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k Faculty of Medicine and Life Sciences, University of Tampere, Tampere, Finland   

A R T I C L E  I N F O   

Keywords: 
COPD 
Population study 
Epidemiology 
Underdiagnosis 
Misclassification 

A B S T R A C T   

Introduction: The prevalence of COPD tends to level off in populations with decreasing prevalence of smoking but 
the extent of underdiagnosis in such populations needs further investigation. 
Aim: To investigate underdiagnosis and misclassification of COPD with a focus on socio-economy, lifestyle de-
terminants and healthcare utilization. 
Method: The 1839 participants were selected from two ongoing large-scale epidemiological research programs: 
The Obstructive Lung Disease in Northern Sweden Studies and the West Sweden Asthma Study. COPDGOLD was 
defined according to the fixed post-bronchodilator spirometric criteria FEV1/FVC<0.70 in combination with 
respiratory symptoms. 
Results: Among the 128 participants who fulfilled the criteria for COPDGOLD, the underdiagnosis was 83.6% (n =
107) of which 57.9% were men. The undiagnosed participants were younger, had higher FEV1% of predicted and 
less frequently a family history of bronchitis. One in four of the undiagnosed had utilized healthcare and had 
more frequently utilized healthcare due to a burden of respiratory symptoms than the general population without 
COPD. Underdiagnosis was not related to educational level. Misclassification of COPD was characterized by 
being a woman with low education, ever smoker, having respiratory symptoms and having a previous asthma 
diagnosis. 
Conclusion: In the high income country Sweden, the underdiagnosis of COPD was highly prevalent. 
Reduced underdiagnosis can contribute to risk factor modification, medical treatment and self-management 
strategies in early stages of the disease, which may prevent disease progression and improve the quality of 
life among those affected. Therefore, there is a need to increase the use of spirometry in primary care to improve 
the diagnostic accuracy.   
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1. Introduction 

Chronic Obstructive Pulmonary Disease (COPD), is a common dis-
ease that poses a high economic burden on health care and society [1] 
and it is the third leading cause of death in the world according to the 
World Health Organization [2]. A recent systematic review estimated 
the global prevalence of COPD to 10.3%, corresponding to around 391.9 
million people aged 30–79 years [3]. Until recently, the prevalence has 
steadily increased [4] but in some high-income countries where tobacco 
smoking has decreased in the population, the prevalence of COPD seems 
to be levelling or even decreasing [5–9]. Although the prevalence may 
be leveling off, underdiagnosis of COPD is still high worldwide and a 
majority of those suffering from COPD are not identified as having COPD 
or any other obstructive airway disease [4,10–14]. 

In Europe and North America, around and after the millennium shift, 
the underdiagnosis of COPD ranged from 70% to 90% according to 
several large-scale population studies [10–13], and in Latin America, the 
underdiagnosis was estimated at around 90% [14]. From a global 
perspective, the range for underdiagnoses varies between 10 and 95% 
[15]. Even though increasing attention has been paid to COPD in health 
care and the public awareness has increased, underdiagnosis of COPD 
has remained high also in the Scandinavian countries [16–18]. Besides 
underdiagnosis, misclassification of COPD is common. Recent results 
from the large scale, multinational Burden of Obstructive Lung Disease 
(BOLD) study have revealed that a large proportion of study participants 
given the diagnosis of COPD did not fulfil the spirometry criteria for the 
disease [19], which also has been reported in a study conducted in Italy 
[20] and in a quite recent review [13]. Similar misclassification has also 
been found in Scandinavia [21,22]. Major reasons for both underdiag-
nosis and misclassification of COPD have been related to 
under-utilization of spirometry and lack of uniformity in diagnostic 
criteria [15]. Accurate and early diagnosis of COPD is crucial for sec-
ondary prevention of the disease progression [1], mainly by means of 
smoking cessation [23], modification of other riskfactors regarding 
environmental exposures and lifestyle, and by pharmacological inter-
vention [1]. 

Two ongoing large-scale epidemiological research programs 
focusing on obstructive respiratory diseases include surveys of random 
samples of the population in northern [24] and southwestern Sweden 
[25]. Results from these programs have shown a COPD prevalence of 
7.0%, in age group 21–78 years, based on post-bronchodilator spiro-
metric criteria in combination with respiratory symptoms [8]. While our 
previous study investigated the prevalence of COPD after decades of 
changing smoking habits [8], the current study aimed to investigate 
underdiagnosis and misclassification of COPD with a focus on 
socio-economy, lifestyle determinants and healthcare utilization. 

2. Methods 

2.1. Study areas 

The study was performed in the regions of Norrbotten in northern 
Sweden and Västra Götaland in southwestern Sweden and is based on 
two ongoing large-scale epidemiological research programs: The 
Obstructive Lung Disease in Northern Sweden (OLIN) Studies, in prog-
ress since 1985 [16,26–28] and the West Sweden Asthma Study (WSAS), 
which started in 2008 with a similar basic study design [25,29–31]. The 
Regional Ethical Review Boards in Umeå and Gothenburg, Sweden, have 
approved the research programs (Dnr 1991–236, 2005-157 M and 
2008-593–08). 

2.2. Study population 

In 2006, two random samples of the population in Norrbotten, aged 
20–69 years and 30–84 years, were invited to a postal questionnaire 
survey and 12 055 participated, corresponding to a response-rate of 80% 

[32]. In 2008-2009, after stratification by age and sex to resemble the 
population demographics in Norrbotten, a random sample of 1016 re-
sponders to the postal questionnaire was invited to a clinical examina-
tion including pre- and post- bronchodilator spirometry and a structured 
interview. In total, 726 (71.5%) participants performed an adequate 
quality spirometry measurement and completed the structured inter-
view [33]. 

In 2008, a postal questionnaire was sent to 30 000 randomly selected 
inhabitants in Västra Götaland aged 16–75 years. In total, 18 087 
responded, which corresponds to a response-rate of 62% and a study of 
late- and non-response verified a high representativeness [34]. In 
2009-2012, after stratification by age and sex to resemble the population 
demographics in Västra Götaland, a random sample of 2000 responders 
to postal questionnaire was invited to a clinical examination including 
pre- and post-bronchodilator spirometry and a structured interview. In 
total, 1158 (58%) participants performed an adequate quality spirom-
etry measurement and completed the structured interview [25,30,31]. 

Data from the clinical examinations of the participants from both 
OLIN and WSAS in the overlapping age range 21–78 years have been 
pooled in the current study. Thus, the sample of this study comprised 
1839 participants; mean age 51.1 years (SD 14.8 years), and 52.6% 
women. 

2.3. Questionnaire 

The Swedish OLIN-questionnaire [24] was used in both study areas. 
It has been used in several epidemiological studies both nationally and 
internationally [35–38], and it has been validated against the Global 
Allergy and Asthma European Network (GA2LEN) questionnaire [39]. It 
consists of a self-administrated short version for postal surveys, and a 
longer version for structured interviews. In addition, questions from the 
Swedish version of the GA2LEN questionnaire were included [40,41]. 
The questionnaires includes questions about respiratory symptoms, 
respiratory diseases, medication, potential risk factors for respiratory 
diseases, such as family history of obstructive airway diseases, 
socio-economic status and smoking habits and healthcare utilization 
related to respiratory problems. 

2.4. Spirometry 

A daily calibrated Masterscope (Jaeger) spirometer was used in both 
study areas. Height and weight were measured before the spirometry 
and, at least three and a maximum six forced vital capacity (FVC) 
measurements were performed. The difference between the two highest 
values of both FVC and forced expiratory volume during the first second 
of the expiration (FEV1) values had to be <5% and <150 ml, or <100 ml 
for values < 2.0 L. In OLIN, the bronchodilation test was performed 
using 0.4 mg salbutamol via discus, while in WSAS, a combination of 
0.4 mg salbutamol and 80 mcg ipratropium-bromide via spacer was 
used. The OLIN reference values for spirometry were used [42]. 

2.5. Definitions 

COPD was defined based on spirometric criteria and, in addition 
respiratory symptoms were required. We used the spirometric criteria of 
GOLD (Global Initiative of Obstructive Lung Disease) and LLN (Lower 
Limit of Normal) divided into the categories 1-3 presented below. The 
following chronic or recurrent respiratory symptoms within the last 12 
months; longstanding cough, chronic productive cough, sputum pro-
duction, mMRC dyspnea scale≥2, recurrent wheeze, persistent wheeze 
and/or attacks of shortness of breath were also required to define:  

1. COPDGOLD: Post-bronchodilator (post-BD) FEV1/FVC<0.70  
2. COPDGOLD>2: Post-BD FEV1/FVC<0.70 & FEV1<80% of predicted 
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3. COPDLLN: Post-BD FEV1/FVC < LLN, i.e. the lower 5th percentile of 
the reference value in line with the European Respiratory Society and 
the American Thoracic Society [43]. 

Underdiagnosis was defined as participants fulfilling the above 
criteria of COPD but who did not have a self-reported diagnosis of COPD. 
See below definitions of self-reported diagnosis. 

Misclassification was defined as participants not fulfilling the above 
criteria of COPD but who had a self-reported diagnosis of COPD. See 
below definitions of self-reported diagnosis. 

Self-reported physician-diagnosed COPD was defined as an affirmative 
answer to: Have you been diagnosed as having chronic obstructive 
pulmonary disease by a doctor? 

Self-reported physician-diagnosed chronic bronchitis, COPD, or emphy-
sema was defined as an affirmative answer to: Have you been diagnosed 
as having chronic bronchitis (CB), chronic obstructive pulmonary dis-
ease (COPD) or emphysema by a doctor? 

Self-reported physician-diagnosed asthma was defined as an affirmative 
answer to: Have you been diagnosed as having asthma by a doctor? 

Self-reported medication use for obstructive airway disease was defined 
as an affirmative answer to: Have you been using medication for 
obstructive airway disease during the last 12 months? 

Self-reported Any obstructive airway disease (OAD) was defined as any 
of Self-reported physician-diagnosed COPD/chronic bronchitis, COPD, 
or emphysema/asthma or Have you used medication for obstructive 
airway disease during the last 12 months? 

Smoking habits were divided into never-smokers, ex-smokers or cur-
rent smokers. Ever smokers were defined as ex-smokers or current 
smokers. Pack years were calculated for ever smokers. 

Occupational exposure to gas, dust or fumes (GDF) was defined as an 
affirmative answer to: Have you been heavily exposure to gas, dust or 
fumes at work? 

Body mass index (BMI) was calculated as weight in kilograms divided 
by the square of the height in meter and classified according to the WHO 
definition and then dived into two categories (<25 and ≥ 25). 

Socioeconomic status was based on educational level: high educa-
tional level = university education and low educational level = high 
school or less. 

Family history of asthma was defined as an affirmative answer to: 
Have any of your parents, brothers or sisters had asthma? 

Family history of chronic bronchitis was defined as an affirmative 
answer to: Have any of your parents, brothers or sisters had chronic 
bronchitis? 

2.5.1. Definitions of healthcare utilization  

• Ever medical care = Ever medical care due to respiratory symptoms  
• Medical care 12 months = Medical care due to respiratory symptoms 

last 12 months  
• Ever hospitalized = Ever hospitalized due to respiratory symptoms  
• Ever emergency care = Ever emergency care due to respiratory 

symptoms 

2.6. Statistical analyses 

The IBM SPSS Statistics version 26 (Armonk, NY: IBM Corp) was used 
for statistical analyses. Descriptive statistics were used to describe the 
study population. Chi-square tests were used to test for differences in 
proportions and t-tests to compare mean values between groups. P- 
values <0.05 were considered statistically significant. 

3. Results 

In total, approximately, 38% of the participants were inhabitants in 
Norrbotten and 62% in Västra Götaland (in total 49% in the City of 
Gothenburg and 13% outside the city). Of the total sample (n = 1839 

participants), 128 (7.0%) fulfilled the criteria for COPDGOLD, corre-
sponding to 8.3% in men and 5.8% in women. The criteria for COPDGOLD 
≥2 was fulfilled by 65 in while the criteria for COPDLLN was fulfilled by 
84 participants. In the total sample, the prevalence of COPDGOLD by age 
groups was 2.2% among those <40 years, 5.4% in 40–60 years and 
12.8% among those >60 years. 

Participants with COPDGOLD were in general more frequently male, 
older, current or ex-smokers, had more pack years, lower educational 
level and had more often a family history of chronic bronchitis, respi-
ratory symptoms, occupational exposure to GDF and healthcare contacts 
compared to those without COPDGOLD (Table 1). 

In the total sample, aged 21–78 years, self-reported physician-diag-
nosed prevalence of COPD was 1.5%, 4.5% for chronic bronchitis, COPD 
or emphysema, and 18.8% for any obstructive airway disease. Those 
with self-reported physician-diagnosed COPD were more likely to have 
lower educational level and to report occupational exposure to GDF than 
those without self-reported physician diagnosed COPD. The broader the 
definition of obstructive airway disease used, the greater the proportion 
reporting occupational exposure to GDF tended to be (Table 2). 

4. Underdiagnosis of COPD 

Among the 128 individuals with COPDGOLD, 16.4% had a self- 
reported physician-diagnosed COPD and 23.4% reported a physician- 
diagnosis of chronic bronchitis, COPD or emphysema (Table 3). Distri-
bution of self-reported COPD, chronic bronchitis, COPD or emphysema, 
asthma, medication and OAD did not differ significantly when 
comparing between sexes, between high or low level of education or 
occupational exposure of GDF or not (Table 3). 

Further analyses when participants with self-reported physician- 
diagnosed asthma (n = 38) were removed, showed that out of the 
remaining 90 participants 14 (15.6%) reported physician-diagnosed 
COPD, 19 (21.1%) reported a physician-diagnosis of chronic bron-
chitis, COPD or emphysema and 20 (22.2%) reported any OAD. 

Fig. 1 illustrates the underdiagnosis in relation to different defini-
tions of COPD: among those with COPDGOLD, 83.6% did not have a 
previous physician diagnosis of COPD, corresponding percentages for 
underdiagnosis among those with COPDLLN and COPDGOLD ≥2, were 
81.0% and 73.8% respectively. 

Among the 107 (83.6%) undiagnosed participants with COPDGOLD, 
57.9% were men and they were younger (mean age 59.6 (SD12.2) vs. 
65.0 years (SD 8.2), p = 0.021) and had higher FEV1% of predicted (82.9 
(SD 14.4) vs. 65.2 (SD 18.0), p = 0.001) compared to those reporting a 
physician diagnosis of COPD. The undiagnosed had less frequently 
family history of bronchitis, chronic productive cough, recurrent 
wheeze, and they were less likely to seek medical and emergency care 
due to respiratory symptoms compared to those reporting a physician 
diagnosis (Fig. 2). No differences were found with regard to sex, hos-
pitalization, occupational exposure to GDF and educational level 
(Fig. 2). When comparing the 107 undiagnosed participants with 
COPDGOLD with those without COPD (n = 1711) regarding healthcare 
utilization, a higher proportion of those with undiagnosed COPDGOLD 
had ever have sought medical care (68.2% versus 55.4%, p = 0.010), 
emergency care (25.5% and 11.8%, p = 0.001) and, more frequently 
been hospitalized (14.0% and 5.2%, p = 0.001) due to respiratory 
symptoms than participants without COPD. No difference was, however, 
found regarding seeking medical care last 12 months due to respiratory 
symptoms among those with undiagnosed COPD and those without 
COPD (27.0% and 23.3%, p = 0.471). 

The undiagnosed participants had fewer packyears (mean 22.4 
(SD15.3) vs 39.9 (SD21.2), p = 0.001) and a higher proportion never 
smokers (p = 0.009) than the diagnosed (Fig. 3.) 

4.1. Misclassification of COPD 

Twenty-seven participants reported a physician-diagnosis of COPD 
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(Table 2) and 21 (77.8%) of these fulfilled the criteria for COPDGOLD 
(Table 3). Thus, 6 out of the 27 with self-reported physician-diagnosed 
COPD were misclassified. They had 31.5 (SD 13.7) pack years and their 
mean age was 60.9 (SD 6.4). Of these six misclassified, four were 
women, five had low educational level i.e. highschool or less, four had 
chronic productive cough, four had recurrent wheeze, five had any 
wheeze, four had physician-diagnosed asthma and all were ever smokers 
i.e. ex- or current smokers. 

5. Discussion 

This population-based study illustrates that a large underdiagnosis of 
COPD remains despite the attention given to COPD in health care and, a 
raising public awareness of COPD. Only 16.4% of the participants who 
fulfilled the criterion for COPDGOLD i.e. fixed post-bronchodilator 
chronic airway obstruction FEV1/FVC<0.70 together with respiratory 
symptoms, reported a physician diagnosis of COPD which corresponds 
to an underdiagnosis of 83.6%. Even more alarming is that when using a 
wider and perhaps more clinically realistic measure, any obstructive 
airway disease, still the underdiagnosis was above 50%, as merely 
45.3% of those with COPDGOLD confirmed a physician diagnosis of any 
obstructive airway disease. Also when using more narrow spirometric 
criteria, COPDLLN or COPDGOLD ≥2, the underdiagnosis was large as only 
19% and 26.2% of the participants, respectively, reported a physician- 
diagnosis of COPD. 

The estimated underdiagnosis of 83.6% in COPDGOLD is indeed 
alarming but corroborates previous worrying reports of 70%–90% from 
large-scale population studies being undiagnosed [10–14,16,17]. How-
ever, some improvement has been noticed after the millennium shift in 
Scandinavian countries [33,44–46]. Moreover, in northern Sweden over 
15 years from 1994 to 2009 the proportion of participants with mod-
erate to very severe COPD, who had been diagnosed with either COPD, 
emphysema, or chronic bronchitis increased from 15 to 29% [33]. 

Importantly, our results show that a noteworthy percentage of those 
with undiagnosed COPDGOLD had utilized healthcare due to respiratory 
symptoms, which indicates that those with undiagnosed COPD have a 
clinical relevant disease. It was also evident that those with undiagnosed 
COPDGOLD more frequently had sought medical care, emergency care 
and been hospitalized due to respiratory symptoms in comparison to 
participants without COPD i.e. consuming more healthcare than the 
general population. This further implies that there is a lack of adequate 
diagnostic procedures, i.e. poor routines for use of spirometry in primary 
care when patients seek health care due to respiratory complaints, and 
also a lack of screening of smoking patients, which have been described 
as main causes of underdiagnosis of COPD [5,12,47–49]. Other possible 
explanations may be that patients deny or have difficulty accepting the 
COPD diagnosis [50] or low awareness among patients and physicians of 
other risk factors for COPD than tobacco smoking [15]. Previous studies 
have shown that low socioeconomic status and occupational exposure to 
GDF are associated with COPD [51,52], which was confirmed also in the 
current study where we used interview data on occupational exposure 
and educational level as indicator of socioeconomic status. However, 
neither educational level nor occupational exposure were associated 
with underdiagnosis of COPD. Other potential explanations for under-
diagnosis are poor adherence to treatment guidelines for COPD [51] and 
omission to use case-finding strategies by performing spirometry in 
high-risk groups of patients with smoking history och healthcare utili-
zation due to respiratory tract [52]. Salinas et al. reported that only 
23.4% of the investigated physicians in primary health care ordered 
spirometry when patients presented with symptoms of COPD [53]. The 
current results show that undiagnosed participants were treated in 
healthcare due to burden of respiratory symptoms and in addition that a 
large majority had the most common riskfactor for COPD namely ever 
smoking but still not have been diagnosed with COPD is alarming. This 
points towards poor adherence to guidelines, which leads to unequal 
care in that undiagnosed persons are prevented from access to necessary 

Table 1 
Demographics and characteristics of the total sample and among participants 
with and without COPDGOLD respectively. Presented as n(%) expressing distri-
bution within group when relevant, unless otherwise stated.   

All n =
1839 N 
(%) 

Non 
COPD n 
= 1711 
N (%) 

COPDGOLD n 
= 128 N (%) 

P-value Chi-square 
tests and 
Independent 
samples t-tests 

Sex    0.037 
Men 871 

(47.4) 
799 
(46.7) 

72 (56.3)  

Age, mean (SD) 51.1 
(14.8) 

50.3 
(14.8) 

60.5 (11.8) <0.001  

BMI ≥ 25 1139 
(61.9) 

1060 
(62.0) 

79 (61.7) 0.958  

Smoking habits    <0.001 
Never-smoker 966 

(52.6) 
933 
(54.6) 

33 (25.8) 

Ex-smoker 637 
(34.7) 

580 
(33.9) 

57 (44.5) 

Current smoker 235 
(12.8) 

197 
(11.5) 

38 (29.7)  

Pack years (n¼858) 
Pack years, mean 
(SD) 

14.5 
(13.8) 

13.1 
(12.5) 

26.1 (18.4) <0.001  

Occupational 
exposure to gas, 
dust or fume 
(GDF) 

495 
(27.3) 

445 
(26.3) 

50 (39.1) 0.001  

Level of education    0.004 
High school or 
less 

1061 
(58.6) 

972 
(57.7) 

89 (70.6)  

Family history of 
asthma 

364 
(19.8) 

341 
(19.9) 

23 (18.0) 0.591  

Family history of 
bronchitis 

162 
(8.8) 

143 (8.4) 19 (14.8) 0.002  

Chronic 
productive 
cough 

223 
(12.3) 

187 
(11.1) 

36 (28.8) 0.001  

Recurrent wheeze 284 
(15.5) 

222 
(13.0) 

62 (48.4) 0.001  

Any wheeze 468 
(25.5) 

387 
(22.6) 

81 (63.3) 0.001  

Healthcare utilization due to respiratory symptoms 
Ever medical care 1041 

(56.7) 
948 
(55.5) 

93 (72.7) 0.001  

Medical care last 
12 months 

258 
(24.5) 

224 
(23.3) 

34 (36.2) 0.006  

Ever emergency 
care 

240 
(13.1) 

201 
(11.8) 

39 (30.7) 0.001  

Ever hospitalized 109 
(5.9) 

89 (5.2) 20 (15.6) 0.001  
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treatment and support with self-management strategies aimed to pre-
vent disease progression, which in turn has implications for their quality 
of life. 

A further reason to the magnitude of the underdiagnosis is probably 
the fact that several middle-aged and elderly with asthma have devel-
oped chronic airway obstruction, and could thus have been labelled as 
having both asthma and COPD corresponding to asthma-COPD overlap 
(ACO) [54,55] or as in our study reporting a physician-diagnosis of 
asthma. About one third of the participants fulfilling the criteria for 
COPD in our study reported a physician-diagnosis of asthma and this 
proportion was even greater if using the COPDLLN or COPDGOLD ≥2 
criteria, 34.5% and 40.0%, respectively. This is in line with a previous 

study from United Kingdom [56], where 47% of those with severe COPD 
had been diagnosed with any of the obstructive airway diseases 
including COPD. The proportion reporting a physician diagnosis of 
asthma in our study corresponds with the prevalence of ACO in the two 
studied areas in Sweden, up to about 20% [55,57]. 

We found that above 80% of those with COPDGOLD (i.e. spirometric 
criteria + respiratory symptoms) were undiagnosed and despite step-
wise wider criteria for physician diagnosis until the widest, any 
obstructive airway disease, the majority remained undiagnosed. This 
indicates that differences in diagnostic patterns of obstructive airway 
disease exist, which we previously have reported [46]. Delayed diag-
nosis most likely negatively impact on disease progression leading to 

Table 2 
In the total sample (n = 1839), prevalence, presented as n(%), of self-reported physician-diagnosed COPD, Chronic bronchitis (CB), COPD or emphysema, asthma, 
medication for obstructive airway disease and any obstructive airway disease (OAD) by sex, level of education and occupational exposure to gas, dust or fumes (GDF).    

Sex Level of edcuation GDF 

Self-reports of: All n =
1839 

Women n =
968 

Men n =
871 

P- 
values1 

High n =
750 

Low n =
1061 

P- 
values1 

No n =
1320 

Yes n =
495 

P- 
values1 

COPD 27 (1.5) 15 (1.6) 12 (1.4) 0.424 5 (0.7) 21 (2.0) 0.021 15 (1.1) 12 (2.4) 0.044 
CB, COPD, 

emphysema 
82 (4.5) 47 (4.9) 35 (4.0) 0.385 19 (2.5) 61 (5.7) 0.001 48 (3.6) 33 (6.7) 0.005 

Asthma 226 (12.3) 120 (12.4) 106 (12.2) 0.882 93 (12.4) 128 (12.1) 0.830 142 (10.8) 81 (16.4) 0.001 
Medication 240 (13.4) 140 (14.5) 100 (11.5) 0.058 98 (13.1) 137 (12.9) 0.923 151 (11.4) 89 (18.0) 0.001 
OAD 345 (18.8) 198 (20.5) 147 (16.9) 0.050 141 (18.8) 199 (18.8) 0.981 226 (17.1) 115 (23.3) 0.003 

1Chi-square tests were used for comparisons between groups. P-values in bold indicate significant differences. 

Table 3 
Among participants with COPDGOLD (n = 128), prevalence, presented as n(%), of self-reported physician-diagnosed COPD, Chronic bronchitis (CB), COPD or 
emphysema, asthma, medication for obstructive airway disease and any obstructive airway (OAD) disease by sex, level of education and occupational exposure to gas, 
dust and fumes (GDF).    

Sex Level of edcuation GDF 

Self-reports of: All n = 128 Women n = 56 Men n = 72 P-valuesa High n = 37 Low n = 89 P-valuesa No n = 76 Yes n = 50 P- valuesa 

COPD 21 (16.4) 11 (19.6) 10 (13.9) 0.383 5 (13.5) 16 (18.0) 0.540 13 (17.1) 8 (16.0) 0.871 
CB, COPD, emphysema 30 (23.4) 14 (25.0) 16 (22.2) 0.713 8 (21.6) 22 (24.7) 0.710 18 (23.7) 12 (24.0) 0.968 
Asthma 38 (29.7) 16 (28.6) 22 (30.6) 0.807 11 (29.7) 26 (29.2) 0.954 23 (30.3) 13 (26.0) 0.604 
Medication 43 (33.6) 19 (33.9) 24 (33.3) 0.944 10 (27.0) 32 (36.0) 0.333 23 (30.3) 20 (40.0) 0.259 
OAD 58 (45.3) 25 (44.6) 33 (45.8) 0.893 15 (40.5) 42 (47.2) 0.495 33 (43.4) 23 (46.0) 0.776  

a Chi-square tests were used for comparisons between groups. 

Fig. 1. Underdiagnosis assessed by self-reported physician diagnosis of COPD (COPD), Chronic bronchitis, COPD or emphysema (CB, COPD, EMP), asthma, 
medication for obstructive airway disease (Medication) or any obstructive airway disease (OAD) in relation to different definitions of COPD: requirement of res-
piratory symptoms in addition to the spirometric criteria COPDGOLD, COPDLLN or COPDGOLD >2. 
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unnecessary suffering and reduced of quality of life. A review by Welte 
et al. showed that smoking cessations slow down the progression of 
COPD and the earlier smoking cessation is initiated the better and, the 
review also showed that even patients with mild COPD had impaired 
quality of life [23]. Early recognition of COPD is indeed essential to 
initiate preventive measures as smoking cessation but also through 
treatment to reduce symptoms and to prevent the risks of exacerbations 
and hospitalizations [1]. Independent of definitions used, our results 
show a considerable underdiagnosis of COPD and even any obstructive 
airway disease. Despite some improvements over the last decades [46], 
our results highlight a persistent important clinical message, i.e. the 
need of correct diagnosis of obstructive airway diseases in order to 
reduce the underdiagnosis of COPD [15]. 

Misclassification of COPD has been reported by several large-scale 
studies [13,19,20]. Data from the BOLD Study indicate a considerable 
misclassification, among those reporting a physician diagnosis of COPD, 
airway obstruction could not be confirmed in 62% [19]. Smoking and 
high age have been associated with misclassification of COPD, as well as 

female sex and high educational level [18]. In the current study, 6 
participants out of 27 reporting a physician diagnosis of COPD did not 
fulfil the definition of COPDGOLD. This is considerably lower than re-
ported by others, but the low numbers do not allow detailed evaluation 
of misclassification. However, they had about the same amount of 
packyears as those with COPDGOLD. 

5.1. Strenghts and weaknesses 

Estimations of underdiagnosis and misclassification of COPD re-
quires population-based studies. The study area for the current study 
includes approximately 20% of the general population in Sweden, and 
based on random samples from both northern and south-western Swe-
den covering both rural and urban areas. A further strength is that both 
large-scale epidemiological research programs, the OLIN studies and 
WSAS, have had high participation rates throughout and the samples 
reflect well the adult general population in the areas and further, studies 
of non-response in the areas have verified a good representativeness 

Fig. 2. Characteristics and differences between the 107 participants with COPDGOLD but without self-reported physician-diagnosed COPD (Undiagnosed) and the 21 
participants with COPDGOLD with self-reported physician-diagnosed COPD (Diagnosed). 

Fig. 3. Differences in smoking habits between the 107 participants with COPDGOLD but without self-reported physician-diagnosed COPD (undiagnosed) and the 21 
participants with COPDGOLD with self-reported physician-diagnosed COPD (diagnosed). 
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[58–60]. The same spirometers, the Jaeger’s Masterscope, was used in 
both areas by well trained and experienced study staffs who had prac-
tised together in order to avoid inter-observer bias. A strength is that the 
OLIN reference values were used as these have been validated internally 
and externally and reflect the healthy general population in both areas 
somewhat better than the Global Lung Initiative (GLI) reference values 
[42,61]. Furthermore, the OLIN questionnaires used in the current study 
have been validated [39]. The study size allowed analyses of underdi-
agnosis with reasonable statistical power, but on the other hand, the low 
numbers of participants with self-reported physician-diagnosed COPD is 
a limitation and did not allow in depth analysis of misclassification of 
COPD. Another limitation is that self-reported diagnoses have not been 
verified by medical records meaning that there can be participants, who 
have been diagnosed as having mild COPD but being unaware of it or 
may have forgotten given information, i.e. recall bias. However, a study 
of intermethod reliability showed good agreement between self-reports 
and medical records for respiratory conditions [62]. 

6. Conclusion 

In a high income country as Sweden, the underdiagnosis of COPD 
was still highly prevalent, independent of definition of COPD, and true 
also for moderate to severe COPD. Some misclassification was also 
observed, however of less magnitude than in other studies. Importantly, 
the undiagnosed individuals with COPD contacted health care due to 
respiratory complaints. Thus case-finding strategies would matter, and 
there is an urgent need to increase both the use of spirometry and the 
interpretation of spirometry results in primary care to improve the 
diagnostic accuracy. Reduced underdiagnosis can contribute to risk 
factor modification, medical treatment and support with self- 
management in early stages of the disease, which most likely improve 
the health-related quality of life among those affected. Additionally, 
support with smoking cessation will influence prognosis. 
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[4] B.B.P. Lundbäck, T. Ingebrigtsen, P. Lange, A. Lindberg, J.B. Soriano, J. Vestbo, 
Chapter on Chronic Obstructive Pulmonary Disease in Respiratory Epidemiology, 
Monograph European Respiratory Society Publications, Sheffield, United Kingdom, 
2014. 

[5] J.B. Soriano, J. Ancochea, M. Miravitlles, F. Garcia-Rio, E. Duran-Tauleria, 
L. Munoz, et al., Recent trends in COPD prevalence in Spain: a repeated cross- 
sectional survey 1997-2007, Eur. Respir. J. 36 (4) (2010) 758–765. 

[6] T.M. Vasankari, O. Impivaara, M. Heliovaara, S. Heistaro, K. Liippo, P. Puukka, et 
al., No increase in the prevalence of COPD in two decades, Eur. Respir. J. 36 (4) 
(2010) 766–773. 

[7] E.S. Ford, D.M. Mannino, A.G. Wheaton, W.H. Giles, L. Presley-Cantrell, J.B. Croft, 
Trends in the prevalence of obstructive and restrictive lung function among adults 
in the United States: findings from the National Health and Nutrition Examination 
surveys from 1988-1994 to 2007-2010, Chest 143 (5) (2013) 1395–1406. 

[8] H. Backman, L. Vanfleteren, A. Lindberg, L. Ekerljung, C. Stridsman, M. Axelsson, 
et al., Decreased COPD prevalence in Sweden after decades of decrease in smoking, 
Respir. Res. 21 (1) (2020) 283. 

[9] H. Melbye, J. Helgeland, O. Karlstad, I. Ariansen, A. Langhammer, T. Wisloff, et al., 
Is the disease burden from COPD in Norway falling off? A study of time trends in 
three different data sources, Int. J. Chronic Obstr. Pulm. Dis. 15 (2020) 323–334. 

[10] J.B. Soriano, J. Zielinski, D. Price, Screening for and early detection of chronic 
obstructive pulmonary disease, Lancet 374 (9691) (2009) 721–732. 

[11] M. Miravitlles, J.B. Soriano, F. Garcia-Rio, L. Munoz, E. Duran-Tauleria, 
G. Sanchez, et al., Prevalence of COPD in Spain: impact of undiagnosed COPD on 
quality of life and daily life activities, Thorax 64 (10) (2009) 863–868. 

[12] B. Lamprecht, J.B. Soriano, M. Studnicka, B. Kaiser, L.E. Vanfleteren, L. Gnatiuc, et 
al., Determinants of underdiagnosis of COPD in national and international surveys, 
Chest 148 (4) (2015) 971–985. 

[13] N. Diab, A.S. Gershon, D.D. Sin, W.C. Tan, J. Bourbeau, L.P. Boulet, et al., 
Underdiagnosis and overdiagnosis of chronic obstructive pulmonary disease, Am. 
J. Respir. Crit. Care Med. 198 (9) (2018) 1130–1139. 

[14] C. Talamo, M.M. de Oca, R. Halbert, R. Perez-Padilla, J.R. Jardim, A. Muino, et al., 
Diagnostic labeling of COPD in five Latin American cities, Chest 131 (1) (2007) 
60–67. 

[15] T. Ho, R.P. Cusack, N. Chaudhary, I. Satia, O.P. Kurmi, Under- and over-diagnosis 
of COPD: a global perspective, Breathe 15 (1) (2019) 24–35. 

[16] A. Lindberg, A. Bjerg, E. Rönmark, L.G. Larsson, B. Lundbäck, Prevalence and 
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