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AbstrAct: The chronic obstructive pulmonary disease (COPD) Assessment Test (CAT), which was developed to measure the health status of patients
with COPD, was applied to patients with interstitial lung disease, aiming to examine the CAT as a predictor of outcome. Over a follow-up period of more
than one year, 101 consecutive patients with interstitial lung disease were evaluated by the CAT. The CAT scores of 40 in total were categorized into four
subsets according to the severity. Patients with higher (more severe) scores exhibited lower forced vital capacity and lung diffusion capacity for carbon monoxide. The survival rate was significantly lower in patients with higher scores (log-rank test, P = 0.0002), and the hazard ratios for death of the higher scores
and lower lung diffusion capacity for carbon monoxide were independently significant. These findings suggest that CAT can indicate the risk of mortality
in patients with interstitial lung disease.
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Introduction

Patients with interstitial lung disease have a wide range of
diagnoses and prognoses, and some can live with their diagnosis and/or are responsive to treatments.1 For example, there
is moderate evidence for the use of sildenafil and pulmonary
rehabilitation to improve health-related quality of life in
fibrotic interstitial lung disease. Health-related quality of life
in patients with interstitial lung disease is mainly evaluated
by the 36-item short-form questionnaire, Chronic Respiratory Questionnaire, or St George’s Respiratory Questionnaire
(SGRQ ).1 New evaluation tools have also been developed
specifically to assess health-related quality of life for interstitial lung disease patients, such as the ATAQ-IPF (A Tool to
Assess Quality of life in IPF; idiopathic pulmonary fibrosis)
that is composed of 74 items2 and the King’s Brief Interstitial
Lung Disease questionnaire with 15 items.3
Quality of life in interstitial lung disease patients has been
correlated with the percent of predicted forced vital capacity
(FVC), forced expiratory volume in the first second, lung diffusion capacity for carbon monoxide (DLCO), the level of
dyspnea, and the distance walked and oxygen saturation during the 6-minute walk test (6MWT).4–6 Moreover, walking
velocity, change in oxygen saturation with walking exercise,
and percent of predicted DLCO have been associated with
survival in idiopathic interstitial pneumonia.7,8

Recently, the COPD Assessment Test (CAT),9 which
was originally developed to evaluate the health-related quality
of life in patients with COPD, was also introduced to evaluate patients with interstitial lung disease, and it was reported
that there was a very strong correlation between the CAT
score and the SGRQ total score (r = 0.93) in those subjects.10
The CAT has only a short 8-item questionnaire for assessing
health status, so it can be completed in about 2 minutes (See
Appendix). The total score ranges from 0 to 40, with higher
scores indicating a worse health status.11 However, the CAT
has not been examined as a prognostic marker in interstitial
lung disease; some patients with interstitial lung disease have
a short disease trajectory and a similar prognosis to patients
with lung cancer.1 The aim of this study was to apply this simple instrument to patients with interstitial lung disease and to
verify the CAT as a predictor of outcome.

Methods

This study included 101 consecutive patients (53 females and
48 males, with an average age of 63.8 years) with interstitial
lung disease defined by high-resolution computed tomography
(Table 1).12 They were transferred to Kanazawa University
Hospital, Japan, between January 2013 and July 2015 for routine evaluation or treatment. All patients were evaluated by the
CAT on the day of their first visit and followed up for more
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Table 1. Demographic and clinical characteristics of the interstitial lung disease patients studied, subdivided according to CAT scores.
Total
N = 101

Low
CAT # 10
N = 35

Medium
CAT # 20
N = 43

High
CAT # 30
N = 21

Very high
CAT . 30
N = 2

P

Gender (f/m)

53/48

23/12

19/24

10/11

1/1

NS

Age (yrs)

63.8 ± 12.6

60.3 ± 15.1

68.0 ± 9.9

61.0 ± 11.2

64.0

0.04 (L vs. M)

Height (cm)

159 ± 9

160 ± 10

158 ± 8

160 ± 10

163

NS

Weight (kg)

57 ± 11

57 ± 11

56 ± 10

56 ± 14

70

NS

Time since diagnosis (yrs)

6.3 ± 7.2

7.4 ± 7.7

5.7 ± 5.4

6.4 ± 9.6

1.3

NS

Home oxygen therapy (y/n)

9/92

0/35

3/40

6/15

0/2

NA

FVC (% pred)

84.2 ± 24.6

97.6 ± 19.9

81.4 ± 23.5

66.7 ± 23.7

80.0

,0.001 (L vs. H)
0.01 (L vs. M)

DLCO (% pred)

48.1 ± 20.0

61.6 ± 17.1

42.5 ± 16.3

35.2 ± 21.9

39.4

0.0001 (L vs. H and M)

Notes: Data are expressed as mean ± SD or absolute numbers. No SD is calculated in the group of CAT . 30 because the number of patients was only two.
Abbreviations: CAT, COPD Assessment Test; FVC, forced vital capacity; DLCO, lung diffusion capacity for carbon monoxide; L, low impact; M, medium impact;
H, high impact; NS, not significant; NA, not available.

Results

Gender, height, weight, and time since diagnosis were not
different among subdivided patients according to CAT scores
(Table 1). Patients with medium impact were older than
patients with low impact. Nine patients used home oxygen
therapy (up to 3 L/minute). Patients with higher CAT scores
exhibited significantly lower percentages of predicted FVC
and DLCO than those with lower CAT scores, a difference
28

that was especially pronounced between patients with low and
medium or high impact.
During the follow-up period, 12 patients died and at least
9 deaths from pulmonary insufficiency were put on record in
our hospital. Mortality in patients with higher CAT scores
was significantly higher than in patients with lower CAT
scores (log-rank test, P = 0.0002; Fig. 1). In univariate models,
the mortality hazard ratio of high CAT scores vs. low CAT
scores was 5.11 (P = 0.04), and hazard ratio of very high CAT
scores vs. low CAT scores and vs. medium CAT scores was
19.50 and 14.38 (P = 0.01 for both), respectively. The hazard ratios for FVC per 1% predicted and DLCO per 1% predicted were 0.97 and 0.94 (P = 0.02 for both; Table 2). Age
and home oxygen therapy did not influence the hazard ratio.
Relative hazards in multivariate models were also calculated
for the same variables. The mortality hazard ratios of very
high CAT scores vs. low, medium, and high CAT scores were
13.27, 35.95, and 428.51(P = 0.04, P = 0.005, and P = 0.001),
1.0

Survival probability

than one year (median, 18 months). We performed a review of
hospital records for the patient data. As this study was performed retrospectively, written informed consent for participation in the study was not obtained from patients, and subject
records were anonymized prior to analysis. The use of patient
records for the study was approved by the Human Ethics
Committee of Kanazawa University. Kanazawa University,
conforming to the provisions of the Declaration of Helsinki.
Thirty-six patients were diagnosed with idiopathic interstitial pneumonia, and the others were diagnosed with connective tissue disease-associated interstitial lung diseases. The
percent of predicted FVC and DLCO were collected from the
pulmonary function tests.
Statistical analysis. The CAT scores were categorized
into low (CAT # 10), medium (11 # CAT # 20), high
(21 # CAT # 30), and very high (CAT . 30) impact according to the severity.13 Statistical analysis was performed using
analysis of variance and Tukey’s honestly significant difference (HSD) test for multiple comparisons of values and
the chi-squared test for comparison of frequencies classified by impacts evaluated by the CAT. Survival according to
severity of the CAT score was illustrated via Kaplan–Meier
curves. Cox regression analysis was used to examine mortality in terms of age, CAT score, percent of predicted FVC and
DLCO, and home oxygen therapy. JMP 11 software (SAS
Institute Inc.) was used for statistical analysis. P , 0.05 was
considered significant.
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Figure 1. Kaplan–Meier survival curves according to severity of CAT
score. Solid line: CAT score #10; dash line: 11–20; dash and dotted line:
21–30; dotted line: .30. Survival curves were compared with the logrank statistic, P = 0.0002.
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Table 2. Cox regression analysis of survival-related parameters.
Variables

Univariate

Multivariate

Relative hazard (95% CI)

P

Relative hazard (95% CI)

P

1.03 (0.99–1.09)

NS

1.07 (0.98–1.22)

NS

1.36 (0.22–10.30)

NS

0.37 (0.04–8.41)

NS

 High/Low

5.11 (1.10–35.75)

0.04

0.03 (0.00–2.28)

NS

 High/Medium

Age
CAT categories
Medium/Low

3.77 (0.92–18.40)

NS

0.08 (0.00–1.96)

NS

Very high/Low

19.50 (2.33–162.95)

0.01

13.27 (1.20–305.53)

0.04

Very high/Medium

14.38 (1.89–87.01)

0.01

35.95 (3.40–593.63)

0.005

Very high/High

3.81 (0.54–17.76)

NS

428.51 (9.21–130916.4)

0.001

Home oxygen therapy (y/n)

2.35 (0.36–8.94)

NS

15.97 (0.31–964.31)

NS

FVC (% pred)

0.97 (0.94–0.996)

0.02

0.996 (0.94–1.05)

NS

DLCO (% pred)

0.94 (0.87–0.99)

0.02

0.88 (0.78–0.96)

0.003

Abbreviations: CI, confidence interval; CAT, COPD Assessment Test; FVC, forced vital capacity; DLCO, lung diffusion capacity for carbon monoxide;
NS, not significant.

respectively. The hazard ratio for DLCO per 1% predicted was
0.88 (P = 0.003).

Discussion

Our data demonstrate a relationship between higher CAT
scores and lower pulmonary function and that higher CAT
scores indicate a higher hazard of dying during follow-up of
18 months. Moreover, severely deteriorated quality of life was an
independent factor from impaired DLCO in terms of mortality.
Previous studies have demonstrated the relationship between
quality of life and pulmonary functions such as FVC and
DLCO or results of the 6MWT in interstitial lung disease,3–6
and our results supported the validity of the CAT. However,
no study has referred to the relationship between the CAT and
outcomes in those patients. The CAT, comprising only eight
items and able to be completed in short time,11 appears to be
useful as a prognostic marker for interstitial lung disease.
In this study, we found a significant independent relationship between the percent of predicted DLCO and survival, demonstrated by relative hazards in multivariate models.
A conflicting study reported that the percent of predicted FVC
and DLCO did not directly affect the hazard ratio for death in
idiopathic interstitial pneumonia,8 whereas in patients with systemic sclerosis, systolic pulmonary artery pressure and DLCO
(cutoff value: 64%) were found to be independently associated
with the risk of death.14,15 In this study, 9 of 12 deaths were of
patients with idiopathic interstitial pneumonia, while the others
were patients with systemic sclerosis or mixed connective tissue
disease, who showed percent of predicted DLCO values lower
than 64%. Therefore, it is suggested that percent of predicted
DLCO should be considered one of the factors for predicting
survival in widely classified interstitial lung disease.
The status of oxygen therapy in this study did not show
a significant effect on survival, although oxygen therapy may
be beneficial for maintaining oxygen saturation. However,

the lack of association between home oxygen therapy and
survival cannot be generalized because of the low number of
subjects (nine patients). Generally, long-term oxygen therapy
is known to improve survival without affecting quality of life
in patients with COPD.16 Previously, deterioration in quality
of life in interstitial lung disease compared with COPD was
reported,17,18 and it was thought to be due to differences in
the dyspnea mechanism or in the rate of disease progression.
For example, forced expiratory volume in the first second was
associated with health status in COPD,19 whereas FVC and
DLCO also showed significant correlations with quality of
life in interstitial lung disease.20
There were some limitations to this study. First, medications or complications were not taken into account, although
different clinical approaches and survival rates were suggested
depending on lung biopsy findings or underlying diseases
associated with interstitial lung disease. 21,22 Second, the study
was retrospectively performed at a single facility. We cannot
deny the possibility of an unexpected bias among the present
patients, even though we analyzed consecutive patients who
visited our facility. Further multicenter studies will be needed
to assess longitudinal changes regarding health status.

Conclusion

This work has demonstrated that it is possible to relate CAT
scores to mortality in patients with interstitial lung disease,
similar to lung perfusion disturbance. Considering that the
CAT needs no special equipment to evaluate the health status
of patients, the CAT may have a potential for use in everyday
clinical practice regarding mortality hazard for patients with
interstitial lung disease.
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Appendix

The COPD Assessment Test (CAT)
For each item below, place a mark (√) in the box that best describes your experience.

Example: I am very happy

0

√1

2

3

4

5

I am very sad

I never cough

0

1

2

3

4

5

I cough all the time

I have no phlegm (mucus) in my chest at all

0

1

2

3

4

5

My chest is completely full of phlegm (mucus)

My chest does not feel tight at all

0

1

2

3

4

5

My chest feels very tight

When I walk up a hill or one flight of stairs I am
not breathless

0

1

2

3

4

5

When I walk up a hill or one flight of stairs I am
very breathless

I am not limited doing any activities at home

0

1

2

3

4

5

I am very limited doing activities at home

I am confident leaving my home despite
my lung condition

0

1

2

3

4

5

I am not at all confident leaving my home because
of my lung condition

I sleep soundly

0

1

2

3

4

5

I don’t sleep soundly because of my lung condition

I have lots of energy

0

1

2

3

4

5

I have no energy at all

SCORE

SCORE
This questionnaire was developed by Jones et al.
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