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Purpose: The Chronic Obstructive Pulmonary Disease (COPD) Assessment Test (CAT) measures COPD's impact on well-being and
daily activities and is a recommended assessment by the Global Initiative for Obstructive Lung Disease (GOLD). Our research
objective was to describe a real-world CAT implementation, including the association of CAT scores with subsequent treatment and
clinical outcomes.

Patients and Methods: A retrospective, observational, comparative cohort study was conducted among adults with COPD who
received care from M Health Fairview, a US healthcare delivery system. Eligible patients had an initial electronic health record (EHR)
enabled CAT administration (index) between 8/2017 and 12/2021. Patients were grouped by score (<10 [low impact]; 11-20
[moderate]; and 2140 [high]). Demographics, comorbidities, provider specialty, and exacerbation history were derived from EHR
data in the 12 months preceding index.

Results: Of 11,194 eligible individuals, 821 (7.3%) were administered CAT (cases). Compared to individuals with no documented
CAT scores (comparators), cases were older (66.7 vs 63.9 years; p < 0.05) and had higher rates of comorbidities (93.9% vs 79.2%, p <
0.05) and exacerbations (0.31 vs 0.14 PPPY). A total of 61.5% of pulmonologists and 11.5% of primary care providers (PCPs)
administered the CAT at least once. Repeated use was more common among pulmonologists (55.7%) than PCPs (7.0%). Medication
intensification was most common (28.1%) among individuals with high CAT scores, followed by moderate (21.6%), and low (10.0%).
Post-index exacerbations were experienced by 24.2%, 17.4%, and 7.7% of patients with high, moderate, and low CAT scores.
Conclusion: In a real-world practice setting, few patients with COPD received a CAT, although pulmonologists demonstrated
repeated use. Higher CAT scores were associated with COPD medication regimen intensification and exacerbations. Further
investigation on how to incorporate the CAT into routine care and optimize its impact on medical decision making and evaluation
is warranted.

Keywords: Pulmonary Disease, Chronic Obstructive, MeSH, Patient Reported Outcome Measures, MeSH, Clinical Relevance,
MeSH, COPD Assessment Test

Introduction

Chronic obstructive pulmonary disease (COPD) is characterized by a persistent reduction of airflow, chronic respiratory
symptoms including cough, increased sputum production, and dyspnea.' COPD is a leading cause of death in the United
States, affects over 15.6 million Americans, and results in 1.5 million emergency department (ED) visits and 726,000 hos-
pitalizations annually.>* COPD exacerbations, defined as an event characterized by increased dyspnea and/or cough and
sputum that worsens within 14 days,” are associated with reduced quality of life, increased mortality,” and approximately
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50% of the direct costs of COPD care.” History of exacerbations is one of the most important predictors of future
exacerbations.®

The goals of COPD management are to reduce symptoms and exacerbations.* Spirometry is an important tool for the
evaluation of COPD, but at an individual patient level it has only weak to moderate correlation with various COPD
symptoms.” ® As a result, patient reported outcome measures, such as the COPD Assessment Test (CAT), are recom-
mended to supplement the evaluation of a patient.*'° The CAT has demonstrated predictive validity, effectively
identifying individuals at increased risk of exacerbations, hospital 30-day readmission, and mortality.''™'* The CAT
has high test-retest reliability (measures ranged from 0.80 to 0.96) and was significantly correlated with other established
measures of COPD, such as the St. George’s Respiratory Questionnaire for COPD patients (SGRQ-C) and the Clinical
COPD Questionnaire (CCQ)."* Subsequent research has shown that the CAT can be used as a measure of treatment
response with a change of two points on the 40-point scale deemed clinically meaningful.'> Although the CAT is
validated, and its use is consistent with international guidelines, actual utilization in real-world US clinical practice is not
well described in the literature.

COPD disease severity has been traditionally determined by pulmonary function testing, but the use of patient
reported outcome measures are helpful to address multiple different quality of life symptoms associated with COPD.'® In
2017, M Health Fairview made a digital format of the CAT available in their electronic health record (EHR). The
objective of this research was to evaluate a real-world implementation of the CAT and assess the association of CAT
scores with subsequent COPD care and disease outcomes.

Materials and Methods

This was a retrospective observational comparative cohort study that assessed the early experiences of a healthcare
system using an EHR-enabled (digital) CAT. Key assessments were among two groups: 1) individuals with COPD who
had a complete EHR-enabled CAT score in at least one clinical encounter (case group), and 2) a comparator group of
patients with COPD who did not complete an EHR-enabled CAT during any clinical encounter. The study was conducted
at M Health Fairview, a partnership between the University of Minnesota, University of Minnesota Physicians, and
Fairview Health Services, which provides healthcare services primarily in the state of Minnesota and has more than 3300
providers across more than 100 specialties.'’

COPD Assessment Test Implementation

The CAT is a validated 8-item instrument designed to measure functional limitations associated with COPD

10,11

symptoms (Supplementary Figure 1). CAT scores range from 0 to 40, with higher score indicating a greater symptom

burden. M Health Fairview implemented the EHR-enabled CAT in July 2017 with the goal of improving the documenta-
tion of patient-reported COPD outcomes. Administration of the CAT by a provider was completely voluntary, no
prompts, alerts, or decision support were instituted to suggest its use as part of clinical care, and care teams did not
receive formal training in its use.

Study Periods

The study period was from July 1, 2016, through February 28, 2022. To ensure adequate follow-up time for the analysis
of post-CAT care patterns, the case-finding period was July 1, 2017, through December 31, 2021. The dates were selected
to coincide with the implementation of the EHR-enabled version of the CAT within the healthcare system. To understand
differences in the populations who did and did not complete the CAT, Baseline included the 12-month period prior to the
initial CAT administration (CAT cohort) or the first outpatient COPD encounter (comparator group). To understand the
patterns of clinical management and outcomes based on the CAT score, the index date was defined as the encounter with
the first CAT administration with a physician or advanced practitioner in pulmonology and primary care. If the patient
received only CAT administrations with non-primary care or non-pulmonologists, the first outpatient appointment with
any physician or advanced practitioner was used as the index. The 12-month period prior to the index was used to
identify a history of COPD exacerbations. The 60-day period following the index was used to identify follow-up care in
pulmonology, pulmonary rehabilitation, and intensification of COPD medication regimens (Figure 1).'*
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Figure | Study Schematic.
Abbreviations: CAT: COPD Assessment Test, COPD: Chronic Obstructive Pulmonary Disorder.

Identification and Selection of Study Participants

To be eligible for the CAT cohort, an individual had to complete a CAT during the case-finding period. To be eligible for
the comparator group (No CAT cohort), study participants met each of the following criteria: 1) diagnosis of COPD
defined by either “COPD” listed on the Problem List or a history of at least two outpatient visits associated with an
International Classification of Diseases Tenth Revision Clinical Modification (ICD-10-CM) of COPD (J44.x) or an
inpatient hospitalization associated with ICD-10-CM of J40.x-J44.x in the primary position during the baseline through
the case-finding period; 2) at least one visit at an M Health Fairview clinic during the case-finding period; 3) 18 years of
age or older as of the first date of baseline, and 4) no evidence of a completed CAT.

Outcome Variables and Covariates

Patient demographic characteristics included in this study were age as of first date of Baseline (years), sex (male vs
female), race (white, black/African American, and other), COPD-related diagnoses (COPD, emphysema, and bronchitis)
and comorbidities including the modified Charlson Comorbidity Index, which was categorized as 0 vs 1+."° Clinical
characteristics included pulmonary function test results and COPD exacerbations. The most recent pulmonary function
test results within 6 months up to and including the index date were recorded and included forced expiratory volume in
one second (FEV,) measured in liters (L) and % predicted, forced vital capacity (FVC) measured in liters (L) and %
predicted, and the ratio of FEV{/FVC. COPD encounters were defined as completed office visits associated with I[CD-10
codes J44.X, J40, J41, J42, and J43 in any position. An exacerbation event was defined by a visit with an ICD-10 code of
J44.1 in any position or an ED or hospitalization with an ICD-10 code for COPD (J44.x), emphysema (J43.x) or
bronchitis (J40.x, J41.x, or J42.x) in the primary position. Subsequent exacerbation events require a prior two-week
period free of ED visits, hospitalizations, or exacerbation codes.

Provider characteristics included specialty (defined by pulmonology, primary care, and others) and degree (MD, DO,
NP, etc). Measures related to the CAT included the index CAT scores, proportion of all COPD visits for which a CAT was
administered, providers who administered the CAT, and the number of CATs administered per provider. Providers
associated with one or more encounters with CAT administration were defined as CAT administrators.

The clinical outcome measures included completion of a pulmonary rehabilitation visit, a pulmonology visit, an
intensification of the COPD treatment regimen, and an exacerbation during the follow-up period. Intensification of the
treatment regimen was defined as a) the addition of new COPD medication to an existing regimen, including one or more
inhaled corticosteroids (ICS), long-acting beta agonists (LABA), long-acting muscarinic antagonists (LAMA), phospho-
diesterase inhibitors, oral corticosteroids, two short-acting bronchodilators, or azithromycin, or b) an increase in ICS
dose. To avoid confusion with simple refilling of medications, the order for a single short-acting bronchodilator was
excluded from the definition of treatment intensification.
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Analysis

Descriptive characteristics, including demographics, comorbidities, and pulmonary function test results, were compared
between the CAT and No CAT cohorts. The 12-month period prior to initial CAT administration was used to derive these
measures for descriptive analysis (CAT cohort only). Chi-square and Student’s f-tests were used to compare the
populations for categorical and continuous variables, respectively. We also compared the characteristics of providers
associated with administered CATs (Administered CAT) and those not associated with administered CATs (No CAT)
using chi-square tests. Differences were considered statistically significant at p <0.05. Exploratory analyses were
conducted to evaluate the distribution of the CATs across the study period. This distribution was broken down by the
provider (Primary Care Physician (PCP) or pulmonologist) that administered the CAT. The CAT scores were then divided
into categories of low impact (<10), moderate impact (10-20) and high/very high impact (21-40). The distribution of
pulmonary interventions within 60 days following the CAT index was compared across the CAT score groups. These
interventions included COPD medication regimen intensification, pulmonologist visits, and pulmonary rehabilitation.
Adjusted analyses accounting for age, sex, and baseline pulmonary rehabilitation and pulmonology encounters were
conducted using logistic regression and Cox proportional hazards models. A logistic regression model was developed to
predict the likelihood of a medication intensification event within 60 days of the index. In addition, separate proportional
hazard models predicting the time to first exacerbation, time to first pulmonary rehabilitation visit, and time to first visit
with a pulmonologist within 60 days following index were conducted, controlling for age, sex, and baseline exacerbation.
We reported odds ratios (OR) and hazard ratios (HRs) for these respective models tested at a significance level of 0.05.

Ethics Approval

The research protocol received an exemption from IRB review determination from the University of Minnesota
Institutional Review Board (STUDY00015433) as this was secondary research for which consent is not required. The
study complies with the Declaration of Helsinki. All methods were performed in accordance with privacy and
confidentiality guidelines and regulations.

Results

Patients

A total of 11,194 individuals with COPD met the eligibility criteria during the study period, including 821 individuals
(7.3%) who were administered the EHR-enabled CAT (cases). Compared to individuals with COPD who were not
administered the CAT (comparators), cases were older (66.7 vs 63.9 years; p < 0.05), had higher rates of comorbidities as
assessed by a Charlson Comorbidity Index score of 1 or greater vs none (93.9% vs 79.2%, p < 0.05), and had a higher
prevalence of emphysema (64.1% vs 39.4%, p < 0.05). With regards to pulmonary function, CAT cases were more likely
to have a pulmonary function test within 6 months (29.0% vs 10.0%, p < 0.05) and to have a lower FEV/FVC ratio
(59.0% vs 62.4%, p < 0.05). CAT cases also had higher rates of exacerbations (0.31 vs 0.14 per patient per year) during
the baseline period. The groups did not differ by sex or race (Table 1).

Providers

The types and specialties of providers included in this study are reported in Table 2. Within each specialty, over the study period,
62.0% of all pulmonologists and 11.5% of all PCPs administered the CAT in at least one encounter (Table 3). During the study
period, there were 72,201 COPD encounters, 16,698 COPD encounters in pulmonology, and 55,503 COPD encounters in
primary care. A total of 1502 CATs were administered over the study period in all specialties: 949 in pulmonology and 491 in
primary care. The monthly usage of the CAT for COPD encounters reached a peak of 15% for pulmonologists and remained less
than 2% for PCPs, and its use appeared to decline during the coronavirus disease 2019 pandemic period, beginning in early 2020
(Figure 2). The number of CAT administrations by pulmonologists and PCPs were a) one only (6.3% and 4.5%, respectively), b)
2-5 (15.2% and 4.8%), c¢) 6-10 (11.4% and 1.2%), and d) 11 or more (29.1% and 1.0%) (Table 3).
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CAT Scores
At index, a total of 130 (15.8%) patients had a score <10 points, 385 (46.9%) had a score between 10 and 20 points, and
306 (37.3%) scored 2140 points. During the study period, 386 patients (47.0%) had one CAT administered, 280 patients
(34.1%) had 2-3 CATs and 155 patients (18.9%) had four or more CATs (Table 1).

Table | Description of Eligible Characteristics, Derived from the Baseline Period,

for Patients Who Did and Did Not Complete the COPD Assessment Test

CAT No CAT
N=821 N=10,373
N (mean) | % (SD) | N (mean) | % (SD) | p-value

Age, years (66.7) 9.5) (63.9) (12.2) <0.05
Sex

Female 459 55.9% 5850 56.4% N.S.
Race

White or Caucasian 713 86.8% 9167 88.4% N.S.

Black or African American 52 6.3% 611 5.9%

Other 40 4.9% 366 3.6%

Missing 16 1.9% 229 2.2%
Respiratory Diagnoses

COPD 807 98.3% 9409 90.7% <0.05

Emphysema 526 64.1% 4086 39.4%

Bronchitis 438 53.3% 4749 45.8%

None of the above 8 1.0% 0 0.0%
Charlson Comorbidity Index

0 50 6.1% 2159 20.8% <0.05

| or more 771 93.9% 8214 79.2%
Exacerbations, PPPY 0.31) (1.64) (0.14) (1.16) <0.05
Pulmonary Function*

PFT administered 238 29.0% 1041 10.0% <0.05

FEV,/FVC ratiot (59.0%) (16.6%) (62.4%) (17.2%) <0.05

FVC (L) (2.63) (0.92) (2.66) (0.94) N.S.

FVC (% predicted) (73.3%) 19.3% 73.65% 19.42% N.S.

FEVI (L) 1.58 0.74 1.66 0.76 N.S.

FEVI (% predicted) (57.1%) (23.0%) (59.2%) (23.4%) <0.05
Index CAT score

0-9 130 15.8%

10-20 385 46.9%

21-40 306 37.3%
CAT Administrations

| 386 47.0%

2to3 280 34.1%

4+ 155 18.9%

Note: *Inclusive of tests conducted within six months of the index visit.

Abbreviations: FEVI, forced expiratory volume in one section; FVC, forced vital capacity; (L), liters; CAT,
COPD assessment test; SD, standard deviation; COPD, chronic obstructive pulmonary disorder; N.S., not

significant; PPPY, per patient per year; PFT, pulmonary function test.
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Table 2 Provider Type and Specialty for CAT and
No CAT Providers

Administered CAT No CAT

n=172 N=1284

N % N %

Degree

MD/DO 154 89.5% 969 | 75.5%
NP/FNP 14 82% 180 | 14.0%
PA/PA-C 4 2.3% 135 | 10.5%
Pulmonology 49 28.1% 30 | 23%
Primary Care 115 67.3% 887 | 69.1%
Other 8 4.7% 367 | 28.6%

Abbreviations: CAT, COPD assessment test; MD, doctor of
medicine; DO, doctor of osteopathic medicine; NP, nurse practi-
tioner; FNP, family nurse practitioner; PA, physician assistant; PA,
physician assistant certified.

Table 3 Uptake of CAT by Pulmonologists and PCPs

Number of CATs | Pulmonologists PCPs
N =79 N =1002
N % N %

0 30 38.0 887 | 885
| 5 6.3 45 4.5
2-5 12 15.2 48 48
6-10 9 11.4 12 1.2
Il or more 23 29.1 10 1.0

Abbreviations: CAT, COPD Assessment Test; PCP, Primary Care
Physician.

Post-CAT Clinical Changes

Stratified by CAT index provider type, index CAT scores of greater than 20 were associated with intensification of the
COPD medication regimen by pulmonologists and PCPs in 23.0% and 28.6% of patients, respectively, for CAT scores of
10-20, 19.2%, and 20.5%, and CAT scores less than 10, 12.7%, and 5.3% (Table 4). Unadjusted odds ratio for having
COPD medication intensification 60 days post-CAT for high scores (21-40) and moderate scores (10-20) compared to
low scores (less than 10) were 3.19 and 2.57, respectively (p = 0.0001) (Table 5). After adjusting for a history of COPD
exacerbations in baseline, individuals with the highest CAT scores (21-40) and moderate CAT scores (10-20) continued
to be significantly more likely to have their medications changed compared to those with low CAT scores (<10) (21-40:
OR: 4.40, 10-20: OR: 3.17, p = 0.0002) (Table 5).

Individuals with the highest index CAT scores (score: 21-40) were most likely to have an exacerbation event in the
subsequent 60 days (24.2%), followed by 17.4% of individuals with an index CAT score from 10 to 20 and 7.7% of
individuals with an index CAT score <10 (p < 0.001) (Supplementary Figure 2).

In the 60 days following the index CAT, 30.1% and 3.3% of patients with the highest CAT scores (20+) had a visit with
a pulmonologist or pulmonary rehabilitation, respectively. We compared 28.1% and 2.1% for individuals with CAT scores

from 10 to 20 and 25.4% and no visits to pulmonary rehabilitation for individuals with CAT scores of <10. While the
likelihood of completing a visit with a pulmonologist (CAT score 21-40 compared to CAT score <10, Hazard Ratio = 1.1,
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Figure 2 Monthly percentage of COPD visits with CAT administration, by provider specialty.
Abbreviations: CAT: COPD Assessment Test, COPD: Chronic Obstructive Pulmonary Disorder, PCP: Primary Care Physician.

95% CI 0.7,1.7) and pulmonary rehabilitation (CAT 21-40 compared to CAT <10, Hazard Ratio = 1.4, 95% CI 0.5, 3.5) in
the 60 days post-index increased with CAT score category, these differences were not statistically significant
(Supplementary Figures 3 and 4).

Table 4 Index CAT Scores, Index CAT Provider Specialty,
and Subsequent 60-Day COPD Medication Regimen
Changes

Index CAT score 60-Day COPD Medication
Regimen Intensification by Index

CAT Provider Specialty

Pulmonologists PCPs

% of patientst

% of patientsi

<10
10-20
21 to 40

12.7
19.2
23.0

53
20.5
28.6

Notes: tCox proportional hazards model, p <0.1. $Cox proportional
hazards model, p < 0.001.
Abbreviations: CAT, COPD Assessment Test, PCP, Primary Care

Physician.

Table 5 Logistic Regression Model* Results for Medication Regimen Intensification in the 60 Days Following Index

CAT Administration

Parameter Unadjusted Adjusted
Odds Ratio | X? p-value | Beta estimate | p-value Adjusted 95% Confidence
Odds Ratios Intervals

Intercept -1.716 <0.0001
CAT score 10-20 vs 0-9 2.57 0.0001 0.275 =0.06 3.17 1.58 6.36
CAT score > 20 vs 0-9 3.19 0.603 <0.001 4.40 217 8.92
Baseline exacerbation —0.189 <0.05 0.69 0.48 0.98

Note: *Age and sex included in the model.

Abbreviation: CAT, COPD Assessment Test.

International Journal of Chronic Obstructive Pulmonary Disease 2025:20 https:

331


https://www.dovepress.com/get_supplementary_file.php?f=479853.docx
https://www.dovepress.com/get_supplementary_file.php?f=479853.docx

Gaeckle et al

Discussion

In this real-world implementation of the CAT for individuals with COPD, our study documents the natural history of
clinical uptake and use of a patient-reported outcome measure in routine clinical operations over a four-year period.
While the uptake of the CAT was limited, repeated use was observed in over half of the pulmonologists, while it
remained uncommon among PCPs. Patients with elevated CAT scores were significantly more likely to have subsequent
medication regimen intensifications and exacerbations, and the results suggest an increase in follow-up visits with
a pulmonologist or pulmonary rehabilitation within 60 days.

Implementation of the CAT into routine clinical practice has the potential to systematically identify patients with
a higher COPD symptom burden at near-term risk for exacerbation, who may benefit from more intensive management.
Our analysis demonstrated that individuals with elevated CAT scores were significantly more likely to undergo COPD
treatment intensification as well as suffer COPD exacerbation. While PCPs provide up to 80% of the care for individuals
with COPD,? the evidence of low PCP engagement with CAT in this study suggests both an important gap in care and
the need for more robust implementations (ie, training, clinical decision support, and performance tracking) to achieve
successful adoption. While the use of pulmonary rehabilitation for individuals post-CAT was low, the trend toward
increased referral for higher scores is encouraging, and future research could consider using elevated CAT scores as
a trigger for referral to pulmonary rehabilitation.

The incorporation of patient-reported outcomes (PROs), such as the CAT, into routine clinical care represents an
opportunity to improve clinical care and enable patient-centered research. There is precedent for electronic capture of
PROs for the purpose of public reporting.?' Collection of symptom-based PROs augments patient charts with information
not documented by physicians, creating a more complete database from which to manage populations, prevent admis-
sions and readmissions, and ensure alignment with guidelines.**??

While substantial progress has been made into incorporating PROs** into care, including for the treatment of
COPD,” there are barriers to adoption. In this study, the barriers included: a) limited knowledge of the CAT availability
in the EHR, b) no standardization of in-clinic workflow, ¢) no associated clinical decision support for providers, d) lack
of performance measures with provider feedback, and e) no associated incentives for use. Negative provider perceptions
of clinic-based PRO collection can be another barrier to adoption.”® While national guidelines recommend the use of
structured symptom assessments to monitor individuals with COPD, the implementation and evaluation of improvement
initiatives is needed to optimize data collection and presentation of CAT results to enable medical decision making while
avoiding provider and patient burden. Corresponding improvement initiatives could include expanded education and
awareness programs for providers, enhanced EHR functionality to link PRO responses to clinical decision support,
revised clinical workflows to empower clinic staff to collect PRO data during the rooming process, and integration of
CAT PRO data as a health system performance measure.

Global guidelines recommend regular assessments such as the CAT and their use is not limited to primary care or
pulmonology visits. Clinical pharmacists and respiratory therapists are strong components of chronic COPD management
and are well suited to using PROs to improve care.”’ 2° Additionally, programs using the CAT for remote monitoring or
self-monitoring’® have the potential to identify worsening clinical status between provider visits. Out-of-clinic use of the
CAT has the potential to enable early detection of exacerbations while avoiding provider concerns regarding increased in-
clinic burden.

Limitations

These results should be interpreted within the context of the limitations of a retrospective, observational study. COPD
diagnosis was based on ICD-10-CM codes and was not independently confirmed by test results. The implementation of
the CAT without explicit training, formal workflow modification, performance reporting, or the use of incentives is not
ideal for the adoption of electronic tools and may not reflect the experience of others using the CAT. The resulting low
rate of CAT administration, although an outcome of the study, also represents an unmeasured selection bias. This study
also primarily focused on the implementation of the CAT among prescribing providers, with less attention paid to non-
prescribing providers such as pulmonary rehabilitation, where it is often used to document functional outcomes.*'*** The
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low uptake and use of the CAT in this system contrasts with a substantially higher uptake and use of the Asthma Control
Test, another patient-reported outcome measure, which is a reportable quality measure.” While this study demonstrates an
association between increased CAT scores and COPD medication regimen intensification, a causal relationship has not
been established.

Conclusion

The implementation of CAT in routine clinical operations for individuals with COPD requires overcoming technical
challenges and workflow inefficiency. While adoption of the CAT was limited, higher CAT scores were associated with
COPD exacerbations, and subsequent treatment intensification. Repeated use of the CAT was present in over half of
pulmonologists and less than 10% of PCPs, suggesting that the use of CAT was valued more by specialists, although most
COPD care was delivered in primary care. Further investigation is warranted to optimize CAT implementation into
routine clinical practice, especially within primary care, to systematically identify patients with a higher COPD symptom
burden and enable proactive management.
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