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Original Article

Physical Activity Patterns in India  
Stratified by Zones, Age, Region,  
BMI and Implications for COVID-19:  
A Nationwide Study

Vivek Podder1, Raghuram Nagarathna2, Akshay Anand3,4 , Suchitra S. Patil2
Amit Kumar Singh2, and Hongasandra Ramarao Nagendra2

Abstract
Rationale: India has a high prevalence of noncommunicable diseases (NCDs), which can be lowered by regular physical 
activity. To understand this association, recent population data is required which is representative of all the states and union 
territories of the country.
Objective: We aimed to investigate the patterns of physical activity in India, stratified by zones, body mass index (BMI), 
urban, rural areas, and gender.
Method: We present the analysis of physical activity status from the data collected during the phase 1 of a pan-India study. 
This (Niyantrita Madhumeha Bharata 2017) was a multicenter pan-India cluster sampled trial with dual objectives. A survey to 
identify all individuals at a high risk for diabetes, using a validated instrument called the Indian Diabetes Risk Score (IDRS), was 
followed by a two-armed randomized yoga-based lifestyle intervention for the primary prevention of diabetes. The physical 
activity was scored as per IDRS (vigorous exercise or strenuous at work = 0, moderate exercise at home/work = 10, mild 
exercise at home/work = 20, no exercise = 30). This was done in a selected cluster using a mobile application. A weighted 
prevalence was calculated based on the nonresponse rate and design weight.
Results: We analyzed the data from 2,33,805 individuals; the mean age was 41.4 years (SD 13.4). Of these, 50.6% were females 
and 49.4% were males; 45.8% were from rural areas and 54% from urban areas. The BMI was 24.7 ± 4.6 kg/m2. Briefly, 20% 
were physically inactive and 57% of the people were either inactive or mildly active. 21.2% of females were found physically 
inactive, whereas 19.2% of males were inactive. Individuals living in urban localities were proportionately more inactive (21.7% 
vs. 18.8%) or mildly active (38.9% vs. 34.8%) than the rural people. Individuals from the central (29.6%) and south zones (28.6%) 
of the country were also relatively inactive, in contrast to those from the northwest zone (14.2%). The known diabetics were 
found to be physically inactive (28.3% vs. 19.8%) when compared with those unaware of their diabetic status.
Conclusion: 20% and 37% of the population in India are not active or mildly active, respectively, and thus 57% of the 
surveyed population do not meet the physical activity regimen recommended by the World Health Organization. This puts 
a large Indian population at risk of developing various NCDs, which are being increasingly reported to be vulnerable to 
COVID-19 infections. India needs to adopt the four strategic objectives recommended by the World Health Organization 
for reducing the prevalence of physical inactivity.

Keywords
Physical activity, Nationwide, Noncommunicable diseases, India, Diabetes mellitus 

Received 26 Septemer 2020; accepted 7 October 2020

3 Department of Neurology, Neuroscience Research Lab, Postgraduate 
Institute of Medical Education and Research (PGIMER), Chandigarh, India.

2 Department of Yoga and Life Sciences, Swami Vivekananda Yoga 
Anusandhana Samsthana, Bengaluru, Karnataka, India.

1 Department of General Medicine, Kamineni Institute of Medical Sciences, 
Narketpally, Nalgonda, Telangana,  India.

Corresponding author:
Raghuram Nagarathna, Swami Vivekananda Yoga Anusandhana Samsthana, 
Bengaluru, Karnataka 560105, India.
E-mail: mrathna@gmail.com

Introduction

Diabetes mellitus (DM) is a global pandemic and is straining 
the public health worldwide especially with the threat of 
coronavirus disease-2019 (COVID-19). Current global 
estimates of DM prevalence indicate that 415 million people 
are affected and are projected to escalate to 642 million by the 
year 2040.1,2 India is one of the epicenter for this global 
pandemic of DM. Rapid demographic changes and 
socioeconomic development have likely contributed to the 
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with influenza virus and herpes simplex virus type 1 resulted 
in reduced mortality and morbidity because of infections.13,14 
However, we have very little evidence about how physical 
activity can interact with our immune system to fight SARS-
CoV-2. Even though previous studies have been shown to 
exert immunomodulatory benefits, this will require 
retrospective studies to establish the relation of physical 
activity with SARS-CoV-2 infection outcome.15 The scientific 
community is currently searching for the safe and effective 
vaccine against SARS-CoV-2 and its variants. As the physical 
fitness can augment seroconversion, it may potentially reduce 
the chronic inflammation and further improve the important 
immune markers in disease conditions.8 Therefore, it is 
prudent to present the physical activity pattern in India as it 
can help in institutionalizing the effective public health 
policies to combat NCDs and COVID-19. Therefore, India 
needs to adopt effective national policies in solidarity with 
the global efforts led by the WHO. Nationwide and regional 
monitoring of current patterns of physical inactivity can 
enable the identification of high-risk groups and consequent 
effective planning.6

There are several studies from western countries which 
have estimated patterns of physical activity; however, more 
extensive literature search reveals a paucity of studies from 
India that provide a nationally representative pattern of 
physical activity. Most of such studies were conducted in 
small scales and conducted in a few states and cities of India. 
A previous large-scale study on physical activity patterns in 
India was studied in three states and one union territory (UT) 
of India with a small sample size. Therefore, updated 
information about the physical activity pattern will help 
policy makers to review the efficacy of currently implemented 
policies and plan for the institution of better policy and 
programs based on validated and recent data.

The current nationwide study aims to investigate the 
physical activity patterns in India, stratified by zones, body 
mass index (BMI), urban, rural areas, and gender. To our best 
knowledge, this is currently the largest nationwide study in 
India investigating physical activity patterns with a 
representative sample of 29 states and UTs.

Methodology

The data used in this analysis were collected during the phase 
1 of the Niyantrita Madhumeha Bharata (NMB) 2017 trial, a 
large translational multicenter, cluster sampled research trial 
aimed to assess the efficacy of yoga-based lifestyle 
modification as a primary prevention strategy for diabetes in 
a community setting. The methodological details of the study 
have been reported previously.16,17 In brief, the data collection 
was aimed at the screening of 4,000 adults per district in 
randomly selected 60 districts, representative of the Indian 
adult population.

substantial rise in the prevalence of DM in India. The higher 
number of DM patients with consequent health complications 
substantially increase the health care burden and costs, and 
limit the quality of life.3,4

Diabetes treatment in India has witnessed a rapid escalation 
in costs with increasing prevalence. It was previously reported 
that the annual cost on diabetes care was $227 in India, which 
substantially overburdened patients with DM because 85% to 
95% of their estimated health care costs are borne by these 
individuals and their families.5 India is also facing an 
additional burden on the health care system because of the 
rapid increase in COVID-19. The explosive increase in its 
prevalence has been found to be associated with DM, which 
has been a result of the adoption of unhealthy lifestyles. A few 
of the major modifiable risk factors for many noncommunicable 
diseases (NCDs), including DM, are physical inactivity and 
unhealthy diets.

Many NCDs, such as coronary artery disease, hypertension, 
DM, breast and colon cancer, can be prevented and treated by 
regular physical activity. However, a recent study revealed a 
higher (27.5%) global age-standardized prevalence of 
suboptimal physical activity in 2016, with the lowest levels 
seen in East and Southeast Asia (17.6%).6 Because of the 
strong association between physical inactivity and NCDs, the 
World Health Organization (WHO), by 2030, has agreed to a 
global target of 15% reduction in physical inactivity, so as to 
accelerate the prevention and treatment of NCDs.7

Additionally, the COVID-19, caused by the SARS-CoV-2 
virus, pandemic has caused a devastating threat to the health, 
economy, and lifestyle. Several studies have showed that the 
aged population with comorbidities (e.g., DM, hypertension, 
chronic obstructive pulmonary disease or any respiratory 
illnesses, liver or renal diseases) have a higher risk of 
morbidity and mortality from COVID-19 because of an 
increased rate of hospitalization and intensive care unit 
admissions.8,9 Currently, there are limited availability of 
effective vaccines and no available specific therapeutics for 
COVID-19, and thus implementing behavioral policies such 
as physical distancing can limit the spread of the virus and the 
resultant morbidity and mortality.8 Moreover, public health 
recommendations of closing gymnasiums, parks, and fitness 
centers have resulted in a reduced scope for physical activity. 
Studies have shown that physical activity can boost our 
immune system and reduce the burden of the comorbid 
conditions, including obesity, DM, hypertension, 
cardiovascular and cerebrovascular diseases, which together 
can reduce the severity of COVID-19.10 Earlier studies have 
shown that physical exercise impacts the antiviral defenses of 
the immune system.11,12 For example, moderate-intensity 
exercises were found to counter respiratory viral infections 
by decreasing inflammation and improving the immune 
system.12 In an animal experimental study, it was found that 
moderate-intensity exercises after or before infecting mice 
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Sample Size Estimation

Keeping in mind the twin objectives of the study, the sample 
size estimation was based on the relative risk reduction (30%) 
among prediabetics, reported in community lifestyle 
improvement program study.18 We used annual incidence 
rates of diabetes as 18.3% in the control conditions as per 
Indian Diabetes Prevention Programme (IDPP-1) study.19

This provided a conversion rate at three-month follow-up 
to be 4.57% and 3.0%, respectively, for the control and 
intervention conditions. The required sample size for a two-
group design, with α = 0.05 and (1-α) = 0.80, was estimated 
to be 1,949 for each group (a total of 3,898 individuals). 
Factoring an attrition of 20%, the final sample size was 
estimated to be 4,678 individuals with prediabetes. To obtain 
4,678 individuals with prediabetes, it was calculated that 
there was a need to screen 77,967 adults above the age of 20 
years (4,678 × 100/6); the least reported prevalence of 
prediabetes in India has been 6.0%.21 Thus, the study plans 
included a screening of approximately 1,55,933 individuals 
across 60 Indian districts (10% of all districts as per the 2011 
Census of India), assuming a nonresponse rate of 50%. 
Consequently, the study targeted approximately 4,000 adults 

per district with equal involvement of the urban and rural 
areas.

Assessments

We acquired information on diabetes and risk scores by door-
to-door survey using a mobile application with detailed 
person-level information about age, gender, income details, 
educational qualifications, and marital status. Indian Diabetes 
Risk Score (IDRS), developed by Mohan et al. in 2005,22 was 
used for risk analysis. IDRS is a validated instrument used 
widely in India in several studies23 IDRS is a convenient, 
simple, and economical tool for the detection of diabetes 
high-risk population that uses age, waist circumference, 
parental diabetes history, and physical activity. The combined 
scores of the four factors contribute to the prediction of the 
risk level of an individual. Physical activity was obtained by 
asking 15 questions with a scoring ranging from 0 to 4 for 
each query (Table 1). We measured waist circumference in 
centimeters using a measuring tape. Self-reported diabetes 
was confirmed by checking the medication the individuals 
were taking and/or their medical reports during the door-to-
door visits.

Table 1. Scoring of Physical Activity: I Am Going to Ask You Some Questions About Your Physical Activity During Last One Month

1. How many days do you go for a mild activity that causes 
no increases in breathing or heart rate like walk at a slow 
or normal pace?

None 0
Nil–Once a month 0
Once a week 1
Two to three times a week 3
Every day 4

2. On average, how many minutes of mild activity each day? None–10 min–0
15 to 30 min 1
30 min to 1.5 h 2
1 to1.5 h 3
>1.5 h 4

3. How many days do you go for moderate-intensity activity 
that causes small increases in breathing or heart rate 
such as brisk walking (or carrying light loads, cycling, 
swimming, volleyball)?

None 0
Once a month 1
Two to three times a month 2
Once a week 3
Three to six days a week 4

4. On average, how many minutes of moderate-intensity 
activity each day?

None 0
At least 10 min 1
10 to 30 min 2
30 min to 1 h 3
>1 h 4

5. How many days do you go for a vigorous-intensity activ-
ity that causes large increases in breathing or heart rate 
like carrying or lifting heavy loads, digging or construction 
work, running or football or in a gym?

None 0
Once a month 1
Two to three times a month 2
One to three times a week 3
>4 days a week 4

6. On average, how many minutes of vigorous-intensity 
activity each day?

None 0
At least 10 min 1
10 to 30 min 2
30 min to 1 h 3
>1 h 4

(Table 1 Continued)
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7. How many days do you climb a flight of stairs (10 steps)? None 0
Once a month 1
Two to three times a month 2
One to three times a week 3
Four to six times a week 4

8. On average, number of times you climbed up a flight of 
stairs (10 steps)?

None 0
1 to 5 times 1
6 to 15 times 2
16 to 20 times 3
More than 20 times 4

9. On average during a typical workday and excluding work 
time, how many hours do you watch TV or sit at a com-
puter or play video games?

None 0
> 1 h 1
 1 to 3 h 2
 3 to 4 h 3
>4 h 4

10. On average during a nonworking day, how many hours do 
you watch TV or sit at a computer or play video games?

None 0
>1 h 1
1 to 2.5 h 2
2.5 to 4 h 3
>4 h 4

11. Which form of transport do you use most often apart 
from your journey to and from work?

Walk 1
By cycle 2
By two wheelers 3
By public/car transport 4

12. How did you normally travel to job? Walk 1
By cycle 2
By two wheelers 3
By car/public transport 4

13. On average, distance travel to job? Less than 1 km 1
01–05 km 2
06–15 km 3
More than 15 km 4

14. On average, how many km do you walk per day? Less than 1 km 1
01–05 km 2
06–15 km 3
More than 15 km 4

15. What type of physical activity do you perform in your 
occupation (or in your daily life)?

1. Basically, I’m seated and I walk very little (administrative).
2. I am seated but I very often perform moderate-intensity efforts 
(cashier).
3. I walk a lot but I do not perform vigorous efforts (salesperson, 
shopkeeper, mail carrier, delivery person).
4. Basically, I perform vigorous efforts (construction worker).

Note: Total score = 60; 0–9 = nil activity; 10–29 = mild; 30–44 = moderate; >45 = vigorous.

(Table 1 Continued)

Sampling Strategy

NMB 2017 had dual objectives, namely a survey for the 
prevalence and lifestyle intervention for the population at 
high risk and known diabetes. Details of the methods have 
been published earlier.16,17 In brief, a four-stage [zone–state–
district–town, ward, census enumeration block (CEB) in 
urban/villages in rural] strategy was adopted for identifying 
the study locations. Clustering was performed by dividing 
each state into districts, and each district into rural and urban 
localities. CEB were randomly selected from the randomly 
selected wards, and all eligible individuals (both genders 

between 20 and 70 years) within the CEB were contacted. 
The door-to-door survey enlisted eligible individuals and 
specifically enquired about the status of diabetes and scored 
them on the IDRS.

Ethical Statement

The study was conducted after getting the ethical clearance 
from the Institutional Ethics Committee (IEC) of the Indian 
Yoga Association (IYA) vide IEC reference no: RES/IEC-
IYA/001 (dated 16/12/16). Data was collected among the 
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participants with age >18 years after obtaining their informed 
consents during the door-to-door survey.

Statistical Statement

The statistical analysis was done using the Statistical Package 
for Social Sciences (IBM Statistics for windows, SPSS v23.0) 
at the Swami Vivekananda Yoga Anusandhana Samsthana, 
Bengaluru, India. The physical activity scores obtained from 
the 15 questions were classified as mild, moderate, vigorous 
activity, and inactivity for IDRS scoring based on our total 
score (0–9 = inactivity; 10–29 = mild; 30–44 = moderate; >45 
= vigorous). A further analysis was carried out by stratifying 
them based on zones, age, region, BMI, and DM status.

For every variable, a cross-tabulation of activity with 
gender, area, age (<40 and >40 years), region, and BMI was 
done with physical activity categories. A weighted prevalence 
was calculated based on design weight (which was calculated 
zone-wise based on the census population and response 
samples of each zone) and nonresponse rate. It was weighed by 
using SPSS weighing cases. Cross-tabulations and frequencies 
were calculated by putting the response rate as weight.  
We have checked the statistical significance through chi-square 
test. For odds ratio calculation, we did ordinal regression, with 
physical activity as response, and known–unknown diabetes, 
obese–normal, age <40 and >40 as predictors.

Results

Of the 2,40,000 people approached, 2,33,805 responded 
(nonresponse rate of 3%) from 29 out of 35 states and UTs 
except small remote states/UTs (Daman and Diu, Dadra, 
Sikkim, Nagaland, and Lakshadweep). There were 99% 
respondents from the north zone, 99% from northwest 
(Jammu and Kashmir), 99% from central, 99% from east, 
99% from northeast, 98% from south, and 98% from west. Of 
these, 50.6% were females and 49.4% were males. The mean 
age was 41.37 ± 13.4 years. The study population constituted 
participants from both rural (45.8%) and urban (54%) areas. 
The mean BMI was 24.7 ± 4.6 kg/m2.

Patterns of Physical Inactivity (Overall and Zone-
Wise) in India

Around 20.3% (95% CI [20.1, 20.4]) of the Indian population 
were in the inactivity category, 36.9% (95% CI [36.6, 37]) were 
mildly active, 27.8% (95% CI [27.5, 37.9]) were moderately 
active, and 15.1% (95% CI [14.9, 15.2]) were vigorously 
active. Considering the WHO recommendation for minimum 
weekly physical activity intensity (150 min of moderate aerobic 
activity or 75 min of vigorous-intensity activity weekly), 
overall 42.9% of the Indian population met the minimum 
recommended intensity of physical activity (Table 2).

Table 2. Zone-Wise Distribution of Physical Activity in India (n = 2,33,805)

Physical Activity (Total n = 2,33,262)

Vigorous Moderate Mild No Activity

Overall 
35,196

(15.1% [14.9–15.2])
64,798

(27.8% [27.5–27.9])
85,993

(36.9% [36.6–37])
47,275

(20.3% [20.1–20.4])

Zone

Central Count 2,627 5,760 10,053 7,753
% (CI) 10.0%

(9.6–10.3)
22.0% (21.4–22.4)

38.4% (37.3–38.9)
29.6%

(29.0–30.1)
East Count 13,585 6,663 9,684 5,584

%  38.3%
(37.7–38.7)

18.8% (18.2–19.1) 27.3% (26.8–27.7) 15.7% (15.3–16.1)

Jammu and 
Kashmir 

Count 5,482 13,196 11,711 7,256
% 14.6% (14.2–14.9) 35.1% (34.5–35.5) 31.1% (30.6–31.5) 19.3% (18.8–19.6)

North Count 2,844 6,919 7,717 5,273
%  12.5% (12.0–12.9) 30.4% (29.8–31.0) 33.9% (33.3–34.5) 23.2% (22.6–23.7)

Northeast Count 7,013 20,746 26,967 9,072
%  11.0% (10.7–11.2) 32.5% (32.1–32.8) 42.3% (41.8–42.6) 14.2% (13.9–14.4)

South Count 1,878 6,482 12,963 8,538
%  6.3% (6.0–6.5) 21.7% (21.2–22.1) 43.4% (42.8–43.9) 28.6% (28.0–29.1)

West Count 1,767 5,032 6,898 3,799
%  10.1% (9.6–10.5) 28.8% (28.0–29.4) 39.4% (38.7–40.1) 21.7% (21.1–22.3)

Note: *All the results in this cross-tabulation are statistically significant (P > .001).
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The zone-wise physical inactivity pattern was 29.6% (95% 
CI [29, 30.1]) in the central zone, 28.6% (95% CI [28, 29.1]) 
in south, 23.2% (95% CI [22.6, 23.7]) in north, 21.7% (95% 
CI [21.1, 22.3]) in west, 19.3% (95% CI [18.8, 19.6]) in 
Jammu and Kashmir, 15.7% (95% CI [15.3, 16.1]) in east, 
and 14.2% (95% CI [13.9, 14.4]) in northwest (Table 2). 
Therefore, the central and south zones had a higher proportion 
of individuals belonging to the “no activity” category, while 
the northwest zone had a fewer people in the same category.

The people from south (43.4%, 95% CI [42.8, 43.9]) and 
northeast (42.3%, 95% CI [41.8, 42.6]) had more 
representation in the mild activity category than the east zone 
people (27.3%, 95% CI [26.8, 27.7]). The people from the 
east zone were more (38.3%, 95% CI [37.7, 38.7]) in the 
vigorous activity category, as compared to those from the 
south zone (6.3%, 95% CI [6, 6.5]). When the zones were 
compared for minimum WHO recommended physical 
activity, then the east zone showed a higher proportion of 
people (51.7%) meeting the recommendation, whereas the 
south zone had a lesser proportion of people (28%) meeting 
the recommendation (Table 2).

Physical Activity Pattern in Relation to Age, 
Gender, Area, Diabetic Status, and BMI

Table 3 shows the association of physical activity with age, 
gender, area, and BMI. The prevalence of physical activity in 
India was analyzed. People over 40 years of age were more in 
the no activity (23.8% vs. 17.2%) or mild activity (39.6% vs. 
34.5%) category, as compared to those under 40 years.

However, people with age less than 40 years were more in 
the moderate (30.1% vs. 25.1%) or vigorous activity (18.2% 
vs. 11.5%) category. When compared for WHO recommended 
physical activity, there were a higher proportion of people 
with age <40 years meeting the recommendation, in 
comparison to the older group (48.3% vs. 36.6%).

In our study, females were more in the mild (39.8%, 95% 
CI [39.5, 40.1] vs. 33.6%, 95% CI [33.3, 33.8]) and no 
activity (21.2%, 95% CI [21.0, 21.4] vs. 19.2%, 95% CI 
[21.0, 21.4]) category, as compared to the male population. In 
contrast, the males (18.9%, 95% CI [18.6, 19.0] vs. 11.7%, 
95% CI [11.4, 11.8]) were more in the vigorous activity 
category, as compared to females.

Table 3. Gender, Area, and BMI-Wise Distribution of Physical Activity in India

Physical Activity 

Vigorous Moderate Mild No Activity

Age  
(total n = 2,32,947)

<40
Count 22,964 37,999 43,648 21,798

% 18.2% 30.1% 34.5% 17.2%

>40
Count 12,213 26,708 42,213 25,404

% 11.5% 25.1% 39.6% 23.8%

Diabetes status 
(total n = 2,24,644)

Un-
known

Count 30,006 58,409 75,690 40,403

% (CI)
14.7% (14.5–14.8) 28.6% (28.3–28.7) 37.0% 

(36.2–37.8)
19.8% (19.5–19.9)

Known

Count 1,324 4,667 8,437 5,708

% (CI)
6.6% (6.2–6.9) 23.2% (22.5–23.7) 41.9% 

(41.2–42.5)
28.3% (27.7–28.9)

Gender
(total n = 2,33,261)

M Count 20,947 31,491 37,328 21,316

% (CI)
18.9% (18.6–19.0) 28.3% (28.0–28.6)

33.6% 
(33.3–33.8)

19.2% (18.9–19.4)

F Count 14,239 33,296 48,657 25,955

% (CI)
11.7% (11.4–11.8) 27.3% (27.0–27.5)

39.8% 
(39.5–40.1)

21.2% (21.0–21.4)

Trans-
gender

Count 9 9 8 6

% 28.1% 28.1% 25.0% 18.8%

(Table 3 Continued)
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Physical Activity 

Vigorous Moderate Mild No Activity

Area
(total n = 2,32,324)

Rural

Count 20,490 32,667 39,897 21,495

% (CI)
17.9% (17.6–18.1) 28.5% (28.2–28.7)

34.8% 
(34.5–35.1)

18.8% (18.5–18.9)

Urban

Count 14,642 31,856 45,764 25,513

% (CI)
12.4% (12.2–12.6) 27.0% (26.7–27.3)

38.9% 
(38.5–39.1)

21.7% (21.4–21.8)

BMI
(total n = 1,22,936)

Normal

Count 6,445 15,224 22,274 11,396

% (CI) 11.6% (11.3–11.9) 27.5% (27.1–27.8) 40.3% 
(39.8–40.6)

20.6% (20.2–20.9)

Over-
weight/
Obese

Count 9,082 20,574 24,759 13,182

% (CI) 13.4% (13.1–13.6) 30.4% (30.0–30.7) 36.6% 
(36.2–36.9)

19.5% (19.2–19.8)

Note: *All the results in this cross-tabulation are statistically significant (P < .001).

(Table 3 Continued)

Our findings showed that the urban population was found 
to be more represented in the category of mild (38.9%, 95% 
CI [38.5, 39.1] vs. 34.8%, 95% CI [34.5, 35.1]) and no activity 
(21.7%, 95% CI [21.4, 21.8] vs. 18.8%, 95% CI [18.5, 18.9]), 
as compared to the rural population. However, the rural 
population was found to be represented more in the vigorous 
activity group (17.9%, 95% CI [17.6, 18.1] vs. 12.4%, 95% 
CI [12.2, 12.6]), as compared to the urban people.

Interestingly, people who were aware of being diabetic 
were more in the category of no activity (28.3%, 95% CI 
[27.7, 28.9] vs. 19.8%, 95% CI [19.5, 19.9]) and mild activity 
(41.9%, 95% CI [36.2, 37.8] vs. 37.0%, 95% CI [36.2, 37.8]) 
when compared with those unaware of their diabetic status. 
When compared for WHO recommended physical activity, 
there were a less proportion of the known diabetic individuals 
meeting the recommendation (29.8% vs. 43.3%), as compared 
to the unknown diabetic individuals.

In case of people with normal BMI, a slightly higher 
proportion were in the no activity (20.6%, 95% CI [20.2, 
20.9] vs. 19.5%, 95% CI [19.2, 19.8]) and mild activity 
category (40.3%, 95% CI [39.8, 40.6] vs. 36.6%, 95% CI 
[36.2, 36.9]), as compared to the obese people. However, the 
obese people were more in the vigorous (13.4%, 95% CI 
[13.1, 13.6] vs. 11.6%, 95% CI [11.3, 11.9]) and moderate 
activity category (30.4%, 95% CI [30, 30.7] vs. 27.5%, 95% CI 
[27.1, 27.8]), as compared to the people with normal BMI.

Predictive Relationship Between Demography and 
Physical Activity Status (Ordinal Regression)

Male gender was significantly associated with vigorous 
activity (OR 1.19; 95% CI [1.17, 1.21]); the rural area was 
associated with vigorous activity (1.15; 95% CI [1.13, 1.16]); 

unknown diabetes (1.16; 95% CI [1.14, 1.19]) and obese 
category (1.05; 95% CI [1.04, 1.07]) were significantly 
associated with vigorous activity. Age <40 years was 
significantly associated with vigorous activity (1.29; 95% CI 
[1.27, 1.31]; Table 4).

Discussion

This is the first ever largest comprehensive randomized pan-
India cluster sample parallel survey on the patterns of physical 
activity in India. Our analysis of the data from 2,33,805 
participants shows that a large proportion of the Indian 
population were physically inactive (20%) or mildly active 
(37%), respectively. This study further investigated the 
demographic relationship with the physical activity intensity 
and found that the urban population was more inactive (22%) 
or mildly active (39%) when compared with the rural 
population. Thus, only 40% of the urban population had met 
the recommended intensity of physical activity. A previous 

Table 4. Predictive Relationship Between Demography and 
Physical Activity Status

Parameter Sig.
Odds 
Ratio

95% Wald Confidence 
Interval for Odds Ratio

Lower Upper

Gender (male) .000 1.195 1.179 1.212

Area (rural) .000 1.151 1.135 1.167

Diabetes status 
(unknown)

.000 1.168 1.141 1.197

BMI (obese) .000 1.056 1.041 1.070

Age (<40) .000 1.296 1.277 1.315
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study conducted by Indian Council of Medical Research had 
also shown that the urban population was more physically 
inactive than the rural population.21 However, because of the 
current larger sample size and random representation from 
both rural and urban areas of India, our findings are more 
representative of the physical activity status.

Diabetic people need intensive adherence to the physical 
activity regimen for good glycemic control and preventing 
diabetic complications. Therefore, diabetics are expected to 
be educated and motivated to comply with regular physical 
activity, and thus the current study sought to analyze the 
intensity of physical activity between known and unknown 
diabetic individuals. Surprisingly, 28% and 42% of people 
who were aware of being diabetic fall into no activity and 
mild activity category, respectively. Thus, only 30% of the 
Indian population met the WHO recommended physical 
activity intensity, posing a greater risk of poor glycemic 
control and increasing complications. We did not explore the 
factors responsible for the poor physical activity status in this 
group, and thus future studies on knowledge, attitude, and 
practice among these categories of population would provide 
additional insights.

The need to remain physically active becomes more 
pronounced with advancing age because of the risk of chronic 
illness. We found that people over 40 years of age are more 
likely to be inactive or mildly active when compared with 
people below 40 years, posing a greater risk of developing 
chronic illness.

In our study population, females were found to be more 
inactive or mildly active than males. In fact, approximately 
half of the male population studied had performed moderate- 
to vigorous-intensity activity. Previous studies had also 
reported a higher level of physical activity in males as 
compared to females.24–26 Several barriers might be 
contributory to lower physical activity among females, such 
as the lack of time, awareness, motivation, and access to safe 
roads, unfavorable sociocultural norms, household 
responsibilities, and the lack of social support and facilities 
(e.g., park, footpath).27 Tripathy et al. had described that 
urban males reported higher physical activity levels, whereas 
rural females were engaged more in vigorous activity, which 
closely resembles our study where males were more active.28

Our findings showed that the central (30%) and south 
zones (29%) had the highest prevalence of physical inactivity 
while the northwest zone (14%) had the lowest prevalence. 
The south zone also had the highest prevalence (43%) of 
mildly inactive people. Thus, only 28% of the south Indian 
population met the WHO recommendation, making this zone 
most vulnerable to chronic illness. The higher physical 
inactivity in the south zone could be related to their sedentary 
occupation.29

Over the past decade, several studies conducted in 
developed countries have reported a higher prevalence of 
physical inactivity. For example, a higher prevalence of 

physical inactivity was reported in the USA (49.4%) and 
Sweden (31%).21,30 On the other hand, an Indian study also 
reported a higher prevalence (50%) of physical inactivity in 
four regions of the country.31 The findings of our study show 
a lower prevalence of physical inactivity across all states 
when compared with the previous reports. The difference 
could be because of the fact that the earlier study was 
undertaken in three states only with a comparatively lower 
sample size (14,227)32 than ours (2,33,805), and thus it may 
have overestimated the actual prevalence. Another study 
analyzing the global trends in insufficient physical activity 
revealed the global age-standardized prevalence in 2016 to be 
27.5% with the lowest levels seen in East and Southeast Asia 
(17.6%). This suggests that India has a higher prevalence of 
physical inactivity than the regional average.6 The current 
trends in the prevalence threaten the current global target of 
15% reduction in the prevalence of suboptimal physical 
activity.7

A systematic review showed that physical activity can 
reduce the premature mortality and prevent at least 25 chronic 
conditions.32 Pedersen reported that high-intensity physical 
training provides the additional disease protection, improves 
cardiorespiratory fitness, promotes longevity, and slows 
down aging.33 In contrast, Warburton and Bredin described a 
curvilinear relationship between physical activity and health 
outcomes, which explains that the observed benefits can be 
accrued even with mild intensity of activity.32 For example, 
studies have showed that physical activity can protect against 
both the early and late development of age-related macular 
degeneration (AMD), which is a leading cause of blindness.34 
However, several studies found the increased risk of 
developing AMD in the Indian population due to genetic 
predisposition, which may further increase in the background 
of physical inactivity.35–40

A growing body of evidence suggests that physical activity 
is a gene modulator inducing structural and functional brain 
changes, which in turn benefits cognitive abilities and protects 
against neurodegenerative disorders. It is also important to 
understand the underlying pathophysiology of cognitive 
impairment in physically inactive patients, so that genetically 
susceptible groups of patients could be pharmacologically 
targeted. Several studies have investigated dementia, 
Alzheimer’s disease, and neurodegenerative disorders in 
preclinical testing and provided new insights for a clinical 
translation and developing new drug targets.41–43

The WHO recommends 150 min of moderate aerobic 
activity or 75 min of vigorous-intensity activity weekly to 
prevent inactivity-linked NCDs. According to our study, 57% 
of the Indian population do not meet the minimum WHO 
recommendations. India has an estimated population of 1.38 
billion, which is equivalent to 17.7% of the total global 
population.36 Thus, the current suboptimal adherence to 
recommended levels of physical activity can potentially risk 
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a greater proportion of the Indian population to develop or 
exacerbate different NCDs.

The rising morbidity and mortality of NCDs have partly 
been associated with a rising prevalence of physical inactivity. 
The demographic shift and changed lifestyle have contributed 
partly to the rising epidemic of NCDs.28 In addition to modern 
lifestyle behaviors contributing to physical inactivity and 
sedentary lifestyle, physical distancing and quarantine 
measures have further aggravated the current state of physical 
inactivity. Thus, our findings are relevant to the current 
COVID-19 pandemic so as to map out the current state of 
physical activity levels and establish exercise programs, 
considering the current public health recommendations of 
physical distancing and hygiene. For example, people can be 
more active by avoiding sitting for longer periods, taking short 
movements, online exercise sessions, wearable sensors, and 
home exercises, such as yoga, stair climbing, and rope jumping. 
Studies have investigated the effect of yoga on communicable 
diseases44 as well as the effect of other physical exercises. For 
instance, the meditation or exercise for preventing acute 
respiratory infection-1 (MEPARI-1) trial, investigating the 
effect of mindfulness-based stress reduction training or 
sustained moderate-intensity exercises, found significant 
reductions in acute respiratory illness, which suggests the 
potential role of yoga during the COVID-19 pandemic.45

In addition to increasing morbidity and premature 
mortality, insufficient physical activity can substantially 
impose an economic burden on health systems and society.  
It was estimated globally in 2013 that the inactivity had cost 
$54 billion in direct health care with 1% to 3% national health 
expenditures attributable to it.7,46 The economic burden 
substantially impacts health systems in developing countries 
like India where the health care system is overburdened, and 
most people pay health care costs from their pockets.

The WHO has recommended four strategic objectives 
requiring an active society with active people and active 
environment and systems, achievable through 20 policy 
actions.7 Our nationwide study can serve as an important 
template for appropriate policy adoptions and optimal 
resource allocations. India should make a concerted effort 
with the WHO global action plan by adopting robust national 
policies at a large scale to encourage using nonmotorized 
transportation. However, this will require a provision of safe 
walking and cycling infrastructure, improving safety in roads, 
and expanding the scope for physical activity in different 
settings, such as public place and in workplaces.47

Limitations

There are some limitations to this study. Social desirability 
and recall bias in the study participants because of a self-
reporting questionnaire might have led to over- or under-
reporting of physical activity levels. The NMB program was 

discontinued in Kerala because of the illness of the key 
trained field researcher; however, this may not impact the 
nationwide prevalence because of it being a small state. 
However, a state-wise subanalysis may not yield the pattern 
of the physical activity in Kerala. As our study recruited 
participants over 18 years of age, the findings are not 
representative of the population below 18 years. The study 
did not analyze the physical activity pattern based on 
individuals’ existing comorbid conditions. At the time of 
carrying out this study, the implications of this study on the 
COVID-19 pandemic were not foreseeable; therefore, the 
current state of physical activity, because of lockdown 
policies and social distancing, may not be completely 
understood based on our study findings.

Conclusion

Our current study shows the most updated data on the current 
prevalence estimates of the patterns of physical activity in 
India. The results show that 20% and 37% of the population 
in India are not active or mildly active, respectively, and thus 
57% of the population has failed to comply with the WHO 
regimen for physical activity. The current estimates indicate 
that a larger population of India is at risk of developing NCDs 
including DM. In addition, the existing state of physical 
inactivity intensified by current lockdown policies because of 
COVID-19 also pose a greater risk of severe illness from the 
disease. This can be improved by promoting home-based 
exercises, such as yoga. Thus, India and the world need to 
adopt effective national policies and planning in concert with 
WHO strategic objectives. This will help to meet the global 
target for the reduction of insufficient physical activity, and 
thus will contribute to reducing the national and global burden 
of the rapid rise of NCDs and COVID-19 on the health 
systems and in turn reducing associated mortality and 
morbidity.

Author Contribution

VP–writing the original draft of the manuscript, editing, compiling, 
submission of the manuscript; RN–conceptualization of the 
manuscript, methodology, and validation; AA–concept of the 
manuscript; SP–data analysis; AS–data collection; HRN–
conceptualization of the project.

Acknowledgment

We acknowledge the support of CCRYN, MOHFW, and IYA for 
manpower, cost of investigations, and overall project implementation, 
respectively.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect to 
the research, authorship, and/or publication of this article.



202 Annals of Neurosciences 27(3-4)

Funding

This study was funded by IYA, Central Council for Research in 
Yoga and Naturopathy (CCRYN), Ministry of AYUSH, Ministry of 
Health and Family Welfare, Government of India (grant no: F.No. 
16-63/2016-17/CCRYN/RES/Y&D/MCT/Dated: 15.12.2016).

ORCID iD

Akshay Anand  https://orcid.org/0000-0001-7947-5209

References

1.  Whiting DR, Guariguata L, Weil C, et al IDF diabetes atlas: 
Global estimates of the prevalence of diabetes for 2011 and 
2030. Diabetes Res Clin Pract December 2011; 94(3): 311–321.

2.  Unnikrishnan R, Pradeepa R, Joshi SR, et al Type 2 diabetes: 
Demystifying the global epidemic. Diabetes June 2017; 66(6): 
1432–1442.

3.  Janssen LMM, Hiligsmann M, Elissen AMJ, et al Burden of 
disease of type 2 diabetes mellitus: Cost of illness and quality of 
life estimated using the Maastricht study. Diabet Med February 
28, 2020. Epub ahead of print.

4.  Trikkalinou A, Papazafiropoulou AK, Melidonis A., Type 2 dia-
betes and quality of life. World J Diabetes 2017; 8(4): 120–129.

5.  Singh J., Economic burden of diabetes. Muruganathan A,  
Geetha T, eds. Vol. 23. Medicine Update. Association of 
Physicians of India, India; 2013: 205. http://apiindia.org/wpcon-
tent/uploads/medicine_update_2013/chap45.pdf (accessed on 
April 30, 2020).

6.  Guthold R, Stevens GA, Riley LM, et al Global trends in insuf-
ficient physical activity among adolescents: A pooled analysis 
of 298 population-based surveys with 1.6 million participants. 
Lancet Child Adolesc Health January 2020; 4(1): 23–35.

7.  World Health Organization. Global action plan on physical 
activity 2018-2030: More active people for a healthier world. 
World Health Organization, 2019. https://apps.who.int/iris/
bitstream/handle/10665/272722/9789241514187-eng.pdf?ua=1 
(accessed on April 30, 2020).

8.  Woods J, Hutchinson NT, Powers SK, et al The COVID-19 
Pandemic and Physical Activity. Sports Med Health Sci June 
2020; 2(2): 55–64.

9.  Sanyaolu A, Okorie C, Marinkovic A, et al Comorbidity and its 
impact on patients with COVID-19. SN Compr Clin Med 2020;  
2(8): 1069–1076

10. Siordia JA.Jr, Epidemiology and clinical features of COVID-
19: A review of current literature. J Clin Virol June 2020; 127: 
104357.

11. Walsh NP, Gleeson M, Shephard RJ, et al Position statement. 
Part one: Immune function and exercise. Exerc Immunol Rev 
2011; 17: 6–63.

12. Martin SA, Pence BD, Woods JA., Exercise and respiratory 
tract viral infections. Exerc Sport Sci Rev 2009; 37(4): 157–164.

13. Lowder T, Padgett DA, Woods JA., Moderate exercise pro-
tects mice from death because of influenza virus. Brain Behav 
Immun September 1, 2005; 19(5): 377–380.

14. Warren KJ, Olson MM, Thompson NJ, et al Exercise improves 
host response to influenza viral infection in obese and nonobese 
mice through different mechanisms. PLoS One June 25, 2015; 
10(6): e0129713.

15. Krüger 15. Karsten, Mooren Frank-Christoph, Pilat. Christian, 
The immunomodulatory effects of physical activity. Curr 
Pharm Des 2016; 22: 3730.

16. Nagarathna R, Rajesh SK, Amit S, et al Methodology of 
Niyantrita Madhumeha Bharata Abhiyaan-2017, a nationwide 
multicentric trial on the effect of a validated culturally accept-
able lifestyle intervention for primary prevention of diabetes: 
Part 2. Int J Yoga September-December 2019; 12(3): 193–205.

17. Nagendra HR, Nagarathna R, Rajesh SK, et al Niyantrita 
Madhumeha Bharata 2017, methodology for a nationwide 
diabetes prevalence estimate: Part 1. Int J Yoga September-
December 2019; 12(3): 179–192.

18. Weber MB, Ranjani H, Staimez LR, et al The stepwise approach 
to diabetes prevention: Results from the D-CLIP randomized 
controlled trial. Diabetes Care 2016; 39(10): 1760–1767.

19. Ramachandran A, Snehalatha C, Mary S, et al Indian Diabetes 
Prevention Program (IDPP). The Indian diabetes prevention 
program shows that lifestyle modification and metformin pre-
vent type 2 diabetes in Asian Indian subjects with impaired glu-
cose tolerance (IDPP-1). Diabetologia February 2006; 49(2): 
289–297.

20. Kohn MA, Senyak J. Sample Size Calculators [website]. UCSF-
CTSI. March 26, 2021.

21. Anjana RM, Pradeepa R, Das AK, et al Physical activity and 
inactivity patterns in India: Results from the ICMR-INDIAB 
study (Phase-1) [ICMR-INDIAB-5]. Int J Behav Nutr Phys Act 
2014; 11(1): 26.

22. Mohan V, Deepa R, Deepa M, et al A simplified Indian diabe-
tes risk score for screening for undiagnosed diabetic subjects.  
J Assoc Physicians India 2005; 53: 759–763.

23. Adhikari P, Pathak R, Kotian S., Validation of the MDRF-
Indian diabetes risk score (IDRS) in another south Indian 
population through the Boloor diabetes study (BDS). J Assoc 
Physicians India July 2010; 58: 434–460.

24. Bergman P, Grjibovski AM, Hagströmer M, et al Adherence to 
physical activity recommendations and the influence of sociode-
mographic correlates: A population based cross-sectional study. 
BMC Public Health October 22, 2008; 8: 367.

25. Hallal PC, Andersen LB, Bull FC, et al Lancet physical activ-
ity series working group. Global physical activity levels: 
Surveillance progress, pitfalls, and prospects. Lancet July 21, 
2012; 380(9838): 247–257.

26. Kinra S, Bowen LJ, Lyngdoh T, et al Sociodemographic pat-
terning of noncommunicable disease risk factors in rural India: 
A cross-sectional study. BMJ September 27, 2010; 341: c4974.

27. Mathews E, Lakshmi JK, Ravindran TK, et al Perceptions of 
barriers and facilitators in physical activity participation among 
women in Thiruvananthapuram city, India. Glob Health Promot 
December 2016; 23(4): 27–36.

28. Tripathy JP, Thakur JS, Jeet G, et al Urban rural differences 
in diet, physical activity and obesity in India: Are we witness-
ing the great Indian equalization? Results from a cross-sectional 
STEPS survey. BMC Public Health August 18, 2016; 16(1): 
816.

29. Raj JP, Norris JJ, Ploriya S., Prevalence of low physical activ-
ity, its predictors and knowledge regarding being overweight/
obesity: A community-based study from urban south India.  
J Family Med Prim Care January 28, 2020; 9(1): 82–86.



Podder et al. 203

30. Centers for disease control and prevention, national center 
for chronic disease prevention and health promotion, division  
of population health. BRFSS prevalence and trends data; .2015. 
https://www.cdc.gov/brfss/brfssprevalence/ (accessed April 29, 
2020).

31. Bergman P, Grjibovski AM, Hagströmer M, et al Adherence to 
physical activity recommendations and the influence of sociode-
mographic correlates: A population based cross-sectional study. 
BMC Public Health October 22, 2008; 8: 367.

32. Warburton DER, Bredin SSD., Health benefits of physical 
activity: A systematic review of current systematic reviews. 
Curr Opin Cardiol September 2017; 32(5): 541–556.

33. Pedersen BK., Which type of exercise keeps you young? Curr 
Opin Clin Nutr Metab Care March 2019; 22(2): 167–173.

34. McGuinness MB, Le J, Mitchell P, et al Physical activity and 
age-related macular degeneration: A systematic literature 
review and meta-analysis. Am J Ophthalmol August 2017; 180: 
29–38.

35. Sharma NK, Gupta A, Prabhakar S, et al CC chemokine recep-
tor-3 as new target for age-related macular degeneration. Gene 
July 1, 2013; 523(1): 106–111.

36. Sharma NK, Gupta A, Prabhakar S, et al Single nucleotide 
polymorphism and serum levels of VEGFR2 are associated 
with age-related macular degeneration. Curr Neurovasc Res 
November 2012; 9(4): 256–265.

37. Anand A, Sharma NK, Gupta A, et al Single nucleotide poly-
morphisms in MCP-1 and its receptor are associated with the 
risk of age-related macular degeneration. PLoS One 2012; 
7(11): e49905.

38. Sharma NK, Gupta A, Prabhakar S, et al Association between 
CFH Y402H polymorphism and age-related macular degen-
eration in North Indian cohort. PLoS One July 29, 2013; 8(7): 
e70193.

39. Sharma NK, Prabhakar S, Gupta A, et al New biomarker for 
neovascular age-related macular degeneration: Eotaxin-2.  
DNA Cell Biol November 2012; 31(11): 1618–1627.

40. Sharma K, Sharma NK, Anand A., Why AMD is a disease 
of ageing and not of development: Mechanisms and insights. 
Front Aging Neurosci July 10, 2014; 6: 151.

41. Anand A, Banik A, Thakur K, et al The animal models of 
dementia and Alzheimer's disease for preclinical testing and 
clinical translation. Curr Alzheimer Res November 2012; 9(9): 
1010–1029.

42. Goyal K, Koul V, Singh Y, et al Targeted drug delivery to cen-
tral nervous system (CNS) for the treatment of neurodegenera-
tive disorders: Trends and advances. Cent Nerv Syst Agents Med 
Chem 2014; 14(1): 43–59.

43. Banik A, Brown RE, Bamburg J, et al Translation of preclini-
cal studies into successful clinical trials for Alzheimer's dis-
ease: What are the roadblocks and how can they be overcome? 
J Alzheimers Dis 2015; 47(4): 815–843.

44. Nagarathna R, Nagendra HR, Majumdar V., A perspective on 
yoga as a preventive strategy for coronavirus disease 2019.  
Int J Yoga May-August 2020; 13(2): 89–98.

45. Barrett B, Hayney MS, Muller D, et al Meditation or exercise 
for preventing acute respiratory infection: A randomized con-
trolled trial. Ann Fam Med July-August 2012; 10(4): 337–346.

46. worldometers.info. Indian population. Dover, Delaware (USA), 
7 August 2020. https://www.worldometers.info/world-popula-
tion/india-population/ (accessed August 7, 2020).

47. Ding D, Lawson KD, Kolbe-Alexander TL, et al Lancet Physical 
Activity Series 2 Executive Committee. The economic burden 
of physical inactivity: A global analysis of major noncommuni-
cable diseases. Lancet September 24, 2016; 388(10051): 1311–
1324.

48. Stevenson M, Thompson J, de Sá TH, et al Land use, transport, 
and population health: Estimating the health benefits of compact 
cities. Lancet December 10, 2016; 388(10062): 2925–2935.


