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Purpose: Undiagnosed Chronic Obstructive Pulmonary Disease (COPD) results in high 
morbidity, disability and mortality in India. Effective strategies for active COPD screening in 
community settings are needed to increase early identification, risk reduction and timely 
management. The objective of this study was to test the diagnostic accuracy of a sequential 
two-step screening strategy to detect COPD, implemented by community health workers 
(CHWs), among adults aged ≥40 years in a rural area of North India.
Patients and Methods: Trained CHWs screened all consenting (n=3256) eligible adults in 
two villages using the Lung Function Questionnaire (LFQ) to assess their COPD risk and 
conducted pocket spirometry on 268 randomly selected (132 with high risk ie LFQ score ≤18 
and 136 with low risk ie LFQ score >18) individuals. Subsequently, trained researchers 
conducted post-bronchodilator spirometry on these randomly selected individuals using 
a diagnostic quality spirometer and confirmed the COPD diagnosis according to the Global 
Initiative for Obstructive Lung Disease (GOLD) criteria (FEV1/FVC ratio <0.7).
Results: This strategy of using LFQ followed by pocket spirometry was sensitive (78.6%) 
and specific (78.8%), with a positive predictive value of 66% and negative predictive value 
of 88%. It could accurately detect 67% of GOLD Stage 1, 78% of GOLD Stage 2, 82% of 
GOLD Stage 3 and 100% of GOLD Stage 4 individuals with airflow limitation.
Conclusion: COPD can be accurately detected by trained CHWs using a simple sequential 
screening strategy. This can potentially contribute to accurate assessment of COPD and thus 
its effective management in low-resource settings.
Keywords: COPD, sensitivity and specificity, screening, community health workers, 
spirometry

Introduction
Chronic Obstructive Pulmonary Disease (COPD) is one of the most common causes 
of morbidity, disability, and mortality in India.1 It remains largely undetected due to 
a lack of awareness among the community and under-diagnosis in clinical 
practice.2,3 Spirometry is the most reproducible, objective and a non-invasive 
lung function test.4 Spirometry measures the ratio of forced expiratory volume in 
one second (FEV1) to the forced vital capacity (FVC) and the presence of post- 
bronchodilator FEV1/FVC<0.7 confirms the presence of airflow limitation which is 
required for the diagnosis of COPD.4 There is a shortage of skilled medical 
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personnel to conduct spirometry in primary care settings in 
India, resulting in under-diagnosis, thus impeding timely 
management of COPD.5

Screening early for COPD can facilitate the early insti
tution of pharmacological treatment, higher smoking ces
sation rates, greater uptake of vaccination against influenza 
and pneumococcal pneumonia, participation in pulmonary 
rehabilitation, and improved identification and better man
agement of comorbidities.6,7 Screening questionnaires and 
simple devices like pocket spirometers have been success
fully used for screening and detecting hidden COPD cases 
in primary care settings of high-income countries.8–11 

Pocket spirometers measure FEV1/FEV6 ratio to assess 
the airflow limitation instead of FEV1/FVC ratio which 
is measured by a diagnostic quality spirometer.12 The 
FEV6 has been identified as a valid estimate of FVC and 
is easier to perform consistently outside of a controlled 
laboratory environment and therefore can be used for 
screening of COPD among those with high-risk.12 In low 
and middle-income countries (LMICs) like India, the 
COPD burden is rising and constrained health infrastruc
ture, including limited skilled human resources, impede 
the implementation of effective COPD screening and 
detection programs, especially within rural primary health 
care settings. Training and involving community health 
workers (CHWs), who comprise the largest health work
force in rural settings in India, in screening may provide 
an effective means of early detection.13,14 Thus, this study 
aimed to test the diagnostic accuracy of a sequential, two- 
step screening strategy implemented by CHWs, using the 
Lung Function Questionnaire (LFQ) and pocket spirome
try (PS) to detect individuals with COPD in rural India.

Patients and Methods
A prospective diagnostic accuracy study was nested within 
one site (Sonipat, Haryana, India) of a large community- 
based research project entitled “UDAY”. “UDAY” is a 
comprehensive diabetes and hypertension prevention and 
management program in India; the detailed methodology 
has been published previously.15 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 CHWs (1 CHW per 
5000 population) selected from the same area, conducted 
surveys and screened adults aged ≥ 30 years for the pre
sence 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 man
agement of diabetes and hypertension and educated the 
general population about modification/reduction of risk 
factors.

Study Population
In this study, we included individuals aged ≥40 years from 
the two largest villages selected by purposive sampling 
from the UDAY rural area in north India. Individuals with 
a cognitive impairment limiting their ability to answer the 
study questions and those who were bedridden or termin
ally ill were excluded.

Definitions and Study Tools
COPD was defined using the Global Initiative for 
Obstructive Lung Disease (GOLD) criteria, ie, the forced 
expiratory volume in 1 second (FEV1) and its ratio to 
Forced Vital Capacity (FVC), with the FEV1/FVC < 0.7 
post-administration of a bronchodilator.4 Severity of air
flow limitation was defined using GOLD criteria, ie, post- 
bronchodilator FEV1≥80% predicted as mild, 50%≤ to 
<80% predicted as moderate, 30%≤ to <50% predicted as 
severe and <30% predicted as very severe.4 For screening, 
we used the Lung Function Questionnaire (LFQ), which is 
a case-finding tool to detect individuals for further con
firmatory evaluation using spirometry.16 Two independent 
interpreters translated the LFQ into the local Hindi lan
guage. The two versions were combined by the first author 
and the translated version was back-translated by two 
independent research professionals. The Hindi language 
version was tested for face-validity by administering the 
questionnaire to 10 COPD patients in the community and 
was finalized in consultation with a local chest physician 
and a general physician. CHWs used the COPD-6 
(Vitalograph model 4000) PS to measure FEV1, forced 
expiratory volume in 6 seconds (FEV6), and FEV1/FEV6 

ratio. We used maximum values for FEV1 and FEV6 

obtained from the repeated forced expiratory manoeuvres 
to measure the FEV1/FEV6 ratios and a ratio of FEV1 

/FEV6<0.7 obtained by the pocket spirometry was consid
ered as the criteria for airflow limitation.17 We measured 
the acceptability of the forced expiratory manoeuvre by 
using the GOLD criteria (ie the two highest values of FVC 
and FEV1 from acceptable manoeuvres are within 0.15L).4 

Trained researchers used the NDD EasyOne portable spi
rometers (EasyOne, NDD Medical Technologies, Zurich, 
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Switzerland) as the diagnostic quality spirometer which 
meets American Thoracic Society (ATS)/European 
Respiratory Society (ERS) standards (Website:www. 
ndd.ch).

Training of Community Health Workers
Twenty CHWs were trained to administer the LFQ and 
conducting PS. Each CHW participated in a pre-testing 
session with at least 10 participants under the supervision 
of the research staff. CHWs were shown a video of PS 
recommended by the manufacturers. During the training, 
the emphasis was placed on how to coach and encourage 
the participant to perform an acceptable forced expiratory 
manoeuvre and to recognize an unacceptable forced 
expiratory manoeuvre. Additionally, CHWs were trained 
to identify people with any contraindication to performing 
the spirometry using a checklist. After the training, eight 
out of 20 CHWs were selected to conduct the PS after 
ascertaining their ability to use the PS.

Study Procedures
CHWs screened all eligible individuals who consented to 
take part in the study using a paper-based version of the 
LFQ in participants’ homes during September and 
October 2017. The information from the LFQ was 
entered into a Microsoft Excel spreadsheet by a data 
entry operator and data were checked for any inconsis
tencies by a research staff not involved in the screening 
process. Primary and secondary sample lists of 250 ran
domly selected participants, each with an LFQ score of 
≤18 or >18 were invited for assessing their height and 
weight at nearby community halls of their respective 
villages. Height was measured in cm to the nearest 
0.1 cm with a portable stadiometer and weight was mea
sured to the nearest 100 gm with a reliable weighing 
scale in light clothes with no shoes in a standardised 
manner. After ruling out contraindications for spirometry 
using a checklist, PS was conducted by CHWs. The 
trained researchers then conducted pre and post- 
bronchodilation (BD) spirometry using the diagnostic 
quality spirometers. Study participants rested for 15–20 
minutes between PS and diagnostic spirometry and also 
between pre and post-BD spirometry. CHWs performing 
PS were blinded to the LFQ scores and trained research
ers were blinded to the LFQ scores and the PS results. 
Standards for Reporting Diagnostic accuracy studies 
(STARD) were used to report the findings of the study 
(Table S1).18

Statistical Analysis
The sample size calculation was based on the assumption 
that a random sample of 130 participants from the positive 
population (LFQ score ≤18) and 130 (LFQ score >18) 
from the negative population would produce an AUC of 
0.75 (95% CI: 0.63 to 0.87).19

Baseline characteristics of participants were com
pared using independent t-test and Pearson’s chi-square 
statistics. Diagnostic accuracy was measured by deter
mining the sensitivity, specificity, AUC, positive and 
negative likelihood ratios, and predictive values of the 
individual test (LFQ and PS) and the combined sequen
tial strategy (PS conducted among those with LFQ score 
≤18). Bland-Altman (B&A) plots were used to describe 
the agreement between the two measurements of the 
maximum values for FEV1 obtained by PS and pre- 
bronchodilation spirometry, using the diagnostic quality 
spirometer and maximum values of FEV6, FVC mea
sured respectively by the PS and pre-bronchodilation 
spirometry. Finally, we conducted a sensitivity analysis 
by measuring the diagnostic accuracy for individual 
CHWs, the best four performing CHWs (n=4), and the 
worst-performing CHWs (n=4). All statistical analyses 
were conducted using the STATA software V.12 
(StataCorp, College Station, TX, USA).

Ethical Considerations
The study was conducted in accordance with the 
Declaration of Helsinki and was approved by the 
Institutional Ethics Committees of Deakin University and 
the Public Health Foundation of India. The CHWs 
obtained written and informed consent from all study 
participants. Participants diagnosed with COPD were 
referred to the nearest public health centre for further 
evaluation and management and were provided risk reduc
tion advice for their risk factors.

Results
The flow of participants who completed the LFQ and 
subsequently the pocket spirometry and the pre and post- 
bronchodilator spirometry is shown in Figure 1. For 
screening, 3256 eligible individuals completed the LFQ, 
268 participated in PS and 251 participants completed the 
post-bronchodilation spirometry.(Figure 1). Twelve parti
cipants did not want to undergo further spirometry and 
lung function test results for five participants was not 
included in the analysis due to incompleteness of the 
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data (results from only one forced expiratory manoeuvre 
were available for these five participants).

There were no significant differences in the mean age, 
gender distribution, and proportion of those who were able 
to read and understand the LFQ between the participants 
who were randomly selected and those not selected for 
spirometry. The mean LFQ score of the participants who 
participated in spirometry was slightly lower than the total 
LFQ score of the participants who were not selected for 
spirometry (Table 1).

There were no significant differences (>150mL) in the 
group mean values for FEV1 and FEV6 volumes between 
the three acceptable blows recorded using the PS (Table 
2). However, a difference of >150 mL between an indivi
dual participant’s two highest FEV1 volumes was present 
in 60 (22.4%) measurements and a difference of >150 mL 
between the two highest FEV6 volumes was present in 92 
(34.3%) measurements.

The mean (±SD) difference between FEV1 and between 
FEV6 and FVC measured by PS and pre-BD spirometry 

331 individuals could not be contacted 
even after three visits

65 participants were not eligible for 
spirometry due to various reasons
17 individuals refused to provide a written 
consent
16 individuals were unable to perform the 
forced expiratory manoeuvre

Participants with FEV1/FVC<0.70 on pre-BD spirometry: 69
Participants with FEV1/FVC<0.70 on post-BD spirometry: 56

Two largest villages selected (Total population= 14556)
Eligible population (≥40 years): 3639

3256 (90%) individuals in two villages were administered the LFQ*
697 randomly selected individuals (LFQ score ≤18: LFQ score>18, 1:1) 

invited for spirometry in a camp based approach

366 individuals attended the camp for spirometry

268 individuals completed pocket spirometry
(132 with LFQ score ≤18, 136 with LFQ score >18)

251 individuals completed post-BD# spirometry
245 individuals with acceptable pre-BD spirometry
235 individuals with acceptable post-BD spirometry

Figure 1 Participant flow diagram. 
Abbreviations: LFQ, Lung Function Questionnaire; BD, bronchodilation.
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Table 1 Comparison of Demographic Characteristics of the Study Participants (N=3256)

Variables Participants 
without 
Spirometry 
(n=2988)

Participants Randomly 
Selected for Spirometry 
(n=268)

p-value

Mean age in years (±SD) 56.5 (±12.2) 56.7 (±10.4) 0.83

Men, n (%) 1233 (41.3) 123 (45.9) 0.14

Able to read and understand LFQ*, n (%) 1323 (44.3) 199 (48.1) 0.22

How often do you cough up mucus?, n (%)

Never 1980 (66.3%) 163 (60.8%) 0.15
Rarely 327 (10.9%) 35 (13.1%)
Sometimes 369 (12.4%) 33 (12.3%)

Often 149 (5.0%) 14 (5.3%)

Very often 163 (5.5%) 23 (8.7%)

How often does your chest sound noisy (wheezy, whistling, rattling) when you 

breathe?, n (%)
Never 2301 (77.0%) 202 (75.4%) 0.48
Rarely 247 (8.3%) 20 (7.5%)
Sometimes 220 (7.4%) 28 (10.5%)

Often 133 (4.5%) 11 (4.1%)

Very often 87 (2.9%) 7 (2.6%)

How often do you experience shortness of breath during physical activity (walking 

up a flight of stairs or walking up an incline without stopping to rest)?, n (%)
Never 1544 (51.7%) 123 (45.9%) 0.16
Rarely 268 (9.0%) 21 (7.8%)

Sometimes 444 (14.9%) 51 (19.0%)
Often 395 (13.2%) 35 (13.1%)

Very often 337 (11.3%) 38 (14.2%)

How many years have you smoked?, n (%)

Never smoked 1697 (56.8%) 143 (53.4%) 0.09
≤10 years 237 (8.0%) 14 (5.2%)

11–20 years 254 (8.5%) 25 (9.3%)

21–30 years 174 (5.8%) 13 (4.9%)
>30 years 626 (21.0%) 73 (27.2%)

Mean LFQ score (±SD) 19.1 (±4.0) 18.4 (±3.9) 0.01

Notes: *The LFQ items/questions are reproduced from Hanania NA, Mannino DM, Yawn BP, et al. Predicting risk of airflow obstruction in primary care: Validation of the 
lung function questionnaire (LFQ). Respiratory Medicine. 2010;104(8):1160–1170. Copyright 2010 Elsevier Ltd. All rights reserved.16 

Abbreviation: LFQ, Lung Function Questionnaire.

Table 2 Comparison of Lung Function Parameters (FEV1 and FEV6) of Participants Obtained from the Three Best Forced Expiratory 
Manoeuvres on the Pocket Spirometer

Parameters 
N = 268

FEV1 

Blow 1
FEV1 

Blow 2
FEV1 

Blow 3
FEV6 

Blow 1
FEV6 

Blow 2
FEV6 

Blow 3

Mean 1.57 1.63 1.65 2.14 2.26 2.23
Standard deviation 0.68 0.67 0.67 0.83 0.90 0.80

Range 0.38–3.77 0.42–3.86 0.39–3.95 0.57–4.81 0.51–7.58 0.66–4.71
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respectively was 105 mL (95% CI: 81–130 mL) mL and 
156 mL (95% CI: 102–211 mL) respectively (Table 4) and 
67% of FEV1 values measured by PS had a difference of 
fewer than 150 mL as compared to FEV1measured by pre- 
BD spirometry(Table 3).

The prevalence of COPD in the study population was 
23.8% (95% CI: 18.3–28.8). Among participants who 
underwent pre-BD diagnostic level spirometry with accep
table manoeuvres (n=235), 69 (29%) had an airflow lim
itation (FEV1/FVC<0.70). Based on post-BD diagnostic 
level spirometry with acceptable manoeuvres (n=235), 56 
(24%) met criteria for COPD diagnosis with 9 participants 
(16%) diagnosed with GOLD Stage 1, 32 (57%) with 
Stage 2, 12 (21%) with Stage 3 and 3 (5%) with Stage 4 
COPD severity.

The sensitivity of the LFQ was higher (75%, 95% CI: 
61.6%-85.6%) than the PS (69.6%, 95% CI: 55.9%- 
81.2%), while the specificity of PS was higher (81.0%, 
95% CI: 74.5%-86.5%) than the LFQ (55.3%, 95% CI: 
47.7%-62.7%). The combined sequential strategy had the 
highest AUC and positive predictive values and positive 
likelihood ratios. The sequential strategy was able to 
detect 79% of COPD cases (67% of GOLD Stage 1, 
78% of GOLD Stage 2, 82% of GOLD Stage 3, and 
100% of GOLD Stage 4 of airflow limitation).

The Bland-Altman plot showed fewer differences (n=6/ 
245 >2SD) between the two devices when comparing 
FEV1/FEV6 ratio with the FEV1/FVC ratio (Figure 2, 
Panel 1).

Sensitivity Analysis
Eight CHWs conducted spirometry with the PS, one CHW 
was not able to conduct spirometry and was discontinued 
after conducting spirometry on three participants. The 
diagnostic accuracy of the sequential strategy increased 

when we restricted the analysis to the four best performing 
CHWs in PS [sensitivity: 92.9% (76.5%-99.1%); specifi
city: 75.5% (61.7%-86.2%)], as compared to the other four 
CHWs [sensitivity: 50.0% (23.0%-77.0%); specificity: 
85.2% (66.3%-95.8%)]. Almost all CHWs except one 
were able to detect participants with COPD GOLD sever
ity stages 3 and 4 (Supplementary Table S2).

Discussion
Early detection of COPD is necessary to accurately deter
mine the actual disease burden and initiate appropriate 
therapies to reduce mortality, limit disability, and improve 
quality of life. In this study, we found that a sequential 
screening strategy implemented by CHWs using an LFQ 
followed by PS was highly sensitive and specific in detect
ing adults with COPD in a rural community of North 
India. Notably, this sequential strategy was able to detect 
over four-fifths of severe and very severe (GOLD Stage 3 
and GOLD Stage 4) COPD cases.

Most studies evaluating COPD screening using 
a questionnaire in primary care have been conducted in 
high-income countries.8–11 A recent systematic review of 
the evidence regarding COPD screening reported that the 
COPD Diagnostic Questionnaire (CDQ) was the best 
screening questionnaire.20 However, we used the LFQ as 
a screening tool because LFQ includes a question about 
smoking in general as compared to other questionnaires 
including CDQ that specifically ask about cigarette smok
ing. As other forms of tobacco smoking are common in the 
Indian population, the LFQ was deemed to be a more 
appropriate screening questionnaire for our study. We 
found that the diagnostic accuracy values of LFQ and pre- 
BD PS in measuring FEV1/FEV6 in our study were simi
lar to values reported by the use of other screening 

Table 3 Diagnostic Performance of the Lung Function Questionnaire (LFQ), Pocket Spirometry (PS) and the Combined Strategy (LFQ 
Followed by the PS) Compared to the Post-Bronchodilation Spirometry (n=235)

Parameters Lung Function Questionnaire Pocket Spirometry Combined

Prevalence, % (95% CI) 24 (19.0–29.8) 24 (19.0–29.8) 34.0 (26.0–43.6)
Sensitivity, % (95% CI) 75.0 (61.6–85.6) 69.6 (55.9–81.2) 78.6 (63.2–89.7)

Specificity, % (95% CI) 55.3 (47.7–62.7) 81.0 (74.5–86.5) 78.8 (68.2–87.1)

Area under the receiver operating characteristics curve 0.65 (0.58–0.72) 0.75 (0.69–0.82) 0.79 (0.71–0.86)
Likelihood ratio (+) 1.68 (1.34–2.10) 3.67 (2.59–5.19) 3.70 (2.36–5.80)

Likelihood ratio (-) 0.45 (0.28–0.73) 0.38 (0.25–0.56) 0.27 (0.15–0.49)

Odds ratio 3.71 (1.91–7.22) 9.78 (4.97–19.20) 13.6 (5.52–33.40)
Positive predictive value, % (95% CI) 34.4 (26.1–43.6) 53.4 (41.4–65.2) 66.0 (51.2–78.8)

Negative predictive value, % (95% CI) 87.6 (80.1–93.1) 89.5 (83.7–93.8) 87.5 (77.6–94.2)
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questionnaires and hand-held pulmonary function screen
ing tests.20

A few studies have assessed the diagnostic accuracy of 
using a screening questionnaire followed by an assessment 
of lung function using pocket spirometers/flow meters. 

Sichletidis et al in Greece found that a combination of 
the International Primary Care Airways Guidelines ques
tionnaire (IPAG) and use of the PiKo-6 flow meter by 
general practitioners (GPs) had a higher sensitivity (72%) 
and specificity (97%) than individual use of the IPAG 

Table 4 Comparison of Lung Function Parameters FEV1, FEV6 or FVC(L) as Measured by Pocket Spirometry, Pre-Bronchodilation and 
Post-Bronchodilation Gold Standard Spirometry

Lung Function Parameter Pocket Spirometry Gold Standard Spirometry

Pre-Bronchodilator Mean 
(95% CI)

Pre-Bronchodilator Mean 
(95% CI)

Post-Bronchodilator 
Mean (95% CI)

FEV1 (in Liters) 1.74 (1.66–1.82) 1.82 (1.74–1.91) 1.89 (1.80–1.96)

FEV6 or FVC* (in Liters) 2.42 (2.31–2.52) 2.50 (2.39–2.60) 2.55 (2.44–2.65)

Limits of agreement

Values Limits of agreement Mean difference 95% CI p-value

PS FEV1 vs Pre FEV1 −0.288 to 0.499 0.105 0.081 to 0.130 <0.001

PS FEV1 vs Post FEV1 −0.256 to 0.619 0.182 0.153 to 0.210 0.001
PS FEV6* vs Pre FVC −0.705 to 1.017 0.156 0.102 to 0.211 0.007

PS FEV6* vs Post FVC −0.683 to 1.124 0.221 0.162 to 0.279 0.434

PS FEV1/FEV6* vs Pre FEV1/FVC −0.284 to 0.181 −0.052 −0.066 to −0.037 0.000
PS FEV1/FEV6* vs Post FEV1/FVC −0.284 to 0.202 −0.041 −0.057 to −0.026 0.000

Notes: *FEV6 for pocket spirometry, FVC for gold standard spirometry.

ecnereffiD

Average
.4035 1.492

-1.336

.43

ecnereffi
D

Average
.455 4.15

-.65

.96

ecnereffi
D

Average
.83 5.065

-2.04

1.26

A B

C

Figure 2 Bland-Altman plots comparing lung function parameters between pocket spirometry and pre-bronchodilator spirometry. (A) Bland-Altman plot comparing FEV1/ 
FEV6 ratio obtained from pocket spirometry with that FEV1/FVC ratio of pre-bronchodilator spirometry (B) Bland-Altman plot comparing FEV1 obtained from pocket 
spirometry with that of pre-bronchodilator spirometry. (C) Bland-Altman plot comparing FEV6 obtained from pocket spirometry with that of FVC obtained from pre- 
bronchodilator spirometry.

International Journal of Chronic Obstructive Pulmonary Disease 2021:16                                                https://doi.org/10.2147/COPD.S293577                                                                                                                                                                                                                       

DovePress                                                                                                                       
1189

Dovepress                                                                                                                                                          Jarhyan et al
In

te
rn

at
io

na
l J

ou
rn

al
 o

f C
hr

on
ic

 O
bs

tr
uc

tiv
e 

P
ul

m
on

ar
y 

D
is

ea
se

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/ b

y 
24

.2
18

.1
11

.1
33

 o
n 

20
-M

ay
-2

02
1

F
or

 p
er

so
na

l u
se

 o
nl

y.

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


(sensitivity: 80% and specificity: 95%) and flow meter 
(sensitivity: 91% and specificity: 49%).21 The specificity 
of the combined tests was lower in our study (78.8%) as 
compared to the study (95%) by Sichletidis et al.2 In our 
study, the readings obtained for forced expiration man
oeuvres (FEV1 and FVC values) using diagnostic quality 
spirometry by trained researchers were higher than those 
obtained by CHWs using PS. This possibly also reflects 
that participants had gained experience after performing 
the required forced expiratory manoeuvres using the PS 
and that better coaching of participants by trained 
researchers to perform the maneuver was possible because 
they could see the flow-volume curves on their computer 
screens. This indicates that the diagnostic accuracy of the 
test also depends upon the skills of those performing the 
spirometry and the ability of participants to understand and 
perform the manoeuvre. Despite this, for the majority of 
participants, the differences between FEV1 values mea
sured between two devices was less than 150 mL.

Fujita et al found improved detectability of COPD in 
primary care settings using a hand-held flow meter regard
less of the use of a symptom-based questionnaire.11 This 
may preclude the use of the screening questionnaire allow
ing screening of the population using PS alone.11 

However, Franco-Marina et al, found that although the 
PS alone using a cut-off point of FEV1/FEV6 <0.80 had 
a marginally better test performance, the sequential strat
egy had a sensitivity of 75%-80% and a specificity of 
around 85%.17 Besides, the use of a screening question
naire reduced the number of individuals who needed 
screening using spirometry. This is an important consid
eration in low resource settings like rural India, where 
health infrastructure is constrained. Based on the findings 
from our study, administration of the LFQ reduced the 
workload for CHWs related to conducting PS by about 
60%, increasing the feasibility and sustainability of 
a potential community-based screening program.

Some studies have reported on the accuracy of screen
ing with a questionnaire in combination with a peak flow 
meter.22–25 However, the reliability of the peak flow meter 
in detecting COPD has been questioned.26 A systematic 
review conducted by Haroon et al found that PS is useful 
for COPD screening in primary care settings justifying its 
use in the current study.27

US Preventive Services Task Force did not find any 
conclusive evidence for the benefit or harm of screening 
asymptomatic adults with questionnaires or office-based 

spirometry.20 However, the GOLD guideline advocates the 
use of spirometry among those with symptoms and risk 
factors for early detection and the use of risk-score based 
screening questionnaires for screening in primary care 
settings.4 The evidence for the utilization of screening 
with questionnaires and PS as a preliminary detection or 
case-finding method is sparse, especially from LMICs. 
Implementation of spirometry requires its correct perfor
mance, reliable interpretation, and regular calibration of 
spirometers.28 These are very challenging criteria to meet 
especially in resource-constrained settings of LMICs like 
India, where the burden of COPD is high. Therefore, our 
study demonstrates a feasible approach to improve early 
detection and referral to ensure timely management, poten
tially resulting in improved disease outcomes. It also pro
vides insights to obtain robust and reliable data to 
determine the actual COPD burden.

Currently, the National Programme for Prevention and 
Control of Diabetes, Cardiovascular Disease and Stroke 
(NPCDCS) in India, which also addresses the prevention 
and management of COPD, envisages that CHWs, ie, 
Accredited Social Health Activists (ASHA), will complete 
a score-based checklist, entitled Community Based 
Assessment Checklist (CBAC), through household 
visits.29 The CBAC is supposed to be reviewed by an 
Auxiliary Nurse Midwife at a sub-centre (first point of 
contact for rural populations with non-physician health 
care providers in the Indian public health care system). 
Those with a high risk for non-communicable diseases 
(NCDs) are then referred to the primary health centre 
(first point of contact for rural populations with physician 
health care providers) for confirmation of the diagnosis 
and management. Our study has shown that CHWs can be 
trained to detect COPD at the community-level using 
a risk-score-based questionnaire and a pocket spirometer. 
However, underutilization of spirometry for the diagnosis 
of COPD, especially among physicians other than chest 
physicians in India, necessitates the strengthening of the 
infrastructure both in public and private health sectors to 
confirm diagnoses through spirometry.5 There is a need for 
further effectiveness and implementation research to 
assess the potential health benefits that can be achieved 
by this screening strategy for screening COPD at village 
level and sub-centre with subsequent linkage to the pri
mary and secondary health care infrastructure for confir
mation of diagnosis with post-bronchodilation spirometry 
for COPD management.
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To our knowledge, this is one of the first studies that 
assesses the diagnostic accuracy of utilizing CHWs to 
detect individuals with COPD using a screening question
naire and PS in the community. However, increased detec
tion of COPD should also be supported by strengthening 
the health systems to enable the confirmation of diagnosis 
and provision of timely guideline-based management, 
especially inhalational drugs in primary and secondary 
health care facilities.

This study had some limitations also. Due to limited 
resources, we could not perform our study on a larger 
sample, which limited the statistical power of the study 
to assess differences in the performance of individual 
CHWs in conducting PS. A few severe cases were 
missed by CHWs, however, all missed cases were parti
cipants who could not read or understand instructions 
clearly and it was thus difficult for the CHWs to coach 
these participants to perform the forced expiratory man
oeuvres optimally. Additionally, we did not assess the 
exposure to the biomass fuel smoke as it was not part 
of the validated LFQ. Exposure to biomass fuel is one of 
the common risk factors for development of COPD espe
cially among women in rural areas of LMICs. There is 
a need to develop a risk-score based screening question
naire with a component of biomass fuel smoke exposure 
assessment and also assess its validity in detecting 
COPD.

Conclusion
In conclusion, undiagnosed COPD can be accurately identi
fied by trained CHWs using a simple sequential screening 
strategy. This can potentially contribute to an accurate 
assessment of COPD burden and also to design tailored 
interventions for its effective management in rural India. 
More studies with a larger sample size in similar settings 
are required to further evaluate the feasibility, scalability, and 
sustainability of this sequential screening strategy to improve 
the early detection of COPD in low-resource settings.
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