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Purpose: Spirometry is necessary to confirm COPD, but many patients are diagnosed based 
on clinical presentation and/or chest x-ray. There are also those who do not present to 
primary care for case finding and remain undiagnosed. We aimed to identify: (a) factors 
that are associated with undiagnosed COPD; and (b) factors that are associated with 
a potential misdiagnosis of COPD.
Patients and Methods: This analysis used data from the Burden of Obstructive Lung 
Disease (BOLD), a cross-sectional study of community dwelling adults randomly selected 
from six study sites, chosen to provide a representative sample of the Australian population 
(n= 3357). Participants were grouped by COPD diagnostic criteria based on spirometry and 
self-reported diagnosis. Odds ratios for predictors of undiagnosed and misdiagnosed were 
estimated using logistic regression.
Results: Of the BOLD Australia sample, 1.8% had confirmed COPD, of whom only half 
self-reported a diagnosis of COPD. A further 6.9% probably had COPD, but were undiag-
nosed. The priority target population for case finding of undiagnosed COPD was aged ≥60 
years (particularly those ≥75 years), with wheezing, shortness of breath and a body mass 
index (BMI) <25kg/m2. The priority target population for identifying and reviewing mis-
diagnosed COPD was aged <60 years, female, with no wheezing and a BMI ≥25kg/m2.
Conclusion: Challenges continue in accurately diagnosing COPD and greater efforts are 
needed to identify undiagnosed and misdiagnosed individuals to ensure an accurate diagnosis 
and the initiation of appropriate management in order to reduce the burden of COPD.
Keywords: case finding, diagnosis, spirometry, epidemiology

Introduction
Chronic obstructive pulmonary disease (COPD) was the third leading cause of 
death worldwide in 2017.1 Therefore, preventive and management strategies need 
to be implemented to reduce this burden of disease. In Australia, the COPD-X Plan 
(Australia and New Zealand guidelines for the management of COPD), recommend 
a case finding approach to enable an earlier diagnosis of COPD.2 Case finding, in 
the Australian context, is defined as “the examination of an individual or group 
suspected as having, or at risk of, the condition”.3

There will be patients who do not present to primary care with respiratory 
symptoms, so they will not participate in a case finding review and will continue to 
remain undiagnosed.4 Remaining undiagnosed and untreated for COPD, potentially 
impacts on the patient’s quality of life and disease progression in those who 
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experience preventable exacerbations. Remaining undiag-
nosed may also impact on the opportunities for support 
and interventions for smoking cessation for those who 
continue to smoke.

Along with case finding those previously undiagnosed 
with COPD, there are also many patients diagnosed based 
on clinical presentation and/or chest x-ray, without spiro-
metry, potentially leading to misdiagnosis.5,6 In order to 
confirm COPD, spirometry is necessary. A misdiagnosis of 
COPD may result in patients being over-treated with 
costly and potentially inappropriate medications and may 
divert attention from the underlying cause(s) of their 
symptoms. Misdiagnosis may, in addition, impact patient 
quality of life as they have been (incorrectly) diagnosed 
with a progressive chronic illness that has no cure. It is, 
therefore, imperative to understand and address the factors 
that contribute to being either mis- or undiagnosed, so 
more accurate diagnoses can be made to improve quality 
of life, reduce the frequency of exacerbations, support 
smoking cessation, improve quality of life and ultimately 
aim to reduce the burden of COPD.

The aims of this analysis were to identify: (a) factors 
that are associated with undiagnosed COPD; and (b) fac-
tors that are associated with a potential misdiagnosis of 
COPD.

Methods
Sample
This analysis used data from BOLD Australia, which 
recruited non-institutionalised adults aged ≥40 years who 
were randomly selected from the electoral rolls in New 
South Wales, Victoria and Tasmania.7 Participants in 
Western Australia (WA) were recruited from census data 
in Broome or randomly from within the Busselton Health 
Study.7 The 12,526 individuals in the initial study sample 
were contacted by mail to participate and invited to tele-
phone for an appointment.7 After two weeks, potential 
participants were contacted by telephone as a follow-up 
and invited to participate.7 Further attempts to contact non- 
responders were undertaken via telephone and mail.7 Data 
collection was undertaken between 2006 and 2010.7 Data 
collection at each site was completed within 12 months, 
except for The Kimberley (WA) where data collection 
continued for four years due to the remoteness of the 
sites. Following previously published exclusion criteria 
(such as participants who were not contactable, <40 
years old, institutionalised, or unable to perform 

spirometry, refused, moved out of the area), the sample 
for this analysis comprised 3357 individuals 
(Supplementary Figure S1).7 More detailed information 
of sample selection has been published elsewhere.7

Description of Variables
All participants completed the BOLD core questionnaire 
that included details of smoking status, occupational expo-
sures, respiratory symptoms, inhaler use and demographics 
(Supplementary information S1).7 Specific comorbidities 
reported were asthma, hypertension, heart disease, dia-
betes, lung cancer and stroke. Moderate or severe exacer-
bation risk was assessed, as either high or low, using the 
GOLD 2019 definition. “High” was at least two presenta-
tions (to primary care) with worsening symptoms or at 
least one episode leading to hospital admission and 
“low” a maximum of one presentation (to primary care) 
with worsening symptoms.8 Socioeconomic status was 
reported as quintiles of Socio-Economic Indexes for 
Areas (SEIFA) from the Australian Bureau of Statistics 
(ABS) Census 2011, with one being the “most disadvan-
taged” and five being the “least disadvantaged”. Rurality 
was categorised as residing in major cities, inner regional, 
outer regional, remote or very remote areas of Australia.

Quality of life was reported as domain scores of the 
Short-Form (SF)-12 questionnaire.9 Computed physical 
and mental component summary scores (PCS, MCS) of 
SF-12 used US norms as no Australian norms were 
available.9 All study participants performed post- 
bronchodilator spirometry, according to the American 
Thoracic Society/European Respiratory Society standards, 
using the EasyOne spirometer (ndd Medizintechnik, 
Zürich, Switzerland) and all spirograms were reviewed 
for quality.7,10 The criteria for defining the presence of 
airflow obstruction, based on the value of the forced 
expiratory volume in 1 second (FEV1) and forced vital 
capacity (FVC) ratio (FEV1/FVC), were: (1) a fixed cut- 
off value (less than 0.70) or (2) the lower limit of normal 
(LLN), defined as the 5th percentile of the distribution. 
The LLN was calculated using the Global Lung Initiative 
(GLI-2012) tool, available from the European Respiratory 
Society.11

Spirometrically Defined Diagnostic 
Groups
Post-bronchodilator spirometry and self-reported diag-
noses were used to group participants. Due to the lack of 
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a “gold standard” criteria for defining COPD, we have 
defined COPD as those that met both the fixed cut-off 
(FEV1/FVC ratio < 0.70) and LLN criteria. The definitions 
of each group were as follows:12

● Confirmed diagnosis: Self-reported COPD diagno-
sis, post-bronchodilator FEV1/FVC below fixed 
cut-off and below LLN.

● Probably undiagnosed: Post-bronchodilator FEV1 

/FVC below fixed cut-off and below LLN. No self- 
reported COPD diagnosis.

● Probably misdiagnosed: Self-reported COPD diag-
nosis. Neither fixed cut-off nor LLN criteria met.

Data Analysis
Data analyses were conducted using Stata version 
15.113 with p-values less than 0.05 being considered 
statistically significant. The degree of overlap among 
all diagnostic groups was displayed graphically using 
an Euler diagram designed using eulerAPE.14 The dis-
tribution of demographic characteristics was examined 
overall and compared across the normal lung function, 
un-, mis- and confirmed diagnostic groups using 
Kruskal–Wallis tests.

In order to identify factors that might assist health 
professionals in identifying those with un- and misdiag-
nosed COPD, the undiagnosed group was compared to 
those with normal lung function and the misdiagnosed 
group was compared to those with a confirmed diagnosis 
of COPD. Multivariate logistic regression models were 
used to calculate adjusted odds ratios (OR) with 95% 
confidence intervals (CI). The inclusion of variables was 
guided by published literature, consideration of practical-
ities (that is, relative ease in identifying the patient factor-
(s) by health professionals) and included age, gender, 
smoking status, respiratory symptoms (cough, phlegm, 
wheeze and shortness of breath [SOB]) and BMI.4,6 

Potential differences between recruitment sites 
(Supplementary Table S1) were not considered in the 
model, as we aimed to produce single target populations 
(for un- and misdiagnosed COPD) for use Australia wide. 
Sensitivity analyses were also performed if diagnosis by 
fixed cut-off only and also excluding participants with 
self-reported asthma (Supplementary Figure S2, Tables 
S2–5). Receiver operating characteristic (ROC) curves 
were produced to assess the utility of the regression mod-
els (Supplementary Figures S3 and S4).

Ethical Review
This study was approved by the respective ethics commit-
tees of the participating universities and conformed to the 
Declaration of Helsinki. Each study site obtained informed 
participant consent as per site specific ethics approvals. 
Ethics approval for this analysis was received from 
Monash University Human Ethics Committee (application 
number 12000).

Results
Participant Characteristics
Of the 3357 participants included in the BOLD Australia 
sample, two were excluded from receiving a diagnostic 
group, as one had missing spirometry and one had missing 
data on ethnicity. One participant was aged 97 years and as 
the GLI-2012 reference equations have a maximum of 95 
years of age, we set the age to 95 years for this case in the 
GLI-2012 tool.11

The majority of participants had normal lung function 
(n=2736, 81.5%). Only 60 participants (1.8%) had a self- 
reported diagnosis of COPD and met both the fixed cut-off 
and LLN definition of airflow obstruction. The degree of 
overlap between all diagnostic groups is presented in Figure 1.

Of the 3355 participants, 233 (6.9%) had probably 
undiagnosed COPD, meeting both the fixed cut-off and 
LLN, but did not self-report a diagnosis of COPD 
(Table 1) and might therefore benefit from case finding 
review. When compared to those with normal lung func-
tion, the undiagnosed were older, more likely to be ever 
smokers, male, had lower mean percent predicted (GLI) 
FEV1, a higher prevalence of all respiratory symptoms, 
more inhaler use, a lower BMI and also had worse quality 
of life (lower SF-12 PCS and MCS) (Table 1).

There were 74 (2.2%) participants who had a self- 
reported COPD diagnosis, but did not meet either the 
fixed cut-off or LLN definition of COPD. These probably 
misdiagnosed, when compared to those with a confirmed 
diagnosis, were younger, more likely to be never smokers, 
female, had higher mean percent predicted (GLI) FEV1, 
a lower prevalence of respiratory symptoms and a higher 
BMI (Table 1). Those with BMI ≥25kg/m2 and BMI 
≥30kg/m2 corresponded to approximately 50% and 18% 
of the confirmed diagnosis group compared to 67% and 
36% of the misdiagnosed group.

Further characteristics across diagnostic groups and 
comparison between recruitment sites can be seen in 
Supplementary information S2, Tables S1 and S6 and S7 
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and Figure S3. And sensitivity analyses using fixed cut-off 
only and excluding those with known asthma can be seen 
in Supplementary Tables S2–5 and Figure S2.

Target Population for Case Finding and 
Diagnostic Review
The predictors of probably undiagnosed COPD (versus 
normal lung function) and probably misdiagnosed COPD 
(versus a confirmed diagnosis) are shown in Tables 2 and 
3. Compared to those aged less than 60 years, those older 
than 60 had higher odds of having undiagnosed COPD. 
Reporting wheeze was the strongest predictor of having 
undiagnosed COPD. Other predictors of undiagnosed 
COPD were being an ever smoker, SOB and BMI 
<25kg/m2. Predictors of probably misdiagnosed COPD 
were absence of wheeze and BMI of ≥25kg/m2. Females 
also had higher odds of being misdiagnosed. Those aged 
60 years or over had lower odds of being misdiagnosed 
compared to those under 60 years.

When using the fixed cut-off and self-reported diagno-
sis of COPD only, age is a much stronger predictor of 
undiagnosed COPD as, unlike the use of the LLN defini-
tion, the fixed cut-off does not take age into account 
(Supplementary Tables S2 and S3).

When participants with asthma were removed from the 
logistic regression models, in general, the coefficients 
were robust (Tables S4 and S5). In addition, in most 
cases, statistical significance of the covariates remained 
similar although in some cases, likely due to a reduction 
in statistical power, the p-values increased in the undiag-
nosed model (Table S4). After removing participants with 
asthma, for those probably misdiagnosed, females, and 
those without SOB, had statistically significant greater 
odds of being misdiagnosed with COPD (Table S5).

Discussion
Of the BOLD Australia sample who self-reported 
a diagnosis of COPD, one half had probably been mis-
diagnosed and less than one half had a spirometrically 
confirmed diagnosis. Approximately one in 15 participants 
were probably undiagnosed and met both the fixed cut-off 
and LLN criteria. Given the burden of COPD, there need 
to be efforts to increase case finding approaches in undiag-
nosed cases, and a diagnostic review of those who self- 
report COPD to identify those who have probably been 
misdiagnosed.

To ensure that health professionals can target appro-
priate patients, the undiagnosed were compared to those 
with normal lung function and the misdiagnosed were 

Figure 1 Euler diagram showing proportion of undiagnosed, misdiagnosed and confirmed COPD in the sample.
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compared to those with a confirmed diagnosis. Those with 
undiagnosed COPD may be most easily identified as older 
(especially over 75 years), with symptoms and normal 
BMI. These characteristics are comparable to those found 
in a recent pooled cohort study (n=6710; mean age 58 
years) that aimed to determine the prevalence of COPD 
in an analysis of former and current smokers in 

Denmark.15 People with these specific characteristics 
should be targeted in primary care and encouraged to 
participate in case finding review. Those with undiagnosed 
COPD also had lower levels of self-reported inhaler use, 
indicating that patients were not receiving treatment even 
in the presence of respiratory symptoms.

Those probably misdiagnosed with COPD may be 
most easily identified as females under 60 years of age, 
without wheeze but overweight/obese. Health profes-
sionals should ensure that patients with a documented 
history of COPD and these specific characteristics have 
the diagnosis objectively confirmed by post-bronchodilator 
spirometry to minimise misdiagnosis. A misdiagnosis of 
COPD may divert focus from the underlying cause(s) of 
the patient’s symptoms, such as cardiovascular disease or 
obesity, and expose patients inappropriately to costly and 
ineffective treatments. Previous studies have highlighted 
the need for an increase in the utilisation of spirometry in 
primary care, and our study further supports this need.5,6,16 

From our analyses and other literature, some symptoms 
may be due to obesity, increasing misdiagnosis amongst 
middle aged people who are overweight or obese.17,18 

Given that approximately two-thirds of the Australian 
adult population were overweight or obese in 2017–18, it 
may be particularly relevant to review the COPD diagnosis 
in this group.19

The prevalence of misdiagnosed COPD found in our 
study was comparable to other studies. A recent rando-
mised controlled trial that recruited participants with 
a smoking history, found that of patients managed in 
primary care with COPD, about one half had airflow 
obstruction (using fixed cut-off) and/or clinical findings 
consistent with COPD.20 Case finding and spirometry 
were able to identify a substantial number of participants 
with undiagnosed COPD.20 Our study confirmed these 
findings, but also included participants without a history 
of smoking, and used both the fixed cut-off or LLN 
method for confirming COPD, overcoming limitations of 
either method.

Wheeze was one symptom that predicted both undiag-
nosed COPD and misdiagnosed COPD, despite there being 
no statistically significant difference in the proportions of 
participants with asthma in each of these groups (Table 1, 
Supplementary Tables S4 and S5). A recent study that 
used respiratory symptoms to predict mortality in 
a cohort of older people, found that current smokers with 
wheeze had the shortest life expectancy compared to those 
with differing symptoms and smoking status.21 An 

Table 2 Predictors of Probably Undiagnosed COPD (versus 
Normal Lung Function)

OR 95% CI p-value

Age
● <60 years (reference) 1.00
● 60–75 years 2.07 1.49–2.87 <0.001
● ≥75 years 3.51 2.20–5.59 <0.001

Gender, male 1.27 0.93–1.72 0.13

Ever smoker 2.39 1.73–3.30 <0.001

Chronic cough 1.31 0.82–2.10 0.11

Chronic phlegm 1.24 0.73–2.08 0.42

Wheeze 4.01 2.94–5.47 <0.001

SOB 2.27 1.64–3.67 <0.001

BMI <25 kg/m2 2.66 1.92–3.67 <0.001

Note: Bold p-values indicate statistical significance. 
Abbreviations: BMI, body mass index; CI, confidence intervals; OR, odds ratio; 
SOB, shortness of breath.

Table 3 Predictors of Probably Misdiagnosed COPD (versus 
Confirmed Diagnosis of COPD)

OR 95% CI p-value

Age
● <60 years (reference) 1.00
● 60–75 years 0.42 0.13–1.32 0.14
● ≥75 years 0.42 0.10–1.68 0.22

Gender, male 0.33 0.12–0.90 0.03

Ever smoker 0.28 0.07–1.13 0.07

Chronic cough 1.69 0.55–5.18 0.36

Chronic phlegm 0.65 0.22–1.94 0.44

Wheeze 0.19 0.07–0.52 0.001

SOB 0.34 0.11–1.01 0.05

BMI <25 kg/m2 0.31 0.11–0.85 0.02

Note: Bold p-values indicate statistical significance. 
Abbreviations: BMI, body mass index; CI, confidence intervals; OR, odds ratio; 
SOB, shortness of breath.
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increased focus on patients who present to health profes-
sionals with wheezing may aid in identifying those with 
undiagnosed COPD, and those with other respiratory 
conditions.22

One of the main strengths of our study was that com-
parisons were made between different diagnostic groups, 
including those with normal lung function, enabling a case 
finding target population to be defined. Other studies have 
only considered the patient characteristics associated with 
different COPD diagnostic groups. A large proportion of 
these were cohort studies that included only patients with 
COPD (defined by various methods), preventing compar-
ison with patients with normal lung function.6,15,23–25 

Other strengths included that data were collected follow-
ing a standardised international protocol, the nationwide 
sample, large sample size and the use of both the fixed cut- 
off and LLN methods for determining airflow obstruction.

The criteria for diagnosing COPD are still debated, 
both in Australia and internationally, but there is agree-
ment that investigation should include post-bronchodilator 
spirometry with estimation of the FEV1/FVC ratio as an 
index of airflow obstruction.12,26 The choice of criteria, 
between fixed cut-off and LLN, has an impact on the 
diagnosis of COPD. These analyses include both criteria 
to overcome the known limitations of each - that using the 
fixed cut-off results in over-diagnoses of COPD in older 
people and that using the LLN results in over-diagnoses in 
younger people.27,28 Regardless of whether the fixed cut- 
off or LLN is used, the undiagnosed and the misdiagnosed 
groups could be targeted by health professionals to reduce 
the burden of COPD.

However, our study also had some limitations. The 
diagnostic groupings used were based on spirometry and 
self-reported COPD diagnosis. The groupings did not 
include an assessment of respiratory symptoms and/or 
other risk factors, as it could not be determined if the 
symptom(s) would have been reported to primary care 
health professionals.8 Despite the large sample size, 
some diagnostic groups had relatively few participants 
and therefore only a modest number of co-variates could 
be included in the analysis to determine predictors of un- 
and misdiagnosed COPD without significant increases to 
the uncertainty around the estimates obtained. 
Participants were also not a truly random sample of the 
Australian population, as study sites were not selected 
completely at random, although previous work used post- 
hoc weights to estimate prevalence rates for the 
Australian population.7 The overall response rate was 

low, potentially introducing a degree of selection bias, 
with those included in the analysis being younger and 
more likely to self-report a diagnosis of COPD than 
those who only reported minimal data.7 The self- 
reported diagnosis of COPD in the BOLD Australia sam-
ple was however comparable to the prevalence of COPD 
in the 2017–18 ABS National Health Survey (4.4% and 
4.8% respectively).29

More recent data with longitudinal analysis, linking 
lung function, symptoms, rurality, socioeconomic and 
other determinants of health, to outcomes such as exacer-
bations, quality of life and mortality will be valuable to 
identify targets and design interventions to reduce the 
burden of COPD.30,31 Further research into the outcomes 
of patients who have undiagnosed or misdiagnosed COPD 
(and compared with cases of confirmed COPD), would 
also be valuable.

Conclusion
One half of the BOLD Australia participants who reported 
a diagnosis of COPD had probably been misdiagnosed and 
significant numbers probably had undiagnosed COPD. 
Increased efforts by health professionals are needed to 
identify these un- and misdiagnosed individuals to ensure 
more accurate diagnoses are made and appropriate man-
agement and/or risk reduction strategies are offered. The 
need for increased and appropriate utilisation of spirome-
try in primary care is not new, but the ongoing need should 
be reinforced to all health professionals. This analysis 
provides potential criteria for identifying patients with 
undiagnosed and misdiagnosed COPD via targeted case 
finding and review in primary care, especially in patients 
with COPD-like symptoms that may be due to other con-
ditions. Further longitudinal research linking lung func-
tion, symptoms and other determinants of health to 
outcomes such as exacerbations, quality of life and mor-
tality would be valuable in reducing the global burden of 
COPD.
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index; BOLD, Burden of Obstructive Lung Disease; CI, 
confidence interval; COPD, chronic obstructive lung dis-
ease; CVD, cardiovascular disease; ERS, European 
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receiver operating characteristic; SD, standard deviation; 
SEIFA, Socio-Economic Indexes for Areas; SOB, short-
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