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Background: The purpose of this study was to evaluate the frequency of inadequate diagnosis 

and factors predictive of this in patients with chronic obstructive pulmonary disease (COPD) 

participating in the On-Sint study.

Methods: The On-Sint cohort was recruited for a multicenter observational study in which 

356 physicians (71.6% from primary care) included adult patients who had been diagnosed 

with COPD. Patients’ clinical and functional information since diagnosis and details for the 

recruiting physicians were collected from patient files and at the inclusion visit. We performed 

a multivariate analysis to evaluate the influence of these variables on diagnostic inadequacy 

(absence of postbronchodilator forced expiratory volume in one second/forced vital capacity 

[FEV
1
/FVC] 0.70 or, if this value was missing, prebronchodilator FEV

1
/FVC 0.70).

Results: In total, 1,214 patients were included in the study. The patients had a mean age of 

66.4±9.7 years and 78.8% were male. In total, 51.3% of patients did not have an obstructive 

spirometry performed, and 21.4% had a normal or non-obstructive spirometry pattern. Patient-

related factors associated with inadequate diagnosis were: years since diagnosis (odds ratio [OR] 

1.03, 95% confidence interval [CI] 1.01–1.05), number of exacerbations in the previous year (OR 

1.01, 95% CI 1.01–1.02), comorbidities (OR 1.05, 95% CI 1.01–1.015), and obesity (OR 1.06, 

95% CI 1.02–1.10 per kg/m2 of body mass index), while a longer smoking history (OR 0.98, 

95% CI 0.97–0.99 for each pack/year) and short-acting or long-acting bronchodilator therapy 

(OR 0.61, 95% CI 0.44–0.76 and OR 0.46, 95% CI 0.27–0.76, respectively) were inversely 

related. With regard to physician-related variables, being followed up by primary care physicians 

(OR 3.0, 95% CI 2.11–4.34) and in rural centers (OR 1.63, 95% CI 1.12–2.38) were positively 

associated with an inadequate diagnosis, while having regular follow-ups in the most severe 

cases (OR 0.66, 95% CI 0.46–0.93) and use of quality of life questionnaires (OR 0.55, 95% CI 

0.40–0.76) were negatively associated.

Conclusion: Diagnosis of COPD was inadequate in half of the patients from the On-Sint 

cohort. There were multiple factors, both patient-related and physician-related, associated with 

this misdiagnosis.

Keywords: chronic obstructive pulmonary disease, diagnosis, spirometry

Introduction
Chronic obstructive pulmonary disease (COPD) is one of the most prevalent and lethal 

chronic diseases, and generates significant health care costs.1–3 In recent years, epide-

miological studies indicate that the disease is not only significantly underdiagnosed, 

but also frequently inaccurately diagnosed.4,5 The diagnosis of COPD is based on the 

patient’s history of exposure to inhaled noxious particles or gases, primarily tobacco, 

the presence of respiratory symptoms, and detection of an airway obstruction that is 

not fully reversible.1,2 Spirometry is therefore crucial for an accurate diagnosis, and 

the results of this test play a fundamental role in classification of disease severity and 
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phenotypic characterization of patients.1,2 However, many 

patients are diagnosed with COPD based solely on their 

medical history and on a physical examination that is usually 

very nonspecific, without a diagnostic confirmation using 

spirometry to show airflow obstruction.5–8 Recent studies 

have shown that only 30%–50% of patients diagnosed with 

COPD have a spirometry test.5–14 This inadequate diagnosis 

can lead to inappropriate drug prescriptions that come with 

risks to patients, costs to the health care system, and delays in 

treating other possible causes of the patient’s symptoms.4,9,11,14 

Knowledge of the factors associated with an improper diag-

nosis of COPD could help establish improvement strategies 

directed at minimizing this problem. Although there have 

been several published studies focusing on this issue in the 

past, they were very heterogeneous and few of them system-

atically analyzed potential predictive factors, not only those 

related to patient clinical and epidemiological characteristics, 

but also those related to physician management practices, 

which may also influence diagnostic accuracy.7–14

On-Sint (Clinical Presentation, Diagnosis, and Course 

of COPD) was an observational, nationwide, real-life cohort 

study performed in Spain between 2011 and 2013 that evalu-

ated clinical conditions upon diagnosis of COPD and their 

influence on progression of the disease. By using the On-

Sint cohort, the aim of the present analysis was to evaluate 

the association between a large number of patient-related 

sociodemographic and clinical variables, as well as physician-

related sociodemographic variables and management prac-

tices, and an inadequate diagnosis of the disease.

Materials and methods
The On-Sint cohort was recruited between 2011 and 2013 

in a multicenter observational study that aimed to investi-

gate the timing of COPD diagnosis and its management in 

real-life clinical practice. In the study, 356 Spanish primary 

care physicians and pulmonologists recruited both male and 

female patients at least 40 years of age with a 10 pack-

year smoking history, who had a COPD diagnosis in their 

medical history and who were under regular follow-up by 

their primary care doctors or pulmonologists. The number 

of participating physicians in each region was proportional 

to the population of the region in Spain. Patients who did 

not give their written informed consent to participate in the 

study and those who were involved in other research projects 

were excluded.

Participating physicians completed a standardized paper 

case report form with data based on an exhaustive review of 

the medical history and on a personal interview with each 

patient during consultation.

The patient information collected included: history of 

exposure to risk factors (smoking and exposure to other 

substances such as inorganic dusts or biomass); signs or 

symptoms at the time of diagnosis (such as dyspnea, chronic 

cough, and chronic phlegm production); frequency and sever-

ity of exacerbations; comorbidities included in the Charlson 

Comorbidity Index, together with other comorbidities, such 

as hypertension, dyslipidemia, or sleep apnea; other respira-

tory symptoms; and anthropometric and sociodemographic 

data. The degree of dyspnea was evaluated using the modified 

Medical Research Council (mMRC) dyspnea scale. In addi-

tion, to evaluate the impact of the disease on health-related 

quality of life (HRQoL), all participants completed the COPD 

Assessment Test at inclusion.

We recorded the availability of spirometry data at inclu-

sion and at the time of diagnosis. If available, we collected  

the values for forced expiratory volume in one second 

(FEV
1
), forced vital capacity (FVC), and FEV

1
/FVC ratio 

both prebronchodilation and postbronchodilation.

Information on pharmacological and non-pharmacological 

maintenance treatment (home oxygen therapy, rehabilitation) 

was also collected. The therapeutic categories included were: 

short-acting bronchodilators (beta agonists and/or muscarinic 

agonists), long-acting bronchodilators (beta agonists and/or 

muscarinic agonists), inhaled corticosteroids, methylxan-

thines, and mucolytics.

The physicians completed an ad hoc questionnaire includ-

ing: sociodemographic data; consultation setting (primary 

care or pneumology, as well as urban or rural location); 

work experience in years; workload as measured by total 

number of consultations per week and total number of COPD 

patients attended per week; utilization of HRQoL question-

naires (COPD Assessment Test, St George’s Respiratory 

Questionnaire, Chronic Respiratory Disease Questionnaire, 

Validation of the Airways Questionnaire 20); and use of 

multidimensional scaling (BODE Index) and dyspnea scales 

(Medical Research Council).

Diagnostic adequacy was assessed by analyzing spiro-

metric data at the time of diagnosis. Inadequate diagnosis 

was defined as the absence of spirometry testing with 

postbronchodilator FEV
1
/FVC 0.70 at diagnosis or later 

on during follow-up or, if this value was missing, absence 

of prebronchodilator FEV
1
/FVC 0.70.

All patients and investigators signed an informed consent 

form specifically designed for the study, which was approved 
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by the independent ethics committee of Servicio Gallego de 

Salud with the directive 2011/359.

statistical analysis
Categorical variables are described using their absolute 

and relative frequencies, while quantitative variables are 

described by the mean and standard deviation. We evalu-

ated the relationship between all variables possibly related 

to improper diagnosis and diagnostic inadequacy using the 

χ2 test for categorical variables and the Student’s t-test for 

numerical variables, after Levene’s test was used to assess 

the equality of variances. The associations were considered 

significant at a P0.05. A binomial multivariate logistic 

regression analysis was done to investigate the patient-related 

and physician-related factors associated with an inadequate 

diagnosis. In this analysis, all variables (related to both 

patients and physicians) that were significantly associated 

with inadequate diagnosis in the bivariate analysis were 

included as independent variables. Results are expressed 

using the odds ratio (OR) with the 95% confidence interval 

(CI). Statistical Package for the Social Sciences version 21 

software (IBM Corporation, Somers, NY, USA) was used 

for all calculations.

Results
During the study period, we recruited 1,264 patients, of whom 

1,214 fulfilled the inclusion criteria and were included in the 

analysis. A total of 857 (70.6%) patients were recruited by 

263 primary care physicians and 357 (29.4%) were recruited 

by 93 pulmonologists. The characteristics of the patients are 

detailed in Table 1. Most patients were males aged 70 years 

who had been diagnosed between 5 and 10 years earlier; just 

over a quarter of them were active smokers and a significant 

percentage had several comorbidities, which were mainly 

Table 1 Patient characteristics and diagnostic accuracy: bivariate analysis

Patient characteristics Patients
(n=1,214)

Inadequate diagnosis
(n=623)

Adequate diagnosis  
(n=591)

P-value

age (years)* 66.4 (9.7) 66.0 (9.9) 66.8 (9.5) 0.14
Male 955 (78.8%) 478 (76.7%) 477 (81.3%) 0.053
Time elapsed since diagnosis (years)* 8.01 (7.2) 9.04 (8.2) 6.9 (5.7) 0.004
active smokers 318 (26.5%) 167 (27.2%) 151 (25.7%) 0.55
smoking history (packs/year)* 36.3 (20.8) 32.1 (19.3) 40.7 (21.4) 0.0001
Presence of other COPD risk factors 231 (19.2%) 129 (20.9%) 102 (17.4%) 0.12
Body mass index (kg/m2)* 27.7 (4.1) 28.2 (3.8) 27.2 (4.3) 0.0001
Dyspnea (mMrC scale)* 1.53 (0.8) 1.49 (0.8) 1.59 (0.8) 0.10
Presence of chronic sputum 876 (74.2%) 450 (74.9%) 426 (76.6%) 0.60
exacerbations in the past year* 2.32 (1.9) 2.52 (2.0) 2.11 (1.8) 0.0001
hospitalizations in the past year* 0.08 (0.4) 0.1 (0.4) 0.05 (0.3) 0.55
score on CaT questionnaire* 18.3 (7.6) 18.4 (7.4) 18.1 (7.8) 0.31
number of comorbidities* 2.8 (1.8) 3.03 (1.9) 2.6 (1.7) 0.0001
sleep apnea 258 (21.5%) 146 (23.7%) 112 (19.2%) 0.06
hypertension 747 (63.2%) 404 (65.7%) 353 (60.5%) 0.06
heart failure 154 (12.7%) 93 (14.9%) 61 (10.3%) 0.01
Peripheral artery disease 129 (10.6%) 76 (12.2%) 53 (10.6%) 0.06
Cerebrovascular disease 61 (5.0%) 34 (5.5%) 27 (4.6%) 0.47
gastroduodenal ulcer 106 (8.7%) 65 (10.4%) 41 (6.9%) 0.03
Chronic liver disease 51 (4.2%) 29 (4.7%) 22 (3.7%) 0.41
Diabetes 271 (22.3%) 159 (24.1%) 121 (20.5%) 0.13
Dyslipidemia 603 (50.3%) 334 (54.3%) 269 (46.1) 0.005
active malignancy 48 (4.0%) 19 (3%) 29 (4.9) 0.09
Treated with short-acting bronchodilators 514 (42.3%) 239 (38.4%) 275 (46.5%) 0.004
Treated with long-acting bronchodilators 1,073 (88.4) 525 (84.3%) 548 (92.7%) 0.0001
Treated with inhaled corticosteroids 635 (52.3%) 302 (48.5%) 333 (56.3%) 0.006
Treated with methylxanthines 69 (5.7%) 31 (5.0%) 38 (6.4%) 0.27
Treated with mucolytics 331 (27.1%) 178 (28.6%) 173 (25.9%) 0.29
home oxygen therapy 181 (15.4%) 97 (16.2%) 84 (14.5%) 0.42
Pulmonary rehabilitation 181 (15.9%) 93 (15.7%) 88 (15.6%) 0.94

Note: *expressed as mean (standard deviation). 
Abbreviations: COPD, chronic obstructive pulmonary disease; mMRC, modified Medical Research Council; CAT, COPD Assessment Test.
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cardiovascular and metabolic. Patients experienced a high 

frequency of exacerbations, with 32.6% having been hospi-

talized during the past year; 78.5% had grade 1–2 dyspnea 

according to the mMRC dyspnea scale. In almost half of the 

sample, the disease had a high or very high impact on their 

HRQoL. The majority of patients were treated with long-act-

ing bronchodilators and approximately 50% were receiving 

short-acting bronchodilators and inhaled corticosteroids.

The questionnaire about physician’s characteristics 

(Table 2) was completed by 288 individuals (80.8%). Most 

of the participating physicians were male, with an average 

age of 50 years, working primarily in urban (59.3%) primary 

care centers (71.7%), and had extensive professional experi-

ence (92.5% had over 10 years’ experience). In total, 81.7% 

of physicians attended more than 50 patients a week, and 

on average, 16.7% (11.9) of these were COPD-diagnosed 

patients; 34.2% reported that they used a HRQoL question-

naire and 41.1% used multidimensional scales or dyspnea 

scales in their routine management of the disease. In cases 

of severe COPD, 69.8% of the physicians scheduled regular 

follow-up visits.

A total of 837 patients (69%) had not undergone 

postbronchodilator spirometry at the time of their diagnosis, 

although this number decreased to 772 (63.6%) if spirometry 

tests were considered even in the absence of a bronchodila-

tor response evaluation; 623 patients (51.3%) did not have 

an obstructive spirometry recorded during follow-up. Of 

the 591 (48.7%) patients who had undergone an obstruc-

tive spirometry test, the mean expected FEV
1
 % (SD) were: 

FEV
1
 55.7% (19.7), FVC 75.1% (20.0), and FEV

1
/FVC 54.4 

(11.4); 260 patients (21.4%) had a normal or non-obstructive 

spirometry result.

The multivariate analysis evaluating factors independently 

associated with the absence of an obstructive spirometry is 

shown in Table 3, such factors were time since diagnosis, 

body mass index, number of exacerbations in the previous 

year, and number of comorbidities. Conversely, increased 

cumulative tobacco consumption or treatment with bron-

chodilators, particularly long-acting ones, were negatively 

associated with inadequate diagnosis of COPD. Inadequate 

diagnosis was also associated with the management of the 

patient by a primary care physician as well as the patient being 

followed up in a rural setting. Patients recruited by physicians 

who recommend regular follow-up visits in cases of severe 

COPD and by physicians who routinely use HRQoL question-

naires were less likely to be inadequately diagnosed.

Discussion
This study shows that 64% of patients over 40 years of age 

with a significant smoking history diagnosed with COPD in 

our setting did not have a single spirometry test in their medi-

cal history. In cases where patients underwent a spirometry 

test, the result was normal or non-obstructive in almost 50% 

of cases. Furthermore, several patient-related and physician-

related factors were associated with inadequate diagnosis.

Our study confirms several findings by previous 

researchers,4–6,8–16 and also adds some novel associations that 

have not been described before. Accordingly, we provide 

a new, updated and comprehensive analysis of factors 

associated with misdiagnosis. This information may help 

Table 2 Physician characteristics and diagnostic accuracy: bivariate analysis

Physician characteristics Patients included
(n=962)

Inadequate diagnosis 
(n=513)

Adequate diagnosis  
(n=449)

P-value

age (years)* 53.2 (8.2) 54.4 (7.5) 51.8 (8.8) 0.0001
Male 833 (86.6%) 452 (88.1%) 381 (84.9%) 0.14
Primary care physician 682 (70.9%) 434 (84.6%) 248 (55.2%) 0.0001
rural care center 236 (24.7%) 159 (31.4%) 77 (17.1%) 0.0001
experience 10 years 881 (92.6%) 483 (95.5%) 398 (89.4%) 0.0001
Patients seen each week

50
51–100
100

176 (18.2%)
243 (25.3%)
543 (56.5%)

65 (12.7%)
110 (21.4%)
338 (65.9%)

111 (24.7%)
133 (29.6%)
205 (45.7%)

reference
0.08
0.0001

Patients with COPD seen each week* 17.6 (10.9) 15.8 (8.4) 16.8 (11.0) 0.21
schedules follow-up visits in severe COPD cases 674 (72.9%) 323 (62.2%) 351 (80.5%) 0.008
Uses quality of life questionnaires for COPD patients 327 (34.1%) 149 (29%) 178 (40.0%) 0.0001
Performs a multidimensional assessment or uses  
dyspnea scale

562 (59.1%) 257 (51.1%) 305 (68.2%) 0.0001

Note: *expressed as the mean (standard deviation). 
Abbreviation: COPD, chronic obstructive pulmonary disease.
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further understand inadequate diagnoses and set up specific 

strategies to address the issue.

Being overweight is one of the most consistent predic-

tors of inadequate diagnosis found in previous studies.9–11 

This may be particularly important in Spain, where COPD 

patients are frequently overweight. In addition, there is 

increasing evidence that weight influences patient HRQoL 

and is associated with other comorbidities.17 Another pos-

sible explanation for inadequate diagnosis in these patients 

could be a misinterpretation of non-obstructive changes 

more frequently seen on spirometry in overweight patients. 

Time elapsed since diagnosis is a factor that has rarely been 

analyzed in previous reports.

Our results give some new information on previous con-

troversial and contradictory findings. We found no association 

between inadequate diagnosis and patient age, in line with 

recent work.14 However, other reports show conflicting results, 

with some finding a significant association with age10,12,13 and 

others not.6,11 A similar disparity of results has been observed 

for smoking status. This study did not show an association 

between active smoking and inadequate diagnosis, whereas 

cumulative exposure to tobacco showed a negative association 

with inadequate diagnosis in previous reports.6,11

The influence of comorbidities on correct diagnosis is 

worth mentioning.10,12–14 A recent study showed a cumula-

tive association between number of comorbidities and the 

probability of inadequate diagnosis,14 which is consistent 

with the findings of our study. Diagnostic accuracy is one 

of the key elements in the care models for chronic patients 

in whom respiratory, cardiovascular, and metabolic diseases 

frequently coexist.5 In addition, symptoms of some of these 

comorbidities may overlap with those of COPD. Accord-

ingly, it is very important that the clinician in charge includes 

COPD as a potential diagnosis when assessing the patient’s 

symptoms.

The relationship between number of exacerbations in the 

previous year and correct diagnosis is also relevant. This is 

likely due to physicians intensifying COPD treatment (by 

means of oral corticosteroids, antibiotics, or even hospitaliza-

tion) during exacerbations, even though many of the patients 

do not present with airway obstruction. Since the exacerba-

tion is attributed to COPD, a correct diagnosis is prevented 

and the true underlying reason for the increase in symptoms 

experienced by the patient is overlooked.14

Patients with an inaccurate diagnosis receive broncho-

dilator therapy less frequently, especially with long-acting 

bronchodilators, than those who have spirometry. This issue 

has been the subject of debate in previous publications.9,11,18 

It is difficult to identify the reasons for this, but one possible 

explanation is that physicians themselves are aware of the 

possible inaccuracy of the diagnosis based solely on clinical 

data, and so treat the disease less vigorously.

Evaluation of physician-related factors is a novelty in 

the present study. Interestingly, the observed relationships 

were not as straightforward as the patient-related ones. We 

found that being enrolled in the study by a primary care 

physician and not by a pulmonologist and being followed 

up in a rural setting as opposed to an urban center were 

the most important predictors of inadequate diagnosis. 

Moreover, physician practices, such as regular follow-up 

visits for the most serious cases and use of questionnaires to 

measure HRQoL were negatively associated with inadequate 

diagnosis. The specialization of the clinician is definitely the 

most important physician-related factor mentioned thus far, 

not only when comparing pulmonologists with primary care 

physicians,5,6,10 but also with other general practitioners.7,15 

The other study findings are novel and seem to suggest that 

follow-up of COPD according to the recommendations of 

clinical practice guidelines is associated with greater diag-

nostic accuracy, although this relationship could be either 

Table 3 Multivariate analysis of factors related to inadequate diagnosis

Variable Adjusted OR CI 95% P-value

Body mass index (kg/m2) 1.06 1.02–1.10 0.001
Time elapsed since diagnosis (years) 1.03 1.01–1.05 0.01
number of exacerbations in the past year 1.01 1.01–1.02 0.02
number of comorbidities 1.05 1.01–1.15 0.04
number of packs/year 0.98 0.97–0.99 0.002
Treatment with short-acting bronchodilators 0.61 0.44 –0.76 0.002
Treatment with long-acting bronchodilators 0.46 0.27–0.76 0.003
Follow-up by primary care physicians 3.0 2.11–4.34 0.0001
rural monitoring center 1.63 1.12–2.38 0.009
scheduled follow-up visits in severe COPD cases 0.66 0.46–0.93 0.001
Monitoring by a physician who uses quality of life questionnaires 0.55 0.40–0.76 0.0001

Abbreviations: COPD, chronic obstructive pulmonary disease; CI, confidence interval; OR, odds ratio.
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causal or result from better follow-up as a consequence 

of correct diagnosis.19 Working in a rural center was also 

independently associated with higher diagnostic inaccuracy, 

which could be related to more difficult access to high-quality 

spirometry.14,20,21

This study has some limitations that should be discussed, 

primarily related to its design, which was partially ret-

rospective and relied on adequate recording of clinical, 

epidemiological, sociodemographic, and management data 

by the physicians responsible for patient follow-up, which 

could have introduced some bias. However, the results found 

with regard to the frequency of inadequate diagnosis are 

consistent with most studies published thus far.5–14 Another 

potential weakness may be the criterion that we used to 

assess whether diagnosis was adequate, ie, the FEV
1
/FVC 

ratio. We used the postbronchodilator value and also, if this 

parameter was missing, the prebronchodilator value, which 

occurred in a little over 7% of the patients. In this regard, we 

must mention that many patients were diagnosed before the 

recommendations of scientific societies considered broncho-

dilator testing essential for diagnosis, so in these cases, the 

absence of a postbronchodilator value was not inadequate at 

the time when patients were diagnosed. Further, we found no 

significant differences in the study results between patients 

with and without a postbronchodilator test available (data 

not shown). There has been great variability between the 

studies published to date with regard to the above-mentioned 

issues in terms of sample size, design, inadequate diagnosis 

factors considered, variables included, and background of 

patients.5,6,8,15 In some population-based studies, the defini-

tion of diagnostic accuracy was based on the availability of 

spirometry, without assessing whether or not this test showed 

an obstruction. In this regard, our study and previous ones 

have shown that between 20% and 35% of COPD patients 

who have undergone a spirometry test have a normal or non-

obstructive pattern.4,5,7

A potential strength of this work is that it is the only 

study conducted to date using a large cohort of patients 

diagnosed with COPD, managed both by primary care 

and specialized physicians, and analyzed 40 variables that 

could influence diagnostic adequacy. These variables are 

related to both the patients and their managing physicians, 

and many have not been examined in any of the studies 

published to date.

In conclusion, this study demonstrates that inadequate 

diagnosis of COPD is very common, especially in those 

patients managed in primary care and rural centers and by 

physicians who do not follow clinical practice guidelines for 

COPD. These data should help us prioritize certain patients 

whose diagnosis should be reviewed.
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