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ABSTRACT
Background Despite chronic obstructive pulmonary 
disease (COPD) being a major global cause of mortality 
and hospitalisation, it is often undiagnosed or inaccurately 
diagnosed in clinical settings.
Objective To systematically synthesise all peer- reviewed 
papers from primary healthcare settings that have 
reported data on: (1) undiagnosed COPD, that is, patients 
with respiratory symptoms and postbronchodilator 
airflow obstruction consistent with COPD, without a 
formal clinician’s diagnosis of COPD either documented 
in health records or reported by patients and (2) 
‘overdiagnosed COPD’, that is, clinician’s diagnosis without 
postbronchodilator airflow obstruction.
Methods Studies investigating these diagnostic metrics 
in patients from primary healthcare clinics (according to 
predefined inclusion/exclusion criteria) were sourced from 
Medline and Embase and assessed for bias (Johanna 
Briggs Institute tools for prevalence studies and case 
series). Meta- analyses of studies of adequate sample 
size used random effect modelling stratified by risk factor 
categories.
Results Of 26 eligible articles, 21 cross- sectional studies 
investigated 3959 cases of spirometry- defined COPD 
(with or without symptoms), and 5 peer- reviewed COPD 
case series investigated 7381 patients. The prevalence 
of spirometry- confirmed COPD without a diagnosis 
documented in their health records was 14%–26% in 
studies of symptomatic smokers (N=3). 1 in 4 patients 
taking inhaled therapies (25% (95% CI 22% to 28%), 
N=2) and 1 in 6 smokers irrespective of symptoms (16% 
(95% CI 14% to 18%), N=6) fulfilled diagnostic spirometry 
criteria but did not report receiving a COPD- related 
diagnosis. In an adequately powered series of COPD 
cases documented in primary healthcare records (N=4), 
only between 50% and 75% of subjects had any airflow 
obstruction on postbronchodilator spirometry performed 
by study researchers, therefore, COPD was clinically 
‘overdiagnosed’ in 25%–50% of subjects.
Discussion Although data were heterogeneous and 
of modest quality, undiagnosed COPD was common in 
primary healthcare, especially for symptomatic smokers 
and patients treated with inhaled therapies. In contrast, 

frequent COPD ‘overdiagnosis’ may represent treatment 
of asthma/reversible component or another medical 
diagnosis.
PROSPERO registration number CRD42022295832.

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Inadequate diagnosis of chronic obstructive pul-
monary disease (COPD) is common, however, pre-
vious reviews have only narratively synthesised the 
evidence and not focused on primary healthcare 
(eg, general practice) patient populations in the 
‘real world’; nor have they calculated the absolute 
proportions undiagnosed with clinical COPD in the 
community.

WHAT THIS STUDY ADDS
 ⇒ This first systematic review and meta- analysis of 
studies investigating COPD diagnosis in primary 
healthcare settings has documented the prevalence 
of undiagnosed COPD in 14%–26% of symptomatic 
smokers and in one- quarter of patients taking in-
haled therapies. In contrast, there was a 25%–50% 
prevalence of COPD ‘overdiagnosis’ where clinician- 
labelled patients having COPD did not have objective 
evidence of postbronchodilator airflow obstruction, 
also highlighting the known underutilisation of spi-
rometry globally.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ The summary prevalence estimates of undiagnosed 
(or unrecognised) COPD inform clinicians in primary 
healthcare of the potential opportunities to uncover 
COPD cases and implement secondary preventive 
strategies and other important aspects of COPD 
management. On the other hand, to minimise COPD 
‘overdiagnosis’ and prescribing of non- indicated 
inhaled therapies, patients first presenting with 
suspected COPD should be further investigated to 
elucidate the underlying true diagnosis.

http://bmjopenrespres.bmj.com/
https://www.brit-thoracic.org.uk/
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjresp-2022-001478&domain=pdf&date_stamp=2023-04-20
http://dx.doi.org/10.1136/bmjresp-2022-001478
http://dx.doi.org/10.1136/bmjresp-2022-001478
http://dx.doi.org/10.1136/bmjresp-2022-001478
http://orcid.org/0000-0001-7034-0615
http://orcid.org/0000-0002-9954-0538
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INTRODUCTION
Accurately diagnosing chronic obstructive pulmonary 
disease (COPD)—a leading cause of global mortality1 
non- fatal respiratory health burden and risk of lung 
cancer2—is needed for optimal disease management. As 
the most widely used strategic report for COPD manage-
ment, the Global Initiative for Chronic Obstructive Lung 
Diseases (GOLD) states that the presence of postbron-
chodilator (post- BD) airflow obstruction is mandatory for 
establishing the diagnosis of COPD.3 Clinical suspicion 
is raised in patients who have respiratory symptoms (eg, 
shortness of breath, chronic cough or sputum produc-
tion, recurrent lower respiratory tract infections) and/
or a known risk factor (eg, history of smoking ≥10 pack- 
years, occupational exposure to vapour/gas/dust/fumes, 
familial COPD or low birth weight). Other local guide-
lines may be subtly different, but in general concern adult 
patients (>35–40 years) with respiratory symptom(s), a 
known risk factor and for whom post- BD spirometry is 
recommended to confirm the clinical diagnosis.4–7

The recent Lancet Commission has re- emphasised 
spirometry as the first confirmatory test to guide diag-
nosis,8 but its consistent underuse remains a global 
problem.9 For many patients with COPD, the diagnosis 
is first made after admission to hospital during an acute 
exacerbation,10–12 usually when there has already been 
substantial lung damage and chronic treatments are 
poorly effective. Concerningly, opportunities for these 
symptomatic patients to have the diagnosis confirmed at 
an earlier stage are commonly missed13 so their COPD 
has potentially remained unrecognised for many years. 
Conversely, symptomatic individuals may be managed as 
having COPD but do not have obstructed spirometry—
this has been termed ‘COPD overdiagnosis’ by the respi-
ratory field.14

Narrative reviews have attempted to contextualise 
the magnitude of these diagnostic issues globally.15–17 
However, these reviews mainly focused on studies 
surveying participants from general community popu-
lations when there was some uncertainty as to whether 
such people had the opportunity to be assessed by a clini-
cian from a healthcare service to confirm the diagnosis.18 
The reviews also did not focus on the absolute propor-
tions of subjects undiagnosed in the whole population 
sample who had spirometry- defined COPD measured 
by researchers but no clinician diagnosis of COPD on 
their health record and/or by self- report. Nor did they 
separate this metric from relative COPD underdiagnosis 
among only subjects with spirometry- defined COPD, 
which could seem inflated in the setting of a relatively 
low COPD prevalence. To illustrate both underdiagnosis 
figures, for a primary healthcare (PHC) population 
in which the prevalence of spirometry- defined COPD 
turned out to be 6.0%, if 95% of the 6.0% were undi-
agnosed (relative underdiagnosis), then this means that 
5.75% of that PHC population did not have a clinician 
diagnosis of COPD (absolute percentage undiagnosed).19

Furthermore, previous reviews15–17 did not investi-
gate the hypothesis that high- risk populations such 
as smokers, and those on inhaled medicines and/or 
who have respiratory symptoms may differ in their esti-
mates of COPD underdiagnosis and overdiagnosis. It is 
important to estimate the prevalence of undiagnosed 
COPD within these at- risk populations to better under-
stand the potential extent of undermanaged disease in 
patients of PHC settings. While conversely, the occur-
rence of COPD ‘overdiagnosis’ highlights the issues of 
empirically treating patients and risk of prescribing non- 
indicated medicines.

Therefore, using post- BD airflow obstruction as 
the mandatory criterion to establish a diagnosis of 
COPD,3 20 our overall aim was to systematically synthesise 
the evidence in peer- reviewed publications from PHC 
settings to quantify the issues of COPD underdiagnosis 
(absolute and relative proportions) and COPD overdiag-
nosis. Specifically, we aimed to estimate the prevalence 
of: (1) undiagnosed COPD in the whole samples based 
on the presence of post- BD airflow obstruction, and 
in the presence of respiratory symptom(s) and/or risk 
factor(s); (2) relative COPD underdiagnosis only among 
those found by researchers to have spirometric evidence 
of COPD and (3) COPD ‘overdiagnosis’ in patients 
labelled as having COPD, but without airflow obstruction 
on post- BD spirometry. We also aimed to describe the 
characteristics of participants who were underdiagnosed 
and/or overdiagnosed, where such data were available.

METHODS
A systematic review protocol was developed and regis-
tered in PROSPERO: the international prospective 
register of systematic reviews (registration number 
CRD42022295832).21 The Preferred Reporting Items for 
Systematic Reviews and Meta- Analyses checklists and flow 
diagram were used for reporting.22 The research question 
was formulated using the SPIDER tool: Sample (general 
practice populations); Phenomenon of Interest (COPD 
prevalence and its underdiagnosis and overdiagnosis); 
Design (either cross- sectional prevalence study or COPD 
case series); Evaluation (proportions underdiagnosed 
and overdiagnosed) and Research type (quantitative).

Search strategy
Two electronic databases, Medline (OVID) and Embase, 
were systematically searched up to 4 January 2022. The 
search strategy was codeveloped with an experienced 
librarian consisting of MeSH terms and keywords for 
“COPD”, “under- diagnosis”, “over- diagnosis” and “misdi-
agnosis” including synonyms and acronyms (online 
supplemental methods S1). Summary tables and refer-
ence lists in articles were manually searched for further 
eligible studies. The inclusion and main exclusion criteria 
were developed based on the knowledge gaps identified 
and the most widely accepted method for confirming 
a COPD diagnosis, that is, fixed airflow obstruction on 

https://dx.doi.org/10.1136/bmjresp-2022-001478
https://dx.doi.org/10.1136/bmjresp-2022-001478
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post- BD spirometry. We excluded non- English papers 
(given time constraints/costs) and conference abstracts 
(given limited information and inability to perform 
detailed risk assessments).

Inclusion criteria
 ► PHC (ie, general practice, family health, community 

health) settings.
 ► COPD defined using post- BD spirometry as the 

diagnostic criterion; synonymous with the term 
‘spirometry- defined COPD’.

 ► Study contained at least one prevalence estimate of 
COPD underdiagnosis/overdiagnosis/misdiagnosis 
including:
1. Prevalence undiagnosed among those found by 

researchers to have spirometry- defined COPD 
(also referred to as COPD underdiagnosis).

2. Prevalence overdiagnosed among those labelled by 
the treating clinician as having COPD, but without 
obstructive post- BD spirometry when tested by 
researchers.

Exclusion criteria
 ► Post- BD forced expiratory volume in 1 s (FEV1)/

forced vital capacity (FVC) not presented or was not 
the diagnostic criterion.

 ► Not a PHC setting (ie, general population, specialised 
populations, specialised clinics or hospital settings).

 ► Study analysed prior to 2001 (first publication of 
GOLD guidelines).20

 ► Narrative reviews, case reports, study design protocol 
or no primary data.

 ► Articles published in languages other than English.
 ► Animal experiments, conference abstracts and 

unpublished studies.

Article selection
Following duplicate- publication removal, two authors 
(SWSY and JP) independently screened all titles and 
abstracts in Covidence systematic review software.23 
Articles selected for full- text review were retrieved and 
assessed against the inclusion/exclusion criteria (SWSY 
and NSI). All disagreements were resolved through 
discussions between SWSY, NSI, NW and JP.

There were efforts to include all available studies where 
prevalence data were reported, even if COPD underdi-
agnosis and/or overdiagnosis was not the main research 
question.

Quality assessment
The quality of included articles was assessed using the 
Johanna Briggs Institute (JBI) quality assessment tool 
checklist for the methodology of prevalence studies24 and 
case series.25 These tools enabled the identification of 
poorer quality studies across specific categories including 
sampling frame and recruitment, sample size, measure-
ment reliability and clarity of reporting. A calculation was 

performed to assess the adequacy of the sample size used 
to estimate COPD prevalence, which could bias the esti-
mates.26 27

Data extraction (and calculations)
Two authors (SWSY and JP) independently extracted 
and discussed the following information from the 
papers selected: first author, publication year, study 
name, country, study design, participant number and 
% of eligible, sampling/selection, number/type of PHC 
clinics/general practices, gender/sex/age, prevalence of 
spirometry- defined COPD, prevalence of undiagnosed 
COPD in the study population and also relative to those 
found to have spirometry- defined COPD, prevalence 
overdiagnosed in those labelled with COPD and quali-
tative descriptions of characteristics of those underdiag-
nosedor overdiagnosed, where available.

While many underdiagnosis/overdiagnosis figures 
could be directly extracted from the individual studies 
themselves, some figures needed to be calculated from 
the data reported (as indicated in tables). SWSY and JP 
calculated the absolute prevalence of undiagnosed COPD 
from the entire population studied (see definitions). 
Furthermore, the percentage diagnosed was calculated 
to be 100% minus the percentage of COPD underdiag-
nosis (ie, 25% relative undiagnosed would equate to 75% 
diagnosed accurately).17 Contact with authors of eligible 
studies was not required for this purpose.

After preliminary data extraction, the studies were clas-
sified by design. The cross- sectional prevalence studies 
were further divided into the following broad risk- 
indicator categories given the heterogeneity: adults ≥40 
years, smokers with symptoms, smokers irrespective of 
symptoms, respiratory symptoms irrespective of smoking 
and other high- risk groups. These factors were important 
to consider as they highlighted subsets of individuals who 
were more prone to developing COPD or potentially 
being prescribed non- indicated therapies.

Definitions used to extract data from research studies*
Prevalence of spirometry-defined COPD

 
# of people with spirometric evidence∗ of post−BD airflow obstruction

(
AO

)
Total subjects with full data   

Prevalence of undiagnosed COPD in entire study population 
(absolute proportion)

 

# of people with spirometric evidence∗ of post−
BD AO not known to participant or health records

Total subjects with full data   

Prevalence of underdiagnosis in those with spirometry-defined 
COPD (relative proportion)

 

# of people with spirometric evidence∗ of post−
BD AO not known to participant/health records

# of people with spirometric evidence∗ of post−BD AO  
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Prevalence of ‘overdiagnosis’ in those with a prior clinician’s 
diagnosis of COPD

 

# of people without spirometric
evidence∗ of post−BD AO

# of study participants being
managed as having COPD by clinician   

Consistent with global guidelines,20 post- BD spirom-
etry defined the lung function feature of COPD based 
on FEV1/FVC ratio, either using a fixed cut- off of 0.720 
and/or lower limit of statistical normal (LLN). Clinical 
COPD was further defined by a combination of post- BD 
airflow obstruction and respiratory symptom(s)±known 
risk factor(s).20

Data analysis
Statistical analysis used the ‘metaprop’ command28 within 
Stata SE V.16 software (Stata), which required data on 
percentage, case numbers and total subject numbers for 
the prevalence figures studied.

A meta- analysis was conducted using random effect model-
ling stratified by risk factor categories. While overall and 
subgroup estimates with 95% CIs were calculated, a pooled 
estimate was only reported if the degree of heterogeneity (I2) 
was <75% or if the 95% CI of all studies within a risk category 
clearly overlapped. Studies that had smaller sample sizes than 
those expected to estimate COPD prevalence accurately were 
omitted in a sensitivity analysis and these forest plots have 
been presented. These calculations26 27 performed as part of 
the risk- of- bias assessment (JP), retrospectively looked at the 
number of participants required to observe the prevalence 
found by the study researchers with a predefined precision.

Patient and public involvement
Patients or the public were not involved in the design, 
conduct, reporting or dissemination plans of this research.

RESULTS
Of 1294 titles and abstracts screened, 207 full- text articles 
were reviewed, and 181 records excluded based on inclu-
sion/exclusion criteria (figure 1). Of 26 remaining arti-
cles, 21 were cross- sectional prevalence studies with 3959 
cases of spirometry- defined COPD from a total of 19 423 
subjects tested.19 29–48 Just one additional study was iden-
tified from a manual search of the articles,39 and another 
was excluded as spirometry was part of the diagnostic 
workup and informed the clinician’s diagnosis.49 All 21 
articles provided data on undiagnosed COPD, while 
9 also provided data on COPD ‘overdiagnosis’. There 
were eight studies assessing patients with symptoms and/
or taking inhaled therapies (table 1), seven assessing 
spirometry- defined COPD in adult smokers irrespective 
of symptoms (table 2), four in patient populations ≥40 
years (online supplemental table S1), one reporting on 
a registry and another which assessed higher- risk patients 
identified by a screening survey (table 2). In addition, 
there were 5 COPD case series reporting 7381 confirmed 
cases from 10 142 unique subjects,50–54 which provided 
data related only to COPD ‘overdiagnosis’ (table 3).

Description of studies
Study origin
Of 21 cross- sectional prevalence studies, 10 were 
from Europe/UK,19 30 33 34 37 39–41 44 46 3 from South 
America,31 36 47 2 from Australia,29 35 2 from Asia,32 38 2 
from North America,42 43 and 2 from Scotland and the 
USA45 48 (online supplemental figure S1). Of five COPD 
case series, two were from Europe/UK,50 54 two from 
Australia52 53 and one from the USA.51

Ages of participants
Almost all studies recruited adults aged ≥40 years (N=23), 
with an averaged mean study age of 59.1 years (95% CI 
47.9 to 68.5, range 46.8–72 years).

Diagnostic criteria
All studies used the GOLD criterion for post- BD spirom-
etry to define COPD (ie, FEV1/FVC<0.7), except one 
cross- sectional study from Poland which used the FEV1/
FVC<LLN criterion.44 The source of doctor diagnosis for 
symptomatic patients and COPD case series/registries 
was health records. This contrasts with patient- reported 
diagnoses in studies of smokers (irrespective of symp-
toms), and mixed reporting for other risk categories. 
This and the adequacy of the sample size are summarised 
in online supplemental figure S2.

Figure 1 PRISMA flow diagram.22 BD, bronchodilator; 
COPD, chronic obstructive pulmonary disease; FEV1, 
forced expiratory volume in 1 s; FVC, forced vital 
capacity; GOLD, Global Initiative for Chronic Obstructive 
Lung Diseases; PRISMA, Preferred Reporting Items for 
Systematic Reviews and Meta- Analyses.

https://dx.doi.org/10.1136/bmjresp-2022-001478
https://dx.doi.org/10.1136/bmjresp-2022-001478
https://dx.doi.org/10.1136/bmjresp-2022-001478
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COPD underdiagnosis
Absolute proportion of undiagnosed COPD within the total 
population sample
The baseline prevalence of spirometry- defined COPD 
in all cross- sectional studies (N=21) was variable 
(online supplemental figure S3). The proportion of 
spirometry- defined COPD that was undiagnosed in these 

population samples substantially varied by risk category 
(I2=97.1%, figure 2). For three adequately sized studies 
of symptomatic smokers, 14%–26% of these patients 
had spirometry- confirmed COPD which was not docu-
mented in their health records, that is, they had clin-
ical COPD defined by post- BD airflow obstruction and 
symptom(s)±risk factor(s).20 This was especially more for 

Figure 2 Undiagnosed patients with postbronchodilator airflow obstruction in the total population studied (ES) relating 
to cross- sectional prevalence studies of sufficient sample size, grouped by risk categories. A pooled estimate was only 
reported in the main text if the degree of heterogeneity (I2) was <75% or if the 95% CIs of all studies within a risk category 
clearly overlapped. Undiagnosed clinical COPD could be confirmed in the subgroups of symptomatic persons (ie, smokers 
with symptoms or with symptoms/risk factors) and registries, and these patients did not have a diagnosis of COPD listed in 
their primary healthcare record. The abbreviation of ‘N’ refers to the total number of participants in the study. COPD, chronic 
obstructive pulmonary disease.
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smokers who had only a clinician diagnosis of chronic 
bronchitis (25.6%, 95% CI 23.2% to 28.1%), that is, a 
concurrent COPD diagnosis was not documented in a 
quarter of medical records.43 Furthermore, undiagnosed 
COPD was seen for 27.5% of smokers who were treated for 
a recent lower respiratory tract infection (95% CI 20.7 to 
35.5, n=38/138), although this study was excluded from 
the forest plot in the sensitivity analysis given the small 
sample size.40 Notably, 14.2% (95% CI 11.5% to 15.7%) 
of subjects in one Australian study had their COPD undi-
agnosed, despite attending a PHC clinic at least twice 
within the last 12 months.29

For studies of smokers who had spirometric evidence 
of COPD (irrespective of symptoms) but did not report 
receiving a diagnosis, the pooled prevalence estimate 
was 16% (95% CI 14% to 18%, I2=73.5%, figure 2). This 
contrasted with studies of patients taking inhaled thera-
pies for obstructive lung diseases in which COPD and/or 
fixed airflow obstruction in people with asthma was undi-
agnosed in 25% (95% CI 22% to 28%, I2=n/a, figure 2).

Relative proportion underdiagnosed among only those with 
spirometric evidence of COPD
Compared with general populations of adults >40 years, 
overtly at- risk populations with a higher prevalence of 
COPD confirmed by the researchers’ post- BD spirometry 
(online supplemental figure S3) generally had a lower 
proportion of subjects who were underdiagnosed (online 
supplemental figure S4 and associated text). Even so, 
more than half of the symptomatic adults shown to have 
spirometry- confirmed COPD in these studies did not 
have the diagnosis entered in their health records, that 
is, 52%–63% were underdiagnosed despite having symp-
toms, and 37%–48% were formally diagnosed.29 46 Over 
one- third of Norwegian subjects listed on an asthma- 
COPD registry who were found to have post- BD airflow 
obstruction by researchers did not have a current clini-
cian diagnosis of COPD (36.2%).39

Of these studies, seven reported quantitative data 
on participant characteristics of patients undiagnosed 
compared with those doctor diagnosed (online supple-
mental table S2). Having fewer respiratory symp-
toms,29 30 36 37 42 as well as milder disease (ie, better FEV1/
FVC),29 31 were consistent features for underdiagnosis. 
Predisposing features also included younger age,29 30 37 
fewer pack- years,37 but paradoxically, also those currently 
smoking.29 30

COPD ‘overdiagnosis’
Prevalence of absent post-BD airflow obstruction among those 
labelled with COPD
From eight heterogeneous cross- sectional studies of 
adequate sample size, six reported 26%–52% of patients 
did not have post- BD airflow obstruction on spirom-
etry, despite probable intent to manage for COPD 
(online supplemental figure S5). The other two indi-
vidual studies included one Spanish study which had a 

predominance of male smokers (84%) and reported the 
lowest proportion ‘overdiagnosed’ (15.7%).33 The other 
was an Austrian general adult population study which 
considered patient self- reported chronic bronchitis/
emphysema as COPD. It adopted a stricter spirometric 
cut- off criterion (GOLD stage II with FEV1<80%20 which 
could explain why it reported the highest proportion 
‘overdiagnosed’ (77%).34

The baseline prevalence of spirometry- confirmed 
COPD among the adequately powered COPD case series 
varied between 50% and 75%.50 52–54 Therefore, 25%–50% 
of these patients had no evidence of airflow obstruction 
on post- BD spirometry and would be considered ‘overdi-
agnosed’ (table 3 and online supplemental figure S6). 
Two of the prevalence studies also investigated a trial of 
4–6 weeks of inhaled corticosteroid (ICS)- combination 
inhalers and documented a normalisation of post- BD 
airflow obstruction in 16%–19% of treated patients.33 37

Quantitative data on predisposing factors for ‘overdi-
agnosis’ (online supplemental table S3) suggested such 
participants had fewer symptoms,42 52 were prescribed 
less respiratory medication,48 younger52 53 and more 
obese than those who had post- BD spirometric airflow 
obstruction.50 52

Risk of bias: JBI critical appraisal tools
All studies used valid identification methods, that 
is, post- BD spirometry, appropriate definitions and 
population- specific reference values. However, the overall 
quality was moderate at best, since 17 of 26 studies did 
not satisfy at least 1 of the required criteria. Specifically, 
some cross- sectional prevalence studies (online supple-
mental table S4) had limited sampling frames,19 33 41 44 46 
recruited convenience samples,19 30 35 36 43 had low recruit-
ment rates,29 35 42 46 48 an inadequate sample size to accu-
rately estimate COPD prevalence,30 40 41 47 used a combi-
nation of microspirometry and spirometry29 or the prev-
alence figures for COPD underdiagnosis were difficult to 
find.19 34 41 43 Only one prevalence study provided 95% 
CIs33; another reported that most testing staff were not 
trained.29 Similarly of the five COPD case series (online 
supplemental table S5), three recruited participants in 
a non- consecutive manner52–54 and another was under-
powered to estimate true COPD prevalence.51 Further 
details including the sample size estimations are reported 
in online supplemental results S4. None of the studies 
were excluded from this review based on low quality; 
however, those with small sample sizes relative to COPD 
prevalence were part of a sensitivity analysis and were not 
shown in the illustrative forest plots. Their absence made 
little difference to the message.

DISCUSSION
Our systematic review has found that both undiagnosed 
and ‘overdiagnosed’ COPD were common in PHC 
settings when COPD was defined by post- BD airflow 
obstruction20 as determined by the study researchers. For 
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the first time, we have reworked the definition of undi-
agnosed COPD to estimate that 14%–26% of all sympto-
matic smokers attending a PHC clinic have spirometry- 
confirmable COPD which was not documented in their 
health records. This review also estimates that one in 
four patients taking inhaled therapies have fixed obstruc-
tive lung function consistent with COPD that was not 
formally documented by the treating clinician35 and/or 
recognised by the patient.48 While knowledge of the rela-
tive prevalence of undiagnosed COPD is difficult to trans-
late to a clinical context, we estimated that less than half 
of symptomatic adults who had spirometry- confirmable 
COPD had this diagnosis entered into their medical 
records.

In contrast, around 25%–50% of people labelled or 
managed as having COPD had no airflow obstruction 
on spirometry when tested by study researchers, which 
has been described by the field as COPD ‘overdiag-
nosis’. Quotation marks were used as spirometry is rela-
tively insensitive at detecting COPD in its early stages,55 
so it is possible that some patients taking corticosteroid 
(ICS)- combination inhalers could have been treated for 
chronic airflow limitation at this potentially reversible 
stage33 37 56 and this needs testing in prospective trials. 
Although the studies included in this review were limited, 
heterogeneous and variable in quality, the findings raise 
important issues around the accuracy of COPD diagnosis 
in PHC settings.

Undiagnosed COPD is common in at-risk populations
In this review, we have shown that many symptomatic 
smokers who had attended their PHC clinic even multiple 
times within the last 12 months,29 had spirometry- 
confirmable COPD that was not documented by their 
treating clinician. However, the exact reasons for their 
attendances and whether they were treated with inhaled 
therapies were not specified. In another small study, a 
quarter of smokers treated for a recent lower respiratory 
tract infection had undiagnosed COPD,40 and we note 
some major guidelines suggest that recurrent infections 
should raise clinical suspicion for COPD.3 4

While under- reporting can occur if individuals 
normalise their symptoms as simply a ‘smokers’ cough’ 
or ‘old age’,57 our findings likely reflect an underinter-
rogation and/or investigation of COPD by clinicians 
for this high- risk group. It is possible that many primary 
care clinicians are unaware that adults with undiagnosed 
COPD are at much higher risk for acute exacerbations, 
pneumonia or death, even if they are asymptomatic.58 
Confirmation of a COPD diagnosis with spirometry 
has been associated with fewer hospital admissions and 
reduced COPD- related mortality,59 most likely because 
of more appropriate clinical management. Importantly, 
we highlight at- risk groups of patients in PHC for whom 
COPD is commonly unrecognised and an accurate diag-
nosis might well improve health outcomes.

Internationally recognised experts,60 expert bodies61 62 
and guidelines4–7 20 advocate for active COPD case- finding 
by objectively testing high- risk groups. While system-
atic case- finding by inviting smokers to undergo serial 
spirometry has potential to be cost- effective,63 64 in prac-
tice, clinicians tend not to record patients with less severe 
symptoms/disease within a COPD registry65 which would 
facilitate best practice care.

COPD ‘overdiagnosis’ is a complex issue
Several studies and quality improvement activities from 
PHC settings in both high- income66–68 and low- income 
and middle- income countries (LMICs)69 have shown 
that fewer than 40% of patients labelled as having 
COPD had had their diagnosis confirmed objectively by 
spirometry, that is, with likely substantial overdiagnosis. 
This is consistent with large numbers of patients being 
prescribed respiratory medicines including BD on a 
presumption that they have COPD.70 Interestingly, a large 
randomised controlled trial of symptomatic smokers with 
no airflow obstruction on spirometry found symptoms 
were improved similarly in both treatment and placebo 
arms (56.4% improved following 12 weeks of dual BD 
therapy compared with 59.0% taking a placebo).71 This 
suggests that symptoms can vary over time,55 and this 
treatment itself has limited efficacy for such patients.

Given the potential for diagnostic confusion, clinicians 
may undertreat other medical conditions such as asthma, 
heart failure72 and/or bronchiectasis. Symptoms such as 
wheezing, breathlessness and cough/sputum are non- 
specific and overlap with those of COPD. This is also the 
case for people who are obese and present with breath-
lessness on exertion.50 52 While we cannot elucidate the 
true reasons why the studied patients may have been 
‘overdiagnosed’, this systematic review has highlighted 
issues of empirically treating early COPD and the poten-
tial for inappropriate prescribing of medicines.

Underutilisation of objective testing: a global problem
A central issue to both COPD underdiagnosis and over-
diagnosis35 45 46 52 53 is the underuse of objective testing,20 
when spirometry performed well is diagnostic, reliable 
and non- invasive. However, even in the pre- COVID- 19 
era, access to this point- of- care test was limited in many 
PHC settings for multiple reasons. These included a lack 
of testing expertise and training, time allocation and/
or low financial incentives. In addition, uncertainty in 
interpreting spirometry can be a major barrier to best 
practice.73 In these situations, establishing an accurate 
diagnosis, therefore, currently relies on the availability of 
laboratory- based spirometry, but long waiting lists, out- of- 
pocket expenses and excessive travel time/distances are 
often barriers. This is especially so in LMICs.74

Potential facilitators of improved guideline adher-
ence could include professional development for 
doctors and practice nurses, integrating lung function 
testing reminders into electronic health records and/or 
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developing decision support technology and algorithms 
to increase awareness and instil confidence in clinicians 
to test and more accurately assess patients.75 However, 
these initiatives would only partly address the additional 
clinician- based factors of: over- reliance and/or ‘overcon-
fidence’ in clinical- only diagnostic skills76; mislabelling in 
hospital discharge summaries being carried forward into 
a PHC diagnosis; and frequently an attitude of nihilism73 
and viewing the spirometer as a means of convincing the 
patient to stop smoking rather than a tool to aid accurate 
diagnosis.35

While local diagnostic protocols may differ between 
geographical regions, PHC services and stages of the 
SARS- CoV- 2 pandemic77 a detailed discussion of these 
protocols is beyond the scope of this review but is unlikely 
to change the clinical picture presented. However, we 
note that all studies included in this review were from the 
pre- COVID- 19 era. During the pandemic, the number of 
primary care spirometry tests in particular fell dramati-
cally from prolonged disruptions that has now led to 
the deskilling of staff with probable loss of confidence 
in performing spirometry. This has only been partially 
reversed in the ‘living- with- COVID- 19’ era78 due to 
ongoing concerns about the potential spread of SARS- 
CoV- 2 virus to healthcare workers and patients through 
performing spirometry which can generate aerosol drop-
lets, especially by inducing coughing.79 80

Professional societies have provided evidence- based 
protocols of infection prevention control for spirometry 
testing at the point of care in PHC settings that include 
adequate ventilation in testing spaces, cleaning of room 
and equipment, single- use in- line antimicrobial filters 
and full personal protective equipment.79–83 Complying 
with the ventilatory requirements can be particularly diffi-
cult as most practices do not have the resources or exper-
tise to estimate the adequacy of ventilation provided, and 
rooms may need to be reconfigured or else vacated for 
a period between testing patients. Together with staff 
re- engagement and retraining, the costs associated with 
these COVID- 19 safe protocols can be prohibitive in PHC 
services. This poses a serious new challenge for primary 
care clinicians when trying to follow clinical pathways 
that align with the recommendations of COPD guide-
lines,4–7 20 given that access to public and private respi-
ratory laboratories can be limited by either availability 
or patient out- of- pocket expenses, respectively. A poten-
tial way forward is developing prediction tools that risk- 
stratify patients,8 84 and/or establishing diagnostic ‘hubs 
or hublets’ to provide a good- quality diagnostic spirom-
etry service at a local network level in the community.81 85

Strengths and limitations
This first systematic review has intentionally studied ‘real- 
world’ PHC clinic samples, employing a widely accepted 
objective diagnostic criterion for confirming a COPD 
diagnosis,20 while minimising the confounding potential 

of predominant asthma if only pre- BD spirometry was 
assessed.

We acknowledge that excluding articles published 
only in languages other than English at the title/abstract 
phase may have missed some evidence and could have 
limited the generalisability of findings. We also could not 
directly assess the included studies for publication bias, 
as there is no well- accepted equivalent of a funnel or 
Egger’s plot for prevalence studies. However, our sample 
size calculations confirmed that approximately one- fifth 
of studies (n=5) had been published despite low subject 
numbers.26 27

The risk of bias was at least moderate, with substantial 
heterogeneity between included studies such that pooled 
estimates were uncommonly reported. In all but two 
studies,19 31 the age spectrum of COPD was not consid-
ered, despite COPD being more common in the elderly. 
There were only limited studies from Asia and none from 
Africa, so the findings should not be generalised to these 
continents and more research is needed there.

SUMMARY
In this systematic review, we have estimated the abso-
lute proportions of undiagnosed spirometry- confirmed 
COPD (ie, symptomatic patients who were not docu-
mented by primary care clinicians to have COPD but 
had post- BD airflow obstruction when studied) and thus 
the potential extent of disease undermanagement in 
PHC patient populations based on their underlying risk 
profiles. Furthermore, this review has revealed that many 
patients who do not have spirometric evidence of COPD 
when studied have a clinical label of COPD in their 
health record. Other than a lack of spirometry to confirm 
or refute a COPD diagnosis accurately, potential explana-
tions also include clinicians not accurately documenting 
patient diagnoses in the PHC health record, patients not 
recalling receiving their COPD diagnosis accurately, and 
patients being already treated prior to spirometry.

Nonetheless, this review highlights that underdiagnosis 
and overdiagnosis of COPD is a complex and multifac-
eted problem, and the magnitude of this issue is expected 
to worsen given even further reductions in spirometry 
use post- COVID- 19. There is an underlying need for 
greater awareness and action by both at- risk patients and 
healthcare providers about reporting and documenting 
symptoms and then objectively investigating for a poten-
tial COPD diagnosis. However, more robust scientific and 
economic evidence of benefit of earlier diagnosis is also 
needed for public health systems to increase funding and 
support that might improve the culture of active case- 
finding for COPD and enhance use of spirometry in PHC 
settings.
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