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Abstract

Rationale: Chronic obstructive pulmonary disease (COPD) is a
prevalent and burdensome condition in low- and middle-income
countries (LMICs). Challenges to better care include more
effective diagnosis and access to affordable interventions.
There are no previous reports describing therapeutic needs of
populations with COPD in LMICs who were identified through
screening.

Objectives: To describe unmet therapeutic need in screening-
detected COPD in LMIC settings.

Methods: We compared interventions recommended by the
international Global Initiative for Chronic Obstructive Lung
Disease COPD strategy document, with that received in 1,000
people with COPD identified by population screening at three
LMIC sites in Nepal, Peru, and Uganda. We calculated costs
using data on the availability and affordability of medicines.

Measurement and Main Results: The greatest unmet need for
nonpharmacological interventions was for education and

vaccinations (applicable to all), pulmonary rehabilitation (49%),
smoking cessation (30%), and advice on biomass smoke exposure
(26%). Ninety-five percent of the cases were previously
undiagnosed, and few were receiving therapy (4.5% had short-
acting b-agonists). Only three of 47 people (6%) with a previous
COPD diagnosis had access to drugs consistent with
recommendations. None of those with more severe COPD were
accessing appropriate maintenance inhalers. Even when available,
maintenance treatments were unaffordable, with 30 days of
treatment costing more than a low-skilled worker’s daily
average wage.

Conclusions: We found a significant missed opportunity to
reduce the burden of COPD in LMIC settings, with most cases
undiagnosed. Although there is unmet need in developing novel
therapies, in LMICs where the burden is greatest, better diagnosis
combined with access to affordable interventions could translate
to immediate benefit.
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Chronic obstructive pulmonary disease
(COPD) is the most prevalent of the chronic
respiratory diseases that, combined, are
the third most common cause of death
worldwide (1). COPD is associated with
systematic disadvantage through the life
course and respiratory exposures (2).
The greatest burden of COPD, therefore,
falls in low- and middle-income countries
(LMICs), which account for 75% of the
cases; 80% of the deaths; and considerable
morbidity, premature mortality, and lost
productivity (3).

There are many challenges to mitigating
COPD in LMICs; notably, underdiagnosis,
absence of LMIC-relevant evidence and
guidelines (4), access to affordable
interventions (5, 6), and heterogeneous

implementation of evidence-based care (7).
Changing this requires an investment in
healthcare staff, services, and facilities. Better
care for COPD in LMICs begins with
improved access to diagnostics, and we have
recently reported on the discriminative
accuracy of simple screening tools to identify
people at high risk for COPD in three diverse
LMIC sites in Nepal, Peru, and Uganda (8).
The overall prevalence of COPDwas 9.4%,
and this varied by site (9). Forty-nine percent
of the cases had clinically significant disease,
andmore than 95% were previously
undiagnosed (9). Our findings contrast with
recommendations from the U.S. Preventative
Services Task Force, which recently
reiterated their statement that screening-
detected cases of COPD are generally mild,
for which intervention other than smoking
cessation is not indicated (10). This is not
true in LMIC settings.

After a diagnosis of COPD, the next
consideration is implementation of evidence-
based interventions, and the Global Initiative
for Chronic Obstructive Lung Disease
(GOLD) strategy provides a framework to
do that for both pharmacological and
nonpharmacological treatments (11).
Interventions such as respiratory exposure
reduction, pulmonary rehabilitation, and
drugs have proven efficacy in reducing
symptoms and exacerbations, improving
functional status and quality of life, and
reducing premature mortality in clinically
significant COPD (11). Not using these
in people with newly diagnosed COPD
represents a missed therapeutic opportunity,
which we define as guideline-based care
that has not been received.

There are no previous studies reporting
the missed therapeutic opportunity in a
sample of people with COPD identified
through population-based screening in
LMICs. In this paper, we report on the scale
of that missed opportunity by applying

the GOLD 2022 (12) and 2023 strategy
recommendations (11) to a population-based
sample of people with COPD detected by
screening at three diverse LMIC sites in
Nepal, Peru, and Uganda (9).

Methods

Study Setting
We have previously reported on the
methodology (8) and results (9) of the parent
Global Excellence in COPDOutcomes study
which was prospectively registered at
clinicaltrials.gov (NCT03365713). In short,
the present study uses data from 10,664
individuals screened for COPDwith quality-
assured postbronchodilator spirometry at
three LMIC sites (8)—urban Bhaktapur,
Nepal; Lima, Peru; and the rural Nakaseke
district in Uganda—between January 2018
andMarch 2020. COPDwas defined as a
ratio of postbronchodilator FEV1 to FVC less
than the fifth percentile of the Global Lung
Function Initiative’s mixed ethnic population
reference lower limit of normal. Participants
were randomly selected at those sites from a
census of people over 40 years of age and so
are representative of the communities from
which they were drawn. A total of 9.4% of
subjects (1,000/10,664) had COPD: 642
(18.2% prevalence) in Nepal, 261 (7.3%)
in Uganda, and 97 (2.7%) in Peru (9). Results
were prepared in line with Strengthening the
Reporting of Observational Studies in
Epidemiology guidelines.

Study Design
Collection of data on prior diagnosis and
medication use. Each participant was asked
about a previous diagnosis of COPD. Those
who answered in the affirmative were
classified as being previously diagnosed with
COPD. Each participant was also asked
about a previous diagnosis of asthma.

At a Glance Commentary

Scientific Knowledge on the
Subject: There are no previous
reports describing therapeutic needs
in people with chronic obstructive
pulmonary disease who were
identified through population
screening in low- and middle-
income countries.

What This Study Adds to the
Field: There is great unmet need in
managing chronic obstructive
pulmonary disease in low- and
middle-income countries. This
includes underdiagnosis; provision of
nonpharmacological interventions,
such as education and pulmonary
rehabilitation; and access to affordable
preventative inhaled medicines,
notably, long-acting bronchodilators.
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The use of medications was self-reported to
field workers using a questionnaire. The use
of regular maintenance medication was
defined as using the medication at least twice
per week in the past 12months.
Combinations of inhaled therapies did not
need to be delivered in the same inhaler
device. The use of a short-acting b-agonist
(SABA) reliever inhaler was defined as either
using this regularly, or using this for a short
period of time for respiratory symptoms in
the past 12months.

Defining optimal COPD care. The
2022 GOLD strategy document was used
to assess recommended interventions for
each participant (12). GOLD has separate
algorithms for people with new and
preexisting diagnoses of COPD and for
pharmacological and nonpharmacological
interventions. Cases were classified using the
GOLDABCD assessment using self-reported
exacerbation history in the previous year and
the higher of the scores on the modified
Medical Research Council Questionnaire
(mMRC) and COPD Assessment Test
(CAT) (8). Since collecting these data, the
2022 GOLD system has been revised to
A/B/E (11), and we also report therapy by
these 2023 categories.

Recommended interventions are
summarized in Table 1, with those in group
D divided by the presence or absence of
self-reported asthma and CAT score (13).
As would be typical in community settings,
we did not have blood eosinophil counts to
guide inhaled corticosteroid (ICS) use, and
we, therefore, used a self-reported diagnosis
of asthma to guide the need for ICS. The
recommended interventions for each subject
were then compared with the actual
treatment currently received, assessing the
scale of missed therapeutic opportunity.

Where individuals had an existing
diagnosis and were on maintenance therapy,
which was unusual, therapeutic escalation
per GOLD (12) was considered, with the
caveat that we do not have information on
adherence to therapy. GOLD recommends
that, if the exacerbation frequency in the
previous year was two or more events, or one
or more respiratory hospitalizations, and/or
the mMRC dyspnea scale score in the
previous year was>2, escalation of
treatment should be considered. Previous
hospitalization data were not available—only
the number of exacerbations in the past
year—so the mMRC dyspnea scale and
frequency of exacerbations were used.

If an mMRC score was>2, pulmonary
rehabilitation (PR) and a specific
breathlessness action plan should be
recommended, and if the frequency of
exacerbations was two or more events in the
past year, a specific exacerbation plan would
be recommended.

Access, availability, and affordability
of medicines. Regarding access to and
availability of medications, we used data
from our previous surveys of local
pharmacies at our three LMIC sites (6).
In brief, we surveyed 63 pharmacies in
Nepal, 104 pharmacies in Peru, and 53
pharmacies in Uganda that served the
communities in which we worked, and
we assessed the cost and availability of
medications for the management of COPD.

We determined affordability by using
standardized metrics including the total cost
of a medication for a standard course of one
month’s treatment in U.S. dollars. We also
compared costs with the daily average wage
of a low-skilled worker at each location.
This metric was used as a proxy for the
World Health Organization/Health Action
International–recommended measure of
number of days of wages of the lowest paid
unskilled government worker (14) because

Table 1. Recommended Interventions on the Basis of the GOLD 2022 (12) and 2023 (11) Strategy Documents

GOLD 2022
Grade

GOLD 2023
Grade Nonpharmacological Pharmacological

A A Vaccinations
Advising on physical activity
Smoking cessation, if smoker
Biomass exposure reduction

SABA reliever

B B Vaccinations
Advising on physical activity
Pulmonary rehabilitation
Smoking cessation, if smoker
Biomass exposure reduction

SABA reliever
LAMA* or LABA-LAMA†

C not applicable Vaccinations
Advising on physical activity
Pulmonary rehabilitation
Smoking cessation, if smoker
Biomass exposure reduction

SABA reliever
LAMA*

D E Vaccinations
Advising on physical activity
Pulmonary rehabilitation
Smoking cessation, if smoker
Biomass exposure reduction

SABA reliever
No asthma and CAT score <20: LAMA*

or LABA-LAMA†

No asthma and CAT score .20: LABA-LAMA
Asthma and CAT score <20: ICS-LABA*

or ICS-LABA-LAMA†

Asthma and CAT score .20: ICS-LABA*
or ICS-LABA-LAMA†

Definition of abbreviations: CAT=COPD Assessment Test; GOLD=Global Initiative for Chronic Obstructive Lung Disease; ICS= inhaled
corticosteroid; LABA= long-acting b-agonist; LAMA= long-acting muscarinic antagonist; SABA=short-acting b agonist.
*2022 guidance.
†2023 guidance.
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Figure 1. Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2022 group, concordance with pharmacotherapy recommendations,
and eligibility for nonpharmacological interventions for 999 people with COPD. A random sample of 10,664 people over 40 years of age was
collected at three sites in Nepal, Peru, and Uganda. In the 2023 update to GOLD guidance, groups C and D have been combined as group E.
Percentages are indicated on the y-axis. COPD=chronic obstructive pulmonary disease.
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of a lack of reliable data on government
salaries. We used the 2017 estimate of the
daily wage of a low-skilled worker from the
International Labor Organization’s Statistics
onWages (15). Paying over one day’s wage
for 30 days of treatment is considered
unaffordable (16, 17). Treatment costs for
both maintenance and reliever therapy were
calculated. For GOLDA disease, a treatment

schedule of one SABA inhaler per month
was used, but for reliever therapy in GOLD
B-D disease, a treatment schedule of one
SABA inhaler per year was used, reflecting
treatment of 200 doses per year (three to four
doses per week).

We do not have contemporaneous
information on the availability of local PR,
biomass mitigation, or smoking cessation

services. We did not consider the use of
medicines outside of the GOLD guidelines,
including complementary (nonallopathic)
medicines.

Statistics
Descriptive statistics (number and percent)
are reported. For comparisons between
groups, we used chi-square analysis. Analysis
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Figure 1. (Continued ).

Table 2. Unmet Therapeutic Need in Screen-Detected, Previously Undiagnosed COPD at Three Sites in LMICs (n=952)

Grade and Subtype
Nepal
(n)

Peru
(n)

Uganda
(n) Total Reliever

No. (%) of
Subjects Using

Reliever Maintenance*

No. (%) of
Subjects Using
Maintenance

GOLD A 436 23 30 489 SABA 3 (0.6) — —
GOLD B 152 62 139 353 SABA 23 (6.5) LAMA† 9 (2.5)‡

GOLD C 2 0 14 16 SABA 0 (0) LAMA† 0 (0)
GOLD D
Asthma history, CAT score <20 3 5 4 12 SABA 5 (41.7) ICS-LABA§ 0 (0)
No asthma, CAT score <20 3 3 34 40 SABA 1 (2.5) LAMA† 0 (0)
Asthma history and CAT score .20 0 4 6 10 SABA 5 (50.0) ICS-LABA§ 0 (0)
No asthma, CAT score .20 1 0 31 32 SABA 1 (3.1) LABA-LAMA 0 (0)

Definition of abbreviations: CAT=COPD Assessment Test; COPD=chronic obstructive pulmonary disease; GOLD=Global Initiative for Chronic
Obstructive Lung Disease; ICS= inhaled corticosteroid; LABA= long-acting b-agonist; LAMA= long-acting muscarinic antagonist; LMICs= low-
and middle-income countries; SABA=short-acting b agonist.
*2022 guidance.
†2023 guidance would be LABA-LAMA.
‡Two were also on LABA.
§2023 guidance would be ICS-LABA-LAMA. History of asthma was used instead of blood eosinophils to guide the need for ICS, see text for details.
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was completed in RStudio, Version 4.1.2 or
above (18). P values were two-tailed, and
P, 0.05 was taken as statistically significant.

Ethical Considerations
All participants provided written informed
consent. Ethics permissions were obtained
from the University College London
Research Ethics Committee, the Johns
Hopkins School of Medicine, the Nepal
Health Research Council, A.B. PRISMA in
Peru, the Makerere University School of
Medicine in Uganda, and the Uganda
National Council for Science and
Technology.

Results

We have previously reported on the baseline
characteristics of the population by site (9),
and the original CONSORT (Consolidated
Standards of Reporting Trials) diagram and
relevant participant characteristics are
reported separately (see Figure E1 and Table
E1 in the online supplement). In Nepal, the
mean age was 56.2 years (SD=11.7), and
50.1% were female. In Peru, the participants
had a mean age of 56.6 years (SD=11.3), and
49.8% were female; in Uganda, the mean age
was 56.1 years (SD=12.1), and 51.0% were
female. For the purposes of this analysis,
there were 1,000 COPD cases among the
10,664 people randomly screened and who
had spirometry data available that met
quality assurance standards (8): A total of
952 (95.3%) were previously undiagnosed,
47 (4.7%) were previously diagnosed, and
one hadmissing diagnostic status. Unmet
therapeutic opportunity is, therefore,
principally driven by limited access to
diagnosis. GOLD grouping (A–D) was
available for 999 of the 1,000 cases. A past
history of asthma was missing for one
person, and the prevalence of a previous
diagnosis of asthma was 14.7% (147/999).

Unmet Therapeutic Opportunity:
Nonpharmacological Interventions
Regarding nonpharmacological
interventions, all cases of COPDwould be
eligible for annual vaccinations, such as
influenza, and self-management advice. A
total of 493/999 (49.3%) people with GOLD
B, C, or D disease would be eligible for
pulmonary rehabilitation. Three hundred
four (30.4%) current smokers would be
eligible for smoking cessation support, andT
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the 256 (25.6%) people currently exposed to
biomass would be eligible for education
and/or intervention to reduce environmental
respiratory exposures. Figure 1 illustrates
eligibility for nonpharmacological
interventions classified by site and GOLD
group for 999 people with COPD.

Unmet Therapeutic Opportunity:
Pharmacological Interventions
Figure 1 also illustrates concordance (or
lack of concordance) with GOLD 2022
pharmacological guidance, as classified by
GOLD group and site, emphasizing the
unmet pharmacotherapeutic need (see Table
E2). A total of 50.6% of people with GOLDA
disease would not meet criteria for regular
maintenance pharmacotherapy.

Unmet Therapeutic Opportunity:
Pharmacological Interventions in
People with No Prior Diagnosis
For people with newly diagnosed COPD, the
results of the 2022 ABCD classification by
site and need for pharmacotherapy are
reported in Table 2. Only 38 (4.0%) of 952
people were already using a SABA (eight in
Nepal, 27 in Peru, and three in Uganda). Just
nine people (0.9%), all in Nepal and all in
group B, had been previously prescribed a
long-acting muscarinic antagonist (LAMA).
Two of these were also on a long-acting
b-agonist (LABA), which would satisfy
GOLD 2023 guidance. Six more people in
group B had (non-GOLD compliant) single-
agent LABA. Notably, not a single person
with GOLDC or D disease had access to
appropriate preventative medication
(although, in group D, three were using
LABA; one LAMA and two ICS
monotherapy).

Unmet Therapeutic Opportunity:
Pharmacological Interventions in
People with a Prior Diagnosis of COPD
Of 1,000 people with COPD, 47 (4.7%) were
previously aware of that diagnosis: 45 in
Nepal and two in Uganda. Seventeen had
GOLDA disease, 24 had GOLD B disease;
none had GOLDC disease, and six had
GOLDD disease. Seven (14.9%) were on
reliever SABA, and five (10.6%) others had
reliever short-acting muscarinic antagonist
(SAMA). Of 47 people, 18 (38.3%) were on
some form of maintenance treatment, but
eight of those had GOLDA disease.

Three of these 47 people (6.4%), all in
Nepal, were using GOLD-recommended
pharmacotherapy (two with GOLDA disease

on SABA and one with GOLD B disease
onmaintenance LAMA and reliever SABA).
Six further subjects (12.8% of those with
an existing diagnosis) could be considered
partially compliant with GOLD 2022–
recommended pharmacotherapy. Two
people in Nepal with GOLD B disease
were using maintenance LAMA (one with
xanthines) but did not have rescue SABA.
One person in Nepal with GOLD B disease
was using LABA and SABA rather than
LAMA and SABA combination. Three
others, all with GOLDD disease, had access
to reliever SABA (two in Nepal, one in
Uganda) but were on maintenance treatment
that was not compliant with the GOLD 2022
strategy: One person in Nepal was on LABA
instead of LAMA, and the other was on
LAMA instead of LABA-LAMA. The subject
in Uganda with a history of asthma was on
ICS and oral steroids instead of ICS-LABA.

Of the remaining 38 subjects with a
previous diagnosis of COPD, 15 with GOLD
A disease did not have reliever SABA,
although nine were on an alternative
treatment (one on SAMA, four on LABA,
two on LAMA, one on LAMA and SAMA
and one on LABA and LAMA). One subject
with GOLDD disease and a CAT score.20
was not on recommended LABA-LAMA,
SABA, or any other treatment. The
remaining 22 (20 with GOLD B and two
with GOLDD disease) were not on
recommended LAMAmaintenance or SABA
reliever (2022 guidance). Two of those 22
with GOLD B disease and one with GOLDD
disease were on LABA, but the remaining 19
were not on any maintenance treatment.

Unmet Therapeutic Opportunity:
Pharmacological Escalation in People
Receiving Guideline-Compliant
Maintenance Therapy
The need for treatment escalation was
determined for people who were fully or
partially GOLD compliant (although without
knowledge of adherence). The two people
with GOLDA disease on reliever SABA had
anmMRC score of 1 and no exacerbations in
the previous year and would, therefore, not
be considered for escalation. The person on
LAMA and SABAwith GOLD B disease had
anmMRC score of 2, one exacerbation in
the past year, and a history of asthma, so
recommended therapy escalation would be
to ICS-LABA-LAMA. Of the two people
with GOLD B disease compliant with
maintenance therapy (LAMA) but without
access to SABA, both of whom had a

preexisting diagnosis of asthma, one had an
mMRC score of 2 with no exacerbations and
so would be escalated to ICS-LABA-LAMA
with SABA, and one had an mMRC score of
1 with one exacerbation and would not
require escalation but would require access
to SABA.

Factors Associated with Use of SABA
Use of SABA varied by site and was highest
in Peru (27.8%) compared with those
in Nepal and Uganda (2.2% and 1.5%
respectively; P, 0.001). Use of SABA was
also more common in those with a previous
history of asthma (22.4% vs. 1.4%;
P, 0.001).

Availability and Affordability
of Medicines
We have previously reported on medicine
availability and costs (6). Treatment costs
of both reliever andmaintenance treatments
for all those with COPD (both new and
preexisting diagnoses) are reported in
Table 3. Most maintenance medications
were not available at pharmacies in Peru
and Uganda.

When we compare these costs to the
daily wage of a low-skilled worker, the cost of
one SABA inhaler was the most expensive in
Uganda (1.78 day’s wages, compared with
0.44 day’s wages in Nepal and 0.43 day’s
wages in Peru). Further, even where
medicines were stocked by pharmacies,
maintenance drugs for COPDwere
unaffordable (requiring more than a day’s
wage of a low-skilled worker for 30 days
treatment).

Discussion

This is the first description of “missed
therapeutic opportunity” from three
populations with screening-detected COPD
in LMIC settings, randomly selected across
diverse sites in Nepal, Peru, and Uganda.We
definedmissed therapeutic opportunity as
guideline-based care that has not been
received. The vast majority of cases were
previously undiagnosed. In addition to the
provision of basic education and vaccines,
recommended for everyone with COPD, the
major unmet needs for nonpharmacological
interventions across this population of 999
people with COPDwere PR (493; 49.3%),
biomass exposure reduction (256; 25.6%),
and smoking cessation support for current
smokers (304; 30.4%). With regard to
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pharmacologic interventions, the major
needs were access to SABA (954; 95.5%) and
LAMA (424; 42.4%) or, with the 2023
updates to GOLDCOPD guidance (11),
LABA-LAMA dual bronchodilators. Both
access and affordability differed by site. We
note that few of those with a new diagnosis
of COPD had been previously treated,
suggesting that patients were not accessing
care for symptoms or receiving treatment
without a diagnosis. A past history of asthma
was associated with increased use of SABA.
Even where there was a previous diagnosis
of COPD, few patients were receiving
guideline-recommended care. Even when
available, maintenance therapy was
unaffordable.

Our previous survey on access and
affordability of medicines found that
pharmacies in all countries stocked SABA
reliever inhalers (Nepal, 87%; Peru, 69%; and
Uganda, 32%) (6). ICS-LABAmaintenance
treatment (for patients with GOLDD disease
with asthma and a CAT score<20, in the
2022 guidance) was available in Nepal and
Peru. LAMA (for patients with GOLD B, C,
or D disease with no asthma and a CAT
score,20) and LAMA-LABAmaintenance
(for patients with GOLDD disease with no
asthma and a CATscore.20) were only
available in Nepal. ICS-LABA-LAMA triple-
combination inhalers were not available at
this time but could be used as “open triple”
by combining ICS-LABA with LAMA. No
one was prescribed open triple. It is
important to note that there are challenges
with access and affordability within
countries, including important differences
between rural and urban locations (5, 6).

The scale of the missed therapeutic
opportunity is large, given that interventions
in COPD have proven efficacy in reducing
symptoms and exacerbations, improving
functional status and quality of life, and
reducing premature mortality (11). They are
also cost-effective when used for clinically
significant COPD in high-income settings
(2). Although the evidence for such
interventions in LMIC settings is much less
robust, extrapolating the benefit would
suggest real potential to significantly mitigate
the morbidity, premature mortality, and
costs associated with COPD in LMICs.

PR is a combined exercise and
education class for people living with
respiratory disease, typically delivered face-
to-face for groups in an outpatient setting,
and it has shown clinically significant

improvements in symptoms, health status,
and exercise capacity (19). Despite these
benefits and evidence of successful pilot
implementation projects in LMICs (20),
significant barriers to wider introduction
remain (21), such as awareness, facilities,
and staff training.

Smoking cessation remains a key
intervention for people living with COPD
who continue to smoke and the only
intervention definitively shown to reduce the
subsequent rate of lung function decline (22).
Access to treatment for tobacco addiction in
LMICs is variable (23). Opportunities to
mitigate COPD in LMICs also require
addressing occupational and domestic air
pollution, although the evidence of benefit
from clean-cookstove interventions remains
limited by the absence of longer term studies
(24). The benefits of smoking cessation and
clean air initiatives at a population level, in
addition to improving outcomes in those
with COPD, will reduce the burden of future
COPD (and other noncommunicable
diseases).

SABAs remain the treatment of choice
for short-term relief of breathlessness in
COPD (11), whereas the most frequently
indicated maintenance therapy would be
LAMA, or LABA-LAMA in the updated
GOLD document. LAMA and LABA-
LAMA improve symptoms and lung
function and reduce the risk of
exacerbations (25). LAMA has now been
added to theWorld Health Organization
Model Lists of Essential Medicines (26).
However, as we have previously reported,
this does not translate to an accessible and
affordable supply (6).

Missed therapeutic opportunities might
best be considered an evidence-practice gap,
which varies across settings and is associated
with the systemic inequities that drive
COPD. This emphasizes the need for further
implementation science research in this area
and for multilevel interventions that address
the social and structural determinants of
health that underlie gaps in care. Even where
LMIC-relevant guidelines exist, and they
often do not (4), there remain significant
challenges to effective implementation (7).
For example, considering those with the
most impactful (GOLDD and E) COPD,
even when people were accessing inhaled
maintenance therapy, in no case was this
aligned with GOLD recommendations.

Given that the majority of people with
COPD were undiagnosed and that only 6.4%

of those previously diagnosed were receiving
recommended pharmacotherapy, we are not
powered to examine differences by
participant characteristics. However, we note
that use of SABA was significantly more
common in those with a previous diagnosis
of asthma. A key finding of our analysis is the
high prevalence of undiagnosed COPD, with
this acting as a major barrier to the
introduction of effective interventions.
Underdiagnosis of COPD is not a problem
unique to LMIC settings and is well
described (27).

The strengths of our study are the
random (age- and sex-stratified) population
samples across three diverse sites and
comparison with both contemporaneous and
the latest GOLD guidance. There are also
limitations to our study. We did not have all
the available information that GOLD
considers necessary to judge the need for ICS
(e.g., blood eosinophil counts, although these
would generally be absent in clinical services
in community settings). We did not have
information on local PR or smoking
cessation services, including the costs of these
services or the costs of vaccines, but our data
suggest considerable need for these
interventions. Education costs could be
estimated from the hourly wage of local
healthcare workers, although there is no
standard COPD education program in
LMICs. Assessing cost-effectiveness is
not possible without knowledge of the
effectiveness of interventions, especially
long-acting bronchodilators in the context
of LMICs. Cost data in GOLD subgroups
should be interpreted with caution and have
high uncertainty because of the small
number of cases. It is not known whether use
of the mMRC dyspnea scale and CAT score
in people not previously known to have
COPD in LMICs have similar performance
characteristics to those with known
respiratory disease. Understanding how and
fromwhom themedicines used were obtained
among the small numbers who received
themwould be important future work.

In conclusion, we report significant
missed therapeutic opportunities to reduce
the burden of population screening–detected
COPD in three LMIC settings. The majority
of cases were undiagnosed. Although there
remains unmet need in developing novel
therapies for COPD, in LMIC settings
where the burden of COPD is greatest, better
diagnosis together with better access to
affordable nonpharmacological (e.g., smoking
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cessation, clean air initiatives, PR, and
vaccinations) and pharmacological
interventions (e.g., short- and long-acting
bronchodilators) could translate to
immediate benefit for individuals and
society. Addressing this will require a
system-level approach with coordinated
health-system strengthening between
policy makers, clinicians, transnational

organizations, and the pharmaceutical
industry.�
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