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BACKGROUND: COPD ranks within the top three causes of mortality in the global burden of
disease, yet it remains largely underdiagnosed. We assessed the underdiagnosis of COPD and
its determinants in national and international surveys of general populations.

METHODS: We analyzed representative samples of adults aged =40 years randomly selected
from well-defined administrative areas worldwide (44 sites from 27 countries). Postbroncho-
dilator FEV /FVC <lower limit of normal (LLN) was used to define chronic airflow limitation
consistent with COPD. Undiagnosed COPD was considered when participants had postbron-
chodilator FEV,/FVC <LLN but were not given a diagnosis of COPD.

RESULTS: Among 30,874 participants with a mean age of 56 years, 55.8% were women, and
22.9% were current smokers. Population prevalence of (spirometrically defined) COPD ranged
from 3.6% in Barranquilla, Colombia, to 19.0% in Cape Town, South Africa. Only 26.4%
reported a previous lung function test, and only 5.0% reported a previous diagnosis of COPD,
whereas 9.7% had a postbronchodilator FEV,/FVC <LLN. Overall, 81.4% of (spirometrically
defined) COPD cases were undiagnosed, with the highest rate in Ile-Ife, Nigeria (98.3%) and
the lowest rate in Lexington, Kentucky (50.0%). In multivariate analysis, a greater probability
of underdiagnosis of COPD was associated with male sex, younger age, never and current
smoking, lower education, no previous spirometry, and less severe airflow limitation.

CONCLUSIONS: Even with substantial heterogeneity in COPD prevalence, COPD underdiag-
nosis is universally high. Because effective management strategies are available for COPD, spi-
rometry can help in the diagnosis of COPD at a stage when treatment will lead to better

outcomes and improved quality of life.

CHEST 2015; 148(4):1-15

Manuscript received October 12, 2014; revision accepted April 1, 2015;
originally published Online First May 7, 2015.

ABBREVIATIONS: ATS = American Thoracic Society; BOLD = Burden
of Obstructive Lung Disease; EPI-SCAN = Epidemiologic Study of
COPD in Spain; LLN = lower limit of normal; PLATINO = The Latin
American Project for the Investigation of Obstructive Lung Disease;
PREPOCOL = Prevalence Study of COPD in Colombia
AFFILIATIONS: From the Department of Pulmonary Medicine (Dr
Lamprecht), Kepler University Hospital, Linz, Austria; Faculty of Medi-
cine (Dr Lamprecht and Mr Kaiser), Johannes-Kepler-University, Linz,
Austria; Instituto de Investigacién (Dr Soriano), Hospital Universitario
de la Princesa (IISP), Universidad Auténoma de Madrid, Catédra
UAM-Linde, Madrid, Spain; Department of Pulmonary Medicine
(Dr Studnicka), Paracelsus Medical University, Salzburg, Austria; Depart-
ment of Respiratory Medicine (Dr Vanfleteren), Maastricht University
Medical Centre, Maastricht, The Netherlands; Program Development

journal.publications.chestnet.org

Centre (Dr Vanfleteren), CIRO+, Centre of Expertise for Chronic Organ
Failure, Horn, The Netherlands; Respiratory Epidemiology and Public
Health (Ms Gnatiuc and Dr Burney), Imperial College, London, England;
Servicio de Neumologia (Dr Miravitlles), Hospital Universitari Vall
d’Hebron, Ciber de Enfermedades Respiratorias (CIBERES), Barcelona,
Spain; Servicio de Neumologia (Dr Garcia-Rio), Hospital Universitario
La Paz, IdiPAZ, Madrid, Spain; Department of Radiology (Dr Akbari),
General Hospital Linz (Akh Linz), Linz, Austria; Servicio de Neumologia
(Dr Ancochea), Hospital La Princesa, Universidad Auténoma de
Madrid, Madrid, Spain; Programa de Pés-Graduacao em Epidemiologia
(Dr Menezes), Universidade Federal de Pelotas, Pelotas, Brazil; Institute of
Respiratory Diseases (Dr Perez-Padilla), Instituto Nacional de Enfermedades
Respiratorias, Mexico City, Mexico; Servicio de Neumonologia (Dr Montes
de Oca), Hospital Universitario de Caracas, Facultad de Medicina,
Universidad Central de Venezuela, Caracas, Venezuela; Departamento
de Investigacion (Drs Torres-Duque and Gonzélez-Garcia), Fundacion



Surveys have identified important differences in the
distribution of the prevalence, underdiagnosis, and
overdiagnosis of COPD.!2 Given the remarkable varia-
tion in the distribution of COPD, further investigation
on the causes of this heterogeneity might be helpful for
a more reasonable distribution of health-care resources.?
In addition, determination of sources of heterogeneity
in COPD prevalence and underdiagnosis can be benefi-
cial for the setup of educational and prevention initia-
tives regarding smoking and other risk factors.* COPD
is a major cause of mortality and morbidity worldwide,
with an estimated 328,615,000 people (168 million men
and 160 million women) with this condition.>7 In the
United States alone, 6.5% of adults (approximately
13.7 million) reported having received a diagnosis of

COPD in 2011, and there were 133,575 deaths (63.1 per
100,000) from COPD in 2010.8 Accurate diagnosis of
COPD is important to initiate timely risk factor modifi-
cation and therapy among those with the disease and to
avoid unnecessary costs and potential side effects in those
unlikely to benefit from therapy.

For this analysis, we use data from the Burden of
Obstructive Lung Disease (BOLD) study,® The Latin
American Project for the Investigation of Obstructive
Lung Disease (PLATINO),' the Epidemiologic Study
of COPD in Spain (EPI-SCAN)," and the Prevalence
Study of COPD in Colombia (PREPOCOL).2 The objec-
tive of this analysis was to determine prevalence and
predictors of COPD underdiagnosis in these national
and international COPD surveys.

Materials and Methods
Study Populations

For this analysis, we used data from 30,874 participants in the following
epidemiologic surveys: (1) BOLD," (2) PLATINO," (3) EPI-SCAN,'s
and (4) PREPOCOL."> The BOLD study®'* includes population-based
data from 16,218 subjects aged =40 years in 23 sites. Complete informa-
tion, including questionnaire data and postbronchodilator spirometry,
were recorded. Details of the study protocol and prevalence of airways
obstruction have been reported elsewhere.>13

PLATINO was launched in 2002 and undertaken in five Latin American
cities in five countries. Complete information, including questionnaire
data and postbronchodilator spirometry, were recorded for 5,315 partic-
ipants aged =40 years.!0-14

EPI-SCAN was a population survey conducted in 11 areas of Spain
in 2007. Complete information, including questionnaire data and
postbronchodilator spirometry, were recorded for 3,802 subjects
aged = 40 years.!!"15

PREPOCOL was an urban population-based study'> conducted in five
Colombian cities in 2003 to 2004. Questionnaire data and postbron-
chodilator spirometry were recorded for 5,539 subjects aged = 40 years.

For all surveys, exclusion criteria were mental illness, institution-
alization, inability to conduct spirometry, and contraindications to
salbutamol. The studies were approved by local ethics committees,
and all participants provided informed consent. Additional details
about the included population-based studies are summarized in
Table 1.

Study Measures

Postbronchodilator spirometry after two puffs (200 wg) of salbutamol
was performed in the four included studies. In the BOLD study and
PLATINO, spirometry was done according to American Thoracic Society
(ATS) criteria'® by trained and certified technicians using the NDD Easy
One spirometer (ndd Medical Technologies, Inc). EPI-SCAN followed
the same guidelines but used the MasterScope CT spirometer (VIASYS
Health Care). In PREPOCOL, spirometry was performed according to
ATS criteria using the MicroLoop spirometer (Micro Medical Ltd).

Questionnaire Data

The questionnaires used for the BOLD study,® EPI-SCAN,"! PLATINO,
and PREPOCOL!? were administered by trained and certified staff in
the participants’ native language and included information on respira-
tory symptoms, respiratory diagnoses, and risk factors for COPD. The
questionnaires were translated from English into the study site language
and then back translated to ensure accuracy.

Definitions

COPD was defined by postbronchodilator FEV ,/FVC <lower limit of
normal (LLN) (persistent airflow limitation). Severity of COPD was
graded by FEV, % predicted, and Third National Health and Nutrition
Examination Survey reference equations!” were used to calculate pre-
dicted values. Doctor-diagnosed COPD was defined as a self-reported
physician diagnosis of chronic bronchitis, emphysema, or COPD.
Undiagnosed COPD was considered when participants had postbron-
chodilator FEV,/FVC < LLN but were not given a diagnosis of COPD
by a physician or health-care professional. Ever smoking (current or
former smoking) was defined as smoking > 20 packs of cigarettes in
a lifetime or more than one cigarette a day for 1 year.
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TABLE 2 | Demographic Characteristics of Study Participants

Years of School

Study Population Site Sample Size Age, y Female Sex 0-8y 9-12y =13y
Adana, Turkey 806 (2.6) 53.6+10.4 417 (51.7) 690 (85.6) 85 (10.5) 31 (3.8)
Bergen, Norway 658 (2.1) 59.8+12.6 334 (50.8) 83 (12.6) 289 (43.9) 286 (43.5)
Cape Town, South 847 (2.7) 54.2+10.5 532 (62.8) 547 (64.6) 258 (30.5) 42 (5.0)
Africa
Guangzhou, China 473 (1.5) 54.1+10.7 237 (50.1) 224 (47.4) 202 (42.7) 47 (9.9)
Hannover, Germany 683 (2.2) 58.1+11.0 334 (48.9) 182 (26.6) 349 (51.1) 152 (22.3)
Ife, Nigeria 885 (2.9) 55.6+11.8 537 (60.7) 449 (50.7) 244 (27.6) 192 (21.7)
Krakow, Poland 526 (1.7) 55.7+11.5 260 (49.4) 183 (34.8) 215 (40.9) 128 (24.3)
Lexington, Kentucky 508 (1.6) 56.6+9.9 302 (59.4) 53 (10.4) 226 (44.5) 229 (45.1)
Lisbon, Portugal 712 (2.3) 63.3+11.3 379 (53.2) 415 (58.3) 183 (25.7) 114 (16.0)
London, England 677 (2.2) 58.2+11.5 354 (52.3) 31 (4.6) 259 (38.3) 387 (57.2)
Maastricht, The 590 (1.9) 57.5+10.7 290 (49.2) 45 (7.6) 163 (27.6) 382 (64.7)
Netherlands
Manila, Philippines 893 (2.9) 52.3+10.2 515 (57.7) 324 (36.3) 394 (44.1) 175 (19.6)
Mumbai, India 440 (1.4) 51.1+8.9 165 (37.5) 173 (39.3) 167 (38.0) 100 (22.7)
Nampicuan, 722 (2.3) 54.1+10.5 366 (50.7) 397 (55.0) 255 (35.3) 70 (9.7)
Philippines
Pune, India 849 (2.7) 52.4x9.9 346 (40.8) 665 (78.3) 160 (18.8) 24 (2.8)
Reykjavik, Iceland 757 (2.5) 56.4+11.7 354 (46.8) 107 (14.1) 211 (27.9) 439 (58.0)
Salzburg, Austria 1,258 (4.1) 57.7+11.4 573 (45.5) 479 (38.1) 630 (50.1) 149 (11.8)
Sousse, Tunisia 660 (2.1) 53.0+9.1 351 (53.2) 360 (54.5) 152 (23.0) 148 (22.4)
Srinagar, India 744 (2.4) 51.7+10.3 336 (45.2) 643 (86.4) 81 (10.9) 20 (2.7)
Sydney, NSW, 541 (1.8) 58.9+12.4 276 (51.0) 56 (10.4) 382 (70.6) 103 (19.0)
Australia
Tartu, Estonia 615 (2.0) 60.9+12.0 306 (49.8) 58 (9.4) 239 (38.9) 318 (51.7)
Uppsala, Sweden 547 (1.8) 58.4+10.9 264 (48.3) 98 (17.9) 174 (31.8) 275 (50.3)
Vancouver, BC, 827 (2.7) 56.0+11.8 483 (58.4) 24 (2.9) 149 (18.0) 654 (79.1)
Canada
Caracas, Venezuela 1,294 (4.2) 55.1+11.2 843 (65.1) 840 (64.9) 296 (22.9) 158 (12.2)
Mexico City, Mexico 1,000 (3.2) 55.4+11.6 591 (59.1) 630 (63.0) 229 (22.9) 141 (14.1)
Montevideo, Uruguay 885 (2.9) 50.9+12.4 524 (59.2) 534 (60.3) 230 (26.0) 121 (13.7)
Santiago, Chile 1,173 (3.8) 56.8+11.9 719 (61.3) 546 (46.5) 398 (33.9) 229 (19.5)
Sdo Paulo, Brazil 963 (3.1) 55.0+11.2 536 (55.7) 741 (76.9) 128 (13.3) 94 (9.8)
Barcelona, Spain 270 (0.9) 57.3+10.6 151 (55.9) 106 (39.3) 92 (34.1) 72 (26.7)
Burgos, Spain 439 (1.4) 56.1+10.7 226 (51.5) 188 (42.8) 118 (26.9) 133 (30.3)
Cordoba, Spain 340 (1.1) 55.6+10.3 181 (53.2) 196 (57.6) 83 (24.4) 61 (17.9)
Huesca, Spain 419 (1.4) 56.8+11.0 228 (54.4) 204 (48.7) 114 (27.2) 101 (24.1)
Madrid La Paz, Spain 349 (1.1) 57.4+10.7 198 (56.7) 128 (36.7) 101 (28.9) 120 (34.4)
Madrid La Princesa, 366 (1.2) 56.5+10.6 193 (52.7) 135 (36.9) 126 (34.4) 105 (28.7)
Spain
Oviedo, Spain 136 (0.4) 58.2+10.6 66 (48.5) 46 (33.8) 46 (33.8) 44 (32.4)
Sevilla, Spain 471 (1.5) 56.4+10.6 254 (53.9) 206 (43.7) 130 (27.6) 135 (28.7)
Requena (Valencia), 292 (0.9) 56.5+11.1 151 (51.7) 213 (72.9) 66 (22.6) 13 (4.5)
Spain
(Continued)
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TABLE 2 | (continued)

Years of School
Study Population Site Sample Size Age, y Female Sex 0-8y 9-12y =13y
Vic, Spain 367 (1.2) 57.6+11.1 180 (49.0) 196 (53.4) 108 (29.4) 63 (17.2)
Vigo, Spain 353 (1.1) 55.6+10.4 177 (50.1) 144 (40.8) 133 (37.7) 76 (21.5)
Barranquilla, Colombia 1,102 (3.6) 55.0+11.2 716 (65.0) 589 (53.4) 372 (33.8) 141 (12.8)
Bogota, Colombia 1,106 (3.6) 56.1+11.2 737 (66.6) 739 (66.8) 234 (21.2) 133 (12.0)
Bucaramanga, 1,103 (3.6) 54.9+10.7 739 (67.0) 770 (69.8) 222 (20.1) 111 (10.1)
Colombia

Cali, Colombia 1,100 (3.6) 56.7+11.3 701 (63.7) 819 (74.5) 156 (14.2) 125 (11.4)
Medellin, Colombia 1,128 (3.7) 56.2+11.3 808 (71.6) 874 (77.5) 172 (15.2) 82 (7.3)
Total 30,874 (100.0) | 56.1+11.3 | 17,230 (55.8) | 15,130 (49.0) | 9,021 (29.2) | 6,723 (21.8)

Data are presented as No. (%) or mean = SD.

A prior lung function test was defined as present when the question,
“Has a doctor or other health-care provider ever had you blow into a
machine or device in order to measure your lungs?” was answered
affirmatively. In case of doubt, the interviewers were able to explain the
difference between a peak flowmeter and a spirometer.

A self-reported diagnosis of COPD, emphysema, or chronic bronchi-
tis was based on questionnaire response (“Has a doctor or health-care
provider ever told you that you have/had...?”). The reported diagnosis
of COPD was considered correct if it was accompanied by postbron-
chodilator airways obstruction (FEV,/EVC<LLN) at the time of the
study visit.

Severity of self-reported dyspnea was recorded according to the mod-
ified Medical Research Council dyspnea scale (0-4), with dyspnea
defined as present with a score = 1. Presence of self-reported cough was
assessed using the following question: “Do you usually cough when
you don’t have a cold?” Self-reported phlegm was assessed using the
following question: “Do you usually bring up phlegm from your chest,
or do you usually have phlegm in your chest that is difficult to bring up
when you don’t have a cold?”

Statistical Analysis

Data quality was centrally controlled, and a homogeneous template to
translate all coding was applied. Variables were then double checked by
each principal investigator, and data considered as potential errors or

outliers were individually discussed and confirmed or removed. Com-
prehensive tabulations with ranges, means, and SDs of all quantitative
variables and percentages of all qualitative variables were available for
each study. All statistics were performed using SAS version 9.3 software
(SAS Institute Inc). In case of very few missing data, the SAS proce-
dure for multiple imputation was used if both the missing at random
and the distinctness assumptions were satisfied. Results are expressed
as mean * SD for quantitative variables and count (percentage) for
discrete variables. Nonparametric Mann-Whitney U test was used to
investigate differences in baseline characteristics. Multivariate binary
logistic regression was used to identify factors associated with undiag-
nosed COPD. Several binary logistic regressions were calculated using
individuals with spirometrically defined COPD (postbronchodilator
FEV /FVC <LLN). These individuals were divided into two groups:
one group not given a prior diagnosis of COPD (undiagnosed) and one
group given a prior COPD diagnosis (diagnosed). A univariate logistic
model was created for every data source (BOLD, PLATINO, PREPOCOL,
EPI-SCAN) and all variables, using undiagnosed/diagnosed as the
dependent variable. Subsequently, a multivariate binary logistic regres-
sion was calculated for every data source with undiagnosed/diagnosed
as dependent variable and sex, age categories, smoking status, level of
education, respiratory symptoms, prior lung function test, and severity
of airways obstruction as independent variables. Finally, a multivariate
binary logistic model was calculated for the whole data set using the
same dependent and independent variables. In all analyses, P <<.05 was
considered statistically significant.

Results

Among 30,874 participants aged 56 *+ 11.3 years from
44 sites worldwide, 55.8% were women, and 22.9%
were current smokers. More detailed information on
demographics, smoking status, respiratory symptoms,
and postbronchodilator lung function is presented in
Tables 2 and 3.

Only 26.4% of all participants reported a previous lung
function test ever and 5.0% a diagnosis of COPD, whereas
9.7% had a postbronchodilator FEV,/FVC < LLN.
Population prevalence of COPD ranged from 3.6% in
Barranquilla, Colombia, to 19.0% in Cape Town, South
Africa. The variation in the prevalence of COPD is
illustrated in Figure 1.

journal.publications.chestnet.org

Overall, 81.4% of COPD cases were undiagnosed, with
the highest rate in Ile-Ife, Nigeria (98.3%), and the
lowest rate in Lexington, Kentucky (50.0%). The
prevalence of diagnosed COPD, undiagnosed COPD,
and relative underdiagnosis by study site are shown in
Figure 2. Although the majority of participants with
spirometrically defined COPD were undiagnosed, only
36.4% with a self-reported diagnosis of COPD had
postbronchodilator airways obstruction (postbroncho-
dilator FEV,/FVC < LLN). Detailed information on
self-reported diagnoses of COPD, prior lung function
testing, and prevalence of COPD is presented in Table 4.

Prevalence of both diagnosed and undiagnosed COPD
increased with age and was most pronounced in elderly
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Figure 1 - Illustration of worldwide
variation in COPD prevalence.
LLN = lower limit of normal.

men (Fig 3). The results indicate that compared with in five of these sites (Fig 4). In multivariate analysis,
women, men are at increased risk of not receiving a male sex, younger age, never and current smoking
diagnosis of COPD. However, the sex-specific COPD (vs former smoking), lower education, no previous
underdiagnosis shows great variability worldwide, and spirometry, lack of reported respiratory symptoms, and
even in nine of 11 sites in Spain, COPD underdiagnosis less-severe airflow limitation were positively associated

was more frequent in women and statistically significant with COPD underdiagnosis (Table 5).
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Figure 2 — Prevalence of diagnosed and undiagnosed COPD (postbronchodilator FEV,/FVC <LLN) and relative underdiagnosis by study site. See Fig-
ure 1 legend for expansion of abbreviation.
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TABLE 4 | Reported Diagnosis, Reported Prior Lung Function Test, Prevalence of COPD, and Proportion of
Undiagnosed and Correctly Diagnosed COPD

Proportion of

Self-Reported Prior Lung Prevalence Proportion of Correct Prior
Diagnosis of Function of COPD Undiagnosed Diagnosis of
Study Population Site No. Subjects (%) COPD (%) Test, Ever, % (FEV,/FVC<LLN), % COPD, % COPD, %
Adana, Turkey 806 (2.6) 5.1 5.3 14.3 91.3 24.4
Bergen, Norway 658 (2.1) 6.2 97.6 12.5 75.6 48.8
Cape Town, South 847 (2.7) 7.4 16.8 19.0 81.4 47.6
Africa
Guangzhou, China 473 (1.5) 8.0 8.0 7.8 64.9 34.2
Hannover, Germany 683 (2.2) 7.9 62.7 8.9 68.9 35.2
Ife, Nigeria 885 (2.9) 0.3 0.5 6.9 98.3 33.3
Krakow, Poland 526 (1.7) 9.7 54.2 13.7 75.0 35.3
Lexington, Kentucky 508 (1.6) 22.4 42.1 15.2 50.0 33.6
Lisbon, Portugal 712 (2.3) 6.5 18.0 11.5 82.9 30.4
London, England 677 (2.2) 7.2 39.3 16.0 79.6 44.9
Maastricht, The 590 (1.9) 8.1 37.5 18.1 75.7 54.2
Netherlands
Manila, Philippines 893 (2.9) 2.7 3.0 8.5 90.8 29.2
Mumbai, India 440 (1.4) 0.5 2.3 6.8 96.7 50.0
Nampicuan, 722 (2.3) 1.7 0.6 14.3 94.2 50.0
Philippines
Pune, India 849 (2.7) 0.1 0.9 6.1 98.1 0.0
Reykjavik, Iceland 757 (2.5) 8.2 45.2 11.0 68.7 41.9
Salzburg, Austria 1,258 (4.1) 5.4 41.2 15.8 85.9 41.2
Sousse, Tunisia 660 (2.1) 4.1 12.1 5.0 75.8 29.6
Srinagar, India 744 (2.4) 0.9 0.8 16.4 95.9 71.4
Sydney, NSW, 541 (1.8) 6.5 36.6 10.9 72.9 45.7
Australia
Tartu, Estonia 615 (2.0) 6.5 54.6 7.0 74.4 27.5
Uppsala, Sweden 547 (1.8) 5.7 52.1 9.3 76.5 38.7
Vancouver, BC, 827 (2.7) 7.6 29.6 12.3 82.4 28.6
Canada
Caracas, Venezuela 1,294 (4.2) 3.7 8.2 8.5 82.7 39.6
Mexico City, Mexico 1,000 (3.2) 4.9 6.6 3.8 81.6 14.3
Montevideo, Uruguay 885 (2.9) 2.5 14.8 11.9 87.6 59.1
Santiago, Chile 1,173 (3.8) 6.0 17.6 9.7 84.2 25.7
Sao Paulo, Brazil 963 (3.1) 5.0 9.7 11.1 86.0 31.3
Barcelona, Spain 270 (0.9) 8.1 47.0 10.7 72.4 36.4
Burgos, Spain 439 (1.4) 4.3 49.9 3.9 64.7 31.6
Cordoba, Spain 340 (1.1) 5.3 40.9 9.4 65.6 61.1
Huesca, Spain 419 (1.4) 3.8 34.6 7.2 66.7 62.5
Madrid La Paz, 349 (1.1) 3.4 48.7 6.6 82.6 33.3
Spain
Madrid La 366 (1.2) 4.6 27.3 10.9 75.0 58.8
Princesa, Spain
Oviedo, Spain 136 (0.4) 4.4 57.4 11.0 73.3 66.7
Sevilla, Spain 471 (1.5) 2.1 43.7 4.9 69.6 70.0
(Continued)
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TABLE 4 | (continued)

Proportion of
Self-Reported Prior Lung Prevalence Proportion of Correct Prior
Diagnosis of Function of COPD Undiagnosed Diagnosis of
Study Population Site No. Subjects (%) COPD (%) Test, Ever, % (FEV,/FVC<LLN), % COPD, % COPD, %
Valencia, Spain 292 (0.9) 10.3 41.8 6.2 61.1 23.3
Vic, Spain 367 (1.2) 6.5 44.7 5.7 61.9 33.3
Vigo, Spain 353 (1.1) 8.2 39.9 4.8 58.8 24.1
Barranquilla, 1,102 (3.6) 1.5 NA 3.6 95.0 12.5
Colombia
Bogota, Colombia 1,106 (3.6) 3.1 NA 5.2 77.2 38.2
Bucaramanga, 1,103 (3.6) 3.0 NA 5.3 87.9 21.2
Colombia
Cali, Colombia 1,100 (3.6) 2.1 NA 5.6 88.7 30.4
Medellin, Colombia 1,128 (3.7) 5.7 NA 10.6 80.8 35.9
Total 30,874 (100.0) 5.0 26.4 9.7 81.4 36.4

LLN = lower limit of normal; NA = not available.

Discussion

The results indicate that COPD underdiagnosis is
frequent but varied across sites and age-groups. How-
ever, this underdiagnosis is not related with COPD
prevalence. Although the range of COPD prevalence
by site varies fivefold (5.27 times), its underdiagnosis
only varies twofold (1.97). Worldwide determinants of
COPD underdiagnosis are male sex (except in Spain),
younger age, never and current smoking, lower level
of education, absence of reported symptoms, lack
of previous spirometry, and milder severity of airflow
limitation.

As indicated by the LLN, more relative underdiagnosis
in the younger participants might be considered a novel

finding. Thus, more efforts could be dedicated to risk
factor modification in this population, particularly
smoking cessation, which might modify the natural his-
tory of the disease.

It appears odd that COPD underdiagnosis in men is
far more frequent worldwide, except in Spain (Fig 4).
The predominance of COPD underdiagnosis in women
living in Spain was consistently reported in both 1997
(IBERPOC [Epidemiological Study of COPD in
Spain])'® and 2007 (EPI-SCAN)™ due to physician
failure to recognize and diagnose COPD in women. The
epidemiology of COPD in Spain still indicates that men
are two to three times more likely to have COPD than
women, 819 and consequently, physicians might be less

Male Female
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m Diagnosed

E Undiagnosed

Figure 3 - Prevalence of diagnosed
and undiagnosed COPD (postbron-

40.0 30.0 20.0 10.0 0.0 10.0

Prevalence

chodilator FEV /FVC < LLN) by sex
and age. See Figure 1 legend for
expansion of abbreviation.
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Figure 4 - Risk of underdiagnosis of COPD (postbronchodilator FEV /FVC < LLN) in men compared with women (by study site). See Figure 1 legend for

expansion of abbreviation.

likely to consider COPD when confronted by a female
patient with respiratory symptoms.2

Although the majority of participants with spirometri-
cally defined COPD were not given a diagnosis, only
36.4% self-reporting of COPD diagnosis had postbron-
chodilator airways obstruction (FEV,/FVC <LLN).
Indeed, underdiagnosis of COPD is the prominent
problem and challenge, but the results indicate that
there is also a relevant proportion of misdiagnosis defined
by a reported physician diagnosis of COPD in absence
of airways obstruction.

This study has a number of strengths. To our knowledge,
it is the first and largest assessment of COPD and
spirometry with a multinational approach, including
various ethnicities and races. Both spirometry and bron-
chodilator testing were conducted with similar protocols,
which likely reduces bias due to methodologic issues.
Opverall, this pooled analysis in = 30,000 participants
allows stratified subanalysis by subgroups. By using the
LLN, we avoided problems associated with identifying

journal.publications.chestnet.org

COPD with the fixed ratio of FEV,/FVC, allowing us to
better compare results across studies.?!

A high prevalence of spirometric restriction is likely in
low-income countries, and low FVC is likely related to
poverty, low birth weight, poor diet, early infections,
and exposure to indoor air pollution (burning of biomass
fuel).2227 Because local standards underestimate the
severity, we deliberately decided to use the LLN for
height, age, and sex on the basis of the Third National
Health and Nutrition Examination Survey reference
population.’”

COPD mortality is associated with low vital capacity.?®
Because the prognostic significance of a given FVC is
independent of ethnicity, we decided not to adjust the
LLN for ethnicity.

Some limitations must be noted. All four surveys used
different tools and brands of spirometers with somewhat
different protocols and maneuvers. However, all spirom-
eters were calibrated and set up to the same ATS/European
Respiratory Society guidelines. International variation
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was also seen within the 23 BOLD sites using the
same spirometer (NDD Easy One). Countries
assessed are in different stages of the tobacco epidemic,
perhaps even by region, and other risk factors might
have a variable distribution, for instance biomass fuel or
occupational exposure. However, the PLATINO study
has shown that underdiagnosis is as common in subjects
with airways obstruction who never smoked as in ever
smokers.? Finally, the term “COPD” is not considered
or accepted equally worldwide, and awareness of COPD
varies among countries.

Recommendations and Conclusions

More research on strategies to reduce the overwhelming
phenomenon of COPD underdiagnosis is needed.
COPD underdiagnosis has remained high in many
countries, even after years of multiple interventions
such as population spirometry and case finding. Apart
from primary care as the central venue to screen for
COPD, other options might be considered, such as
community pharmacies® or actively searching for

disease.’!32 Lessons of success in other chronic condi-
tions, such as diabetes and heart failure, should be
explored. With some caveats for extrapolation else-
where, the Finnish National Prevention and Treatment
Program for Chronic Bronchitis and COPD could be
considered. This program encourages the widespread
use of spirometry testing combined with smoking
cessation efforts and has already demonstrated a reduction
in smoking prevalence and hospitalizations for COPD.333
Taking into account the emerging female face of COPD,
spirometry should predominantly be performed not
only in elderly male smokers but also in younger
female individuals in whom we observed a high rate of
underdiagnosis.

There have been many changes in COPD during the
past decade.? Even with substantial heterogeneity in
COPD prevalence rates (fivefold and higher), COPD
underdiagnosis is universally high (four in five). Wider
use of spirometry should reduce the incidence of undi-
agnosed COPD, particularly in younger women who

COPD associated with the presence of comorbid

smoke.

Acknowledgments

Author contributions: B. L. had full access
to all of the data in the study and takes
responsibility for the integrity of the data and
the accuracy of the data analysis, including
and especially any adverse effects. B. L.,

J. B. S., M. S., and B. K. contributed to the
study conception and design, data analysis
and interpretation, and final approval of
the manuscript; B. L. and J. B. S. contributed
to the drafting of the manuscript; and L. E. V,,
L.G,P.B,M.M,EG.-R,K. A, J. A,
A.M.M,R.P-P,M. M. d. O, C. A. T.-D,,
A. C., M. G.-G., and S. B. contributed to
the data interpretation, critical revision

of the manuscript for important intellec-
tual content, and final approval of the
manuscript.

Conflict of interest: None declared.

Role of sponsors: All sponsors played no
role in the study design, data collection, data
analysis, data interpretation, or writing the
original reports.

Collaborators: The PLATINO Collaboration
team: Ana Maria B. Menezes, MD; Rogelio
Perez-Padilla, MD; Maria Montes de Oca, MD;
Carlos Talamo, MD; Maria Victorina
Lopez-Varela, MD; Adriana Muino, MD;
Gonzalo Valdivia, MD; Carmem Lisboa, MD;
and Jose Roberto B. Jardim, MD.

References

1. Halbert RJ, Isonaka S, George D, Igbal A.
Interpreting COPD prevalence estimates:
what is the true burden of disease? Chest.
2003;123(5):1684-1692.

14 Original Research

. Halbert RJ, Natoli JL, Gano A, Badamgarav

E, Buist AS, Mannino DM. Global burden
of COPD: systematic review and meta-
analysis. Eur Respir ]. 2006;28(3):523-532.

. Vestbo J, Hurd SS, Agusti AG, et al.

Global strategy for the diagnosis, man-
agement, and prevention of chronic
obstructive pulmonary disease: GOLD
executive summary. Am ] Respir Crit
Care Med. 2013;187(4):347-365.

. Soriano JB, Zielinski J, Price D. Screening

for and early detection of chronic
obstructive pulmonary disease. Lancet.
2009;374(9691):721-732.

. Murray CJL, Lopez AD. Alternative

projections of mortality and disability

by cause 1990-2020: Global Burden

of Disease Study. Lancet. 1997;349(9064):
1498-1504.

. Vos T, Flaxman AD, Naghavi M, et al.

Years lived with disability (YLDs) for
1160 sequelae of 289 diseases and injuries
1990-2010: a systematic analysis for
the Global Burden of Disease Study
2010 [published correction appears
in Lancet. 2013;381(9867):628]. Lancet.
2012;380(9859):2163-2196.

. Murray CJ, Lopez AD. Measuring the

global burden of disease. N Engl ] Med.
2013;369(5):448-457.

. Ford ES, Croft JB, Mannino DM,

Wheaton AG, Zhang X, Giles WH.
COPD surveillance—United States,
1999-2011. Chest. 2013;144(1):284-305.

. Buist AS, Vollmer WM, Sullivan SD,

et al. The Burden of Obstructive Lung
Disease Initiative (BOLD): rationale and
design. COPD. 2005;2(2):277-283.

10. Menezes AM, Victora CG, Perez-Padilla
R; PLATINO Team. The PLATINO
project: methodology of a multicenter
prevalence survey of chronic obstruc-
tive pulmonary disease in major Latin
American cities. BMC Med Res Methodol.
2004;4:15.

11. Ancochea J, Badiola C, Duran-Tauleria E,
et al. The EPI-SCAN survey to assess the
prevalence of chronic obstructive pulmo-
nary disease in Spanish 40-to-80-year-
olds: protocol summary [in Spanish].
Arch Bronconeumol. 2009;45(1):41-47.

12. Caballero A, Torres-Duque CA,
Jaramillo C, et al. Prevalence of COPD
in five Colombian cities situated at low,
medium, and high altitude (PREPOCOL
study). Chest. 2008;133(2):343-349.

13. Buist AS, McBurnie MA, Vollmer WM,
et al; BOLD Collaborative Research
Group. International variation in the
prevalence of COPD (the BOLD study):
a population-based prevalence study.
Lancet. 2007;370(9589):741-750.

14. Menezes AM, Perez-Padilla R, Jardim JR,
et al; PLATINO Team. Chronic
obstructive pulmonary disease in five
Latin American cities (the PLATINO
study): a prevalence study. Lancet.
2005;366(9500):1875-1881.

15. Miravitlles M, Soriano JB, Garcia-Rio F,
et al. Prevalence of COPD in Spain:
impact of undiagnosed COPD on quality
of life and daily life activities. Thorax.
2009;64(10):863-868.

16. American Thoracic Society. Standardization
of spirometry, 1994 update. Am J Respir
Crit Care Med. 1995;152(3):1107-1136.

[ 148#4 CHEST OCTOBER 2015 |



17.

18.

19.

20.

21.

22.

23.

Hankinson JL, Odencrantz JR, Fedan KB.
Spirometric reference values from a
sample of the general US population.

Am ] Respir Crit Care Med. 1999;159(1):
179-187.

Pefia VS, Miravitlles M, Gabriel R, et al.
Geographic variations in prevalence and
underdiagnosis of COPD: results of the
IBERPOC multicentre epidemiological

study. Chest. 2000;118(4):981-989.

Soriano JB, Ancochea J, Miravitlles M,
etal. Recent trends in COPD prevalence
in Spain: a repeated cross-sectional
survey 1997-2007. Eur Respir ]. 2010;
36(4):758-765.

Miravitlles M, de la Roza C, Naberan K,
et al. Attitudes toward the diagnosis of
chronic obstructive pulmonary disease
in primary care [in Spanish]. Arch
Bronconeumol. 2006;42(1):3-8.

van Dijk WD, Gupta N, Tan WC,
Bourbeau J. Clinical relevance of diag-
nosing COPD by fixed ratio or lower
limit of normal: a systematic review.
COPD. 2014;11(1):113-120.

Hancox R]J, Poulton R, Greene JM,
McLachlan CR, Pearce MS, Sears MR.
Associations between birth weight, early
childhood weight gain and adult lung
function. Thorax. 2009;64(3):228-232.

Stein CE, Kumaran K, Fall CH, Shaheen
SO, Osmond C, Barker DJ. Relation
of fetal growth to adult lung function

journal.publications.chestnet.org

24.

25.

26.

27.

28.

29.

in south India. Thorax. 1997;52(10):
895-899.

Canoy D, Pekkanen J, Elliott P, et al.
Early growth and adult respiratory func-
tion in men and women followed from
the fetal period to adulthood. Thorax.
2007;62(5):396-402.

Misra P, Srivastava R, Krishnan A,
Sreenivaas V, Pandav CS. Indoor air
pollution-related acute lower respira-
tory infections and low birthweight:
a systematic review. ] Trop Pediatr.
2012;58(6):457-466.

Shaheen SO, Barker DJ, Holgate ST.
Do lower respiratory tract infections
in early childhood cause chronic
obstructive pulmonary disease? Am |
Respir Crit Care Med. 1995;151(5):
1649-1651.

Kulkarni N, Pierse N, Rushton L, Grigg J.

Carbon in airway macrophages and
lung function in children. N Engl ] Med.
2006;355(1):21-30.

Burney P, Jithoo A, Kato B, et al; Burden
of Obstructive Lung Disease (BOLD)
Study. Chronic obstructive pulmo-

nary disease mortality and prevalence:
the associations with smoking and
poverty—a BOLD analysis. Thorax.
2014;69(5):465-473.

Perez-Padilla R, Fernandez R, Lopez
Varela MV, et al. Airflow obstruction in
never smokers in five Latin American

30.

31.

32.

34.

35.

cities: the PLATINO study. Arch Med
Res. 2012;43(2):159-165.

Castillo D, Guayta R, Giner J, et al;
FARMAEPOC group. COPD case finding
by spirometry in high-risk customers of
urban community pharmacies: a pilot
study. Respir Med. 2009;103(6):839-845.

Nielsen HM, Rodsgaard PA, Weinreich
UM. Chronic obstructive pulmonary
disease as comorbidity in patients
admitted to a university hospital: a
cross-sectional study. Clin Respir J.
2014;8(3):274-280.

Yamasaki A, Hashimoto K, Hasegawa Y,
etal. COPD is frequent in conditions of
comorbidity in patients treated with
various diseases in a university hospital.
Int ] Chron Obstruct Pulmon Dis. 2010;
5:351-355.

. Pietinalho A, Kinnula VL, Sovijirvi AR,

et al. Chronic bronchitis and chronic
obstructive pulmonary disease. The Finnish
Action Programme, interim report.
Respir Med. 2007;101(7):1419-1425.

Tuomisto L, Jarvinen V, Laitinen J,
Erhola M, Kaila M, Brander P. Asthma
Programme in Finland: the quality of
primary care spirometry is good. Prim
Care Respir J. 2008;17(4):226-231.

Sutherland ER, Cherniack RM.
Management of chronic obstructive
pulmonary disease. N Engl ] Med.
2004;350(26):2689-2697.

15





