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Background: A significant proportion of patients with chronic obstructive pulmonary disease (COPD) remain
undiagnosed. Characterizing these patients can increase our understanding of the ‘hidden’ burden of COPD and

Methods: We conducted a systematic review and meta-analysis to compare patient and disease factors between
patients with undiagnosed persistent airflow limitation and those with diagnosed COPD. We searched MEDLINE
and EMBASE for observational studies of adult patients meeting accepted spirometric definitions of COPD. We
extracted and pooled summary data on the proportion or mean of each risk factor among diagnosed and
undiagnosed patients (unadjusted analysis), and coefficients for the adjusted association between risk factors and

Results: Two thousand eighty-three records were identified through database searching and 16 articles were used
in the meta-analyses. Diagnosed patients were less likely to have mild (v. moderate to very severe) COPD (odds
ratio [OR] 0.30, 95%Cl 0.24-0.37, 6 studies) in unadjusted analysis. This association remained significant but its
strength was attenuated in the adjusted analysis (OR 0.72, 95%C| 0.58-0.89, 2 studies). Diagnosed patients were
more likely to report respiratory symptoms such as wheezing (OR 3.51, 95%Cl 2.19-5.63, 3 studies) and phlegm
(OR 2.16, 95% CI 1.38-3.38, 3 studies), had more severe dyspnea (mean difference in modified Medical Research
Coundil scale 0.52, 95%C| 040-0.64, 3 studies), and slightly greater smoking history than undiagnosed patients. Patient
age, sex, current smoking status, and the presence of coughing were not associated with a previous diagnosis.

Conclusions: Undiagnosed patients had less severe airflow obstruction and fewer respiratory symptoms than
diagnosed patients. The lower disease burden in undiagnosed patients may significantly delay the diagnosis of COPD.

Keywords: Delayed diagnosis, Diagnostic errors, Differential diagnosis, Risk factors, Chronic Obstructive Pulmonary

Background

Chronic Obstructive Pulmonary Disease (COPD) is a
lung disorder that is characterized by persistent airflow
limitation [1] and associated with symptoms of shortness
of breath, cough, and sputum production [2]. Patients
with COPD generally seek medical attention when they
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experience respiratory symptoms, most notably dyspnea
that is persistent and progressive [1]. However, owing to
under-utilization of lung function measurements and
non-specific nature of the symptoms, COPD is often not
recognized until late in the disease process. Indeed,
many patients do not receive a diagnosis of COPD until
after being hospitalized due to a severe exacerbation [3].

Lamprecht et al. [4] reported an average underdiagno-
sis rate of 81% in a prevalence study that included
30,874 participants across 44 countries. Reducing risk
factors such as smoking and occupational risk factors
while the disease is early in its progression is an
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important component of treatment for COPD [5]. As
such, late diagnosis of COPD represents a missed oppor-
tunity to modify the course of the disease through
evidence-informed risk factor management and treat-
ment [6, 7]. The extent of this missed opportunity is a
function of the number of COPD patients who are un-
diagnosed, and the burden of disease (e.g., symptom bur-
den, lung function status) in this population.
Quantifying the true burden of undiagnosed COPD
and the benefit of screening and case detection can be
informed by a comparative assessment of patient- and
disease-factors between diagnosed and undiagnosed pa-
tients. Numerous studies have compared the characteris-
tics of patients with undiagnosed and diagnosed COPD,
but to the best of our knowledge, these studies have
never been systematically compiled and pooled. We hy-
pothesized that the characteristics of patients, their risk
factors, respiratory symptoms, and disease stage influ-
ence the likelihood of receiving a diagnosis of COPD.

Methods

Search strategy and selection criteria

The protocol for this study is registered on the PROS-
PERO register of systematic reviews (CRD42017058235)
[8]. We conducted a systematic review and meta-
analysis to compare patient characteristics, risk factors,
and symptoms in diagnosed and undiagnosed patients.
We searched MEDLINE and EMBASE using the Ovid
interface for eligible articles. The search strategy
(Additional file 1: Appendix 1) was developed in MED-
LINE and adapted to EMBASE using appropriate
vocabulary terms. We included longitudinal or cross-
sectional studies published in English between 1980 and
April 11, 2017 that were based on original analysis of in-
dividual data. We did not assess grey literature but con-
ference abstracts were eligible if they provided all the
required information. We extracted summary data from
the eligible articles and contacted the authors to obtain
additional information when required (one author group
provided us with additional information). Title and ab-
stract screening were initially performed, followed by
full-text analysis to determine article eligibility. We ex-
tracted data using a customized Excel spreadsheet after
the eligible articles had been compiled. K] initially per-
formed the selection procedure, and SG independently
repeated each step on a subset (10%) of articles. Discrep-
ancies were resolved through discussions between the
two reviewers. Duplicate articles found in both MED-
LINE and EMBASE were identified using a reference
manager and manually removed. We used the Quality
Assessment Tool for Observational Cohort and Cross-
Sectional Studies developed by the National Institutes of
Health [9] to assign an overall quality rating (good, fair,
or poor) to each study. KJ extracted relevant data and
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assessed the quality of the included studies, and SG rep-
licated the assessment on 10% of articles. The reviewers
determined the overall quality of each article by assign-
ing ‘yes; ‘no; or ‘other’ (cannot determine, not applicable,
or not reported) to 14 questions relating to external val-
idity, bias in the measurements of the risk factors or out-
comes, and confounders present in the study. The
results of this assessment were interpreted qualitatively.

The population of interest in this review was adult pa-
tients (=18 years old) with persistent airflow limitation
at the time of assessment. Persistent airflow limitation
was defined when the study subjects demonstrated a ra-
tio of Forced Expiratory Volume in 1 Second (FEV;) to
Forced Vital Capacity (FVC) < 0.7 (fixed ratio definition)
[1] or FEV; to FVC lower than the lower limit of normal
(LLN definition) [10] after the administration of a bron-
chodilator during spirometry. Study subjects who had
airflow limitation and also a prior diagnosis of COPD or
an obstructive lung disease (emphysema, chronic bron-
chitis, asthma) from a health-care professional were con-
sidered to have ‘diagnosed’ COPD, whereas those with
persistent airflow limitation but without a prior health
professional diagnosis of COPD were considered to be
‘undiagnosed’. Studies in which COPD was not the pri-
mary disease of interest were excluded. We included
studies that used either population-based (random sam-
pling of the general population) or convenience (e.g.,
recruiting patients from a health-care setting) sampling.

Given the exploratory nature of the observational
studies included in this review, we used a broad defin-
ition of risk factors that included any observable factor
that could be associated with the probability of having
received a diagnosis of COPD. Risk factors included
patient-reported respiratory symptoms (cough, wheeze,
phlegm, dyspnea), sex, age, current smoking status,
smoking history (pack-years), and disease severity classi-
fied using the Global Initiative for chronic Obstructive
Lung Disease (GOLD) grades. The relationship of inter-
est was the association between these risk factors and
the probability of having ‘diagnosed’ COPD among pa-
tients with persistent airflow limitation.

We extracted summary data from each eligible article,
which included study characteristics, the definition of
persistent airflow limitation that was employed in each
of the studies, the method of COPD diagnosis, sampling
methodology, and sample size. We also extracted the
proportion or mean of risk factors between the diag-
nosed and undiagnosed groups, as well as the odds ra-
tios (ORs) and their confidence intervals in studies that
used regression modeling to assess the independent im-
pact of the risk factors on diagnosis status. Studies
reporting the characteristics of diagnosed and undiag-
nosed patients using means or proportions in contin-
gency tables were pooled in an ‘unadjusted analysis.
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Studies that reported associations using multivariable re-
gression modeling were pooled in a separate ‘adjusted
analysis.

Data analysis

We used data extracted from articles measuring categor-
ical data to generate ORs and standard errors for the as-
sociation between risk factors and the probability of
having received a diagnosis of COPD. In articles asses-
sing continuous data, we calculated the mean difference
(MD) in risk factors and their standard errors among di-
agnosed and undiagnosed patients. We pooled the ORs
or MDs from individual studies using the inverse vari-
ance method implemented with the ‘meta’ package [11]
in R Statistical Software [12] (version 3.3.3). We used
fixed-effects models when estimates from only two stud-
ies were being pooled, or if the null hypothesis that all
studies evaluated the same effect was not rejected (at
0.05 significance level) using Cochran’s Q statistic [13].
Otherwise, we used random-effects models. We quanti-
fied heterogeneity between studies using the I statistic
[14]. We did not pool together studies that used alter-
nate definitions of persistent airflow limitation (fixed ra-
tio and LLN) given the demonstrated differences in
patients meeting these criteria [15]. When separate stud-
ies used subsets of the same dataset (i.e., the Latin
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American Project for the Investigation of Obstructive
Lung Disease [PLATINO] dataset [4, 16—18]), we used
the estimate from the study with the largest sample size.
We conducted a sensitivity analysis to determine the as-
sociation between risk factors and COPD diagnosis only
among population-based studies (as opposed to conveni-
ence sampling).

Results

The search resulted in 1857 references after excluding
duplicates. One thousand seven hundred eighty-eight
references were excluded by screening their titles and
abstracts, and 69 remained for full-text review to deter-
mine eligibility. A total of 18 articles met the inclusion
criteria following the screening process, but only 16 arti-
cles were included in quantitative synthesis (Fig. 1). Two
eligible articles were excluded from the meta-analysis
because they were missing the necessary information
[19], or did not measure any risk factors in common
with other studies [20]. The overall agreement between
reviewers was high (90%).

A summary of the 16 eligible articles is presented in
Table 1. The majority of the 16 eligible articles were
cross-sectional (1 =14), and population-based (n=9).
Other studies sampled patients from primary care clinics
(n=4), or among hospitalized patients (n=3). Studies
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Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram
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Table 1 Characteristics of selected studies
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Country Study type Population Definition of COPD  Definition of Participants  Percentage Quality
undiagnosed COPD with COPD  undiagnosed rating
Ancochea Spain Cross-sectional ~ General Post-bronchodilator ~ Spirometric obstruction 386 73% Good
et al. (EPI-SCAN?) Population, FEV,/FVC < 0.7 and no previous diagnosis
(2013) [21] random of COPD (self-reported)
sample
Balcells Spain Prospective Hospitalized ~ Post-bronchodilator  Spirometric obstruction 342 34% Good
etal cohort study patients, FEV,/FVC < 0.7, and no diagnosis of
(2015) 3] all eligible 3 months after respiratory disease
patients discharge or regular use of
were invited pharmacological
respiratory treatment
(self-reported)
Herrera Argentina,  Cross-sectional  Primary care  Post-bronchodilator ~ Spirometric obstruction 309 77% Fair
etal. Colombia, clinics, FEV,/FVC < 0.7 and no previous diagnosis
(2016) [25] Venezuela, convenience and LLN of chronic bronchitis,
Uruguay sample emphysema, or COPD
(self-reported)
Hill et al. Canada Cross-sectional  Primary care  Post-bronchodilator ~ Spirometric obstruction 107 46% Good
(2010) [29] clinics, FEV1/FVC< 0.7 and  and no previous
convenience  FEV1 <80% diagnosis of COPD
sample predicted based on medical chart
review over the
previous 12-months
Hvidsten Norway Cross-sectional ~ General Post-bronchodilator ~ Spriometric obstruction 303 66% Good
et al. Population,  FEV;/FVC< 0.7 and being treated by a
(2010) [24] random physician or admitted to
sample hospital for a diagnosis
of obstructive lung
disease (asthma, chronic
bronchitis, emphysema,
or COPD) in the previous
12-months (self-reported)
Labonté Canada Prospective General Post-bronchodilator ~ Spirometric obstruction 505 70% Fair
et al. cohort study Population, FEV./FVC < 0.7 and no previous diagnosis
(2016) [30] random of chronic bronchitis,
sample emphysema, or COPD
(self-reported)
Lamprecht  Global Cross-sectional ~ General Post-bronchodilator ~ Spirometric obstruction 2992 81% Good
et al. (BOLD®, Population, FEV,/FVC < LLN and no previous diagnosis
(2015) [4] PLATINOS, random of chronic bronchitis,
EPI-SCAN, sample emphysema, or COPD
PREPOCOLY) (self-reported)
Llordes Spain Cross-sectional  Primary care  Post-bronchodilator ~ Spirometric obstruction 422 57% Fair
et al. clinic, FEV,/FVC< 0.7 in 2 and no previous
(2015) [31] all eligible tests 4 weeks apart  diagnosis of COPD
patients (the 2nd after in medical reports
were invited 4 weeks of
pharmacological
treatment)
Mahishale NR Cross-sectional  Hospitalized ~ Post-bronchodilator ~ Spirometric obstruction 404 56% Poor
et al. patients, FEV/FVC < 0.7 and no previous diagnosis
(2015) [32] convenience of COPD (self-reported)
sample
Miravitlles Spain Cross-sectional ~ General Post-bronchodilator ~ Spirometric obstruction 408 73% Good
et al. (EPI-SCAN) Population,  FEV,/FVC<0.7 and no previous diagnosis
(2009) [22] random of chronic bronchitis,
sample emphysema, or COPD
(self-reported)
Moreira Brazil Cross-sectional ~ General Post-bronchodilator ~ Spirometric obstruction 53 62% Fair
et al. (PLATINO) Population, FEV,/FVC < 0.7 and no previous diagnosis
(2013) [16] random of chronic bronchitis,
sample emphysema, or COPD

(self-reported)
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Table 1 Characteristics of selected studies (Continued)
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Country Study type Population Definition of COPD  Definition of Participants  Percentage Quality
undiagnosed COPD with COPD  undiagnosed rating
Nascimento  Brazil Cross-sectional ~ General Post-bronchodilator  Spirometric obstruction 144 88% Fair
et al. (PLATINO) Population, FEV,/FVC < 0.7 and no previous diagnosis
(2007) [171 random of chronic bronchitis,
sample emphysema, or COPD
(self-reported)
Queiroz Brazil Cross-sectional  Primary care  Post-bronchodilator  Spirometric obstruction 63 71% Good
et al. clinics, FEVi/FVC < 0.7 and no previous diagnosis
(2012) 271 convenience of chronic bronchitis,
sample emphysema, or COPD
(self-reported)
Schirnhofer  Austria Cross-sectional ~ General Post-bronchodilator ~ Spirometric obstruction 199 86% Good
et al. (BOLD) Population,  FEV;/FVC < LLN and no previous diagnosis
(2011) [23] random of chronic bronchitis,
sample emphysema, or COPD
(self-reported)
Talamo Brazil, Cross-sectional ~ General Post-bronchodilator ~ Spirometric obstruction 758 89% Good
et al. Chile, (PLATINO Population, FEV,/FVC < 0.7 and no previous diagnosis
(2007) [18] Mexico, random of chronic bronchitis,
Uruguay, sample emphysema, or COPD
Venezuela (self-reported)
Zhang China Cross-sectional  Hospitalized — Post-bronchodilator  Spirometric obstruction 705 93% Fair
etal. patients, FEV,/FVC < 0.7 and COPD not recorded
(2013) [33] all eligible as a discharge diagnosis
patients in medical records
were invited

NR Not Reported
“Epidemiologic Study of COPD in Spain (EPI-SCAN)
PBurden of Obstructive Lung Disease (BOLD)

“Latin American Project for the Investigation of Obstructive Lung Disease (PLATINO)

dprevalence study of COPD in Colombia (PREPOCOL)

originated from Europe (n=6), Latin America (n=>5),
Canada (n = 2), and Asia (n = 1). Data from the Epidemio-
logic Study of COPD in Spain (EPI-SCAN) [4, 21, 22],
PLATINO, and the Burden of Obstructive Lung Disease
(BOLD) [4, 23], were used in three, four, and two different
studies, respectively, but only one study from each dataset
was included in pooled analyses. The definition of persist-
ent airflow limitation varied between articles; 13 studies
defined it as the fixed ratio, two studies used the LLN def-
inition, and one study reported results using both defini-
tions. Only one of the eligible articles [24] included
asthma as a risk factor for assessing a previous diagnosis.
The percentage of patients with undiagnosed persistent
airflow limitation was greater than 50% in all but two
studies (which sampled from health-care settings).

The quality of the 16 eligible articles was variable. Nine
studies were assigned a quality rating of ‘good; six studies
were assigned a rating of ‘fair, and one was deemed poor
in quality. Studies that were not assigned a ‘good’ quality
rating generally had a primary study focus that was not
our question of interest. The use of regression modeling
to examine the independent impact of risk factors on the
likelihood of receiving a COPD diagnosis was performed
in seven studies, but the risk factors that were adjusted for
varied substantially across studies.

Unadjusted analysis
The characteristics of diagnosed and undiagnosed pa-
tients meeting the fixed ratio definition of airflow limita-
tion were compared using contingency tables
(‘unadjusted analysis’) in 12 studies. The pooled results
are shown in Fig. 2. Patients with ‘diagnosed” COPD
were more likely to be experiencing respiratory symp-
toms such as wheezing (OR 3.51, 95% CI 2.19-5.63, 3
studies), phlegm (OR 2.16, 95% CI 1.38-3.38, 3 studies),
dyspnea (OR 4.67, 95% CI 2.62-8.35, 3 studies), or any
respiratory symptoms (OR 11.45 95% CI 7.20-18.21, 3
studies). They were much less likely to have mild
(GOLD grade I) COPD than moderate to very severe
COPD (grade II-IV) as measured by GOLD grades (OR
0.30 95% CI 0.24—0.37, 7 studies). The heterogeneity be-
tween studies was relatively low (I* < 35.0% for all symp-
toms and COPD severity). Patient sex, current smoking
status, and smoking history were not associated with a
COPD diagnosis. Having a cough was also not signifi-
cantly associated with diagnosis status; however, variabil-
ity between the three studies measuring this risk factor
was particularly high (I 77.9%).

Sensitivity analysis of only the population-based
studies (excluding those that used convenience sam-
pling) revealed very similar results (n=5 studies,
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Diagnosed Undiagnosed
First author n n N Odds Ratio OR 95%-ClI
Male
Ancochea 88 104 184 282 - 2,93 [1.63; 5.27
Balcells 211 225 107 117 - 1.41 [0.61; 3.28
Herrera 40 71 133 238 -+ 1.02 [0.60; 1.74
Hill 26 58 26 49 — 0.72 [0.34; 1.54
Hvidsten 68 102 146 201 =+ 0.75 [0.45; 1.26
Labonte 73 150 224 355 = 0.55 [0.38; 0.82
Queiroz 8 18 30 45 — 0.40 [0.13; 1.22
Talamo 41 86 355 672 = 0.81 [0.52; 1.28
Random effects model 814 1959 T 0.91 [0.61; 1.36;
Cough
Herrera 33 71 102 238 3 1.16 [0.68; 1.97
Nascimento 8 18 12 126 —— 7.60 [2.52;22.92
Queiroz 10 18 19 45 = 1.71 [0.57; 5.15
Random effects model 107 409 _— 2.30 [0.76; 6.96
Wheeze
Herrera 28 71 46 238 = 2.72 [1.53; 4.83
Nascimento 14 18 44 126 —— 6.52 [2.02;21.02
Queiroz 12 18 12 45 —— 5.50 [1.69; 17.93
Fixed effect model 107 409 < 3.51 [2.19; 5.63
Phlegm
Herrera 39 71 100 238 |3 1.68 [0.99; 2.87
Moreira 1320 9 33 —s— 4.95 [1.50; 16.38
Queiroz 11 18 15 45 —— 3.14 [1.01; 9.75
Fixed effect model 109 316 <> 2.16 [1.38; 3.38;
Dyspnea
Herrera 57 67 125 219 g 3 429 [2.08; 8.84
Nascimento 13 18 44 126 —a— 4.85 [1.62; 14.48
Queiroz 17 18 30 45 — 8.50 [1.03;70.10
Fixed effect model 103 390 < 4.67 [2.62; 8.35
Any symptoms
Hvidsten 93 102 95 201 - 11.53 [5.51; 24.12
Nascimento 16 18 69 126 —— 6.61 [1.46;29.95
Zhang 36 50 111 655 = 12.60 [6.58; 24.15
Fixed effect model 170 982 < 11.45 [7.20; 18.21
Current smoker
Balcells 81 225 69 117 2 0.39 [0.25; 0.62
Hill 31 58 14 49 —=— 2.87 [1.28; 6.43
Hvidsten 38 102 8 201 = 0.79 [0.49; 1.29
Nascimento 4 18 47 126 0.48 [0.15; 1.54
Random effects model 403 493 0.80 [0.36; 1.81
Former smoker
Hvidsten 48 102 96 201 B 0.97 [0.60; 1.57]
Nascimento 6 18 39 126 —— 1.2 [0.39; 3.19]
Fixed effect model 120 327 = 1.00 [0.64; 1.54]
Never smoker
Hvidsten 15 102 17 201 Fe— 1.87 [0.89; 3.91
Nascimento 8 18 40 126 e 1.72 [0.63; 4.69
Zhang 4 50 256 655 —a— 0.14 [0.05; 0.38
Random effects model 170 982 < 0.78 [0.16; 3.84
GOLD 1vs. 2-4
Herrera 7 71 46 238 —— 0.46 [0.20; 1.06:
Hvidsten 13 102 64 201 —=— 0.31 [0.16; 0.60
Labonte 53 150 226 355 = 0.31 [0.21; 0.46
Llordes 26 183 97 239 = 0.24 [0.15; 0.40
Mahishale 9 176 27 228 —— 0.40 [0.18; 0.88
Queiroz 5 18 22 45 — 0.40 [0.12; 1.32
Talamo 26 86 424 672 = 0.25 [0.16; 0.41
Fixed effect model 786 1978 o 0.30 [0.24; 0.37,
GOLD 1/2 vs. 3/4
Herrera 31 71191 238 - 0.19 [0.11; 0.34
Hvidsten 68 102 187 201 - 0.15 [0.08; 0.30
Llordes 127 183 223 239 -=- 0.16 [0.09; 0.30
Mahishale 145 176 203 228 - 0.58 [0.33; 1.02
Queiroz 13 18 39 45 — 0.40 [0.10; 1.53;
Talamo 63 86 643 672 -=- 0.12 [0.07; 0.23
Random effects model 636 1623 < 0.22 [0.13; 0.36;
GOLD 1/2/3 vs. 4
Llordes 174 183 239 239 0.04 [0.00; 0.66
Mahishale 145 176 208 228 = 0.45 [0.25; 0.82
Talamo 79 86 668 672 —— 0.07 [0.02; 0.24
Random effects model 445 1139 _— 0.14 [0.03; 0.72
e I
001 01 1 10 100
More likely Undiagnosed  More likely Diagnosed
Fig. 2 Associations between diagnosed (v. ‘undiagnosed’) COPD and sex, the presence of cough, wheeze, phlegm, dyspnea, any respiratory
symptoms, smoking status, smoking history, and COPD severity based on contingency tables (unadjusted analysis’). Persistent airflow limitation
was defined as post-bronchodilator FEV,/FVC < 0.7. Squares represent individual study estimates with the size of the square corresponding to their
weight in the pooled estimate (represented with diamonds)

Additional file 1: Figure S1). Pooled analysis of two fixed ratio results (Additional file 1: Figure S2); how-
studies [23, 25] using the LLN definition of airflow ever, cough was marginally associated with diagnosis
limitation was consistent with the findings based on  status in this analysis (OR 1.65, 95% CI 1.02-2.66).
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Similarly, patients with ‘diagnosed’ COPD (fixed ratio
definition) were more impaired by dyspnea (modified
Medical Research Council [mMRC] dyspnea scale [26]
MD 0.52, 95% CI 0.40-0.64, 3 studies) and had greater
airflow obstruction (percent predicted FEV; MD
-12.85%, 95% CI -15.26% to - 10.44%, 4 studies) than
undiagnosed patients (Fig. 3). Patients with ‘diagnosed’
COPD also had a slightly greater smoking history
(pack-years MD 8.39, 95% CI 0.68-16.44, 4 studies);
however, there was high variability between the study
means (I> 84.2%). There was no difference in mean age
between diagnosed and undiagnosed patients.

Adjusted analysis

Articles using regression modeling to assess the inde-
pendent impact of risk factors on COPD diagnosis
(‘adjusted analysis’) were pooled by risk factor type, and
the results are presented in Fig. 4 for the fixed ratio def-
inition of persistent airflow limitation (5 articles), and
Fig. 5 for the LLN definition (2 articles with 5 datasets).
Compared with the unadjusted analysis, the effect sizes
of the risk factors were attenuated in these analyses. The
presence of phlegm had a weak independent association
with the diagnosis of COPD (OR 1.16, 95% CI 1.00-
1.35, 2 studies) using the fixed ratio definition. The pres-
ence of wheezing (OR 1.20, 95% CI 0.99-1.44, 2 studies)
and dyspnea (OR 1.13 95% CI 0.99-1.29, 2 studies)
showed a trend towards association. Mild COPD (GOLD
grade I OR 0.72, 95% CI 0.58-0.80) or moderate COPD
(GOLD grade II, OR 0.71, 95% CI 0.58-0.86) were
independently associated with a lower likelihood of
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diagnosis, compared with severe or very severe (refer-
ence GOLD grades III-IV). Sex and the presence of
cough did not influence the likelihood of being
diagnosed in the adjusted analyses. Overall, heterogen-
eity in the effect estimates between studies was very high
(I* > 70.0% for all risk factors except sex).

Three risk factors were pooled in our assessment of
studies using adjusted analysis based on the LLN defin-
ition of persistent airflow limitation. This analysis indi-
cated a more strongly positive association between the
presence of phlegm and being diagnosed with COPD
(OR 1.71, 95% CI 1.15-2.56), although there was hetero-
geneity between datasets (I 75.2%). Patient sex and the
presence of cough had no independent effects.

Discussion

The presence of respiratory symptoms and GOLD grade
III or IV disease severity were strongly associated with a
prior diagnosis of COPD among individuals with persist-
ent airflow limitation on spirometry. These findings were
relatively consistent across analysis methods and alter-
nate definitions of persistent airflow limitation. Greater
disease severity was the most important characteristic of
diagnosed patients in two out of three pooled analyses.
In particular, patients with mild or moderate COPD (as
measured by GOLD grades) were 78% less likely to have
received a diagnosis than patients with severe or very
severe COPD in the unadjusted analysis (based on
contingency tables), and mean percent predicted FEV;
was 13% lower in diagnosed than undiagnosed patients.
Disease severity was also the only risk factor that was

Diagnosed Undiagnosed
First author Total Mean SD Total Mean SD Mean Difference MD 95%-Cl
Age
Balcells 225 680 80 117 660 9.0 - 200 [ 0.06; 3.94
Hill 58 642 82 49 650 103 —— -0.80 [-4.37; 2.77
Labonte 150 669 96 355 677 103 &= -0.80 [-2.67; 1.07
Talamo 86 66.4 125 672 638 122 - 260 [-0.20; 5.40
Fixed effect model 519 1193 0.76 [-0.39; 1.91
Pack-years
Balcells 225 700 410 117  67.0 380 —t 3.00 [-5.72; 11.72
Labonte 150 329 268 355 173 216 —— 15.60 [10.76; 20.44
Queiroz 18 726 50.3 45 763 563 370 [-32.17; 24.77
Talamo 86 259 381 672 189 26.0 e 7.00 [-1.29; 15.29
Random effects model 479 1189 pa——— 8.39 [ 0.68; 16.11
mMRC*
Balcells 225 259 99 117 206 10.9 - 530 [ 2.94; 7.66
Labonte 150 90 80 35 40 60 - 500 [ 3.58 642
Queiroz 18 217 101 45 136 121 810 [ 2.25; 13.95
Fixed effect model 393 517 © 521 [ 4.01; 6.40
Percent predicted FEV1
Balcells 225 490 150 117 590 16.0 — -10.00 [-13.50; -6.50
Labonte 150 714 193 355 866 17.9 — -15.20 [-18.81;-11.59
Nascimento 18 685 236 126 868 208 -18.30 [-29.79; -6.81
Queiroz 18 64.6 223 45 791 237 -14.50 [-26.91; -2.09
Fixed effect model 411 643 —< 1285 [-1526;-10.44
30 20 -10 0 10 20 30
Higher in Undiagnosed  Higher in Diagnosed
Fig. 3 Mean difference (MD) in age, pack-years of smoking, mMRC dyspnea score, and percent of predicted FEV; between diagnosed and undiagnosed
categories. Persistent airflow limitation was defined as post-bronchodilator FEV;/FVC < 0.7. Squares represent individual study estimates with the size of
the square corresponding to their weight in the pooled estimate (represented with diamonds). * modified Medical Research Council (mMRC) Dyspnea
scale [26] means and standard errors (SE) for the diagnosed and undiagnosed categories are multiplied by a factor of 10
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Fixed effect model

Wheeze

First author N Diagnosed N Undiagnosed Odds Ratio OR 95%-Cl
Male

Herrera 71 238 = 0.94 [0.82; 1.08]
Hill 58 49 — 0.85 [0.36; 2.02]
Hvidsten 102 201 —T 0.82 [0.42; 1.59]
Miravitlles 110 298 T 1.90 [0.80; 4.49]
Talamo 86 672 - 1.38 [0.75; 2.53]
Fixed effect model 0.97 [0.85; 1.10]
Cough

Herrera 71 238 <= 0.95 [0.83; 1.09]
Talamo 86 672 —— 2.01 [1.12;3.63]

Herrera 71 238 =3 1.13 [0.93; 1.37]
Talamo 86 672 — 2.12 [1.15; 3.89]
Fixed effect model 1.20 [0.99; 1.44]
Phlegm

Herrera 7 238 == 1.11 [0.94; 1.29]
Talamo 86 672 —— 2.36 [1.31;4.25]
Fixed effect model 1.16 [1.00; 1.35]
Dyspnea

Herrera 71 238 52 1.09 [0.95; 1.26]
Talamo 86 672 — 2.39 [1.23;4.65]
Fixed effect model 4 1.13 [0.99; 1.29]
GOLD 1

Herrera 71 238 = 0.76 [0.62; 0.95]
Miravitlles 110 298 —_— 0.06 [0.01;0.25]
Fixed effect model < 0.72 [0.58; 0.89]
GOLD 2

Herrera 71 238 == 0.75 [0.62; 0.91]
Miravitlles* 110 298 —_— 0.11 [0.04; 0.36]
Fixed effect model & 0.71 [0.58; 0.86]

| N N I |

More likely Undiagnosed  More likely Diagnosed

Fig. 4 Associations between risk factors and the odds of receiving a COPD diagnosis using the regression coefficients from studies with

0.99 [0.87; 1.13]

0.1 051 2 10

multivariable regression modelingt (‘adjusted analysis) and persistent airflow limitation defined as post-bronchodilator FEV;/FVC < 0.7. The reference
categories were female, the absence of cough, wheeze, dyspnea, phlegm, and GOLD grades 3 and 4, respectively. Squares represent individual study
estimates with the size of the square corresponding to their weight in the pooled estimate (represented with diamonds). THerrera et al. [25] reported
prevalence ratios from Poisson regression models. *The reference category was changed from GOLD grade 1 to GOLD grades 3 and 4 by assuming a
covariance of 0 between the dummy variables representing GOLD grades 1 and 2.' Regression models were adjusted for age (Herrera, Hill, Hvidsten,
Miravitlles, Talamo), sex (Herrera, Hill, Hvidsten, Miravitlles, Talamo), ethnicity (Herrera, Talamo), body mass index (Herrera, Hvidsten), education (Herrera,
Hvidsten, Miravitlles, Talamo), income (Hvidsten), employment (Talamo), risk factor to dust (Herrera), smoking (Herrera, Hill, Hvidsten, Miravitlles, Talamo),
respiratory symptoms, (Herrera, Hill, Hvidsten, Talamo), self-rated health (Hvidsten, Miravitlles), COPD severity (Herrera, Miravitlles, Talamo), comorbidities

(Herrera, Hvidsten), prior health-care use (Herrera, Hill), and exacerbations (Herrera)

associated with a diagnosis in both the unadjusted and
adjusted (based on regression modeling) analyses. In the
adjusted analysis, patients with moderate COPD were
29% less likely to have received a diagnosis than patients
with severe or very severe COPD.

Among respiratory symptoms, the presence of dyspnea
was the most strongly associated with a previous diagno-
sis in the unadjusted analysis. Patients with ‘diagnosed’
COPD scored 0.52 points higher on the mMRC dyspnea
scale. One study [27] provided evidence that the mean
score on the mMRC scale could have been used to
distinguish undiagnosed from diagnosed patients using
commonly accepted criteria (‘more dyspnea’ if mMRC
score>2 v. ‘less dyspnea’ if mMRC score<2) [1].
Following dyspnea, the presence of wheeze and phlegm
were also strongly associated with ‘diagnosed” COPD in
the unadjusted analysis. These associations were weaker
in the adjusted analysis but were still present. Interest-
ingly, the presence of coughing was not well associated
with a previous diagnosis in any of the pooled analyses.
Opverall, aside from the attenuated results in the adjusted

analysis (discussed in detail below), our findings suggest
a strong association between the presence of dyspnea,
phlegm, or wheeze and a COPD diagnosis. This associ-
ation is likely because patients with respiratory symp-
toms are more likely to seek care, and doctors are more
likely to test for COPD in patients with symptoms [1].

Overall, these findings suggest that a diagnosis of
COPD is likely to be delayed in patients with a lower
burden of respiratory symptoms and lung function
decline that progresses more slowly, meaning that
opportunities for early intervention may be lower in
these patients. Patients with fewer respiratory symp-
toms are also less likely to be screened for COPD
following the U.S. Preventive Services Task Force rec-
ommendation [28]. However, our results suggest that
screening or case detection methods that rely exclu-
sively on the presence of respiratory symptoms may
be missing undiagnosed patients. Symptoms should
be assessed in combination with a history of expos-
ure to risk factors for COPD when considering a
diagnosis [1].
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First author N COPD Odds Ratio OR 95%-Cl

Male

Herrera 309 - 0.95 [0.81; 1.11]

Lamprecht (BOLD) 1916 - 0.63 [0.48;0.82]

Lamprecht (PLATINO) 474 —_— 0.77 [0.42; 1.42]

Lamprecht (EPI-SCAN) 265 —T—— 1.99 [0.78; 5.11]

Lamprecht (PREPOCOL) ~ 337 ———S%——— 0.35 [0.16; 0.77]

Random effects model - 0.77 [0.54; 1.11]

Cough

Herrera 226 - 0.98 [0.82; 1.17]

Lamprecht 1916 —==— 1.40 [1.03;1.92]

Lamprecht 474 ——— 2.61 [1.39;4.89]

Lamprecht 265 _ 1.30 [0.57;2.95]

Lamprecht 337 —_— 1.70 [0.69; 4.19]

Random effects model < 1.40 [0.99; 1.99]

Phlegm

Herrera 226 . B 1.08 [0.89; 1.32]

Lamprecht 1916 —_— 1.99 [1.49; 2.68]

Lamprecht 474 _— 1.99 [1.04; 3.81]

Lamprecht 265 —=%——— 261 [1.22;5.61]

Lamprecht 337 e e 1.80 [0.72; 4.53]

Random effects model | | OI | 1.71 [1.15; 2.56]

0.2 0.5 1 2 5
More likely Undiagnosed More likely Diagnosed

Fig. 5 Associations between risk factors and the odds of receiving a COPD diagnosis using the regression coefficients from studies with multivariable
regression modeling (‘adjusted analysis’) and persistent airflow limitation defined as post-bronchodilator FEV,/FVC < LLN. The reference categories were
female, and the absence of cough and phlegm, respectively. The results for each dataset (BOLD, PLATINO, EPI-SCAN, PREPOCOL) analyzed in
Lamprecht et al. [4] were pooled separately. Squares represent individual study estimates with the size of the square corresponding to their weight in
the pooled estimate (represented with diamonds)." Regression models were adjusted for age (Herrera, Lamprecht), sex (Herrera, Lamprecht), ethnicity
(Herrera), body mass index (Herrera), education (Herrera, Lamprecht), risk factors to dust (Herrera), smoking (Herrera, Lamprecht), respiratory symptoms
(Herrera, Lamprecht), COPD severity (Herrera, Lamprecht), comorbidities (Herrera), and prior health-care use (Herrera, Lamprecht)

Importantly, sex, age, and smoking status were not in-
dependently associated with receiving a diagnosis of
COPD in any of the pooled analyses. Because these are
major risk factors for the presence of COPD [1], physi-
cians should be more likely to diagnose COPD in older
patients who are current or past smokers, which should
have resulted in an independent association between
these factors and a diagnosis of COPD. The lack of such
association in any of our analyses may indicate that the
relation between these risk factors and the presence of
COPD is not sufficiently recognized by physicians. This
is in contrast to the strong association of GOLD grade
and symptoms with diagnosis status, which suggests that a
diagnosis of COPD is more commonly made based on the
degree of impairment in lung function and/or patient re-
spiratory symptoms. This hypothesis might also explain
our finding that smoking history in terms of pack-years
was associated with a previous diagnosis of COPD while
current smoking status was not, as only smoking history is
related to cumulative lung function impairment.

The effects of risk factors on the likelihood of being di-
agnosed were weaker in the adjusted analyses than in the
unadjusted analyses. The adjusted analyses were based on
pooled coefficients from regression modeling. Although
the inclusion of covariates is expected to reduce the effects
sizes compared to odds ratios derived from contingency
tables (as in the unadjusted analysis), one study in the ad-
justed analysis [25] had unusual results that received

disproportionate weighting. In contrast to all other studies
in this review, Herrera et al. [25] found that respiratory
symptoms were not associated with the likelihood of hav-
ing received a diagnosis of COPD. In the adjusted analysis,
these results were pooled with one other study [18], which
found that the presence of respiratory symptoms were
strongly associated with the likelihood of receiving a diag-
nosis. This discrepancy between studies may be due to dif-
ferences in the population that was sampled (primary care
clinic [25] versus general population [18]). In general,
studies in clinic settings might have observed smaller dif-
ferences between undiagnosed and diagnosed patients be-
cause they sampled from a subset of patients that were
prompted to seek care because of symptoms.

Our systematic review has several strengths. First, we
used data from a total of 16 articles in the meta-analysis,
and these articles were mostly population-based studies
that scored high in quality. Second, there were a robust
number of studies for many risk factors; patient sex was
assessed in 10 studies in total, followed by disease sever-
ity in 9 studies, and respiratory symptoms and smoking
history in 8 studies. The methods used to measure dis-
ease severity, respiratory symptoms, and smoking history
were relatively consistent across studies, which facili-
tated pooling of their findings. Lastly, we conducted sev-
eral pooled analyses to assess the sensitivity of our
findings to alternate definitions of COPD (fixed ratio
and LLN) and analysis methods (unadjusted and
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adjusted analyses). Except for one study [25], our find-
ings were consistent.

Our systematic review also has several limitations.
First, half of the pooled samples were based on data
from three large prevalence studies (EPI-SCAN, PLA-
TINO, and BOLD). This resulted in overrepresentation
of patients in Spain and Latin America; differences in
patient and physician behavior and health-care services
use can result in findings that vary across settings. Sec-
ond, although the total number of studies for each risk
factor was robust, the number of studies assessing each
risk factor within pooled analyses tended to be small.
This was partly because separate articles using the same
dataset could not be combined in our pooled analyses.
Third, with the exception of dyspnea, all other respira-
tory symptoms in the pooled analyses were measured as
binary variables (either present or absent). Given our
finding that symptoms are characteristic of a COPD
diagnosis, a more nuanced assessment of their severity
might result in an even greater ability to distinguish be-
tween undiagnosed and diagnosed patients. In addition,
because respiratory symptoms were self-reported in all
studies, reporting bias might have exaggerated the differ-
ence in symptoms between the undiagnosed and diag-
nosed groups. Finally, several studies reported additional
comparisons of risk factors between diagnosed and un-
diagnosed patients. Examples include education, income,
comorbidities, quantity and type of care, and a previous
diagnosis of asthma. However, due to inconsistent defi-
nitions and different categorizations, we could not pool
these estimates across studies. An important knowledge
gap is the impact of environmental risk factors on the
likelihood of receiving a diagnosis, which was rarely
measured in the included studies.

Conclusions

The findings from this systematic review have important
implications for research and policy around COPD diag-
nosis, for example, in estimating the return on invest-
ment in screening and case detection strategies for
COPD. The true burden of COPD is the sum of the dis-
ease burden in diagnosed and undiagnosed patients. Our
results indicate that undiagnosed patients generally have
milder disease and therefore a lower disease burden,
meaning that strategies aiming to reduce the underdiag-
nosis problem are unlikely to result in immediate and
dramatic improvements in patient-related outcomes
such as symptoms. However, the gap in disease severity
and symptom burden between diagnosed and undiag-
nosed patients also indicates a delay in COPD diagnosis.
Given the potential for disease modification at early
stages of COPD, reducing this delay could be associated
with substantial improvement in long-term patient out-
comes and a reduction in mortality and costs.
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