per Cappuccio et al.
[15]

 

 

Measurement of Secondary exposure variables: 

All secondary exposure variables were self-reported. Education (classified into illiterate, upto9
th

 class, 10
th
 

class, 12
th

 class, undergraduate, postgraduate, MPhill, PhD), Income as on summer 2015 (in Rs per month), smoking 

[yes/no; if yes frequency (number cigarettes per day or week)], alcohol habits [yes/no; if yes frequency (number of 
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times per week or month)], food type (Vegetarian or Non-vegetarian including egg use), ghee use [yes/no; if yes 

frequency (number spoons per week)].Income was classified according to Kuppuswamy’s socio-economic status 

scale (7 categories).
[16] 

 
 

IV. Future Plans 
 Apart from measuring aerobic fitness by 2020, we want to validate the physical activity, sedentary 

behaviors assessed by our questionnaire using pedometers. All the outcome variables, exposure variables will be 

measured at 5 year intervals to calculate incident rate and identify the determinants for CVD risk factors. We will 

also monitor the prognosis of CVD risk with reference to primary exposure variables. Use of physiotherapist in 

community level to promote physical activity, fitness will be another objective. Recent study from India shows 

promising result to control diabetes by using mobile technology.
[17, 18]

 Significance of mobile use in promoting 

physical activity, fitness- thus preventing CVD risk will be objective in future. 

 

Ethical clearance: The whole procedure was retrospectively approved by institutional ethical committee vide letter 

no PTY/ 2016/ 555 dated 14
th

 October 2016. 

Source of Funding: Corresponding author (SivachidambaramKulandaivelan), Second author (Mohamed Ateef), 

contribution from volunteers are currently source of funding for this project. 
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