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BACKGROUND: Despite guideline recommendations, patients suspected of having COPD often
are treated empirically instead of undergoing spirometry to confirm airflow obstruction
(AFO). Accurate diagnosis and treatment are essential to provide high-quality, value-oriented
care. We sought to identify predictors associated with AFO among patients with and treated
for COPD prior to performance of confirmatory spirometry.

METHODS: We identified a cohort of veterans with spirometry performed at Pacific Northwest
Department of Veterans Affairs medical centers between 2003 and 2007. We included only
patients with empirically diagnosed COPD in the 2 years prior to spirometry who were also
taking inhaled medication to treat COPD in the 1 year prior to spirometry. We used relative
risk regression analysis to identify predictors of AFO.

RESULTS: Among patients empirically treated for COPD (N = 3,209), 62% had AFO. Risk fac-
tors such as older age, prior smoking status, and underweight status were associated with AFO
on spirometry. In contrast, comorbidities often associated with somatic symptoms were asso-
ciated with absence of AFO and included congestive heart failure, depression, diabetes, obe-
sity, and sleep apnea.

CONCLUSIONS: Comorbidities associated with somatic complaints of dyspnea were associated
with a lower risk of having airflow limitations, suggesting that empirical diagnosis and treat-

ment of COPD may lead to inappropriate treatment of individuals who do not have AFO.
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Patients presenting with dyspnea often are given a diag-
nosis of and treated for COPD prior to obtaining confirma-
tory spirometry, particularly if they are current or past
smokers. Despite endorsement by the National Quality
Forum and multiple professional societies, spirometry
often is underused to confirm the presence of fixed airflow
obstruction (AFO) and to properly diagnose COPD.!¢
This gap between National Quality Forum recommen-
dations and practice is likely driven by attitudes and
beliefs about the lack of clinical utility of spirometry in
the management of patients with COPD.”-® Empirical

COPD treatment in patients without COPD represents a
potential lost opportunity to identify and treat the true
etiology of symptoms and could lead to adverse effects
from unnecessary medications or delays in appropriate
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management.'''* We sought to examine the frequency
at which patients given an empirical diagnosis of and
treated for COPD were subsequently found to have AFO
on spirometry as well as the factors predictive of AFO.

Materials and Methods
Study Design, Setting, and Subjects

We used data collected from a cohort of US veterans receiving care at
one of three Pacific Northwest Department of Veterans Affairs (VA)
medical centers. We identified patients who had their first spirometry
between January 2003 and December 2007. The index date was defined
as the date of first spirometry. The Institutional Review Board of the
VA Puget Sound Healthcare System approved this study (IRB project
approval number 01386).

Inclusion Criteria: We defined empirical diagnosis of COPD within
2 years prior to the index date as (1) two or more outpatient visits with
an International Classification of Diseases, Ninth Revision (ICD-9), code
for COPD (491.X, 492.X, 493.2, 496.X); (2) an inpatient COPD exac-
erbation defined as a primary ICD-9 discharge diagnosis of COPD;
or (3) an outpatient COPD exacerbation defined as a visit for COPD
and a prescription for either an oral antibiotic or an oral steroid within
2 days of the clinic visit. Among patients receiving a diagnosis of COPD,
we defined empirical treatment of COPD as any prescription for a
short-acting B-agonist, ipratropium, long-acting (3-agonist (LABA), or
inhaled corticosteroid (ICS) in the year prior to the index date. Data on
tiotropium use were not collected because tiotropium was not on the
VA formulary at the time of the study.

Exclusion Criteria: We excluded veterans who did not have complete
spirometry and those with lung cancer (ICD-9 codes 162.X or 163.X).
We also excluded patients with asthma (ICD-9 codes 593, 493.0, 493.1,
493.8, and 493.9) to avoid potential misclassification.

Data Collection

We collected data from the VISN 20 Data Warehouse, a regional rela-
tional database of clinical and nonclinical data. Spirometry results were
obtained from the data warehouse or from direct interrogation of the
pulmonary function testing equipment.

Outcomes

We defined AFO as a postbronchodilator FEV,/FVC below the lower
limit of normal as recommended by the American Thoracic Society."*
As part of clinical protocol, patients were given bronchodilators if they
had AFO on prebronchodilator spirometry unless they reported taking

a bronchodilator within 2 h of the test. For this reason, we substituted
the prebronchodilator value when the postbronchodilator value was
not available (12.3% of patients did not have postbronchodilator
spirometry). As described herein, we also performed sensitivity analyses
restricted to patients who had both prebronchodilator and postbron-
chodilator testing.

Exposures

The exposures of interest were race, active smoking in the prior year;
sex; site of care; age; BMI; and the following six comorbidities defined by
ICD-9 codes in the 12 months prior to spirometry: acute coronary syn-
drome, congestive heart failure (CHF), depression, diabetes, sleep apnea,
and hypertension (HTN). Patients were categorized as underweight
(BMI < 18.5 kg/m?), normal weight (18.5 kg/m? = BMI = 24.99 kg/m?),
overweight (25 kg/m? < BMI=29.99 kg/m?), or obese (BMI = 30 kg/m?)
according to the World Health Organization classification.’s Site of care
was one of three sites in the Pacific Northwest: one nonacademic center
in a rural setting, one rural academic center, and one tertiary referral
center for a major metropolitan area.

We also assessed the total number of COPD exacerbations (both
inpatient and outpatient) in the 2 years prior to the index date. Inpatient
COPD exacerbations were defined as a primary discharge diagnosis
of COPD, and outpatient exacerbations were defined as an outpatient
COPD diagnosis accompanied by a prescription of an antibiotic or oral
steroid within 2 days of the clinic visit.

Statistical Analysis

Because AFO was common, we used a modified Poisson regression
approach to allow estimation of the relative risk (RR) of the outcome.
All covariates were included in a single model. Stata 12.0 software was
used for all analyses.!s Additional analyses were repeated using GOLD
(Global Initiative for Chronic Obstructive Lung Disease) criteria for
AFO (FEV,/FVC <0.70). We performed a sensitivity analysis among a
restricted cohort of veterans with clinically diagnosed COPD who had
received more-intensive inhaled therapy for COPD, which we defined
as a prescription of six or more albuterol canisters, three or more
ipratropium canisters, one or more LABAs, or one or more ICSs in the
prior year. We performed an additional sensitivity analysis restricting
the cohort to only patients who had both prebronchodilator and post-
bronchodilator spirometry.

Results

Description of the Cohort

There were 14,541 veterans who had spirometry at one
of three VA medical centers during the study period,
5,148 (35.4%) of whom had a prior diagnosis of COPD.
Among patients with a clinical diagnosis of COPD,
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approximately one-half (n = 2,830 [55%]) had evidence
of AFO on spirometry. Of patients with a clinical diag-
nosis of COPD, 3,209 (62.3%) were also treated with
inhaled medications (Fig 1). Table 1 shows the charac-
teristics of patients treated for COPD with and without
AFO by spirometry. Among patients who received treat-
ment for COPD, 62% (n = 1,996) had AFO.
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Veterans who had spirometry at
one of three Pacific Northwest
Veterans Hospitals between
January 2003 and December 2007
(n=14,541)

Figure 1 - Cohort selection.
ICD.9 = International Classification
of Diseases, Ninth Revision.

Exclusion Criteria (in order):

* Diagnosis of Lung Cancer (ICD.9
codes 162.x, 163.x) (n=959)

* Diagnosis of asthma (ICD.9 codes
493.0,493.1, 493.8, 493.9)
(n=2,184)

* Incomplete spirometry data
(n=602)

(n=10,796 remaining)

Inclusion Criteria: Empiric Diagnosis of COPD defined as:

a primary ICD.9 code for COPD (491.X, 492.X, 493.2, 496.X)
OR

492.X, 493.2, 496.X (n = 215)

(n=5,148 meet inclusion criteria)
[Groups are not mutually exclusive]

e Within prior 2 years: Inpatient (n = 271)* or outpatient (n = 5,055) visit with

e Within prior 2 years: inpatient or outpatient COPD exacerbation
o Inpatient exacerbation: primary ICD.9 discharged diagnosis of 491.X,

o Outpatient exacerbation: defined as visit with primary ICD.9
diagnostic code for COPD and prescription for either an oral
antibiotic or steroid within 2 days of the diagnosis (n =916)

Any empiric treatment of COPD defined as:
ipratropium, long acting beta-agonist, inhaled

(n =3,209)

e Dispensed > 0 canisters of short acting beta-agonist,

corticosteroid in the 1 year prior to the index date

Among patients given a diagnosis of and treated for
COPD, those with AFO were older (mean age, 66.3 years
vs 65.3 years; P=.01), were more likely to have smoked
in the prior year (46.7% vs 41.1%, P=.01), and were
more likely to be underweight (4.2% vs 0.9%, P <.01).
They also had a greater mean number of clinically diag-
nosed exacerbations in the prior year (0.65 vs 0.32,
P<.01). Patients who had AFO were less likely to have
CHE depression, diabetes, sleep apnea, or HTN in the
year prior to the index date than those without AFO. The
mean number of selected comorbidities among patients
with AFO was lower at 1.13 compared with 1.60 among
those without AFO. Among patients with clinically diag-
nosed COPD taking inhaled medications, 65.5% seen at
the rural clinical center had AFO compared with 56.2%
seen at the tertiary referral center and 77.6% at the rural
academic center (P <.01) (Table 1).

journal.publications.chestnet.org

RR of AFO Among Patients Given a Diagnosis of
and Treated for COPD

AFO was more likely among patients who had smoked
in the prior year (RR, 1.08; 95% CI, 1.02-1.15). These
patients were more likely to be older (RR, 10.04 per
decade; 95% CI, 10.01-10.07) and underweight

(RR, 1.16; 95% CI, 1.06-1.26) (Table 2). Patients

with a greater number of exacerbations in the 2 years
prior to the index date had a higher RR of AFO

(RR, 1.06; 95% CI, 1.04-1.08). Patients seen at the rural
academic center were more likely to have AFO than those
seen at the rural clinical center (RR, 1.18;95% CI, 1.10-1.27),
whereas those seen at the tertiary center were less likely
to have AFO (RR, 0.86; 95% CI, 0.81-0.91).

Comorbid illnesses were generally associated with a
lower risk of having AFO. Compared with normal weight
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TABLE 1 | Characteristics of Patients Given an ICD-9 Diagnosis of COPD on Any Inhaled Medication by

Presence of Airflow Obstruction (LLN) on Spirometry

Covariate Airflow Obstruction (n=1,996) No Airflow Obstruction (n=1,213) P Value
White race 77.8 82.1 .003
Smoking in prior year 46.7 41.1 .002
Male sex 97.3 96.1 .05
Site <.001
Rural clinical center (n=956) 34.5 65.5
Tertiary center (n=1,770) 43.8 56.2
Rural academic center (n=483) 22.4 77.6
Age, y 66.3+9.9 65.3+11.0 .01
BMI <.001
Underweight 4.2 0.9
Normal weight 30.4 15.3
Overweight 35.5 30.8
Obese 30.0 53.1
Comorbidities in prior year
ACS 2.6 3.5 .13
CHF 12.7 20.7 <.001
Depression 20.3 25.6 <.001
Diabetes 16.8 31.0 <.001
Sleep apnea 6.0 12.9 <.001
HTN 54.4 66.5 <.001
Number of comorbidities 1.13+1.0 1.60+1.14 <.001
Exacerbations in prior 2 y 0.65*1.5 0.32+0.81 <.001

Data are presented as % or mean = SD. ACS = acute coronary syndrome; CHF = congestive heart failure; HTN = hypertension; ICD-9 = International

Classification of Diseases, Ninth Revision; LLN = lower limit of normal.

patients, overweight (RR, 0.89; 95% CI, 0.84-0.94) and
obese (RR, 0.71; 95% CI, 0.66-0.76) patients were less
likely to have AFO. Patients with CHF (RR, 0.84; 95% CI,
0.76-0.92), depression (RR, 0.90; 95% CI, 0.84-0.96),
diabetes (RR, 0.85; 95% CI, 0.78-0.92), sleep apnea

(RR, 0.85; 95% CI, 0.74-0.98), and HTN (RR, 0.91;
95% CI, 0.86-0.96) were also less likely to have AFO.
Patients with a greater number of comorbidities were less
likely to have AFO (Table 3). As the number of comorbidi-
ties increased, the RR of AFO decreased (one comor-
bidity, 0.87 [95% CI, 0.82-0.92]; two comorbidities,
0.75 [95% CI, 0.70-0.81]; three comorbidities, 0.58 [95% CI,
0.51-0.66]; four comorbidities, 0.51 [95% CI, 0.39-0.66];
five comorbidities, 0.47 [95% CI, 0.25-0.90]) (Table 3).
All analyses were repeated using the GOLD definition of
AFO, and results were similar (data not shown).

Sensitivity Analyses

When the analysis was restricted to patients who
received more-intensive inhaled medication treatment
for COPD (six or more albuterol canisters, three or
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more ipratropium canisters, any LABA, or any ICS in
the prior year), results were unchanged overall (Table 4).
When the cohort was restricted to patients with pre-
bronchodilator and postbronchodilator FEV /FVC
ratios, results were again unchanged overall (Table 5).

Discussion

We found that a little over one-half of patients who
receive a clinical diagnosis of and were treated for
COPD have AFO on spirometry, raising the concern
that patients are being inappropriately treated for a con-
dition that they do not have. The current study is con-
sistent with previous studies that suggested providers
diagnose COPD and make treatment decisions based on
history and clinical examination despite guideline rec-
ommendations to diagnose COPD with spirometry.5¢
Among veterans being treated for COPD, we identified
common comorbidities such as obesity and CHF as
factors associated with a lower RR of AFO. These condi-
tions are common in the general population and often
are associated with dyspnea.!”!s Treating patients who
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TABLE 2 | RR of Airflow Obstruction on Spirometry
Among Patients Given an ICD-9 Diagnosis
of COPD on Empirical Treatment by
Demographics and Comorbidities

TABLE 4 | Sensitivity Analysis: RR of Airflow
Obstruction on Spirometry Among Patients
Given an ICD-9 Diagnosis of COPD on
More-Intense Treatment by Demographics

(N=3,209) and Comorbidities (n=2,441)

Covariates RR (95% CI) P Value Covariates RR (95% CI) P Value
White race 0.98 (0.92-1.04) .58 White race 0.96 (0.90-1.02) .21
Smoking in prior year 1.08 (1.02-1.15) .006 Smoking in prior year 1.05 (0.99-1.11) .10
Site of care Site of care

Rural clinical center Reference Rural clinical center Reference

Tertiary center 0.86 (0.81-0.91) <.01 Tertiary center 0.87 (0.82-0.93) <.001

Rural academic 1.18 (1.10-1.27) <.01 Rural academic 1.13 (1.05-1.21) .001

center center

Age (per decade) 10.04 (10.01-10.07) .01 Age 1.002 (0.999-1.005) .18
BMI BMI

Normal weight Reference Normal weight Reference

Underweight 1.16 (1.06-1.26) .001 Underweight 1.18 (1.09-1.27) <.001

Overweight 0.89 (0.84-0.94) <.001 Overweight 0.93 (0.87-0.98) .01

Obese 0.71 (0.66-0.76) <.001 Obese 0.75 (0.69-0.81) <.001
ACS 0.99 (0.83-1.19) .92 ACS 0.99 (0.81-1.20) .88
CHF 0.84 (0.76-0.92) <.01 CHF 0.86 (0.78-0.94) .001
Depression 0.90 (0.84-0.96) .002 Depression 0.91 (0.85-0.98) .01
Diabetes 0.85 (0.78-0.92) <.01 Diabetes 0.84 (0.77-0.91) <.001
Sleep apnea 0.85 (0.74-0.98) .02 Sleep apnea 0.79 (0.68-0.92) .003
HTN 0.91 (0.86-0.96) <.01 HTN 0.92 (0.88-0.97) .003
Prior exacerbations® 1.06 (1.04-1.08) <.01 Prior exacerbations® 1.05 (1.03-1.06) <.001

RR = relative risk. See Table 1 legend for expansion of other abbreviations.
2All covariates were included in a single model.
®Number of COPD exacerbations in the 2 y prior to the index date.

do not have AFO with inhaled medications may not
only result in delays in diagnosis and treatment of the
true etiology of dyspnea but also expose patients to the
risk of adverse medication effects.!2131920 We suggest

TABLE 3 | RR of Airflow Obstruction on Spirometry
Among Patients Given an ICD-9 Diagnosis
of COPD on Empirical Treatment by
Number of Total Comorbidities (N=3,209)

Comorbidity RR (95% CI) P Value
Total comorbidities 0.85 (0.82-0.87) <.001
By number of
comorbidities
1(n=1,239) 0.87 (0.82-0.92) <.001
2 (n=733) 0.75 (0.70-0.81) <.001
3 (n=340) 0.58 (0.51-0.66) <.001
4 (n=95) 0.51 (0.39-0.66) <.001
5(n=17) 0.47 (0.25-0.90) .02
6 (n=1)

Comorbidities included ACS, CHF, depression, diabetes, sleep apnea, and
HTN. See Table 1 and 2 legends for expansion of abbreviations.

journal.publications.chestnet.org

More-intense treatment is defined as prescription of six or more short-
acting B-agonist canisters, three or more ipratropium canisters, one or
more long-acting B-agonists, or one or more inhaled corticosteroids in
the prior year. See Table 1 and 2 legends for expansion of abbreviations.
2All covariates were included in a single model.

®Number of COPD exacerbations in the 2 y prior to the index date.

that this care is likely ineffective, inefficient, and not
patient centered.!

Many providers rely on symptoms to diagnose COPD,
even though multiple studies have shown that diagnosis
based on symptoms and physical examination is unreli-
able.7222¢ Previous studies have highlighted that only
approximately one-third of patients given a new diagnosis
of COPD undergo spirometry to verify the diagnosis.>¢
Studies in primary care physicians suggest that many
providers believe that spirometry is not necessary to
diagnose COPD.??7 Providers in these studies reported
skepticism about the scientific evidence to perform spirom-
etry and found interpretation of spirometry and guide-
lines confusing. Physicians also tended to prioritize COPD
lower than other comorbidities during a routine clinic
visit partly because they believed that diseases such as
diabetes and HTN had more objective measures of
disease status, whereas assessment of COPD is largely
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TABLE 5 | Sensitivity Analysis: RR of Airflow
Obstruction on Spirometry Among
Patients Given an ICD-9 Diagnosis of
COPD on Empirical Treatment With
Postbronchodilator Spirometry (n=2,813)

Covariate RR (95% CI) P Value
White race 0.95 (0.90-1.0) .12
Smoking in prior year 1.07 (1.004-1.12) .04
Site of care

Tertiary centere 0.91 (0.86-0.97) <.01

Rural academic 1.32 (0.59-0.92) <.01

centera

Age 1.002 (0.999-1.006) .12
BMI

Normal weight Reference

Underweight 1.11 (1.02-1.22) .02

Overweight 0.89 (0.84-0.94) <.001

Obese 0.72 (0.67-0.77) <.001
ACS 1.04 (0.87-1.24) .70
CHF 0.84 (0.77-0.93) <.001
Depression 0.91 (0.85-0.98) <.01
Diabetes 0.89 (0.82-0.97) <.01
Sleep apnea 0.86 (0.74-0.98) .03
HTN 0.90 (0.86-0.95) <.001
Prior exacerbations® 1.07 (1.05-1.08) <.001

See Table 1 and 2 legends for expansion of abbreviations.
sCompared with rural clinical center.
®Number of COPD exacerbations in the 2 y prior to the index date.

symptom based and subjective.? The current study
supports the idea that the diagnosis of COPD needs
spirometric confirmation of AFO.

When COPD is diagnosed without spirometry, a
patient’s dyspnea may be incorrectly attributed to non-
existent AFO. Dyspnea is the most common symptom
among patients with COPD but is also common in other
comorbidities such as CHE depression, and obesity.!71828
The current finding that patients who have common
comorbidities are less likely to have AFO on spirometry
raises the concern that symptoms used to diagnose and
guide treatment for COPD are actually due to other
etiologies that may be underappreciated. This study
supports prior evidence that patients with a greater
number of comorbidities are less likely to have AFO on
subsequent spirometry, suggesting that a symptom-based
approach may be even less reliable among patients with
multiple comorbidities.?

Similar to other studies, we demonstrated that older
patients given an empirical diagnosis of COPD are more
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likely to have AFO.52931 We also found that predictors
expected to increase the risk of AFO, such as tobacco
consumption and being underweight, were associated
with a higher risk of having AFO.>>* Prior studies have
shown that patients with more severe COPD (based on
FEV,) were less likely to receive an inaccurate COPD
diagnosis.’* We similarly expected prior COPD exacer-
bations (a measure of COPD severity) to be predictive of
having AFO; however, the association was surprisingly
weak, suggesting that patients may be treated for COPD
exacerbations when they do not have COPD.

Treatment of patients without COPD with inhaled med-
ications is an inefficient use of health-care resources and
is neither cost-effective nor patient centered. COPD
alone is associated with an increased use of health-care
resources and higher health-care costs.?53 Prior evi-
dence suggests that patients considered false positive for
COPD (a clinical diagnosis lacking AFO on spirometry)
are more likely to be hospitalized and undergo more
diagnostic tests than those considered true positive,
potentially representing a missed opportunity for inter-
vention in high-risk patients.>¥ Some patients in the
present cohort taking inhaled medications may have had
emphysema, simple chronic bronchitis, or air trapping
in the absence of AFO. The benefit of inhaled medica-
tions to patients without AFO but with evidence of these
other conditions alone is not well described and is not
recommended by current guidelines.?-° Furthermore,
inhaled medications used to treat COPD are costly and
have been associated with adverse effects such as increased
risk of pneumonia with ICS and possible adverse cardio-
vascular effects with inhaled anticholinergic medications
or LABAs.111319 This is of particular concern because
patients at greater risk for receiving a diagnosis of and
treatment for COPD in the absence of AFO are those
who may also be at greater risk for adverse outcomes.

Although the current findings may seem to run counter
to the well-characterized increase in prevalence of car-
diac comorbidity among patients with COPD, the study
explicitly examined patients who were given a diagnosis
of and treated for COPD, raising the possibility that
symptoms common to both were incorrectly attributed
to COPD.##2 The present findings highlight the impor-
tance of spirometry in COPD diagnosis, especially in
medically complex patients.

This study had several limitations. First, the cohort
largely comprised older male veterans, which may limit
generalizability. Second, we could not identify whether
patients received additional care or diagnoses outside
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the VA health-care system, leading to incomplete assess-
ment of comorbid illnesses and treatment. We also
do not know whether patients had prior spirometry.
However, given the low prevalence of spirometry
testing, we believe it unlikely that the patients had prior
spirometry. Finally, we did not have data on patient
symptoms and were unable to assess how symptoms
may have correlated with the presence of AFO and
with inhaled treatment. Despite these limitations, the
study had a number of strengths, including a large
sample of patients across various clinical sites repre-
senting an entire geographic region of the United States.
In addition, we were able to capture not only spiro-
metric results for all patients during this time period

but also treatment and diagnoses in a complete and
unbiased fashion.

Conclusions

Empirical diagnosis of COPD often is inaccurate, yet
many patients who lack AFO are treated with inhaled
medications. Patients with more comorbid illnesses are
at greater risk for empirical diagnosis and treatment of
COPD in the absence of AFO. Accurate diagnosis and
treatment of COPD are important to improve quality of
care, patient-centered outcomes, and resource utiliza-
tion. Implementation of performance-based measures
for COPD may improve the accuracy of diagnosis and
treatment of patients suspected of having COPD.
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