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BACKGROUND: Health-care providers often diagnose and empirically treat COPD without a
confirmative pulmonary function test (PFT) or even despite a PFT that is not diagnostic of ob-
structive lung disease. We hypothesized that a portion of patients continue to carry a persistent
empiric COPD diagnosis and receive treatment with bronchodilators and inhaled steroids after a
PFT shows no obstruction. METHODS: We retrospectively reviewed single PFT sessions with both
spirometry and plethysmography in 1,805 subjects. We included subjects who had a normal PFT
or a restrictive ventilatory defect. Persistent empiric COPD diagnosis and treatment were defined
when subjects with normal PFTs or a restrictive ventilatory defect continued to carry a health-care
provider COPD diagnosis or receive treatment with bronchodilators and/or inhaled glucocorticoids,
respectively, after a PFT showed no obstruction. RESULTS: One quarter of subjects with
FEV1/FVC > lower limit of the normal range had nonspecific PFT abnormalities. We included 473
subjects with normal PFTs and 382 with a restrictive ventilatory defect (n � 855). Persistent
empiric COPD diagnosis (60 of 855, 7% prevalence) was associated with current (odds ratio
[OR] � 44.7, P < .001) and former smoking (OR � 17.3, P < .001) and older age (OR � 1.03/y,
P � .005). Persistent empiric treatment (208 of 855, 24%) was associated with empiric COPD
diagnosis (OR � 24.6, P < .001), female sex (OR � 1.75, P � .002), current (OR � 2.04, P � 0.040)
and former smoking (OR � 1.53, P � 0.029), interstitial lung disease (OR � 2.09, P � .001), other
respiratory diagnosis (OR � 3.17, P < .001), and obstructive sleep apnea (OR � 1.79, P � .006).
CONCLUSIONS: Persistent empiric COPD diagnosis was 7%, but persistent empiric treatment
was common. Key words: diagnosis; diagnostic errors; COPD; plethysmography; pulmonary function
tests; spirometry. [Respir Care 2016;61(9):1192–1200. © 2016 Daedalus Enterprises]

Introduction

Health-care providers often diagnose and empirically
treat COPD without confirmation by pulmonary function
tests (PFTs).1-4 A recent study in the Veterans Affairs

health-care system showed that 45% of the subjects who
carried an empiric COPD diagnosis and 38% of those who
received empiric treatment before their PFTs had no ob-
struction, defined as FEV1/FVC � lower limit of normal.2

Even after a PFT shows no obstruction, physicians often
continue to empirically treat individuals with medications
like bronchodilators.3,5 Persistent empiric COPD diagnosis
and treatment after the PFT has shown no obstruction have
not been well described.3,5
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Previous studies may have overestimated empiric COPD
and treatment because they used only spirometric criteria,
although FEV1/FVC � lower limit of normal alone is not
sufficient to rule out COPD. Often in COPD, FEV1 may be
reduced concomitantly with FVC, and the ratio may ap-
pear normal.6 Lung volumes are necessary to distinguish
between a restriction ventilatory defect and a nonspecific
PFT pattern.6,7

Moreover, health-care providers often prescribe bron-
chodilators or inhaled glucocorticoids even in patients with
no COPD or other respiratory diseases because they are
relatively safe medications and may offer limited symp-
tom relief. Therefore, empiric treatment must be examined
separately from empiric COPD diagnosis.

We hypothesized that a portion of patients continue to
carry an empiric COPD diagnosis and receive treatment
with bronchodilators or inhaled glucocorticoids after a PFT
that includes both spirometry and lung volume measure-
ments shows no obstruction. Our objectives were (1) to
estimate the extent of persistent empiric COPD diagnosis
and empiric treatment with bronchodilators and/or inhaled
glucocorticoids and (2) to identify factors associated with
them in individuals who carried such a diagnosis and treat-
ment long enough after the PFTs that included both spi-
rometry and lung volume measurements were not diag-
nostic of obstructive lung disease according to American
Thoracic Society-European Respiratory Society (ATS-
ERS) guidelines.6 We reviewed subjects whose PFTs
(single session) included both spirometry and plethys-
mography. We included all patients except for those
with FEV1/FVC � lower limit of normal or nonspecific
patterns. We will only include subjects with: (1) normal
PFTs and (2) a restrictive ventilatory defect. We identified
characteristics associated with persistent empiric COPD
diagnosis and persistent empiric treatment with broncho-
dilators and/or inhaled glucocorticoids despite a PFT in-
consistent with obstructive lung disease.

Methods

The study protocol was reviewed and approved (exempt
status, study number: 1501E60401) by the University of
Minnesota institutional review board, in accordance with
the Code of Federal Regulations, 45 CFR 46.101(b).

Data Collection

To construct our study data set, we retrieved data from
1,805 patients �18 y old. All PFTs included both spirom-
etry and plethysmography and were performed between
January 1, 2013, and August 15, 2013 in the Fairview
health system in Minnesota, as described previously.8 If
there were multiple PFT sessions for a single individual,
only the first was included. All PFTs were performed ac-

cording to ATS-ERS guidelines and met the ATS-ERS
standards for acceptability and repeatability.9-11

To provide a more accurate estimate of empiric COPD
diagnosis and treatment with bronchodilators and/or inhaled
glucocorticoids, apart from patients with FEV1/FVC � lower
limit of normal, we also did not include patients who had
nonspecific PFT patterns, defined as FEV1 or FVC � lower
limit of normal, FEV1/FVC � lower limit of normal, and
TLC � lower limit of normal,7,12 which could potentially be
part of the obstructive spectrum.

In the present project, out of all 1,805 patients with
PFTs, we included only subjects with normal PFTs or
restrictive ventilatory defect. Those individuals with nor-
mal PFTs had FEV1 � lower limit of normal, FVC �
lower limit of normal, and FEV1/FVC � lower limit of
normal based on the predicted values derived from the
National Health and Nutrition Examination Survey III13

and no air trapping and/or hyperinflation by measurement
of lung volumes. Air trapping and/or hyperinflation was
defined as total lung capacity, residual volume, or residual
volume/total lung capacity ratio above the upper limit of
normal.6,14 Subjects with a restrictive ventilatory defect had
FEV1/FVC � lower limit of normal, FVC � lower limit
of normal,13 and total lung capacity � lower limit of
normal14 according to ATS-ERS guidelines.6 PFTs were
performed using Medical Graphics Diagnostics Corpo-
ration equipment and BreezeSuite 7.1 software (MGC
Diagnostics, St Paul, MN). We extracted the following

QUICK LOOK

Current knowledge

Health-care providers often diagnose and empirically
treat COPD without a confirmative pulmonary function
test (PFT) or even despite a PFT that is not diagnostic
of obstructive lung disease. Previous studies used only
spirometric criteria for diagnosis, and they did not
examine whether the patients carried the COPD di-
agnosis and continued treatment after the PFT showed
no obstruction.

What this paper contributes to our knowledge

One quarter of the subjects with normal FEV1/FVC had
nonspecific PFT abnormalities. Seven percent of the
subjects continued to carry an empiric COPD diagnosis
after PFT showed no obstruction. Persistent empiric
COPD diagnosis was more common among the elderly
and smokers. Persistent empiric treatment with bron-
chodilators and/or inhaled glucocorticoids occurred in
24% of the subjects and was associated with female
sex, smoking, empiric COPD diagnosis, interstitial lung
disease, other respiratory diagnosis, and OSA.
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data from each subject’s PFT record: age, race, height,
sex, and weight.

One of the authors reviewed the electronic medical re-
cord from February 2014 to February 2015 (6–25 months
after the PFT) and extracted the respiratory clinical diag-
nosis. First, we reviewed the past medical history and
problem list, which are distinct data in the electronic med-
ical record. Second, we reviewed health-care provider notes
(pulmonologist’s or primary care physician’s note if there
were no visit to a pulmonologist) to confirm the respira-
tory diagnosis starting from the most recent encounter. All
of the providers have the exact same information/access to
the PFT results. We extracted the following respiratory
clinical diagnoses: (1) COPD; (2) interstitial lung disease;
(3) other respiratory diagnosis, including primary pulmo-
nary hypertension, pulmonary embolism, myopathy, dys-
pnea, and cough; and (4) no respiratory diagnosis. If the
subject carried both the diagnosis of asthma and COPD,
we recorded it as COPD.

We excluded patients with asthma, alveolar proteinosis,
bronchiectasis, interstitial pneumonia with an obstructive
component like follicular bronchiolitis, desquamative in-
terstitial pneumonia and respiratory bronchiolitis, lung can-
cer, lung transplant, and sarcoidosis. We extracted smok-
ing status and treatment with short-acting � agonists,
inhaled/nebulized glucocorticoids long-acting � agonists,
and anticholinergics. We also extracted comorbidities from
the past medical history and problem list, which are dis-
tinct data in the electronic medical record: coronary artery
disease, heart failure, chronic kidney disease, diabetes mel-
litus, hypertension, and obstructive sleep apnea (OSA).

Physicians often give a working diagnosis and even
prescribe short-term temporary treatment with bronchodi-
lators and/or inhaled glucocorticoids while awaiting con-
firmation by the PFTs. To capture persistent empiric COPD
diagnosis and treatment, we reviewed the electronic med-
ical records of subjects with empiric COPD diagnosis and/or
empiric treatment for a second time in March and April
2015 (19–26 months after the PFTs), which is a long
enough interval to ensure that physicians have reviewed
the PFTs. If the physician diagnosis or treatment changed
post-PFT, we recorded only the last diagnosis. We ex-
cluded patients who did not have pulmonary or primary
care clinic encounters after their PFTs.

Definitions and Outcomes

We defined persistent empiric COPD diagnosis as when
a subject continued to carry the COPD diagnosis by the
health-care provider after a normal PFT or a PFT with a
restrictive ventilatory defect. Similarly, we defined persis-
tent empiric treatment with bronchodilators and/or inhaled
glucocorticoids as when a subject continued to receive treat-
ment, includingshort-acting�agonists, inhaled/nebulizedglu-

cocorticoids long-acting � agonists, and anticholinergics, af-
ter a PFT that indicated no obstruction.

We stratified subjects with persistent empirical treat-
ment by respiratory diagnosis and the presence of a re-
strictive ventilatory defect to identify patterns that corre-
late for empirical treatment. We performed multivariable
logistic regressions to identify factors associated with (1)
persistent empiric COPD diagnosis in the total sample and
regardless of smoking status and (2) persistent empiric
treatment in the total sample and regardless of the respi-
ratory diagnosis.

Statistical Analysis

We performed a univariate analysis for variables asso-
ciated with persistent empiric COPD diagnosis. Variables
univariately associated with persistent empiric COPD di-
agnosis with a P value of �.1 were entered into the mul-
tivariable logistic regression model. We also performed a
univariate analysis for variables associated with persistent
empiric treatment. Variables associated with empiric per-
sistent treatment with a univariate P value of �.1 were
entered into the corresponding multivariable logistic re-
gression model. In multivariable logistic regression mod-
els, variables were selected using a backward stepwise
process; a P value of �.1 was used to delete variables in
subsequent steps. All analyses were carried out using Epi
Info 7 statistical software.

Results

Of 1,805 patients we did not include in our analysis 421
with FEV1/FVC � lower limit of normal with obstruction
and 354 with FEV1/FVC � lower limit of normal with
nonspecific PFT abnormalities: (1) FVC � lower limit of
normal with total lung capacity � lower limit of normal
(n � 234), (2) hyperinflation and/or air trapping with nor-
mal FEV1 and FVC (n � 88), and (3) FEV1 � lower limit
of normal with normal FEV1/FVC and FVC (n � 32) (Fig.
1). One hundred seventy-five met the exclusion criteria
(Fig. 2). Of the remaining 855 who were included in the
analysis, 473 (55.3%) had normal PFTs, and 382 (44.7%)
had a restrictive ventilatory defect.

In the first chart review, 79 subjects (9.2%) had an
empiric COPD diagnosis, and 227 (26.5%) received em-
piric treatment. In the second chart review, physicians re-
tracted the empiric COPD diagnosis in 19 subjects (“over-
diagnosed”), and they stopped the empiric treatment in 8
of these 19 subjects. Eleven more subjects who were re-
ceiving empiric treatment (“overtreated”) stopped treat-
ment in the second chart review.

After the second electronic medical record review, 60
subjects (7%) continued to carry an empiric COPD diag-
nosis, and 208 (24.3%) continued to receive empiric treat-
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ment. Table 1 shows the characteristics, comorbidities,
and treatment of individuals included in the analysis.
Approximately 19% of the subjects were seen by a pulmonolo-
gist. In subjects �50 y old, the prevalence of empiric
COPD diagnosis was 8.8%. In 28 cases, the pulmonologist
discontinued treatment, but the primary care physician

continued treatment with bronchodilators and/or inhaled
glucocorticoids.

In the total sample, persistent empiric COPD diagnosis
was associated with older age (odds ratio [OR] � 1.03/y,
P � .005) and current (OR � 44.7, P � .001) and former
smoking (OR � 17.3, P � .001) (Table 2).

In never-smokers and current smokers, none of the
variables were associated with persistent empiric COPD
diagnosis. In former smokers, age was associated with
persistent empiric COPD diagnosis (OR � 1.03,
95% CI � 1.01–1.06, P � .007).

Table 3 shows persistent empiric treatment stratified by
health-care provider respiratory diagnosis and the pres-
ence of a restrictive ventilatory defect in the PFT. In the
total sample, female sex (OR � 1.75, P � .002), current
(OR � 2.04, P � .040) and former smoking (OR � 1.53,
P � .03), empiric COPD diagnosis (OR � 24.6, P � .001),
interstitial lung disease (OR � 2.09, P � .001), other
respiratory diagnosis (OR � 3.17, P � .001), and OSA
(OR � 1.79, P � .006) were associated with persistent
empiric treatment (see Table 4).

In the subgroup of subjects with persistent empiric COPD
diagnosis, only hypertension was associated with persis-
tent empiric treatment (OR � 4.15, 95% CI � 1.06–16.2,
P � .41). In subjects with interstitial lung disease, female

Fig. 2. Flow chart. PFTs � pulmonary function tests, ILD � inter-
stitial lung disease.

Fig. 1. Schematic diagram of diagnosis according to pulmonary function tests. The circle highlights the subjects included in the study.
PFTs � pulmonary function tests, RV � residual volume, TLC � total lung capacity, LLN � lower limit of normal, ULN � upper limit of
normal.
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sex (OR � 2.57, 95% CI � 1.21–5.47, P � .01) and
higher body mass index (OR � 1.09/unit, 95% CI � 1.03–
1.16, P � .005) were associated with treatment with bron-
chodilators and/or inhaled glucocorticoids. In subjects with
other respiratory diagnosis and subjects with no respira-
tory diagnosis, none of the variables were associated with
empiric treatment.

Discussion

Our study reveals that 25.6% of subjects with normal
FEV1/FVC have nonspecific PFT abnormalities. Seven per-
cent of subjects persistently carried an empiric COPD di-
agnosis 1.5–2 y after the PFT showed no obstruction. Older
age and smoking were associated with persistent empiric
COPD diagnosis. Twenty-four percent of all subjects, 82%
of individuals with persistent empiric COPD diagnosis,
26% of subjects with interstitial lung disease, and 34% of
subjects with other respiratory diagnoses received persis-
tent empiric treatment with bronchodilators and/or inhaled

glucocorticoids. Persistent empiric treatment was associ-
ated with female sex, smoking, empiric COPD diagnosis,
interstitial lung disease, other respiratory diagnosis, and OSA.

FEV1/FVC � lower limit of normal is often considered
diagnostic of COPD. In several studies that examined empiric
COPD diagnosis and treatment, FEV1/FVC � lower limit of
normal was used to exclude COPD diagnosis.2,3,15 However,
as other investigators have shown previously,7,16 we found
that 25.6% (234 of 1,384) of PFTs with FEV1/FVC � lower
limit of normal and 13% (234 of 1,805) of all PFTs had
nonspecific PFT patterns. Although these patterns do not
necessarily represent obstructive lung disease, we did not
include these subjects in the analysis because some of
these PFTs may occur in patients with obstruction,12 and
they are also considered obstructive according to ATS-
ERS guidelines.6 Eighty-eight of those subjects had nor-
mal spirometry, but they had air trapping and/or hyperin-
flation. Air trapping and hyperinflation are associated with
dyspnea, exercise limitation, accelerated lung function de-
cline, and mortality.17-20

Table 1. Characteristics, Comorbidities, and Treatment of Individuals With Normal Pulmonary Function Test or a Restrictive Ventilatory Defect

Health-Care Provider
Diagnosis

All
(N � 855)

COPD
(n � 60)

ILD
(n � 168)

Other
(n � 147)

None
(n � 480)

Age, mean � SD y 58.3 � 16.5 66.2 � 12.1 63.8 � 12.2 60.4 � 16.2 54.7 � 17.4
Female, n (%) 359 (42) 25 (41.7) 90 (53.6) 65 (44.2) 179 (37.3)
BMI, mean � SD kg/m2 29.9 � 6.7 30.9 � 7.7 29.7 � 5.9 30.8 � 7.2 29.5 � 6.6
Height, mean � SD cm 170.8 � 10.3 170.9 � 9.4 169.5 � 9.9 169.9 � 10.9 171.6 � 10.3
Smoking, n (%)

Current 65 (7.6) 10 (16.7) 3 (1.8) 10 (6.8) 42 (8.8)
Former 440 (51.5) 48 (80) 101 (60.1) 72 (49) 219 (45.6)
Never 350 (40.9) 2 (3.3) 64 (38.1) 65 (44.2) 219 (45.6)

RVD, n (%) 382 (44.7) 35 (58.3) 131 (78) 54 (36.7) 162 (33.8)
Comorbidities, n (%)

CAD 180 (21.1) 24 (40) 29 (17.3) 34 (23.1) 93 (19.4)
CHF 157 (18.4) 18 (30) 20 (11.9) 37 (25.2) 82 (17.1)
CKD 149 (17.4) 12 (20) 12 (7.1) 31 (21.1) 94 (19.6)
DM 178 (20.8) 14 (23.3) 28 (16.7) 34 (23.1) 102 (21.3)
HTN 486 (56.8) 43 (71.7) 92 (54.7) 90 (61.2) 261 (54.4)
OSA 163 (19.1) 13 (21.7) 30 (17.9) 34 (23.1) 86 (17.9)

Medications, n (%)
SABA 192 (22.5) 45 (75) 42 (25) 46 (31.3) 59 (12.3)
Inhaled steroids 81 (9.5) 27 (45) 17 (10.1) 18 (12.2) 19 (4)
LABA 63 (7.4) 23 (38.3) 14 (8.3) 13 (8.8) 13 (2.7)
Anticholinergics 43 (5) 22 (36.7) 8 (4.8) 6 (4.1) 7 (1.5)

ILD � interstitial lung disease
BMI � body mass index
RVD � restrictive ventilatory defect
CAD � coronary artery disease
CHF � congestive heart failure
CKD � chronic kidney disease
DM � diabetes mellitus
HTN � hypertension
OSA � obstructive sleep apnea
SABA � short-acting � agonist
LABA � long-acting � agonist

EMPIRIC COPD DIAGNOSIS AND TREATMENT

1196 RESPIRATORY CARE • SEPTEMBER 2016 VOL 61 NO 9



The prevalence of persistent empiric COPD diagnosis
was 7%, which is lower than other reports have de-
scribed,2,3,5 probably because we reviewed physician di-
agnosis after PFT, whereas previous reports reviewed that
before.2 We also did not include patients whose PFTs
could potentially be part of the obstructive spectrum, and
our study was conducted in a different population.

Persistent empiric COPD diagnosis is associated with
older age. Other investigators have shown that older sub-
jects who carry an empiric COPD diagnosis are more likely
to have FEV1/FVC � lower limit of normal.1,2 This “dis-
crepancy” probably results from the different study design.
We examined whether subjects with non-obstructive PFTs
were overdiagnosed, whereas other reports examined
whether subjects who carried a COPD diagnosis had ob-
struction.2 For the same reason, we found that smoking is
associated with an increased risk for persistent empiric
COPD diagnosis among all subjects with non-obstructive
PFTs, whereas other investigators observed that individuals
who carry an empiric COPD diagnosis are more likely to
have FEV1/FVC � lower limit of normal if they are smokers.2

We did not observe any association of higher body mass
index and persistent empiric diagnosis of COPD, although
body mass index has been reported to be a risk factor for
overdiagnosis.2 Our results suggest an association with
coronary artery disease and empiric COPD (P � .08).
Cardiac comorbidities are often associated with COPD
overdiagnosis, probably because individuals with either
disease can experience dyspnea.2

Overtreatment is often perceived as an identical prob-
lem with overdiagnosis because they share common risk
factors. However, physicians often prescribe bronchodila-
tors and inhaled glucocorticoids even for conditions and
diseases for which they are not indicated because bron-
chodilators are relatively safe and might be palliative for
the patient. To increase the strength of our findings, we
excluded subjects with diseases that could justify empiric
treatment despite a non-obstructive PFT, like asthma, bron-
chiectasis, or other obstructive airway diseases. In our sam-
ple, 13.5% of subjects who did not carry any respiratory
diagnosis received empiric treatment.

Physicians often prescribe empiric treatment while await-
ing confirmation by PFTs. For that reason, we reviewed
the electronic medical records 1.5–2 y after the non-ob-
structive PFTs. Twenty-four percent of all subjects and
82% of those with persistent empiric COPD diagnosis con-
tinued to use medications like bronchodilators and/or in-
haled glucocorticoids. Persistent empiric treatment was rel-
atively common even among subjects with interstitial lung
disease (26%) and those with no respiratory diagnosis
(13%). The presence of a restrictive ventilatory defect in
PFTs did not seem to play any role.

The strongest predictor of persistent empiric treatment
was empiric COPD diagnosis. OSA and interstitial lung
disease are also associated with empiric treatment in our
sample. Although patients with asthma or COPD frequently
suffer from OSA,21,22 OSA is not a well known indepen-
dent risk factor for empiric treatment with inhalers. Fe-
male sex was also associated with persistent empiric treat-
ment, probably because women more often report
dyspnea.23 Interestingly, body mass index, which has been
described as a risk factor for COPD overtreatment,2 was
associated with persistent empiric treatment only in sub-
jects with interstitial lung disease and not in our total
sample.

Although persistent empiric treatment may represent
a sort of therapeutic inertia,24 it may also represent the
last option to treat unexplained respiratory symptoms,
and we should not consider it equivalent to medical
error. Although bronchodilators25 and inhaled glucocor-
ticoids26 are relatively safe, adverse events may occur
as they are widely used. Potential harm aside, overtreat-
ment results in increased unnecessary cost of health
care. A combination of inhaled glucocorticoids with
long-acting � agonist costs about $308 to $412, whereas

Table 2. Multivariable Logistic Regression for Factors Associated
With Persistent Empiric COPD Diagnosis by Health-Care
Provider (Overdiagnosis, n � 60) After Finding a Normal
Pulmonary Function Test or a Restrictive Ventilatory
Defect (n � 855)

Unadjusted Multivariable Adjusted

OR 95% CI P OR 95% CI P

Age (per year) 1.04 1.02–1.06 �.001 1.03 1.01–1.06 .005
Female 0.99 0.58–1.68 .96
BMI (per 1 kg/m2) 1.02 0.99–1.06 .2
Height (per cm) 1 0.98–1.03 .98
Smoking

Current 31.6 6.75–148 �.001 44.7 9.3–215 �.001
Former 21.3 5.14–88.3 �.001 17.3 4.2–72.1 �.001
Never

RVD in PFT 1.81 1.06–3.08 0.029
Comorbidities

CAD 2.73 1.58–4.71 �.001 1.73 0.93–3.19 .08
CHF 2.02 1.13–3.62 .02
CKD 1.2 0.62–2.32 .59
DM 1.17 0.63–2.18 .62
HTN 2.01 1.13–3.58 .02
OSA 1.19 0.63–2.25 .6

OR � odds ratio
BMI � body mass index
RVD in PFT � restrictive ventilatory defect in pulmonary function test
CAD � coronary artery disease
CHF � heart failure
CKD � chronic kidney disease
DM � diabetes mellitus
HTN � hypertension
OSA � obstructive sleep apnea
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anticholinergic inhalers cost from $340 to $411/month
based on online price lists of United States pharmacies.
Of 1,805 subjects in our cohort, 81 used unnecessary
inhaled steroids with long-acting � agonist, and 43 re-
ceived anticholinergic inhalers inappropriately. This cor-
relates with as much as $45,000 unnecessary cost/month,
or $540,000/y, only from inhaled steroids, long-acting �
agonists, and anticholinergics. In other words, for every

individual who had a PFT in our laboratory, there was
about $300 of possibly unnecessary annual expenses.
Considering that only a third of patients who are labeled
with a COPD diagnosis have PFTs4 and that the major-
ity of those with a COPD diagnosis and who do have
PFTs have only spirometric testing, unnecessary cost
due to overtreatment may be much larger than is esti-
mated here.

Table 3. Persistent empiric treatment with bronchodilators and/or inhaled glucocorticoids stratified by respiratory diagnosis according to health
care provider among individuals who have a normal pulmonary function test or a restrictive ventilatory defect.

All COPD ILD Other None

Normal PFT 22% (104/473) 72% (18/25) 27% (10/37) 34.4% (32/93) 13.8% (44/318)
RVD 27.2% (104/382) 88.6% (31/35) 26% (34/131) 33.3% (18/54) 13% (21/162)
Total 24.3% (208/855) 81.7% (49/60) 26.2% (44/168) 34% (50/147) 13.5% (65/480)

Note: each cell contains % empirically treated (n empirically treated/n at risk) COPD � chronic obstructive pulmonary disease, ILD�interstitial lung disease, PFT�pulmonary function test, and
RVD � restrictive ventilatory defect.

Table 4. Multivariable Logistic Regression Analysis of Factors Associated With Persistent Empiric Treatment With Bronchodilators and/or Inhaled
Glucocorticoids (n � 208) in 855 Individuals With a Normal Pulmonary Function or a Restrictive Ventilatory Defect

Unadjusted Multivariable Adjusted

OR 95% CI P OR 95% CI P

Age (per year) 1.01 1–1.02 .02
Female 1.58 1.15–2.16 .005 1.75 1.22–2.5 .002
BMI (per 1 kg/m2) 1.03 1.01–1.06 .007
Height (per cm) 0.98 0.97–0.99 .01
Smoking

Current 2.52 1.41–4.53 .002 2.04 1.03–4.03 .040
Former 2 1.41–2.83 �.001 1.53 1.04–2.26 .03
Never

Respiratory diagnosis according
to health-care provider

COPD 28.4 14.1–57.5 �.001 24.6 11.9–50.8 �.001
ILD 2.27 1.47–3.49 �.001 2.09 1.34–3.27 .001
Other 3.29 2.14–5.06 �.001 3.17 2.05–4.91 �.001
None

RVD in PFT 1.33 0.97–1.82 .08
Comorbidities

CAD 1.12 0.77–1.64 .53
CHF 1.6 1.09–2.33 .02
CKD 1.13 0.75–1.69 .56
DM 1.19 0.82–1.74 .36
HTN 1.19 0.87–1.64 .28
OSA 1.67 1.15–2.42 .007 1.79 1.18–2.71 .006

OR � odds ratio
BMI � body mass index
ILD � interstitial lung disease
RVD in PFT � restrictive ventilatory defect in pulmonary function test
CAD � coronary artery disease
CHF � heart failure
CKD � chronic kidney disease
DM � diabetes mellitus
HTN � hypertension
OSA � obstructive sleep apnea
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Apart from its retrospective nature, our study has sev-
eral other limitations. We included even young adults,
although COPD is more prevalent among older individu-
als. However, the prevalence of COPD among subjects
�50 y old was 8.8%, similar to the 7% in our whole
cohort. We did not follow serial PFTs, so we do not know
whether abnormal PFTs had normalized after treatment.
We did not include patients with nonspecific PFT abnor-
malities because it is unknown whether those patients have
obstructive lung diseases like COPD. We cannot ensure
that the health-care providers actually reviewed the PFT
results, although our electronic medical record sends the
results electronically to the provider who orders the PFT
and requires that the results eventually be opened (but we
cannot guarantee that they are ever read). To minimize that
risk, we reviewed the electronic medical records of sub-
jects with empiric COPD diagnosis and treatment for sev-
eral months after the PFTs. In this report, we did not
consider lung imaging or other clinical data like symptoms
of chronic bronchitis that can support the COPD diagnosis
or treatment despite a FEV1/FVC � lower limit of normal.
Some patients may have had radiographic air trapping
or emphysema with normal PFTs.27 Because this study
was conducted in only one health-care system, these
results should be generalized cautiously. Despite the
above limitations, the existence of a non-negligible
amount of overdiagnosis and overtreatment is probably
real and should be further investigated in more precise
study designs.

Conclusions

One quarter of the subjects with normal FEV1/FVC had
nonspecific PFT abnormalities. Seven percent of the sub-
jects continued to carry an empiric COPD diagnosis after
PFT showed no obstruction. Persistent empiric COPD di-
agnosis was more common among the elderly and smok-
ers. Persistent empiric treatment occurred in 82% of indi-
viduals who carried an empiric COPD diagnosis, 26% of
subjects with interstitial lung disease, and 34% of subjects
with other respiratory diagnoses. Persistent empiric treat-
ment with bronchodilators and inhaled glucocorticoids was
associated with female sex, smoking, empiric COPD diag-
nosis, interstitial lung disease, other respiratory diagnosis,
and OSA. Health-care providers should avoid inappropri-
ate treatment with bronchodilators and inhaled glucocor-
ticoids that increases medical cost and potentially results
in unnecessary adverse effects.
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