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Background and Objective: Despite the second most common cause of disease burden, there are few studies reporting the 
prevalence, awareness, and treatment rates of COPD in India.
Methods: A community-based cross-sectional study was conducted among people aged ≥40 years residing in rural and urban 
areas of Sonipat district in North India using a multistage random sampling technique. COPD was defined as self-reported 
physician diagnosed COPD, emphysema, chronic bronchitis or being on treatment for COPD. Additional cases were detected 
using a validated sequential screening strategy, ie, administering the Lung Function Questionnaire (LFQ) followed by the pocket 
spirometry and confirmation by post-bronchodilation spirometry. Awareness was defined as self-reported diagnosed cases of 
COPD or self-reported treatment. Treatment was defined as self-reported intake of oral or inhalational corticosteroids and/or 
bronchodilators. Trained Community Health Workers interviewed the study participants using a paper-based validated question
naire, screened for COPD with the LFQ and conducted the pocket spirometry. Confirmation of COPD using post-bronchodilation 
gold standard spirometry was conducted by trained physician researchers. Age-standardized estimates were calculated for the 
prevalence, awareness, and treatment of COPD.
Results: The overall age-standardised prevalence of COPD in our study was 8.6% (95% CI: 7.5–9.8) with higher prevalence in men 
and rural population. The overall awareness of COPD was 75.1% (95% CI: 68.5–80.7) with lower awareness among people who ever- 
smoked [33.9% (32.0–35.8)], currently smoked [29.6% (27.8–31.5)] and among those with post-bronchodilator confirmed diagnosis of 
mild COPD (4.8%). Less than half (45.7%) of participants with COPD reported taking bronchodilators and/or corticosteroids.
Conclusion: The awareness-treatment gap in COPD was high in the study population. There is a need to strengthen the public health 
system along with systematic training of health care providers to provide appropriate treatment to people with COPD.
Keywords: chronic obstructive pulmonary disease, COPD, public health, COPD management, lung health

Key Messages
What is already known on this topic?

In India, COPD is the second most prevalent cause of death. However, there is a dearth of data from community- 
based studies on the prevalence, awareness, and treatment rates to help improve public health policies for COPD 
management and control.

What this study adds?
This study gives a population-based estimate of the prevalence of COPD, together with information on treatment 

rates, awareness, and variations based on rural and urban status. It also employs a sequential technique to enable more 
precise detection of COPD prevalence.
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How this study may affect research, practice or policy?
This study highlights the important gap in the utilisation of recommended inhalational treatments of COPD. The 

findings will help policy makers and researchers to focus on improving the access to inhalational drugs for people with 
COPD, especially in rural areas in India.

Introduction
Chronic Obstructive Pulmonary Disease (COPD) is one of the most common chronic respiratory diseases and has 
a worldwide prevalence of 10.1% in adults ≥40 years of age.1 It is also the third leading cause of death in the world and 
90% of all COPD-related death occur in low and middle-income countries.2 India is undergoing rapid demographic and 
epidemiologic transitions which have contributed to an increasing prevalence of COPD.3 The global burden of disease 
study has estimated an increase from 28.1 million to 55.3 million, between 1990 and 2016 in India.4 COPD also 
contributed to 8.7% of total deaths and 4.8% of Disability Adjusted Life Years (DALYs), ranking as the second most 
common cause of disease burden after coronary artery disease in India.3

Internationally, substantial research has been conducted on COPD disease burden, its severity and clinical hetero
geneity in different populations. However, there are limited data from India. Despite the huge burden, COPD largely 
remains undetected due to low awareness in the population and underdiagnosis in clinical practice.5 Population-level 
disease prevalence is essential to determine the baseline disease and risk factors burden.6,7 Enhancing disease awareness 
can improve the diagnosis, treatment and management of risk factors.8 Overall, there are very few published studies on 
the rural-urban and gender differentials in the prevalence of COPD, its awareness and treatment in India, which is crucial 
to framing policies for efficient allocation of resources for disease control.9,10 Therefore, the aim of this community- 
based cross-sectional study was to assess the prevalence, awareness, and treatment of COPD in rural and urban areas of 
Sonipat district of Haryana state in North India.

Methods
Study Design
A community-based cross-sectional study was embedded within one of the sites of a large community-based research 
project entitled “UDAY: a comprehensive diabetes and hypertension prevention and management program in India”, the 
details which have been published previously.11 Briefly, UDAY was implemented in a population of about 100,000 each in 
rural and urban subsites in north India (Sonipat district in Haryana state) and south India (Visakhapatnam district in Andhra 
Pradesh state). In each rural and urban subsite, trained project staff referred to as Community Health Worker (CHW; 1 CHW 
per 5000 population), selected from the same area, conducted surveys and screened adults aged ≥30 years for the presence 
of diabetes and hypertension, subsequently linking those at high risk or with diabetes and/or hypertension to the healthcare 
system. CHWs also provided tailored health education to patients regarding non-pharmacological management of diabetes 
and hypertension and educated the general population about modification/reduction of risk factors.

Study Population
Inclusion criteria: The study population included individuals aged ≥40 years residing in the urban and rural areas within 
the study site of UDAY in Sonipat district. Exclusion criteria: We excluded individuals bedridden due to serious illness, 
those with cognitive impairment and those who did not provide the written informed consent to take part in the study.

Definitions
COPD
COPD was defined as the presence of self-reported physician diagnosed COPD/emphysema, or the presence of chronic 
bronchitis according to the Medical Research Council (MRC) definition12 or any self-reported treatment (bronchodilators 
and/or corticosteroids). Additional cases were diagnosed using the sequential strategy previously validated to detect 
COPD using the Lung Function Questionnaire (LFQ ≤ 18) followed by the pocket spirometry (FEV1/FEV6 <0.70) and 
subsequentconfirmation by post-bronchodilation spirometry.13
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Awareness of COPD
Awareness of COPD was defined as self-reported diagnosed cases of COPD, emphysema, chronic bronchitis, or any self- 
reported treatment with bronchodilators and/or corticosteroids.

Treatment
Treatment was defined as self- reported intake of either oral or inhalational corticosteroids and/or bronchodilators.

Data Collection
Community Health Workers (CHWs, n=40) were trained to conduct interviews, screen individuals for the presence of 
COPD using the Lung Function Questionnaire (LFQ) and pocket spirometer. The study tools were pre-tested in rural and 
urban areas not selected for this study.

Eligible participants were recruited using a three-stage random sampling process. In the first stage, 30 clusters each 
were randomly selected in rural and urban sub-sites using the probability proportional to size method. In the second 
stage, 20 households were selected randomly within each cluster. Finally, one eligible man and one woman each were 
randomly selected among the eligible household members using the Kish table.14

Individuals within the selected households were interviewed by the CHWs using a questionnaire adapted from the Burden 
of Obstructive Lung Disease (BOLD) and UDAY study and screened using the Lung Function Questionnaire (LFQ) for the 
presence of COPD.11,15,16 The UDAY population survey questionnaire was used to collect the socio-demographic informa
tion and information on tobacco and alcohol consumption. The BOLD study questionnaires were used to collect the data on 
occupational exposures, biomass fuel smoke exposure, respiratory symptoms, comorbidities, medication and health care 
utilisation. Additionally, the COPD Assessment Test (CAT)17 was used to assess disease-specific quality of life among the 
study participants. The data collection was carried out from January to December 2018. CHWs also screened eligible 
individuals for the detection of COPD using the LFQ and the pocket spirometry for the study. Trained physician researchers 
conducted pre- and post-bronchodilation confirmatory spirometry using a diagnostic quality portable spirometer.

Statistical Analysis
Sample Size Calculation
We estimated that a sample size of 457 at one site would produce a two-sided 95% confidence interval with a width equal 
to 0.040 (0.03–0.07) when the sample proportion meeting the criteria for COPD is 0.050. It was anticipated that there 
would be between site differences in the prevalence of COPD and as we could not find the Intracluster Correlational 
Coefficient (ICC) to estimate the prevalence of COPD in studies from India, we used a design effect of 2. With an 
anticipated non-participation of 20%, we estimated that a final sample size of 1100 participants would be required, each 
from the urban and rural sub-sites, providing an overall sample size of 2200 for this study.18

Data Analysis
The study data were entered in the Microsoft excel spreadsheet by a data entry operator not involved in data collection or 
data analysis and data were cross checked for any discrepancies or missing data. Missing data or discrepancies were 
corrected by contacting participants telephonically. For those who could not be contacted by phone, an additional home 
visit was made by the trained field staff to collect the missing data. Data analyses were conducted using STATA 16 
(StataCorp. 2012. Stata Statistical Software: Release 16. College Station, TX: StataCorp LP).

Population-level weights were calculated at the cluster and the household levels by calculating the probability of the 
selection of each cluster from the total number of clusters and the probability of selection of eligible households’ 
members within each household. We further created sample weights as the inverse of the multiplication of the population 
level weights. Age-standardised weights for the age categories were calculated using the weights obtained from the 
respective age categories from the Census of India population 2011.19 The overall age-standardised prevalence and 
awareness estimates along with their 95% confidence intervals (95% CI) were calculated.
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Ethical Considerations
The study was conducted in accordance with the Declaration of Helsinki and approved by the Institutional Ethics 
committee of PHFI (Reference no.: TRC-IEC-356/17) and Deakin University Human Research Ethics committee 
(DUHREC) (Reference no.: 2016–383). Written informed consent was obtained from each study participant by the 
CHWs. All participants diagnosed with COPD were referred to the nearest public health care facility for further 
evaluation and management. Patients with severe symptoms were provided with an additional referral linkage to the 
respiratory physician in the district hospital at Sonipat.

Results
A total of 2334 participants (1215 in rural and 1119 in urban) were participated in the study. The mean (±SD) age of the 
study participants was 55.9 (10.9) years, 45.7% (95% CI: 43.6–47.7) were men and 52.2% (95% CI: 50.1–54.3) of the 
participants were from the rural area (Table 1).

Table 1 Characteristics of the Study Participants (N = 2334)

Socio-Demographic Variables Overall, % (95% CI)

Men 45.7 (43.6–47.7)

Area
Rural 52.2 (50.1–54.3)

Urban 47.8 (45.7–49.9)

Marital status
Single 3.5 (2.7–4.2)

Currently married 84.7 (83.3–86.1)
Widow/widower/separated 11.8 (10.6–13.1)

Education status
Professional/postgraduate 3.7 (2.9–5.5)

Graduate 12.0 (10.7–13.4)

Higher secondary 31.3 (29.4–33.2)
High school 20.0 (18.3–21.6)

Primary school 4.8 (3.9–5.6)

Can read and write 2.5 (1.8–3.1)
Illiterate 25.8 (24.0–27.5)

Employment status
Employed 33.0 (31.1–34.8)

Homemaker 47.1 (45.1–49.2)

Retired 12.0 (10.8–13.2)
Unemployed 7.9 (6.8–9.0)

Household Income per month
Less than 10000 INR* 36.1 (34.1–38.1)

10001–20000 INR 22.6 (20.8–24.3)

20001–30000 INR 18.5 (16.9–20.1)
30001–50000 INR 16.0 (14.4–17.5)

>50000 INR 4.1 (3.3–4.9)
Do not know/ no response 2.8 (2.1–3.5)

(Continued)
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Prevalence
The overall age-standardised prevalence of COPD was 8.6% (95% CI: 7.5–9.8); the prevalence of COPD was higher 
among men [10.4% (8.8–12.3)] as compared to women [6.5% (5.6–8.5)] and among participants residing in the rural area 
[rural: 10.4% (8.8–12.2); urban area: 6.8% (5.4–8.4)].

Of the total 2334 participants, on using the validated sequential strategy to detect people with COPD, 438 (18.8%) 
had LFQ score of ≤18, 145 (6.2%) had a FEV1/FEV6 value <0.7 on pocket spirometry and 103 (4.4%) had a FEV1/FVC 
ratio <0.70 with gold standard post-bronchodilator spirometry confirmed COPD.

The age-standardised prevalence of COPD among those who had undergone gold standard post-bronchodilator 
spirometry, was 4.2% (3.5–5.1%) with higher prevalence among men [men: 6.9% (5.6–8.5%); women: 1.5% (95% CI: 
1.0–2.3%)] and among those residing in the rural area [5.9% (4.7–7.3%)] as compared to those residing in the urban area 
[2.5% (1.8–3.7%)] (Table 2). Among those with gold standard post-bronchodilator spirometry confirmed COPD, 12.7% 

Table 1 (Continued). 

Socio-Demographic Variables Overall, % (95% CI)

Household wealth index
Quintile 1 (Poorest) 20.3 (18.6–21.9)
Quintile 2 20.5 (18.8–22.2)

Quintile 3 19.5 (17.9–21.2)

Quintile 4 19.7 (18.0–21.3)
Quintile 5 (Richest) 20.0 (18.4–21.7)

Ever exposure to biomass fuel 61.0 (59.0–63.0)

Ever smoking 33.9 (32.0–35.8)

Currently smoking 29.6 (27.8–31.5)

Exposure to ETS# (childhood) 43.7 (41.7–45.8)

Exposure to ETS (current) 52.7 (50.6–54.7)

Alcohol use 20.9 (19.2–22.6)

Past history of pneumonia 3.6 (2.8–4.4)

Past history pulmonary tuberculosis 2.1 (1.5–2.7)

Family history of respiratory disease 4.4 (3.6–5.3)

Abbreviations: *INR, Indian National Rupee; #ETS, Environment Tobacco Smoke.

Table 2 Age Standardized Estimates of Prevalence and Awareness of COPD

Variable Prevalence  
(n=2334)  
% (95% CI)

Awareness  
(n=219)  
% (95% CI)

Overall prevalence 8.6 (7.5–9.8) 75.1 (68.5–80.7)

Gender
Men 10.4 (8.8–12.3) 61.7 (48.5–73.4)

Women 6.5 (5.6–8.5) 93.3 (86.0–96.9)

Area
Rural 10.4 (8.8–12.2) 70.4 (61.3–78.0)

Urban 6.8 (5.4–8.4) 82.5 (72.2–89.5)

(Continued)
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Table 2 (Continued). 

Variable Prevalence  
(n=2334)  
% (95% CI)

Awareness  
(n=219)  
% (95% CI)

Age category (years)
40–59 6.1 (5.0–7.5) 81.6 (72.0–88.4)

60–79 12.6 (10.5–15.0) 63.1 (53.4–71.8)
≥80 18.3 (10.9–29.0) 61.5 (34.2–83.1)

Marital status
Single 14.2 (6.5–22.0) 75.9 (54.8–97.0)

Currently married 9.1 (7.8–10.5) 75.2 (69.5–81.0)

Widow/widower/separated 10.9 (6.0–15.8) 87.2 (80.5–94.0)

Education status
Profession/post-graduate 7.8 (2.2–13.4) 93.2 (68.7–98.8)
Graduate 9.0 (5.3–12.7) 94.0 (80.8–98.4)

Higher secondary 8.5 (6.3–10.6) 72.8 (61.5–81.7)

High school 11.6 (8.6–14.6) 65.0 (46.9–79.6)
Primary school 12.5 (6.3–18.7) 85.6 (53.9–96.8)

Can read and write 9.5 (2.2–16.8) 71.6 (38.3–91.1)
Illiterate 8.1 (6.0–10.3) 74.9 (57.1–86.9)

Employment status
Employed 11.0 (8.3–13.7) 66.2 (55.5–77.0)

Unemployed 12.8 (7.5–18.1) 72.7 (55.5–90.0)

Homemaker 7.3 (5.7–8.8) 95.8 (92.4–99.3)
Retired 12.3 (0.9–23.6) 47.2 (42.0–52.4)

Wealth index
Quintile 1 (Poorest) 12.5 (9.5–15.6) 67.3 (53.7–80.9)

Quintile 2 8.2 (5.8–10.7) 72.4 (58.0–86.7)

Quintile 3 8.9 (6.2–11.5) 85.9 (77.5–94.3)
Quintile 4 8.0 (5.4–10.5) 76.0 (6.5–88.5)

Quintile 5 (Richest) 8.4 (5.9–11.0) 87.1 (77.3–96.9)

Ever-exposure to biomass fuel
No 10.7 (8.7–12.7) 70.2 (61.6–78.8)

Yes 8.1 (6.7–9.5) 83.4 (75.1–91.7)

Ever smoking
No 6.3 (5.0–7.5) 94.3 (90.2–98.4)
Yes 13.3 (11.0–15.5) 58.0 (47.0–69.0)

Currently smoking
No 7.2 (6.0–8.5) 94.0 (90.8–97.3)

Yes 12.7 (10.3–15.0) 46.7 (30.6–62.8)

Exposure to ETS (current)
No 7.1 (5.7–8.5) 86.1 (80.1–92.0)

Yes 11.8 (9.8–13.8) 69.4 (62.0–76.7)

Exposure to ETS (childhood)
No 7.5 (6.0–9.1) 88.1 (80.4–95.8)
Yes 10.7 (8.9–12.5) 70.0 (62.4–77.6)

(Continued)
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(8.3–18.9) had mild, 43.0% (28.0–59.4) had moderate, 38.7% (24.3–55.5) had severe and 5.5% (2.8–11.0) had very 
severe COPD according to the GOLD severity category.20

Awareness
Overall, 75.1% (68.5–80.7) of the participants were aware that they had COPD. COPD awareness was significantly 
higher among women [93.3% (95% CI: 86.0–96.9)] than men [61.7% (48.7–73.4)], and younger participants [40–49 
years: 81.6% (72.0–88.4); 60–79 years: 63.1% (53.4–71.8); ≥80years: 61.5% (34.2–83.1)]. The awareness was lower 
among those who ever smoked and were currently smoking [ever smoked: 33.9% (32.0–35.8); currently smoking: 29.6% 
(27.8–31.5)]. Though, the awareness of COPD was low among those with post-bronchodilator confirmed diagnosis of 
COPD [38.7% (95% CI: 24.9–54.8%)], it was higher among those with very severe disease (77.8%) as compared to those 
with moderate (47.5%) and severe disease (45.2%) (Table 2).

Treatment
Less than half of the total participants with COPD (45.7%) reported that they were using bronchodilators and/or 
corticosteroids for treatment. The proportion receiving treatment was even lower [32.0% (95% CI: 23.7–41.7%)] 
among those with post-bronchodilator confirmed diagnosis of COPD. Most participants 29 (35.3%) were taking oral 
bronchodilators, (oral methylxanthines: 62% and oral salbutamol: 34.5% participants) while inhaled corticosteroids (IC) 
or their combination with other respiratory drugs were reported taken only by 23.2% participants. A higher percentage of 
urban participants reported taking inhalational Short Acting Beta Agonists (SABA) in combination with another 
inhalational drugs (SABA+:19.4%) and Inhalational Corticosteroids (IC) in combination with other inhalational drugs 
(IC+:51.6%) as compared to their rural counterparts (SABA+: 5.9%, IC+: 5.9%). Use of short and long-acting muscarinic 
agonists (SAMA, LAMA) was even lower (4.9%) (Table 3).

Impact of COPD on the Disease Specific Quality of Life
Respiratory symptoms had a substantial effect on day-to-day activities of participants with COPD. COPD was respon
sible for very high impact level (CAT score > 30) on the disease-specific quality of life among 8.0% (3.7–12.3), high 
impact level (CAT score > 20) in 20.4% (1.4–2.6), medium impact level (CAT score 10–20) in 35.2% (27.9–42.4) and 
low impact level (CAT score > 10) in 36.4% (29.3–43.6) of the participants with COPD. There were no significant rural- 
urban differences in the CAT scores.

Table 2 (Continued). 

Variable Prevalence  
(n=2334)  
% (95% CI)

Awareness  
(n=219)  
% (95% CI)

Alcohol use
No 7.4 (6.2–8.6) 88.0 (83.6–92.4)

Yes 15.8 (12.7–18.8) 56.9 (43.3–70.5)

Past history of pneumonia
No 8.3 (7.1–9.4) 74.3 (68.0–80.6)
Yes 29.6 (20.4–39.0) 97.5 (94.4–100.5)

Past history of tuberculosis
No 8.9 (7.5–9.9) 89.9 (84.4–95.3)

Yes 26.0 (13.5–38.6) 76.7 (70.9–82.4)

Family history of respiratory disease
No 7.8 (6.8–8.8) 7.3 (69.2–81.9)

Yes 25.1 (17.6–34.5) 89.1 (75.5–102.7)
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COPD Control
Most of the participants with COPD reported 0–1 exacerbation [74.0% (67.2–80.8)] in the past 12 months and ≥2 
exacerbations were reported by 26.0% (19.2–32.8) of the participants. Among those with spirometry confirmed COPD, 
24.6% (14.2–39.2%) were in GOLD A Stage, 50.0% (34.3–65.8%) in B stage, 2.7% (1.0–7.4%) in C Stage and 22.6% 
(11.2–40.6%) in GOLD D stage of GOLD ABCD assessment of COPD. The GOLD stage D participants were higher in 
rural area [31.4% (23.2–41.0)] as compared to urban [9.6% (4.6–18.8)] area (Table 4).

Table 3 Type of Respiratory Medications Used by Participants with 
COPD

Type of Medicine Rural n (%) Urban n (%) Total n (%)

Oral corticosteroid (OC) 3 (5.9) 0 3 (3.8)

Oral bronchodilator (OB) 16 (31.4) 2 (6.5) 18 (22.0)

OC+OB 10 (19.6) 0 10 (12.2)

LABA+ 6 (11.8) 3 (9.7) 9 (11.0)

IC+ 3 (5.9) 16 (51.6) 19 (23.2)

SABA+ 3 (5.9) 6 (19.4) 9 (11.0)

Others 10 (19.6) 4 (12.9) 14 (17.1)

Total 51 (100) 31 (100) 82 (100)

Abbreviations: LABA, Long-acting bronchodilator; SABA+, Short-acting bronchodilator in 
combination with other inhalational drugs; IC+, Inhaled corticosteroid in combination with 
other inhalational drugs.

Table 4 Estimates of COPD GOLD Severity, Dyspnoea, Disease Specific Quality of Life, 
Exacerbations, Hospitalisations and GOLD ABCD Stages

Variable Rural (n=139)  
% (95% CI)

Urban (n=80)  
% (95% CI)

Total (n=219)  
% (95% CI)

COPD GOLD severity (n=103)
Stage 1 13.1 (6.9–19.2) 15.9 (5.8–26.0) 13.4 (8.2–18.6)

Stage 2 41.0 (22.9–59.0) 53.3 (42.6–64.1) 42.3 (25.9–58.6)

Stage 3 40.0 (22.3–57.8) 25.3 (13.5–37.1) 38.7 (22.5–55.0)
Stage 4 5.9 (0.8–11.0) 5.4 (−0.3–11.1) 5.6 (1.7–9.5)

mMRC dyspnoea grade 0–1 59.4 (50.0–68.8) 72.2 (61.3–83.2) 64.2 (57.0–71.5)

mMRC dyspnoea grade ≥2 40.6 (31.2–50.0) 27.8 (16.8–38.7) 35.8 (28.5–43.0)

CAT score <10 32.9 (24.1–41.7) 41.7 (29.8–53.6) 36.4 (29.3–43.6)

CAT score ≥10 67.1 (58.3–75.9) 58.3 (46.4–70.2) 63.6 (56.4–70.7)

Exacerbation of COPD 0–1 65.4 (56.3–74.5) 88.0 (79.9–96.1) 74.0 (67.2–80.8)

Exacerbation of COPD ≥2 34.6 (25.5–43.7) 12.0 (3.9–20.1) 26.0 (19.2–32.8)

Hospitalisations 1.2 (0.5–1.9) 0.2 (−0.07–0.5) 0.7 (0.4–1.1)

Sought medical help for exacerbation 10.5 (8.7–12.2) 6.7 (5.2–8.2) 8.6 (7.5–9.8)

(Continued)
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Discussion
We conducted a comprehensive population-based cross-sectional survey to assess the prevalence of COPD, its awareness, 
treatment, disease-specific quality of life, and prevalence of disease severity and control using the GOLD criteria among 
the rural and urban population in Sonipat district of Haryana state in Northern India.

Our study revealed a prevalence of COPD [8.6% (95% CI: 7.5–9.8)] which is similar to the regional and global COPD 
prevalence and previous studies conducted in the same region.1,9,21,22 However, previously many studies in India have 
reported the prevalence of chronic bronchitis to report the prevalence of COPD and few studies have assessed the prevalence 
of COPD with post-bronchodilation spirometry.9 Though, conducting post-bronchodilation spirometry to detect COPD is the 
gold-standard method to detect COPD, it requires tremendous resources in terms of time, trained manpower and funds.9 

Therefore, new strategies need to be developed and tested to assess the accurate burden of COPD especially in low and low 
middle income countries.9 In this study, we used self-reported diagnosis of chronic bronchitis, emphysema and COPD to 
define COPD and additionally conducted a validated sequential strategy to detect additional COPD cases.

This study also revealed higher prevalence of COPD with increasing age, among men, those residing in rural areas, 
ever or currently smoking status, exposure to environmental tobacco smoke, alcohol use, previous history of pneumonia 
and previous history of tuberculosis. The higher prevalence of COPD with increasing age, among men as compared to 
women in our study is consistent with the findings from other studies in India which probably results from higher 
prevalence of tobacco smoking among men.9 Increasing age is a known risk factor for developing COPD.23 We also 
found a higher age-standardised prevalence of COPD in age groups >50 years as compared to 40–49 years of age which 
was also found by other studies.22,24

This study also showed higher age-adjusted prevalence of past pneumonia among those with COPD than those 
without COPD. Pneumonia is a known risk factor for and complication of COPD.25,26 The risk of pneumonia increases 
with treatment of COPD with inhaled corticosteroids (IC),26 however IC were not widely used in this study population 
with only 19 participants reporting that they were using these inhalers. It is therefore relatively unlikely that IC use was 
associated with increased risk in the study population. The high prevalence of a history of pneumonia among those with 
COPD does highlight that if inhaled medications became more widely available in low resources settings, then the 
introduction of IC treatment may need to be implemented with caution and adequate patient follow-up.

There was a significantly high prevalence of COPD among those with a past history of treatment for tuberculosis in 
our study. In a systematic review, Allwood et al found a positive association between a past history of tuberculosis and 
COPD.27 They suggested several mechanisms resulting in structural damage of airways and increased emphysematous 
changes related to recurrent or chronic inflammation for the development of COPD among those with history of past 
tuberculosis.27 Gupte et al found a high burden of lung function defects and COPD among recently treated tuberculosis 
patients in two tertiary care institutions in India and recommended screening for chronic lung diseases and linkage of 
treated patients to respiratory health clinics in the routine management plan.28 High burden of tuberculosis may 
contribute to high burden of COPD in India. This necessitates the need to strengthen the existing primary health care 
system and training of physician and non-physician health personnel for appropriate screening, diagnosis and treatment 
of COPD.

Table 4 (Continued). 

Variable Rural (n=139)  
% (95% CI)

Urban (n=80)  
% (95% CI)

Total (n=219)  
% (95% CI)

GOLD ABCD assessment 1
A 25.7 (18.4–34.8) 43.0 (31.6–55.1) 32.4 (25.8–39.9)

B 38.7 (30.2–47.9) 47.5 (35.9–59.3) 41.9 (34.9–49.4)

C 4.2 (1.7–10.4) Nil 2.5 (1.0–6.4)
D 31.4 (23.2–41.0) 9.6 (4.6–18.8) 23.1 (17.2–30.3)
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Another important finding in our study was the lower awareness of the disease among ever smoking and currently 
smoking individuals and those with moderate and severe COPD. Lower awareness of COPD among tobacco smoking 
individuals and those with comparatively advanced stage, especially severe disease is worrisome as tobacco smoking is 
the most important risk factor for the development of COPD. This needs population-based strategies to generate 
awareness, timely COPD detection and appropriate management. There is also an urgent need to evaluate strategies to 
increase the screening of tobacco smoking individuals for COPD and strengthening the public health infrastructure for 
initiation of appropriate pharmacological and non-pharmacological management to decrease the disease progression.3,29

Our study also highlighted the lower utilisation of inhalational drugs and higher reliance on oral treatment of COPD, 
especially in rural area. Despite the high awareness, only about half of those with COPD were taking treatment and use of 
inhalational drugs was low in our study. Use of oral bronchodilators for treating COPD, which was prevalent especially in rural 
areas, has not been reported by previous studies in India. Poor availability of inhalational drugs in the public health system in 
India and their higher costs, patient’s discomfort and poor training in taking inhalational drugs are widely known factors that 
decrease the acceptability of inhalational therapies.30 This requires the strengthening of the current public health system and 
capacity building of health providers and pharmacists to educate patients regarding correct inhalational techniques.

In our study, there was high symptom burden of COPD (dyspnoea, higher CAT scores and number of exacerbations) 
among those residing in the rural area. A study among people with COPD, consulting for routine care from respiratory 
disease-specific programmes in Europe, USA and China found that high symptom burden was particularly pronounced in 
China, where treatment with oral xanthines was common.31 In our study, common use of oral bronchodilators for COPD 
treatment in rural area may be contributing to higher symptom burden and reflects poor access to quality care, including 
inhalational medications. Improving access to inhalational drugs along with education on inhalational techniques at 
primary health care level is required for better control of symptoms and reducing COPD-related morbidity.

About one-fourth of the participants with COPD reported ≥2 exacerbations, poor control of COPD, in this study. 
There are limited data on exacerbations from community-based studies in India. As COPD exacerbations are associated 
with higher mortality rates and poor quality of life, prolonged use of appropriate inhalational drugs and training for 
guideline-based treatment is required.32 There was poor control of COPD among those residing in the rural area which 
may be due to the higher use of oral bronchodilators and exposure to risk factors. Improving access to inhalational drugs 
along with pulmonary rehabilitation especially in rural area is required for better control of symptoms and prevention of 
exacerbations and related hospitalisations.

The major strength of this study is that it highlights the differential COPD burden, awareness, treatment and disease- 
specific quality of life according to socio-demographic characteristics (rural-urban differences) in India. This study also 
underlines the need to further investigate the attributable risk of COPD in individuals with previous history of pneumonia 
and pulmonary tuberculosis. Larger epidemiological studies representing different representative regions of India are 
required to generate the evidence on COPD burden, awareness, treatment and disease-specific quality of life to guide 
COPD control policy in India.

However, there were some limitations also. Firstly, the definition of COPD included self-reported history of COPD, 
emphysema and chronic bronchitis which may introduce some misclassification bias for determining COPD prevalence in 
this study. In India, patients may not be able to differentiate between COPD and asthma.33 To overcome this bias, we 
specifically trained our research staff to differentiate between COPD and asthma and provided the definitions of each 
condition in the questionnaire along with the options to minimize the misclassification bias. The inclusion of self-reported 
cases of COPD, chronic bronchitis and emphysema in the case definition of COPD besides the spirometry confirmed cases 
contributed to the overall prevalence of COPD in this study. This included participants as cases who were missed as they 
could not undergo the pocket spirometry and diagnostic spirometry due to various reasons (medically unfit, unable to 
perform the spirometry or refused) and those participants who might have been classified as false negative by the two-step 
screening strategy, contributing to a lower prevalence estimate in our study. In India, many people use informal health care 
providers (practitioners who do not have a qualification to treat and prescribe allopathic medicines) for availing outpatient 
and inpatient health care,34 which may have compensated for the number of hospitalisations during acute exacerbations in 
people with COPD in our study. However, we used ‘seeking medical care’ as a proxy for exacerbation as a measure for 
hospitalisation and did not find a difference in the proportions of control according to the GOLD ABCD approach. Another 
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major limitation of this study is that it was conducted before the COVID-19, also known as severe acute respiratory 
syndrome coronavirus 2 (SARS-COV-2) pandemic. The prevalence estimates may have increased since a huge proportion 
of population have been affected by SARS-COV-2. The long-term effects of SARS-COV-2 on the lung function and its 
attributable risk for COPD development need to be further assessed.9

Conclusion
Despite the high prevalence, the awareness of COPD among high-risk population, especially smokers, is low. Additionally, 
there is a huge treatment gap and underutilisation of recommended inhalational treatments. There is an urgent need to 
generate awareness about COPD and its risk factors, especially in rural areas and concomitantly strengthen the public health 
system along with capacity building of physician and non-physician healthcare workers for the timely detection and 
appropriate management COPD.
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