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Background: The diagnosis of chronic obstructive pulmonary disease (COPD) is usually 

made based on history and physical exam alone. Symptoms of dyspnea, cough, and wheeze 

are nonspecific and attributable to a variety of diseases. Confirmatory testing to verify the 

airflow obstruction is available but rarely used, which may result in substantial misdiagnoses 

of COPD. The aim of this study is to evaluate the use of confirmatory testing and assess the 

accuracy of the diagnosis.

Methods: From January 2011 through December 2013, 6,018 patients with COPD as a principal 

or leading diagnosis were admitted at a community teaching hospital. Of those, only 504 (8.4%) 

patients had spirometry performed during hospitalization. The studies were reviewed by two 

board-certified pulmonologists to verify presence of persistent airflow obstruction. Charts of 

these patients were then examined to determine if the spirometry results had changed the diag-

nosis or the treatment plan for these patients.

Results: Spirometry confirmed the diagnosis of COPD in 270 patients (69.2%) treated as COPD 

during their hospitalization. Restrictive lung disease was found to be present in 104 patients 

(26.6%) and normal in 16 patients (4.2%). Factors predictive of airflow obstruction included 

smoking status and higher pack-year history. Negative predictive factors included higher body 

mass index (BMI) and other medical comorbidities. These patients were significantly more 

likely to be misdiagnosed and mistreated as COPD.

Conclusion: Up to a third of patients diagnosed and treated as COPD in the hospital may be inac-

curately diagnosed as COPD based on confirmatory spirometry testing. Factors contributing to the 

inaccuracy of diagnosis include less smoking history, high BMI, and associated comorbidities.
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Introduction
Chronic obstructive pulmonary disease (COPD) is the third leading cause of death 

among people over 65 years1 and disease exacerbation accounts for almost 1 million 

hospitalizations each year in the US.2 Indeed, COPD is a worldwide issue and is 

thought to cause 3 million deaths annually.3 The clinical diagnosis of COPD should 

be considered among patients with smoking history, dyspnea, chronic cough, and/or 

sputum production. The diagnosis of COPD based on symptoms alone is thought to 

overestimate true COPD prevalence4 as these symptoms are shared by many pulmonary 

and non-pulmonary diagnoses.4–9 Morbid obesity, vocal cord dysfunction, asthma, 

restrictive lung disease, congestive heart failure, and pulmonary fibrosis may have a 

similar presentation.8,9 Clinical diagnosis of COPD and International Classification of 

Diseases (ICD) codes for COPD are used in hospitalized patients without validation 

of the correct diagnosis. Moreover, ICD codes are used to identify patients for quality 

improvement initiatives.10

COPD is characterized by persistent airflow limitation. This is best measured by 

spirometry, which is a widely available and reproducible test of lung function, proven 
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effective even in diagnosing patients who are hospitalized 

with respiratory complaints.11 Post-bronchodilator forced 

expiratory volume in one second to forced vital capacity ratio 

(FEV
1
/FVC) less than 0.70 in a well-performed test confirms 

the presence of persistent airflow limitation and the presence 

of COPD.12 The underdiagnosis of COPD is well known13 and 

currently there is also a concern of “overdiagnosis” of COPD 

using clinical and ICD codes. This issue was investigated 

recently in the outpatient/primary care setting, academic 

institutions, and veterans hospitals.14–20 In this study, the 

use of spirometry in hospitalized patients and the frequency 

of misdiagnosis of COPD in a community-based teaching 

hospital are examined.

Materials and methods
Study design, setting, and subjects
Data collected from patients admitted to a community, 

university-affiliated teaching hospital in Michigan from 

January 2011 through December 2013 were examined in this 

retrospective study. Criteria for admission to the study were 

adult patients aged 18 years and older. In order to be included 

in the study, the patients needed to present with respiratory 

complaints, with COPD as a principle or leading diagnosis. 

Charts were identified by the ICD, Ninth Revision (ICD-9) 

codes. The diagnosis of COPD was verified during chart 

review of the history and physical, emergency department 

records, consultation reports, and/or discharge summary. The 

ICD-9 codes searched for were 490 Bronchitis Not Otherwise 

Specified (NOS), 491 Chronic Bronchitis, 492 Emphysema, 

496 Chronic Airway Obstruction/COPD NOS, 518.1 Intersti-

tial Emphysema, 518.81 Acute Respiratory Failure, 518.83 

Chronic Respiratory Failure, and 518.84 Acute and Chronic 

Respiratory Failure. Any of these ICD-9 codes could have 

been the principal diagnosis. If one of the respiratory failure 

codes was the principal diagnosis, one of the COPD ICD-9 

codes was included as a secondary code. The Institutional 

Review Board (IRB) of Genesys Health System approved 

this study (approval number 589178-3). The Genesys IRB 

approved a waiver of consent for the study based on its 

retrospective design; it involved no more than minimal risk 

and it was impractical to contact every patient in the study 

due to the passage of time. Confidentiality of the data was 

protected with the use of subject numbers and no personal 

health identifiers on the data sheets.

Data collection
During the two-year time period, 6,018 patients were admit-

ted who met the criteria for the study. Of these, 504 patients 

(8.4%) had spirometric assessment of their pulmonary func-

tion during the hospitalization and were thus further studied. 

The pulmonary function tests (PFTs) were independently 

read by two board-certified pulmonologists using standard 

American Thoracic Society-European Respiratory Society 

(ATS-ERS) criteria for acceptability and reproducibility.22 

Of the total spirometric studies, 390 were considered valid 

studies based on ATS-ERS criteria. Common reasons for 

exclusion were recorded by the performing technologists 

and included patients who were too dyspneic to perform the 

test, had a severe cough, and who were unable to follow the 

instructions of the test due to confusion or dementia.

The spirometry records were considered diagnostic for 

COPD by the Global Initiative for Chronic Obstructive Lung 

Disease (GOLD) criteria if the post-bronchodilator FEV
1
/

FVC ratio was less than 0.70. With aging, it is known that the 

FEV
1
 declines proportionally more than the FVC. Therefore, 

the fixed ratio proposed by GOLD may tend to overestimate 

COPD in elderly patients.16,17 GOLD criteria was mainly 

used in this study to define COPD. The spirometry records 

were additionally analyzed using the lower limit of normal 

(LLN) criteria.21 This additional analysis was considered 

relevant due to the mean age of the study participants being 

older than 60 years.

The studies that had a FEV
1
/FVC ratio of 70 or greater 

were considered as not obstructive. They were thereby clas-

sified as normal if the FVC and FEV
1
 were both greater than 

80% or as restrictive if the FVC and FEV
1
 were less than 

80%. The degree of bronchial hyperresponsiveness was 

assessed as defined as a post-bronchodilator increase in either 

FVC or FEV
1
 by at least 12% and at least 200 mL.

Following the PFT review, demographic and historical 

data were collected from all patients. Demographic data 

included age, sex, race, and body mass index (BMI). 

Patients were considered underweight if BMI was less than 

18.5 kg/m2, normal weight if BMI was 18.6–24.9 kg/m2, 

overweight if BMI was 25–29.9 kg/m2, and obese if BMI 

was greater than 30 kg/m2.

Historical data included whether a patient was a current 

smoker, former smoker, or never smoker. A current smoker 

was defined as someone who had smoked cigarettes in the 

month preceding hospitalization. A former smoker was 

defined as someone who had smoked at least one pack-year 

and had quit more than one month prior to hospitalization. 

A never smoker was defined as someone with no significant 

personal history of smoking (less than one pack-year). Current 

and former smokers were stratified based on the number 

of pack-years. Medical comorbid conditions were drawn 
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from chart review, including hypertension, coronary artery 

disease, congestive heart failure, chronic kidney disease, and 

obstructive sleep apnea.

Additional information was obtained from the charts 

of patients who were classified as not COPD to see if the 

spirometry led to a change in the treatment plan.

Statistical analysis
Using 2-sample t-test between rates, patients with COPD 

were compared to those without COPD with regard to sex, 

race, smoking history, and medical comorbidities. Age 

and BMI were compared using an independent group t-test 

between means. Significance was set at P,0.05. Because the 

main interest of the study was to evaluate the overdiagnosis of 

COPD, for the purposes of statistical analysis, the subgroups 

of restrictive lung disease and normal spirometry were com-

bined together and compared to those with COPD.

Results
A total of 8.4% (504 of 6,018) patients admitted with COPD 

had a spirometry study performed during their hospitaliza-

tion. A total of 36 spirometries were excluded because they 

had pre-bronchodilator spirometry only, and thus it was 

not possible to use GOLD criteria for diagnosis. A total of 

390 of 468 (83.3%) patients tested were able to adequately 

perform spirometry to meet acceptability and reproducibility 

(Figure 1).

A total of 78 tests were excluded because they did 

not meet ATS-ERS criteria. The main reason was due to 

the patient being unable to exhale for at least six seconds. 

The respiratory technician noted several other reasons for the 

patients’ inability to perform acceptable tests, including 

severe cough, dyspnea, weakness, or confusion and inability 

to follow the instructions from the technician.

Out of 390 valid spirometries, 270 (69.2%) spiromet-

ric measurements confirmed the diagnosis of COPD. The 

COPD patients (N=270) were compared to patients given 

the diagnosis of restrictive (N=104) and normal (N=16) 

to identify if there were any factors that were predictive of 

COPD. The mean age for patients with COPD and those with-

out COPD were similar at 70 and 68 years (SD =12.29 and 

13.99, respectively). The groups were also similar in racial 

characteristics and sex. Smoking history was significantly 

different between those with COPD and other diagnosis. 

Patients with COPD were statistically more likely to be 

current or former smokers (P=0.03), while patients without 

COPD were far more likely to be never smokers (P=0.0001). 

Individual pack-year history of smoking was also significant. 

Higher pack-year history of smoking (more than 30 years) 

was significantly more likely to be associated with COPD 

(P=0.0003) (Table 1).

An underweight BMI was significantly different between 

patients with COPD and those without COPD. Those with-

out COPD had a mean BMI of 35.55 kg/m2 (SD =12.10), 

while those with COPD had a mean BMI of 29.55 kg/m2 

(SD =9.87), which was a statistically significant difference 

(P-value =0.0001).

Figure 1 Flowchart for patients.
Abbreviations: COPD, chronic obstructive pulmonary disease; PFTs, pulmonary 
function tests.

Table 1 Characteristics of patients in study

COPD, N=270 Not COPD, N=120 P-value

Age, years (mean) 70.08 (SD =12.29) 68.31 (SD =13.99) 0.21
Sex (males) 113 (41.9%) 45 (37.5%) 0.41
Race (Caucasian) 253 (93.7%) 106 (88.3%) 0.07
BMI (mean) 29.55 (SD =9.87) 35.55 (SD =12.10) 0.0001
Current smokers 85 (31.5%) 28 (23.3%) 0.10
Former smokers 151 (55.9%) 54 (45.0%) 0.047
Never smokers 30 (11.1%) 34 (28.3%) 0.0001
1–15 pack-years 21 (7.7%) 13 (10.9%) 0.318
16–30 pack-years 54 (20%) 23 (19.2%) 0.873
31+ pack-years 118 (43.7%) 29 (29.2%) 0.0003

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary 
disease.
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Medical comorbidities were more commonly seen in 

patients without COPD compared to those with COPD by 

spirometry. Of the six medical comorbidities examined, 

more patients without COPD were found to have statistically 

significant higher rates of systemic hypertension, coronary 

artery disease, congestive heart failure, obstructive sleep 

apnea, and obesity (all P-values ,0.04) (Figure 2).

These spirometry studies were also analyzed using the 

LLN definitions for COPD.19 Comparing patients with 

COPD by GOLD and by LLN revealed 29 patients (10.7%) 

who were classified as having COPD by GOLD who were 

classified as normal by LLN. Characteristics of those that 

were not COPD by LLN showed a higher mean age of 75.83 

(SD =12.57), compared to 70.08 (SD =12.29, P-value =0.008) 

(Table 2).

In the subset of 120 patients without COPD on spirometry, 

53 patients (44%) were sent home with the diagnosis of 

COPD on their discharge summary. Fewer but still signifi-

cant numbers of patients were discharged with oral steroids 

(32 patients, 28.3%) and maintenance inhalers commonly 

used to treat COPD (39 patients, 32.5%).

Discussion
Despite studies confirming the validity of spirometry in 

hospitalized patients, it is not routinely utilized to confirm 

the diagnosis of COPD.29,30 In this retrospective study of 

6,018 patients admitted with a principle diagnosis of COPD, 

the use of spirometry to confirm the diagnosis of COPD is 

very low at 8.4% (504/6,018). Other studies have documented 

the low use of spirometry in the outpatient and hospital 

setting.23–29 The history and physical examination are non-

specific and not sufficient to make a confident diagnosis of 

COPD. Spirometry is a simple, widely available, inexpensive, 

bedside, safe, and standardized test with international guide-

lines. In contrast to other common diagnoses like congestive 

heart failure, which must be verified with echocardiography, 

there are no quality control measures that enforce the docu-

mentation of COPD by using spirometry.30

The low use of spirometry to confirm the diagnosis 

may be attributed to many factors. There may be a lack of 

understanding of the definition of COPD that requires airflow 

obstruction, which is not completely reversible after bron-

chodilation. Many clinicians may have the impression that 

spirometry is difficult to perform in hospitalized patients or 

that they would want to defer the pulmonary function test-

ing until after discharge. Although it is true that spirometry 

is an effort-dependent test, the majority of patients in this 

study were able to perform the test and produce acceptable 

results. The average age of patients in this study was 70 years. 

Patients were admitted with clinically decompensated 

Figure 2 Proportion of patients with diagnosis based on medical comorbidities.
Note: Obesity defined as body mass index .30 kg/m2.
Abbreviations: CAD, coronary artery disease; CHF, congestive heart failure; 
CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; HTN, 
hypertension; OSA, obstructive sleep apnea.

Table 2 Characteristics of patients with COPD by GOLD criteria compared to those with COPD by LLN

COPD by GOLD, 
N=270

COPD by LLN, 
N=241

COPD by GOLD, but not 
COPD by LLN, N=29

Age (mean) 70.08 (SD =12.29) 69.39 (SD =12.107) 75.83 (SD =12.57)
Sex (males) 113 (41.9%) 98 (40.6%) 15 (51.7%)
Race (Caucasian) 253 (93.7%) 226 (93.7%) 27 (93.1%)
BMI (mean) 29.55 (SD =9.87) 29.05 (SD =9.83) 33.77 (SD =9.32)

Current smokers 85 (31.5%) 81 (33.6%) 5 (17.2%)
Former smokers 137 (50.7%) 135 (56%) 9 (31%)
Never smokers 44 (16.3%) 24 (9.9%) 13 (44.8%)
1–15 years pack-years 21 (7.7%) 19 (7.8%) 2 (6.8%)
16–30 pack-years 54 (20%) 47 (19.5%) 7 (24%)
31+ pack-years 118 (43.7%) 108 (44.8%) 11 (37.9%)

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; GOLD, Global Initiative for Chronic Obstructive Lung Disease; LLN, lower limit 
of normal.
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respiratory status, yet 88.3% were able to perform the test 

well and meet the acceptability and reproducibility criteria 

of ATS-ERS.

There may also be a prevailing belief among clinicians 

that patients with the diagnosis of COPD have had prior 

spirometry confirming the diagnosis. However, a study found 

that most hospitalized patients admitted with COPD were 

never tested prior to admission.10 Stein et al showed that of 

all the patients admitted with COPD, only 20.8% had confir-

matory spirometry in the prior 2 years.10 Another reason for 

not performing spirometry is that the physician may want to 

wait until the patient is clinically stable and no longer has an 

acute exacerbation. Rea et al demonstrated that spirometry 

performed in the hospital was useful to detect airflow obstruc-

tion. Moreover, spirometry done one month after discharge 

from the hospital did not result in a significant change in 

the overall diagnosis of these patients.11 Unfortunately, 

some patients may become lost to follow-up and will never 

have the appropriate testing to confirm the diagnosis.

The major finding in this study was that 30.8% (120/390) 

of hospitalized patients had spirometry that was not consis-

tent with the diagnosis of COPD by GOLD. In the outpa-

tient primary care setting, Walters et al found that 31.8% of 

patients had spirometry that was not confirmatory of COPD.14 

Of the 120 patients whose spirometry did not reveal airflow 

obstruction, 104 patients were diagnosed with restrictive lung 

disease and 16 had normal studies.

Of the 120 patients who had negative spirometry for 

COPD (misdiagnosed), 44% continued to carry the diagnosis 

upon discharge. Over 30% of these patients were sent home 

with medications to treat COPD such as steroids and bron-

chodilators. Although the number who had PFTs is a small 

sample of the total patients, extrapolation of this rate to the 

total 6,018 patients in this study translates into a potential 

number of 1,800 patients with a likelihood of being misdi-

agnosed, mistreated, and subjected to harmful medications 

with excessive cost. The Institute of Medicine has recently 

warned that there is a major issue of misdiagnosis and called 

for caution. They warned that there is a failure to establish 

an accurate and timely explanation of the patients’ health 

problems, as well as a failure to communicate the explana-

tion to the patient.31 In order to improve on the quality of 

care provided to COPD patients, an accurate diagnosis is 

essential. Furthermore, inaccurate diagnoses result in errors 

in coding, reimbursement, and quality improvement initia-

tive monitoring.

As hospitalized patients get older, the overdiagnosis 

of COPD will likely worsen. This study revealed that 

10.7% (29/270) of spirometry studies diagnosed as airflow 

obstruction by GOLD criteria would have been considered 

normal by LLN criteria. The average age of these 29 patients 

was 75 years compared to 70 years in the COPD by GOLD 

group. Nearly half of these patients were never smokers.

Comparing misdiagnosed patients to those with appro-

priate diagnosis of COPD, it was found that there was no 

difference with regard to age, race, or sex. The average age 

of patients in this study is 70 years, which is older than other 

studies.23–29 The majority were Caucasians with a male to 

female ratio of 2:3. Previous studies performed in the veteran 

hospitals were more heavily weighted toward male patients. 

According to Centers for Disease Control hospital discharge 

data, women have surpassed men in the number of COPD 

hospitalizations in the US since the mid 1990s. Worldwide, 

COPD affects men and women equally.3 Thus, this study 

reflects a true sample of the community.

Patients diagnosed with COPD were statistically more 

likely to be current or former smokers, with a pack-year 

history greater than 30 years. Misdiagnosis was more likely in 

patients with no smoking history. Consistent with the findings 

of others, misdiagnosed patients had a higher mean BMI.32–35 

The mean BMI of the misdiagnosed patients in this study 

was 36.64 kg/m2, while those with COPD had a mean BMI 

of 29.55 kg/m2. The majority of patients in the cohort were 

overweight or obese and there were significant numbers of 

patients with COPD who were in these categories.

The literature does not focus on other comorbidities for 

misdiagnosis.36 In this study, there is a significant correlation 

between presence of hypertension, coronary artery disease, 

congestive heart failure, and obstructive sleep apnea and the 

misdiagnosis of COPD. Smoking is a common risk factor 

for both heart and lung diseases. Similar symptomatology 

of dyspnea, cough, wheezing, and hypoxemia can be seen 

in many diseases. This study revealed that the presence of 

these comorbid conditions should prompt the physician 

to evaluate for other causes of symptoms. Spirometry is a 

simple, bedside test that can be used to differentiate between 

the conditions.

The major limitation of this study was that the design 

was a retrospective, single-center study using ICD codes to 

identify patients. The reason why some patients had confir-

matory testing while the majority did not have was unclear. 

The design of the study did not allow for searching for 

spirometry testing prior to or after hospitalization. Further 

studies need to address the reasons why spirometry is not 

used in hospitalized patients despite the evidence that it is an 

accurate test even in patients who are acutely ill.

The strength of this study was that it was conducted in 

a community teaching hospital and it reflects real-world 
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practice of acutely ill patients admitted with decompensation 

of pulmonary status. The patient population was of diverse age 

range, but average age was more than that in previous studies. 

Women were appropriately represented. The study was per-

formed after national and international guidelines requiring 

the use of spirometry for the proper diagnosis of COPD have 

been disseminated. Updates to the GOLD criteria have been 

published and continue to reaffirm the importance of spirom-

etry for the verification of this common diagnosis.

Conclusion
One out of three patients admitted to the hospital with the 

diagnosis of COPD may be misdiagnosed and mistreated. 

Obesity, obstructive sleep apnea, hypertension, coronary 

artery disease, and congestive heart failure were strongly 

associated with comorbidity attributed to misdiagnosis. The 

suspicion for a proper diagnosis of COPD should be higher 

in current and former smokers, those with higher pack-year 

smoking history, and low BMI. However, regardless of 

suspicion, more patients should have confirmatory testing 

performed while in the hospital to avoid misdiagnosis.
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