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Table 2. Baseline Spirometry Measures by Baseline COPD Assessment
Test Impact

Spirometry Conducted Total CAT CAT CAT CAT Very Pvalue
During Baseline Visit (N=178) Low Impact Medium Impact High Impact High Impact
(n=14) (n=73) (n=73) (n=18)
Post-bronchodilator FEV;* n 178 14 73 73 18
mean 1.48 1.82 1.47 1.46 1.35 0.143
SD 0.60 0.71 0.60 0.58 0.49
min 0.51 0.52 0.51 0.55 0.51
median 1.42 1.79 1.42 1.38 1.39
max 3.38 3.38 2.98 3.32 2.09
Post-bronchodilator FVC, n 178 14 73 73 18
liters® mean 2.93 3.29 2.93 2.90 2.77 0.436
SD 0.93 0.89 0.99 0.92 0.71
min 0.87 1.59 0.87 1.10 1.50
median 2.89 3.23 2.82 2.77 2.97
max 5.44 5.31 5.16 5.44 3.65
FEV1/FVC ratio n 178 14 73 73 18
(multiplied by 100%)° mean 50.97 54.88 50.78 51.04 48.40 0.541
SD 12.44 13.13 11.88 12.98 12.18
min 16.59 16.59 23.05 19.04 28.69
median 54.17 60.18 53.07 52.75 53.36
max 09.47 63.55 69.41 69.02 69.47
Predicted Post- n 178 14 73 73 18
Bronchodilator FEV1, liters mean 2.85 2.80 2.89 2.82 2.87 0.942
SD 0.70 0.80 0.64 0.73 0.76
min 1.06 1.06 1.49 1.77 1.54
median 2.73 2.77 2.81 2.64 2.76
max 4.95 3.96 4.50 4.95 4.24
% Predicted FEV; Values n 178 14 73 73 18
(FEV1/FEVpp x 100%) mean 53.31 67.19 51.78 53.05 49.79 0.046
SD 19.74 22.46 18.27 19.47 21.64
min 17.00 17.00 19.10 17.00 19.90
median 53.40 73.35 55.10 51.20 48.80
max 124.90 100.70 93.00 124.90 79.50
GOLD Spirometry Criteria for COPD Severity11
GOLD 1: Mild COPD n 12 4 2 6 0
(FEV1 2 80% predicted) % 6.74 28.57 2.74 8.22 0.00 0.010
GOLD 2: Moderate COPD n 89 7 40 34 8
(50% < FEV; < 80% predicted) % 50.00 50.00 54.79 46.58 44.44 0.772
GOLD 3: Severe COPD n 49 2 18 23 6
(30% < FEV1 < 50% predicted) % 27.53 14.29 24.66 31.51 33.33 0.517
GOLD 4: Very Severe COPD n 28 1 13 10 4
(FEV1 < 30% predicted) % 15.73 7.14 17.81 13.70 22.22 0.636

2The volume of air that the patient is able to exhale in the first second of forced expiration.

bThe total volume of air that the patient can forcibly exhale in 1 breath.

°FEV1/FVC ratio is a calculated ratio used in the diagnosis of obstructive and restrictive lung disease. A selection criterion for this
study required that the FEV;/FVC ratio be <0.70.

Table 2 legend continued on next page.
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Chi-square (Fisher’s Exact) tests were used for binary measures. ANOVAs were used for continuous measures.

Baseline CAT impact categories: Low Impact=CAT score 0-9; Medium Impact=CAT score 10-20; High Impact=CAT score 21-30; Very High
Impact=CAT score 31-40. Higher values indicate greater severity. CAT=COPD Assessment Test; FEV=forced expiratory volume in 1
second; SD=standard deviation; forced vital capacity=FVC; GOLD=Global initiative for chronic Obstructive Lung Disease; COPD=chronic

obstructive pulmonary disease; ANOVA=analysis of variance

(44.78 versus 24.25, 29.96, and 34.60, respectively;
P<0.001),and EXACT Chest Symptoms domain scores
(40.12 versus 18.31, 28.74, and 33.02, respectively;
P < 0.001) over the first 7 days were all higher in the
Very High Impact versus the Low, Medium, and High
Impact CAT score groups (Table 3).

A comparison of the rate of EXACT events occurring
between the 4 CAT impact groups during the follow-up
period revealed no statistically significant differences.
However, among those patients who experienced an
EXACT event (n/N, 55/169; 33%), patients in the
Very High Impact CAT score group were found to
have greater mean EXACT event severity, defined as
the worst (i.e., highest) EXACT total score, during the
period from event onset to recovery, when compared
with patients in the Low, Medium, and High Impact
CAT score groups (64.75 versus 41.33, 48.53, and
58.26, respectively; P=0.001; Table 3). Baseline SF-12
PCS scores were lowest in those categorized as Very
High Impact, with mean baseline MCS scores lowest
in this group (Table 4).

Discussion

The findings of this study demonstrate that CAT
impact score categories are linked concurrently and
prospectively to COPD severity; respiratory symptoms;
frequency, severity, and duration of pulmonary
exacerbations; and overall physical and mental health
status. In the primary care setting, the CAT could
therefore be used as a convenient assessment over
time, with the ability to reliably assess the severity
of disease in patients with COPD, due to the good
correlation observed between the CAT and other
validated measures.

The CAT was developed to be a complementary
practice tool for use with standard clinical measures
for COPD, such as lung function or dyspnea, as
these measures alone do not provide insight into the
patient-perceived burden of COPD on their lives.
For the CAT to be useful in clinical practice, clearly
defined interpretation guidelines about the meaning
of the CAT impact scores, as well as differences and/

or changes in CAT scores, are essential. Moreover, a
2011 analysis conducted by Jones and colleagues®
developed interpretation guidelines by mapping the
4 CAT impact score categories to item content of
the St George’s Respiratory Questionnaire for COPD
(SGRQ-C). Our findings indicate that COPD impacts
individuals’ lives differently in each category of CAT
severity, providing insights on their clinical and
functional status. In the Low CAT Impact category, all
patients had mMRC dyspnea scores of 0 (“I only get
breathless with strenuous exercise”) or 1 (“I get short
of breath when hurrying on level ground or walking
up a slight hill”) and a mean EXACT Breathlessness
domain score of 24.60. Conversely, in the Very High
Impact CAT category, 89% of patients had mMRC
dyspnea scores of 2 (“On level ground, I walk slower
than people of the same age because of breathlessness,
or have to stop for breath when walking at my own
pace”), 3 (“I stop for breath after walking about 100
yards or after a few minutes on level ground”), or
4 (“I am too breathless to leave the house or I am
breathless when dressing”) and higher mean EXACT
Breathlessness domain score of 53.89. As expected,
patients in the Medium and High Impact CAT score
groups experienced a mixed intensity of dyspnea
impacting on their lives.

In addition, Gruffydd-Jones and colleagues® have
noted the utility of the CAT as a disease-specific
instrument that is capable of assisting physician
assessment of COPD. These findings align with the
original purpose of the CAT, and it is not surprising
that the authors note that the use of this instrument
does not appear to improve the detection of non-
COPD symptoms or comorbid conditions. The
significant relationship that exists between the CAT,
FEV1, and COPD disease severity has also been noted
in another study,!” which found the CAT to provide a
reliable score of exacerbation severity. In this study of
165 patients with COPD, significant associations were
observed between FEV1% predicted values, frequency
of patient hospitalization, and CAT scores.

Furthermore, higher CAT scores were recorded in
those patients with a history of frequent exacerbations
of COPD compared with those who were infrequent
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Table 3. EXAcerbations of COPD Tool Events During the 12-Week Follow-Up
Period and EXAcerbations of COPD Tool-Patient-Reported Outcomes Total and
Domain Scores during Week 1 by Baseline COPD Assessment Test Impact

Events? Total CAT CAT CAT CAT Very P value
(N=169) Low Impact Medium Impact High Impact High Impact

(n=13) (n=70) (n=69) )

Total Number of EXACT EventsP

No Exacerbations n 114 10 51 44 9
% 67.46 76.92 72.86 63.77 52.94 0.329

1 Exacerbation n 45 3 15 22 5
% 26.63 23.08 21.43 31.88 29.41 0.563

2 Exacerbations n 9 0 4 3 2
% 5.33 0.00 5.71 4.35 11.76 0.533

3 Exacerbations n 1 0 0 0 1
% 0.59 0.00 0.00 0.00 5.88 0.178

Average Patient-Level n 55 3 19 25 8
Event Severity® mean 54.92 41.33 48.53 58.26 64.75 0.001

SD 12.78 5.51 8.49 13.36 10.62

median 53.00 41.00 47.50 55.00 63.00

Average Patient-Level n 55 3 19 25 8
Event Durationd mean 23.17 9.00 25.39 25.68 15.35 0.423

SD 21.66 4.00 21.67 24.84 9.96

median 14.00 9.00 14.00 19.00 13.75

Average Total EXACT Score n 167 12 70 69 16
Over First 7 days of eDiary® mean 36.14 21.66 31.86 40.27 47.93 <0.001

SD 10.92 8.50 8.32 9.01 9.98

median 36.50 22.07 30.70 40.00 49.71

Average Breathlessness n 161 8 68 69 16
Domain Score Over First 7 mean 38.87 24.60 32.83 42.99 53.89 <0.001

Days of eDiary® SD 14.62 10.29 9.36 14.20 18.29

median 37.86 25.00 33.14 41.40 52.91

Average Cough and Sputum n 160 12 63 69 16
Domain Score Over First 7 mean 33.02 24.25 29.96 34.60 44.78 <0.001

Days of eDiary® SD 12.05 6.64 8.58 12.73 14.40

median 32.00 23.31 31.00 34.33 48.71

Average Chest Symptoms n 156 8 64 68 16
Domain Score Over First 7 mean 31.23 18.31 28.74 33.02 40.12 <0.001

Days of eDiary® SD 11.89 7.27 10.41 11.64 12.65

median 30.23 15.21 28.20 31.00 39.67

E-RS: COPD Total Scoref n 167 12 70 69 16

During Week 1 mean 11.94 4.53 9.33 14.22 19.09
SD 6.50 3.53 4.89 5.76 6.56 <0.001

median 11.29 4.00 8.71 13.43 19.66

E-RS Breathlessness n 167 12 70 69 16

Domain Scoref mean 5.87 1.69 4.39 7.17 9.81
During Week 1 SD 3.77 2.46 2.61 3.60 3.81 <0.001

median 5.80 0.75 4.29 6.71 10.10
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E-RS Cough and Sputum n 167 12 70 69 16
Domain Score! mean 3.38 2.24 2.74 3.86 5.00 <0.001
During Week 1 SD 1.69 1.49 1.51 1.46 1.74

median 3.43 2.07 3.00 4.00 5.38
E-RS Chest Symptoms n 167 12 70 69 16
Domain Score! mean 2.69 0.60 2.20 3.19 4.27 <0.001
During Week 1 SD 1.91 0.88 1.73 1.76 1.85

median 2.71 0.20 1.93 3.00 4.14

2Denominator is composed of patients with eDiary data.

bChanges in the EXACT total score are used to define onset and recovery from an exacerbation event.

°The severity of an exacerbation is indicated by the worst (highest EXACT-PRO total score) during the period from event onset to recovery.
For patients with > 1 exacerbation, the average severity of all exacerbation events was calculated.

dThe duration of an exacerbation is the length of time in days from onset to recovery as attributed by changes in the EXACT score.
Recovery from an EXACT event is defined as a decrease in EXACT score > 9 points from the maximum value, sustained for > 7 days.

The day of recovery is not included in the calculation of duration. Some patients had exacerbations that were censored by the end of

the 12-week study period. For patients with > 1 exacerbation, the average duration of all exacerbation events was calculated.

*EXACT total and domain scores range from O to 100; higher values indicate a more severe condition.

fE-RS Total scores range from O to 40.

8E-RS Breathlessness domain scores range from O to 17.
hE_RS Cough and Sputum domain scores range from O to 11.
IE-RS Chest Symptom domain scores range from 0 to 12.

Chi-square (Fisher’s Exact) tests were used for binary measures. ANOVAs were used for continuous measures.
E-RS: COPD (a subset of 11 of 14 EXACT questions) higher scores indicate greater severity. E-RS scores were averaged among

non-missing daily assessments (from eDiary) during Week 1.

Baseline CAT impact categories: Low Impact=CAT score 0-9; Medium Impact=CAT score 10-20; High Impact=CAT score 21-30;
Very High Impact=CAT score 31-40. Higher values indicate greater severity.

CAT=COPD Assessment Test; EXACT=EXAcerbations of COPD Tool; SD=standard deviation; E-RS: COPD=Evaluating Respiratory
Symptoms in COPD; COPD=chronic obstructive pulmonary disease; ANOVA=analysis of variance

exacerbators (24.8 + 6.7 versus 17.5+ 6.5 [mean = SD];
P < 0.0001), together with a significant increase in
CAT score with increasing frequency of exacerbation
(P < 0.0001).!7 Similar elevations in CAT scores were
also observed in those individuals with COPD who can
be classified as frequent exacerbators compared with
infrequent exacerbators (19.5 + 6.6 versus 16.8 + 8.0;
P =0.025) in a 2012 study conducted by Mackay and
colleagues,'® which also noted a significant increase
in CAT allied to the decrease in FEV at the onset of
an exacerbation.

A review of the role of the CAT in the assessment
of COPD, which also compared the CAT with
other health-related quality-of-life questionnaires,
concluded that data provided by the CAT can assist
in a comprehensive assessment of COPD, which can
subsequently guide clinicians’ decision making and
patient managemen‘c.19 Moreover, the CAT was noted
to be a simple and valid instrument with the potential
to improve communication between physicians and
their patients with COPD during routine clinical visits.
This study adds to that body of evidence and is the
first to assess the CAT in this way within a U.S. primary
care population.

In addition, this study has also highlighted the
high symptomatic burden of COPD in a U.S. primary
care setting. For example, over half of the patient
population were within the High or Very High CAT
IMPACT score groups at baseline. The higher degree
of physical and mental symptoms in these patients
emphasize the need for improved patient monitoring
and management in U.S. primary care.

Potential limitations of this study include the
short follow-up time and relatively small number of
patients in the CAT Low Impact and Very High Impact
groups. Strengths of the study include its multicenter
approach, use within a U.S. primary care setting and
the longitudinal nature of the study, which allowed
for evaluation over time of trends in the clinical and
functional status of patients with COPD.

In conclusion, the findings of this study contribute
to the growing body of information guiding the
interpretation of CAT scores by demonstrating that
factors such as COPD severity, respiratory symptoms,
the frequency, severity, and duration of pulmonary
exacerbations, and overall physical and mental health
status are linked concurrently and prospectively
to CAT impact score categories. Stratification of
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Table 4. Baseline Short Form 12-item Health Survey (Version 2) Scores
by Baseline COPD Assessment Test Impact

Total CAT CAT CAT CAT Very P value
(N=178) Low Impact Medium Impact High Impact High Impact

(n=14) (n=73) (n=73) (n=18)

Physical Component n 178 14 73 73 18
Summary (PCS)? mean 38.77 49.46 43.15 34.38 30.54 <0.001

SD 9.51 7.60 8.50 7.18 6.53

median 38.76 47.37 44.19 34.46 30.19

Normal Physical Health n 38 8 29 1 0
Status (PCS Scores 47-100) % 21.35 57.14 39.73 1.37 0.00 <0.001

Mild Physical Health n 18 3 8 6 1
Burden (PCS Scores 44—40) % 10.11 21.43 10.96 8.22 5.56 0.435

Moderate Physical Health n 27 1 14 11 1
Burden (PCS scores 41-43) % 15.17 7.14 19.18 15.07 5.56 0.511

Significant Physical Health n 95 2 22 55 16
Burden (PCS Scores 0—40) % 53.37 14.29 30.14 75.34 88.89 <0.001

Mental Component n 178 14 73 73 18
Summary (MCS)? mean 50.00 55.63 53.00 47.55 43.37 <0.001

SD 9.20 5.99 8.06 9.18 9.20

median 50.88 55.65 54.92 47.40 44.42

Normal Mental Health n 114 13 58 37 6
Status (MCS Scores 47-100) % 64.04 92.86 79.45 50.68 33.33 <0.001

Mild to Moderate Mental Health n 30 1 10 15 4
Burden (MCS Scores 43-46) % 16.85 7.14 13.70 20.55 22.22 0.483

Depression Screen n 34 0 5 21 8
Positive (MCS scores 0-42) % 19.10 0.00 6.85 28.77 44.44 <0.001

ASF-12v2: higher scores reflect better functioning and health status.

Chi-square (Fisher’s Exact) tests were used for binary measures. ANOVAs were used for continuous measures.

Baseline CAT impact categories: Low Impact=CAT score 0-9; Medium Impact=CAT score 10-20; High Impact=CAT score 21-30;
Very High Impact=CAT score 31-40. Higher values indicate greater severity.

CAT=COPD Assessment Test; PCS=physical component score; SD=standard deviation; MCS=mental component score;
SF-12v2=Short Form 12-item Health Survey, version 2; ANOVA=analysis of variance

patients according to the 4 CAT impact scores, and
the application of clinical and functional health status
information to these categories, greatly enhances our
interpretation of the CAT.
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Table 5. Baseline Modified Medical Research Council Dyspnea Scale
Scores by Baseline COPD Assessment Test Impact Category

Total CAT CAT CAT CAT Very Pvalue
(N=178) Low Impact Medium Impact High Impact High Impact

(n=14) (n=73) (n=73) (n=18)

mMRC Dyspnea Score? n 178 14 73 73 18
mean 1.65 0.36 1.42 1.86 2.72 <0.001

SD 1.05 0.50 0.86 1.00 0.89

median 1.00 0.00 1.00 2.00 3.00

mMRC Score Categories

0-1 n 90 14 42 32 2
% 50.56 100.00 57.53 43.84 11.11 <0.001

24 n 88 0 31 41 16
% 49.44 0.00 42.47 56.16 88.89 <0.001

#The mMRC scale ranges from O to 4 (higher values indicate greater dyspnea):

“I only get breathless with strenuous exercise”=0

“I get short of breath when hurrying on level ground or walking up a slight hill”=1

“On level ground, I walk slower than people of the same age because of breathlessness, or have to stop for breath when walking at
my own pace”’=2

“I stop for breath after walking about 100 yards or after a few minutes on level ground”=3

“I am too breathless to leave the house or [ am breathless when dressing’=4

Chi-square (Fisher’s Exact) tests were used for binary measures. ANOVAs were used for continuous measures.
Baseline CAT impact categories: Low Impact=CAT score 0-9; Medium Impact=CAT score 10-20; High Impact=CAT score 21-30;
Very High Impact=CAT score 31-40. Higher values indicate greater severity.

CAT=COPD Assessment Test; mMRC=modified Medical Research Council; SD=standard deviation; ANOVA=analysis of variance

Table 6. Baseline Mean COPD Assessment Test Total Score by Baseline

Clinical Global Impressions Scale
Not at All Borderline Mildly Moderately Markedly Severely Most P value

(| il I (] )| Il Extremely
(n=0) (n=10) (n=29) (n=46) (n=72) (n=13) il

(n=8)

COPD Assessment n 0 10 29 46 72 13 8
Test (CAT) Total Score®*  mean - 15.60 17.45 18.37 21.32 22.08 28.88 <0.001
SD - 9.75 8.55 6.30 7.45 7.02 4.49 1

min - 4.00 3.00 5.00 5.00 9.00 20.00

p25 - 8.00 11.00 14.00 15.00 22.00 27.00

median - 13.00  16.00 19.50 21.00 23.00 29.50

p75 - 22.00  24.00 23.00 27.00 25.00 31.50

max - 35.00 37.00 31.00 40.00 31.00 35.00

8Higher CAT values indicate greater severity.
An ANOVA test was used to assess statistical significance.

COPD=chronic obstructive pulmonary disease; CAT=COPD Assessment Test; SD=standard deviation; ANOVA=analysis of variance
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