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Background: A claims-based model to predict patients likely to have undiagnosed COPD was
developed by Moretz et al in 2015. This study aims to assess the performance of the aforemen-
tioned model using prospectively collected spirometry data.

Methods: A study population aged 40—89 years enrolled in a Medicare Advantage plan with
prescription drug coverage or commercial health plan and without a claim for COPD diagnosis
was identified from April 1, 2012 to March 31, 2016 in the Humana claims database. This
population was stratified into subjects likely or unlikely to have undiagnosed COPD using the
claims-based predictive model. Subjects were randomly selected for spirometry evaluation
of FEV, and FVC. The predictive model was validated using airflow limitation ratio (FEV /
FVC <0.70).

Results: A total of 218 subjects classified by the predictive model as likely and 331 not likely to
have undiagnosed COPD completed spirometry evaluation. Those predicted to have undiagnosed
COPD had a higher mean age (70.2 vs 67.9 years, P=0.0012) and a lower mean FEV /FVCratio
(0.724 vs 0.753, P=0.0002) compared to those predicted not to have undiagnosed COPD. Per-
formance metrics for the predictive model were: area under the curve =0.61, sensitivity =52.5%,
specificity =64.6%, positive predictive value =33.5%, and negative predictive value =80.1%.
Conclusion: The claims-based predictive model identifies those not at risk of having COPD
eight out of ten times, and those who are likely to have COPD one out of three times.
Keywords: COPD, exacerbation, predictive model, clinical validation, prevention

Introduction

COPD is an umbrella term used to describe a number of lung conditions characterized
by persistent limited airflow to the lungs.! According to the World Health
Organization, ~5% of all deaths globally (estimated at 3 million) in 2015 were caused
by COPD.! The worldwide prevalence of the disease is expected to rise due to the aging
population, decreased likelihood of dying from other diseases, and the burgeoning
epidemic of smoking.! In 2011, nearly 6.4% of adults in the US (15.7 million adults)
indicated they had been diagnosed with COPD.?

COPD is a preventable and treatable condition.® Early detection of the condition
is essential for implementing behavioral changes (smoking cessation) and initiating
therapies that can slow the progression of the disease.’ Despite the importance of early
detection of the disease, delay in diagnosis is unfortunately common. For example,
an analysis of data from the Third National Health and Nutrition Examination Survey
showed that 63% of patients with low lung function are undiagnosed.* There are several
explanations for delayed diagnosis of COPD. Early-stage COPD is often not associated
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with any noticeable symptoms.® Once respiratory symptoms
start to occur, patients may gradually and physiologically adapt
to the slow decline in lung function and not seek the advice
of a practitioner.>¢ In addition, health care providers may fail
to detect or respond to changes in patients’ lung function.®
The clinical and economic consequences of the progres-
sion to advanced stages of COPD are substantial. The early
identification of patients with undiagnosed COPD could
help to target interventions to better manage or treat COPD.
To that end, administrative claims-based predictive models
have been previously developed to identify and characterize
COPD patients.”!! Such predictive models developed using
administrative claims databases — which include demo-
graphic, clinical, and enrollment information collected by
health plans and organized providers — may provide an
efficient way to enable identification of patients with COPD.
A predictive model was developed by Moretz et al using
Humana’s administrative claims database for identifying
patients likely to have undiagnosed COPD." This claims
database includes members enrolled in commercial or Medi-
care Advantage plans with prescription drug benefit (MAPD)
plans. Demographic and clinical characteristics and health care
resource utilization information derived from these adminis-
trative claims data were used to develop a predictive model to
identify subjects likely to have undiagnosed COPD. The model
demonstrated a positive predictive value (PPV) of 0.73. Of the
subjects that were identified as having undiagnosed COPD by
the predictive model, 73% were correctly identified using Inter-
national Classification of Diseases, Clinical Modification, Ninth
Revision (ICD-9-CM) diagnosis code for COPD. Other model
performance measures included a negative predictive value
(NPV) of 0.66 and an area under the curve (AUC) of 0.76.°
A limitation of the model developed by Moretz et al was
that a confirmed diagnosis of COPD could not be established
since spirometry test results were not available in the claims
database.!? Spirometry assessment helps assess lung function
and the presence of airflow limitation. Persistent airflow limi-
tation identified through administration of a bronchodilator
during spirometry testing is required for a clinical diagnosis
of COPD." This current study aimed to assess the perfor-
mance of the claims-based predictive model by Moretz et al
in identification of patients likely to have undiagnosed COPD
using prospectively collected spirometry data. This study
consisted of three parts: 1) identification of persons likely
or unlikely to have undiagnosed COPD using Moretz et al’s
claims-based predictive model, 2) prospective data collection
to assess airflow limitation in a subset of persons identified
by the predictive model in the first part, and 3) assessment of
predictive model performance using spirometry data.

Materials and methods

|dentification of study subjects likely or
unlikely to have undiagnosed COPD using
a claims-based predictive model
Methodologies used for the identification of study population
and claims-based predictive model were based on the study
by Moretz et al.'"” An initial study population consisting of
subjects likely or unlikely to have undiagnosed COPD was
selected from the Humana Inc. administrative claims database
during the identification period from April 1, 2012 to March
31,2016. The Humana database contains integrated medical
claims, pharmacy claims, and enrollment data, representing
more than 12 million current and former Humana members
enrolled in commercial and MAPD plans. The data have
national coverage, with a high proportion of members from
Texas, Florida, and Ohio. For this study, Medicare Advan-
tage and commercially insured populations were examined.

Subjects aged 40—89 years and who were enrolled in an
MAPD or commercial health plan with =2 years of continu-
ous enrollment were included. Subjects with one or more
medical claims with a diagnosis of COPD (ICD-9-CM code
491.xx, 492.xx, or 496.xx) or diagnosis of cystic fibrosis
(ICD-9-CM code 277.0x), pulmonary tuberculosis (ICD-
9-CM code 011.xx), or malignant neoplasms (ICD-9-CM
codes 140.xx-172.xx, 174.xx-209.3x, or 209.7x) during
the study period were excluded. The continuous enrollment
period was used to confirm that patients were not previously
diagnosed with COPD and to confirm they did not have any
of the conditions listed in the exclusion criteria. A graphical
representation of the population identification and sample
selection process is shown in Figure 1.

This initial study population was grouped into persons
likely or unlikely to have undiagnosed COPD based on the
probabilities generated by the predictive model described by
Moretz et al.! Anticholinergic bronchodilators (odds ratio:
3.336) and tobacco cessation counseling (odds ratio: 2.871)
had the largest influence on the model. Key parameters from
the COPD predictive model are presented in Table 1. Subjects
with a probability of =0.027 of having undiagnosed COPD
were classified into the likely COPD group and those with a
probability of <0.027 of having undiagnosed COPD were
classified into the unlikely COPD group.

Guidance centers are located throughout the US for the
benefit of Humana members to provide health and well-being
programs and services. The 89,940 (44,970 predicted to
have undiagnosed COPD and 44,970 predicted to not have
undiagnosed COPD) subjects classified as likely and unlikely
to have COPD were then matched based on geographical
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Figure | Attrition diagram.
Abbreviations: FL, Florida; TN, Tennessee.

proximity to three Humana guidance centers (Knoxville,
Tennessee; Tampa, Florida; and Tamarac, Florida) using
zip code matching. The three guidance centers were selected
based on membership density, feedback from Humana’s
subject matter experts, and geographic distribution around
the guidance centers. There were 3,213 subjects predicted to

Table | Parameter estimates for the COPD predictive model

have COPD and 3,774 subjects predicted to not have COPD
located near one of the three guidance centers. In order to
recruit these subjects for spirometry assessment, an advance
notice letter was mailed initially, followed by a cover letter,
which formally invited the selected subjects to participate in
the study. Thereafter, a centralized call center (operated by

Parameter Odds 95% CI Estimate Standard Wald P-value
ratio LL uL error chi-square

Anticholinergic bronchodilators 3.336 2.354 4.727 1.2047 0.1476 66.62 <0.001

Tobacco cessation counseling 2.871 2.670 3.086 1.0545 0.0350 909.41 <0.001

Anticholinergic beta-agonist 2.675 2.122 3.372 0.9839 0.1201 67.07 <0.001

combination agents

Smoking cessation medications 2.317 1.964 2.734 0.8404 0.1003 70.27 <0.001

Abbreviations: LL, lower limit; UL, upper limit.
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ANA Research, Minneapolis, MN, USA) attempted to recruit
the subjects through a phone call and followed up with a
mailed information packet, informed consent form, and
appointment reminder letter. Of the subjects contacted for
participation in the study, some no longer met the eligibility
criteria while others were not included for other reasons
(ie, not interested, refused to participate, unable to participate,
or invalid contact information).

The following patient characteristics were evaluated on
identification date: age, gender, race/ethnicity, dual eligibility
(Medicaid and Medicare), low income subsidy status, and
line of business (Medicare or commercial). The distinction
of line of business is required as the majority of Humana’s
data is comprised of patients enrolled in Medicare. This group
of patients has characteristics distinct from patients enrolled
in commercial offerings, which necessitates separation of
analysis by insurance program. Demographic characteristics
were reported for study subjects stratified based on predic-
tion of COPD. The following clinical characteristics were
evaluated on the day of spirometry evaluation: body mass
index (BMI), smoking status (smoker or non-smoker), and
smoking history (number of years and number of cigarettes
per day), and reported for subjects stratified based on predic-
tion of COPD.

Baseline patient characteristics were reported using sum-
mary statistics: mean, SD, median, and interquartile ranges
for continuous variables and proportion and frequencies for
categorical variables. The baseline patient characteristics
were then compared by performing univariate statistical
comparisons (chi-squared tests and Wilcoxon rank-sum test).

Prospective data collection to assess
airflow limitation in a subset of
persons identified by the claims-based

predictive model

Prospective spirometry evaluations were conducted in
series from November 2016 to February 2017 at the study
sites where the Humana guidance centers were located
(at Knoxville, Tennessee; Tampa, Florida; and Tamarac,
Florida). Registered respiratory therapists were trained by
clinical experts in spirometry testing and by study investi-
gators on the collection and entry of data, complying with
Institutional Review Board approval. Study subjects com-
pleted an informed consent and health information release
forms followed by BMI measurement and recording of
smoking history. Spirometry evaluation was then conducted
using two EasyOne Plus spirometers manufactured by NDD
Medical Technologies (Andover, MA, USA). Achievement

of an adequate test was ensured by repeating the procedure
three times assuring acceptable test results were obtained.
The spirometers were set up to read out results only if three
acceptable test results were obtained. From the three read-
ings, the best two were to be within 150 mL or 5% of each
other. Finally, the best FEV, and FVC test was recorded in
an electronic case report form. A copy of spirometry results
was provided to study subjects. A second copy of spirometry
results and a reference sheet along with a cover letter were
provided to the subject to deliver to their physician or were
mailed directly to the study subject’s physician (if the subject
agreed and provided the physician’s medical clinic address).
A US$50 incentive was provided to compensate study sub-
jects for time and travel to participate in the research study.

Model performance assessment

COPD status predicted by the model was compared to spirom-
etry data to determine misclassification rates using a range of
cut-off values from 0.005 to 1.000. Predicted and actual val-
ues of a diagnosis of COPD were classified as follows: false
negative (FN, predicted by the model as not having COPD
but has airflow limitation based on spirometry), false positive
(FP, predicted by the model as having COPD but does not
have airflow limitation based on spirometry), true negative
(TN, predicted by the model as not having COPD and does
not have airflow limitation based on spirometry), and true
positive (TP, predicted by the model as having COPD and has
airflow limitation based on spirometry). Airflow limitation
was assessed for the study subjects using a threshold of FEV /
FVC <0.7. The following model performance parameters
were reported for a cut-off value of 0.027 (selected to maxi-
mize classification rate [sensitivity + specificity]): sensitiv-
ity (TP/[TP+ FN]), specificity (TN/[FP+ TN]), PPV ([TP/
predicted to have COPD] *100), and NPV ([TN/predicted
to not have COPD] *100).

AUC index based on the receiver operating characteristics
(ROC) curve, which measures the predictive accuracy of the
model, was computed. ROC curves are obtained by plotting
1-specificity on the horizontal axis and the sensitivity on a
vertical axis, for a range of cut-off values. Each point on the
ROC corresponds to a particular cut-off value. In terms of
model comparison, the ideal curve coincides with the upper
end of the left-hand axis. The AUC index assesses overall
model performance for a range of cut-off values.

The study protocol and informed consent form were
approved by Schulman Institutional Review Board and the
study was conducted in accordance with the Declaration
of Helsinki.
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Results

Retrospective identification of study
subjects likely or unlikely to have
undiagnosed COPD using a claims-based

predictive model

A total of 2,432,651 subjects met the study inclusion and
exclusion criteria (Figure 1). Of the initial study population,
44,970 subjects were classified by the predictive model as
having undiagnosed COPD and 1,479,407 (a control subject
classified as not having undiagnosed COPD was randomly
selected stratified by index year and line of business, yielding
44,970 control subjects) as not having undiagnosed COPD.
A total of 6,987 study subjects residing within 20 miles of
the three Humana guidance centers were randomly selected
for spirometry assessment: 3,213 subjects likely to have undi-
agnosed COPD and 3,774 subjects not likely to have undi-
agnosed COPD (Table 2). A subset of subjects contacted for
participation in the study attended spirometry appointments
(Table 2) for evaluation of airflow limitation: 218 subjects
predicted by the model to have undiagnosed COPD and
331 subjects predicted to not have undiagnosed COPD. The
rates of attendance of spirometry visits from those recruited
were 7% (218/3,213) in the group likely to have COPD and
9% (331/3,774) in the group unlikely to have COPD.

A comparison of demographic characteristics of study sub-
jects predicted and not predicted to have COPD is presented
in Table 3. Subjects predicted to have COPD had a higher
mean age including a similar proportion of females compared
to those predicted to not have COPD. All subjects were from
the geographic location classified as South. A higher propor-
tion of subjects predicted to have COPD were dual eligible
and were low income subsidy recipients compared to those
predicted to not have COPD. A lower proportion of subjects
predicted to have COPD were enrolled in Medicare health
plans compared to those predicted to not have COPD.

A comparison of clinical characteristics of study subjects
predicted and not predicted to have COPD is presented

in Table 4. There was no difference in BMI between the
two cohorts. A higher proportion of subjects predicted to
have COPD were classified as smokers compared to those
predicted to not have COPD. Among smokers, there was no
difference in mean number of years of smoking or number of
cigarettes per day between subjects predicted to have COPD
compared to those predicted to not have COPD.

Prospective data collection to assess
airflow limitation in a subset of persons
identified by the predictive model

Mean FEV, and mean FVC values were lower among
subjects predicted to have COPD compared to those predicted
to not have COPD (Table 5). Mean FEV /FVCratio was also
lower among subjects predicted to have COPD compared
to those predicted to not have COPD.

Model performance assessment

Among the 218 subjects predicted to have COPD by the
model, 73 (33.5%) were demonstrated to have airflow limita-
tion by spirometry. Among the 331 subjects predicted to not
have COPD by the model, 265 (80.1%) were shown to not
have airflow limitation by spirometry. There were 145 false
positives (patients predicted to have COPD by the model that
did not have airflow limitation assessed by spirometry) and
66 false negatives (patients predicted to not have COPD by
the model who had airflow limitation assessed by spirometry).
The proportion of subjects correctly identified by the model
was lower among subjects predicted to have COPD compared
to those predicted to not have COPD. Based on the propor-
tion of subjects correctly predicted by the model as having
COPD or not having COPD, the performance parameters
were as follows: AUC =0.61 (Figure 2), sensitivity =52.5%,
specificity =64.6%, PPV =33.5%, and NPV =80.1%.

Discussion
Claims-based algorithms to identify patients with undiag-
nosed COPD have been developed previously.”®!! The model

Table 2 Number of subjects who were recruited and who attended spirometry evaluation

Location Subjects recruited for spirometry assessment Subjects who attended spirometry assessment
Subjects Subjects Total Subjects Subjects Total
predicted to predicted to not predicted to predicted to not
have COPD have COPD have COPD have COPD

Knoxville, TN 715 937 1,652 66 129 195

Tamarac, FL 1,338 1,536 2,874 86 113 199

Tampa, FL 1,160 1,301 2,461 66 89 155

Total 3,213 3,774 6,987 218 331 549

Abbreviations: FL, Florida; TN, Tennessee.
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Table 3 Baseline demographic characteristics of study population

Demographic characteristics Subjects predicted to have Subjects predicted to not P-value®
COPD (n=218) have COPD (n=331)
Age, years, mean (SD) 70.2 (8.7) 67.9 (7.0) 0.0012
Age, years, median (IQR) 71.0 (66.0, 76.0) 67.0 (5.0) <0.0001
Age category, years, n (%)
4049 <10 (1.8) <10 (2.4) <0.0001
50-59 22 (l0.1) 24 (7.3)
60-69 63 (28.9) 189 (57.1)
70-79 99 (45.4) 101 (30.5)
80-89 30 (13.8) <10 (2.7)
Gender, n (%)
Female 111 (50.9) 184 (55.6) 0.2827
Male 107 (49.1) 147 (44.4)
Race/ethnicity, n (%)
White 178 (81.7) 262 (79.2) 0.0083
Black 15 (6.9) 50 (15.1)
Hispanic <10 (2.3) <10 (1.2)
Other <10 (3.7) <10 (1.2)
Unknown 12 (5.5) 11 (3.3)
Dual eligibility, n (%)° 26 (11.9) 35 (10.6) <0.0001
Low-income subsidy recipient, n (%)° 42 (19.3) 46 (13.9) <0.0001
Line of business, n (%)
Commercial 15 (6.9) <10 (2.7) 0.0196
Medicare 203 (93.1) 322 (97.3)

Notes: Statistical tests: mean: Student’s t-test; median: Wilcoxon rank-sum; proportion: chi-square. "Dual eligibility: eligibility for Medicaid and Medicare. ‘Denominators

are Medicare members only.

developed by Moretz et al'® used medical and pharmacy
claims from a primarily Medicare population. The stron-
gest predictors of COPD were use of anticholinergic bron-
chodilators, tobacco cessation counseling, anticholinergic
beta-agonist combination agents, and smoking cessation
medications. Comorbid heart failure was also predictive of
COPD (Table 1). These findings are in agreement with prior
studies that describe an association between COPD diag-
nosis and a history of smoking and increased comorbidity
burden.”®!! While the claims-based model described by
Moretz et al had a PPV of 73%, the database used did not
contain spirometry values for validation. The current study

Table 4 Baseline clinical characteristics of study population

had a specific aim to validate the claims-based COPD predic-
tive model developed by Moretz et al, using prospectively
collected spirometry data from a predominately Medicare
population.

We observed that the model has a clinically validated
PPV of 33.5%, which implies that for every three patients
identified by the model as likely to have COPD, one of them
will have undiagnosed COPD based on the operational defi-
nition of a COPD diagnosis used in this study. Further, the
NPV was 80.1% indicating that eight out of ten patients that
are identified by the model will likely not have undiagnosed
COPD. The rate of visit completion in the study was low

Clinical characteristics Subjects predicted to have | Subjects predicted to not P-value®
COPD (n=218) have COPD (n=331)
Body mass index, mean (SD) 29.7 (6.6) 28.7 (6.1) 0.0561
Body mass index, median (IQR) 29.0 (24.7, 33.4) 27.9 (7.2) 0.0770
Smoking status, n (%)
Unknown 39 (17.9) 27 (8.2)
Smoker 121 (55.5) 147 (44.4) <0.0001
Non-smoker 58 (26.6) 157 (47.4)
Number of years smoking, mean (SD) 44.2 (15.2) 37.8 (17.0) 0.1137
Number of years smoking, median (IQR) 50.0 (40.0, 60.0) 40.0 (22.0) 0.0995
Number of cigarettes per day, mean (SD) 11.6 (5.9) 11.3(9.7) 0.9017
Number of cigarettes per day, median (IQR) | 10.0 (5.5, 14.5) 10.0 (12.0) 0.3537

Notes: “Statistical tests: mean: Student’s t-test; median: Wilcoxon rank-sum; proportion: chi-square.
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Table 5 Spirometry evaluation of study population

Clinical characteristics Subjects predicted to Subjects predicted to P-value®
have COPD (n=218) not have COPD (n=331)

FEV , mean (SD) 70.3 (18.7) 80.1 (20.1) <0.0001
FEV,, median (IQR) 71.0 (58.5, 83.5) 81.0 (25.0) <0.0001
FVC, mean (SD) 75.9 (17.2) 83.5(18.4) <0.0001
FVC, median (IQR) 76.0 (65.5, 86.5) 83.0 (23.0) <0.0001
FEV /FVC ratio, mean (SD)" 0.724 (0.093) 0.753 (0.08) 0.0002

FEV /FVC ratio, median (IQR)® 0.736 (0.681, 0.791) 0.770 (0.08) <0.0001
Patients correctly classified by predictive model, n (%)¢ 73 (33.5) 265 (80.1) <0.0001

Notes: *Statistical tests: mean: Student’s t-test; median: Wilcoxon rank-sum; proportion: chi-square. °FEV,/FVC ratio: ratio of FEV, to FVC. ‘An FEV /FVC ratio threshold of

0.7 was used to determine airflow limitation.

(7% in the group likely to have COPD and 9% in the group
unlikely to have COPD), and there exists a possibility of bias
if a proportion of the subjects who responded to the study
invitation did so out of concern for their respiratory health.
The most obvious effect of such bias would be that the “not
likely to have COPD” arm of this study would be sicker than
the general population, which could result in a downwardly
biased estimate of the model’s performance.

While the ability of the predictive model validated in this
study to predict COPD is low (PPV of 33.5%), it compares
favorably to other published predictive models aimed at
identifying those with undiagnosed COPD. The algorithm
developed by Mapel et al’ used medical and pharmacy claims
from a health plan database containing commercial and
managed Medicare and Medicaid enrollees. Key variables
predictive of COPD were history of tobacco use, pulmonary
heart disease, asthma, asphyxia, and edema. The model was
validated by reviewing medical records for presence of two

ROC curve
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0.6 1
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0.2 1

0.1

0.0 4 T
0.0 0.1

1

T T T T T T T T
02 03 04 05 06 07 08 09 1.0
False positive rate

Figure 2 ROC curve.
Abbreviations: AUC, area under the curve; ROC, receiver operator characteristics.

of'the following findings to support COPD diagnosis: history
of chronic respiratory complaints, spirometry results, chest
radiographs, or history of cigarette smoking. However, the
model was not validated by prospective spirometry evalu-
ation of test subjects. Another model developed by Mapel
et al® used pharmacy claims only to identify patients with
undiagnosed COPD. This model was shown to have a PPV
of 25% after validation using spirometry evaluation and a
respiratory symptoms questionnaire. Key variables associ-
ated with COPD diagnosis were use of respiratory medica-
tions, antibiotics, and cardiovascular medications.

Studies have demonstrated effectiveness of interventions
to slow disease progression in patients with COPD.!? This
clinically validated predictive model may be useful as a cost-
effective method to identify persons with undiagnosed COPD
in amanaged care environment enabling identification earlier
in the disease continuum. A follow-up evaluation including
spirometry may be conducted to confirm airflow limitation
and initiate disease management and education programs
such as smoking cessation counseling, medication therapy
management, and transitions of care programs to improve
lung function, dyspnea, and quality of life, and reduce risk
of exacerbations.'?

Limitations

The following limitations should be considered when
interpreting the results of this study. While we did not
use post-bronchodilator spirometry as recommended by
GOLD guidelines in our study, the predictive value of pre-
bronchodilator spirometry to diagnose COPD is high and
close to the predictive value of post-bronchodilator spirom-
etry based on two large studies.!*!> However, this procedure
limits the ability to differentiate between COPD and asthma,
and may result in misclassification. Also, patients with
unclassified spirometry or Preserved Ratio Impaired Spi-
rometry were not evaluated in the study.'®!” Even though
the persistent nature of airflow limitation was not evaluated
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in this study, confirmation of airflow obstruction through
spirometry testing further enhances the value and application
of the claims-based predictive model.

Patients with diagnosis codes for asthma were not
excluded from the study. However, it may be valuable to
target patients with airflow limitation for further evaluation
or interventions.

All subjects were from the southern region of the US,
and may have different characteristics from the initial study
population identified by the predictive model as likely or
unlikely to have undiagnosed COPD. Study subjects that
completed the appointment had different characteristics
compared to the potential study subjects.

The results of this study are partially based on adminis-
trative claims data from a large national health plan in US.
Retrospective database studies using administrative claims
are prone to coding errors of omission and commission
and incomplete claims information which may lead to
misclassification.

Conclusion

The current study provides prospective spirometry data for
assessment of performance of a claims-based COPD predic-
tive model, which may be used for early identification of
undiagnosed patients with COPD.
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