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Background: The COPD assessment test (CAT) score is a key component of the multifactorial 

assessment of COPD in the Global initiative for chronic Obstructive Lung Disease (GOLD) 

guidelines of 2014. Nevertheless, little is known regarding the differences among COPD cat-

egories in terms of clinical parameters such as pulmonary function or radiological findings. 

Thus, our aims in this study were to evaluate the associations between CAT scores and pul-

monary clinical parameters, and to investigate factors that could discriminate between a “less 

symptomatic group” (categories A and C) and a “more symptomatic group” (categories B and 

D) among stable COPD patients.

Methods: We enrolled 200 outpatients at Chiba University Hospital. Study subjects were 

assessed by CAT, pulmonary function testing, and multidetector computed tomography (MDCT). 

We assessed possible correlations between these indices.

Results: CAT scores were negatively correlated with percentage of the forced expiratory volume 

in 1 second predicted value (FEV
1 
%predicted) and percentage of the diffusing capacity for 

carbon monoxide per liter of lung volume predicted value (DL
CO

/VA [%predicted]) results and 

positively correlated with low attenuation volume percentage (LAV%) and residual volume to 

total lung capacity ratios (RV/TLC). In the “more symptomatic group” (category B or D), the 

mean DL
CO

/VA (%predicted) was significantly lower and the mean LAV% and RV/TLC was 

significantly higher than those in the “less symptomatic group” (category A or C), respectively. 

Interestingly, those in category B had higher mean LAV% compared to those in category C.

Conclusion: CAT scores were significantly correlated with pulmonary function parameters 

and emphysematous changes on MDCT. The new GOLD classification system would be a 

step toward a phenotypic approach, especially taking into account the degree of emphysema 

and hyperinflation.
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Introduction
The Global initiative for chronic Obstructive Lung Disease (GOLD) documents of 2011 

divide COPD patients into four categories (A, B, C, and D) by combining symptom 

assessments, exacerbation history, and severity of airflow limitation.1–3 Treatment strat-

egy is decided according to the GOLD category. Recently, several studies reported that 

the modified Medical Research Council (mMRC) questionnaire is relatively insensitive 

in evaluating the quality of life (QOL) of COPD patients compared with the COPD 

assessment test (CAT).4–6 Indeed, GOLD 2014 guidelines recommend that a comprehen-

sive assessment such as the CAT should be the assessment of choice.7 Although several 

studies have tried to clarify the characteristics of each category classified by mMRC,8–11 

little is known about the characteristics of each category classified by CAT score.  
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In particular, it is unknown whether the degree of emphy-

sema, which is a major contributor to COPD, is reflected in 

the categorization of the GOLD document.

As we previously reported, most COPD patients are 

classified as having an emphysema-dominant phenotype.12 

Emphysema severity is independently associated with a 

rapid annual decline in forced expiratory volume in 1 second 

(FEV
1
) in COPD.13 Therefore it may be reasonable to take 

into account the emphysema severity in the COPD catego-

rization of GOLD.

The aims of present study were: 1) to analyze the associa-

tions between CAT scores and pulmonary function param-

eters and multidetector computed tomography (MDCT) 

findings and 2) to evaluate the differences between “less 

symptomatic” (categories A and C) and “more symptom-

atic” (categories B and D) categories with similar degrees 

of obstructive impairment.

Methods
Study subjects and design
Our study subjects included 269 consecutive patients who 

were diagnosed with or suspected of having clinically stable 

COPD at Chiba University Hospital from July 2010 through 

January 2015. All patients had a history of smoking. Each 

patient underwent pulmonary function tests (PFTs) and 

MDCT on the same day. COPD was diagnosed based on 

past history, a physical examination, and spirometric data, 

according to GOLD documents.2

Patients were excluded if they had no airflow obstruc-

tion by GOLD criteria (N=25); obvious abnormal lung 

parenchymal lesions, such as interstitial pneumonia (N=14); 

lung cancer (N=10) or heart failure (N=4); and self-reported 

asthma (N=20).14 Finally, a total of 200 COPD patients were 

enrolled (Figure 1).

Patients were subdivided by COPD severity according 

to GOLD stages I–IV, representing mild (stage I: FEV
1
 

%predicted 80%), moderate (stage II: 50% FEV
1
 

%predicted 80%), severe (stage III: 30% FEV
1
 

%predicted 50%), and very severe (stage IV: FEV
1
 %pre-

dicted 30%, or FEV
1
 %predicted 50% with chronic 

respiratory failure present).

We also divided these patients into four categories (A, B,  

C, and D) according to the GOLD guidelines of 2011.2  

In short, stage I or II patients are categories A or B, while 

stage III and IV are categories C and D (high exacerbation 

history can substitute for higher stage), while those with CAT 

scores 10 are in categories B or D. COPD exacerbation 

was defined as worsening of the disease requiring a short 

course of treatment with prednisolone (up to 2 weeks) alone 

or in combination with an antibiotic or an acute admission 

to the hospital because of COPD. All of these patients were 

clinically stable.

This study was approved by the ethics committee of Chiba 

University (approval number 857). Written informed consent 

was obtained from each participant.

Clinical measurements
After inhaling a short-acting bronchodilator, PFTs were 

done using a CHSTAC-8900 (Chest MI Corp, Tokyo, Japan) 

according to the American Thoracic Society and European 

Respiratory Society guidelines.15 Total lung volume and dif-

fusion capacity were measured by helium dilution and the 

single-breath method, respectively. Percentage of the FEV
1
 

predicted value (FEV
1
 %predicted) and percentage of the dif-

fusing capacity for carbon monoxide per liter of lung volume 

predicted value (DL
CO

/VA [%predicted]) were determined 

based on the Japanese Respiratory Society guidelines.16

All patients underwent MDCT as previously reported.17–19 

The scanner was calibrated regularly with an air and a water 

phantom to provide for reliable measurements. No con-

trast medium was used. We measured MDCT parameters 

according to our previous report.19 All images were recon-

structed using standard reconstruction algorithms, and the 

reconstructed images were transferred to a commercial 

workstation. Lung volumes with attenuation values of less 

than -960 Hounsfield units were segmented as low attenu-

ation volume (LAV). The ratio of LAV to the whole lung 

volume was described as LAV%.

Statistical analyses
Results are given as mean ± standard deviations. Correla-

tions between CAT scores, PFT parameters, and MDCT 
Figure 1 Flow chart for study participants.
Abbreviation: GOLD, Global initiative for chronic Obstructive Lung Disease.
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parameters were assessed by Spearman’s rank correlation 

analysis. Comparison of the COPD categories (A–D) was 

performed using one-way factorial analysis of variance with 

Bonferroni correction for multiple comparisons of continu-

ous variables. Chi-squared test was used for comparison of 

categorical variables. The level of significance was set at 

P0.05. All statistical analyses were done using JMP 10.0 

software (SAS Institute, Cary, NC, USA).

Results
Patient characteristics
The general characteristics of the 200 stable COPD patients 

are shown in Table 1. The majority of these patients were 

male, and their mean age was 69.8±7.9 years. These 

patients had a mean smoking history of 51.8±36.0 pack-

years, a mean FEV
1
 of 1.72±0.59 L, a mean FEV

1
 %pre-

dicted of 63.9%±19.8%, and a mean inspiratory LAV% of 

6.21%±8.83%.

The mean CAT score for these 200 patients was 

9.6±7.1.

CAT scores significantly correlate with 
PFT, MDCT, and MDCT parameters in 
aggregate
CAT scores were negatively correlated with FEV

1 
%pre-

dicted values (r=-0.372, P0.0001) (Figure 2A) and DL
CO

/

VA (%predicted) (r=-0.383, P0.0001) (Figure 2B). With 

regard to MDCT findings, CAT scores were positively 

correlated with LAV% values (r=0.450, P0.0001) (Fig-

ure 2C). Correlation r values did not significantly change 

using variations on these metrics, including raw FEV
1
 values, 

ratio of FEV
1
 to forced vital capacity (FEV

1
/FVC), or ratio 

of residual volume to total lung capacity (RV/TLC).

Patient characteristics in each COPD 
category
Table 2 shows the clinical characteristics for patients in 

each COPD category. There were no significant differences 

in body mass index or sex between these categories. Com-

pared with category A, the mean DL
CO

/VA (%predicted) 

was significantly lower (83.3%±16.2% vs 69.7%±19.4%, 

P0.0001) and the mean RV/TLC was significantly 

higher (38.1%±5.17% vs 41.7%±4.50%, P0.0001) in 

category B. As compared with category C, for category D,  

the mean DL
CO

/VA (%predicted) was significantly lower 

(80.0%±18.7% vs 59.5%±25.4%, P=0.005) and the mean 

RV/TLC was significantly higher (44.8%±4.39% vs 

50.9%±4.89%, P0.0001). With regard to radiological 

findings, compared to category A or C, for category B or D,  

the mean inspiratory LAV% was significantly higher  

(A vs B: 2.27%±3.92% vs 7.58%±6.54%, P0.0001, C vs D:  

3.37%±3.35% vs 15.2%±14.0%, P=0.004).

Comparison between categories B and C
A recent study reported that patients in category B, char-

acterized by more severe dyspnea, had significantly poorer 

Table 1 Patient baseline clinical characteristics

GOLD staging Total population  
(N=200)I (N=40) II (N=107) III (N=40) IV (N=13)

Age, years 68.9±7.2 68.7±7.8 73.6±7.9 70.5±6.1 69.8±7.9
Smoking, pack-years 47.3±30.2 49.0±37.6 55.3±33.4 77.2±36.3 51.8±36.0
BMI, kg/m2 23.2±2.19 23.2±3.53 22.9±2.95 20.4±3.52 22.9±3.26
Male sex, % 87.5 82.2 95.0 100 87.0
Current smokers, % 22.5 20.6 17.5 15.4 20.0
CaT score 6.8±4.3 8.7±6.6 10.9±6.7 21.8±5.9 9.6±7.1
Frequent exacerbator, % 2.5 5.6 17.5 61.5 11.0
FEV1 l 2.46±0.27 1.77±0.40 1.12±0.25 0.85±0.13 1.72±0.59
FEV1 (%predicted), % 89.4±7.63 66.4±12.1 42.5±5.10 30.6±7.34 63.9±19.8
FVC, L 3.83±0.47 3.03±0.61 2.45±0.69 2.45±0.40 3.04±0.75
FEV1/FVC, % 64.6±5.22 58.0±7.98 47.2±10.2 33.6±6.83 55.6±11.3
DlCO/VA (%predicted), % 80.7±16.4 76.9±19.5 74.2±21.0 42.0±22.5 74.7±21.5
RV/TLC, % 34.1±4.33 41.3±4.59 48.5±5.08 52.1±5.31 42.2±6.82
LAV, % 1.26±1.84 4.75±6.14 7.80±9.66 24.2±14.2 6.21±8.83

Notes: Plus-minus values are mean ± SD. Other values are number (%).
Abbreviations: BMI, body mass index; CAT, chronic obstructive pulmonary disease assessment test; DLCO/VA (%predicted), percentage of the diffusing capacity for carbon 
monoxide per liter of lung volume predicted value; FEV1, forced expiratory volume in 1 second; FEV1 (%predicted), percentage of the FEV1 predicted value; FVC, forced vital 
capacity; FEV1/FVC, ratio of FEV1/FVC; GOLD, Global initiative for chronic Obstructive Lung Disease; LAV, low attenuation volume; RV/TLC, ratio of residual volume to 
total lung capacity; SD, standard deviation.
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survival than group C, despite having a higher FEV
1
 level.10 

We compared these categories with regard to pulmonary 

functions and MDCT findings.

Patients in category B had significantly higher LAV% 

results (category B vs C: 7.58%±6.54% vs 3.37%±3.35%, 

P=0.004) than those in category C (Table 2).

Discussion
Among stable COPD patients, CAT scores were negatively 

correlated with airflow limitation and diffusing capacity 

and positively correlated with the extent of emphysema 

and lung hyperinflation results. We also attempted to 

determine those factors that might discriminate between 

a “less symptomatic group” and a “more symptomatic 

group” based on the new GOLD assessment proposal for 

COPD guidelines.2 For those patients with similar degrees 

of airflow limitation (category A vs B and category C vs D), 

among the variables we investigated, a “less symptomatic 

group” (CAT scores of 10) and a “more symptomatic 

group” (CAT scores of 10) could be distinguished based 

on their differences in DL
CO

/VA (%predicted) and RV/TLC 

results. In addition, the extent of emphysematous changes 

on CT was also significantly associated with a higher CAT 

score. Taken together, these results suggest that a reduced 

diffusing capacity and lung hyperinflation are two possible 

causes for the significantly impaired QOL among COPD 

patients at the same stage of this disease. To the best of our 

knowledge, ours is the first report to establish a relation-

ship between CAT scores and these COPD-related disease 

variables.

Another novel and interesting finding this study pro-

vides is that category B has a more emphysematous nature 

than category C. Lange et al10 demonstrated that patients in 

category B had poorer survival than those in categories A and C,  

probably due to their higher incidence of cardiovascular 

disease and cancer. Our present study was cross-sectional in 

nature, and our results cannot be used to predict the relation-

ship between symptoms and prognosis. However, when the 

effects of these comorbidities are excluded, diffusing capacity 

and hyperinflation may be associated with patients’ impaired 

QOL, and category B has more emphysematous features than 

category A or C. This might lead to high mortality in cat-

egory B, considering that CT findings of emphysema predict 

mortality in COPD.20 Both Lange et al10 and Agusti et al8,9  

Figure 2 Correlations between CAT scores and PFT parameters and MDCT parameters.
Notes: (A) Correlation between CAT score and FEV1 (%predicted). (B) Correlation between CAT score and DLCO/VA (%predicted). (C) Correlation between CAT score 
and LAV%.
Abbreviations: CAT, chronic obstructive pulmonary disease assessment test; DLCO/VA (%predicted), percentage of the diffusing capacity for carbon monoxide per liter 
of lung volume predicted value; FEV1 (%predicted), percentage of the FEV1 predicted value; LAV%, low attenuation volume percentage; FEV1, forced expiratory volume in  
1 second; PFT, pulmonary function test; MDCT, multidetector computed tomography.
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suggested that higher symptoms in category B may originate 

from comorbidities and not from airflow limitation. In addi-

tion to their hypothesis, we proposed that emphysematous 

change may be another factor that determines the patient’s 

prognosis. The GOLD classifications might still need modifi-

cation for the assessment of emphysema and risk in future.

Our results are not consistent with the past cohort, 

which reported that low attenuation area in CT increased 

from categories A–B to C–D.8 This inconsistency might 

result from the different QOL evaluation system used. 

They used mMRC for categorization, which reflects only 

one aspect of COPD (ie, breathlessness), while we used the 

CAT, which is more comprehensive.21 Han et al21 compared 

the mMRC and St George’s Respiratory Questionnaire 

scores (as a surrogate of CAT) and concluded that the 

distribution of the four categories was significantly dif-

ferent. They reported that use of mMRC resulted in more 

patients being placed into categories A and C. There are 

similar reports that describe differences in distributions 

of COPD categories when CAT or mMRC are used.22–25  

As our study uses CAT rather than mMRC in categoriza-

tion, it is a better match for the GOLD 2014 recommenda-

tions than were previous studies.

We also have to take note of the low frequency of acute 

exacerbations in this study. In the present study, patients were 

in the clinic every 1–2 months, and so it is unlikely that we 

failed to detect exacerbations. However, previous studies 

reported that Japanese experience fewer exacerbations.26,27 

Considering the GOLD document, which classifies COPD 

patients with exacerbation history, it is unsurprising that 

distributions and characteristics of each COPD category vary 

from region to region.

There were limitations to our study. First, our sample 

size was small because this study was conducted in a single 

facility, though reproducibility in analyzing by MDCT and 

PFT is warranted. Second, the majority of our COPD patients 

were in categories A and B, due to institutional bias. How-

ever, although there are some limitations, our findings are 

of significance because association between COPD category 

and severity of the emphysematous lesion was clarified.

Table 2 Patient clinical characteristics in each COPD category 

Category A (N=86)  
mean ± SD

Category B (N=54)  
mean ± SD

Category C (N=21)  
mean ± SD

Category D (N=39)  
mean ± SD

P-value

Age, years

68.0±7.3 69.1±8.0 72.2±8.8 72.2±7.1 0.001

Smoking, pack-years 44.4±27.8 56.3±45.1 48.7±30.6 63.5±36.6 0.031
BMI, kg/m2 23.3±2.45 22.9±4.12 23.1±2.45 22.2±3.63 0.213
Male sex, % 84.9 79.6 95.2 94.9 0.077

VC, L 3.41±0.64 3.31±0.73 2.80±0.75 2.81±0.63 0.0001

FVC, L 3.29±0.64 3.22±0.73 2.44±0.75 2.55±0.61 0.0001

FEV1 (%predicted), % 74.5±16.2 71.1±13.4 46.8±11.6 39.8±9.95 0.0001

DlCO/VA (%predicted), % 83.3±16.2 69.7±19.4 80.0±18.7 59.5±25.4 0.0001

RV, L 2.08±0.46 2.42±0.40 2.54±0.72 2.92±0.76 0.0001

TLC, L 5.66±0.93 5.75±0.95 5.73±1.47 5.83±1.26 0.650

RV/TLC, % 38.1±5.17 41.7±4.50 44.8±4.39 50.9±4.89 0.0001

LAV, % 2.27±3.92 7.58±6.54 3.37±3.35 15.2±14.0 0.0001

Notes: Values are mean ± SD. Other values are number (%). *P0.05; **P0.01.
Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; DLCO/VA (%predicted), percentage of the diffusing capacity for carbon monoxide per 
liter of lung volume predicted value; FEV1 (%predicted), percentage of the FEV1 predicted value; FVC, forced vital capacity; LAV, low attenuation volume; RV, residual volume; 
SD, standard deviation; TLC, total lung capacity; RV/TLC, ratio of residual volume to total lung capacity; VC, vital capacity; FEV1, forced expiratory volume in 1 second.
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Conclusion
CAT scores were significantly associated not only with 

airflow limitation, but also with diffusing capacity, lung 

hyperinflation, and radiographic emphysema among stable 

COPD patients. In a similar situation of airflow limitation, 

reducing diffusing capacity and lung hyperinflation are the 

two possible causes that impair patient’s QOL. When using 

the CAT for categorization, a “less symptomatic group” 

(CAT scores of 10) and a “more symptomatic group” (CAT 

scores of 10) can be distinguished based on their differ-

ences in emphysema or hyperinflation. In addition, the use of 

CAT for categorization reveals that GOLD category B might 

have more emphysematous findings than category C.
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