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INTRODUCTION

The updated guidelines of the Global Initiative for 
Chronic Obstructive Lung Disease (GOLD) categorize 

patients with chronic obstructive pulmonary disease 
(COPD) into subgroups (A to D) using symptoms based 
on either their modified Medical Research Council 
(mMRC) grade or COPD assessment test (CAT) score, 
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Background/Aims: In assigning patients with chronic obstructive pulmonary 
disease (COPD) to subgroups according to the updated guidelines of the Global 
Initiative for Chronic Obstructive Lung Disease, discrepancies have been noted 
between the COPD assessment test (CAT) criteria and modified Medical Research 
Council (mMRC) criteria. We investigated the determinants of symptom and risk 
groups and sought to identify a better CAT criterion.
Methods: This retrospective study included COPD patients seen between June 20, 
2012, and December 5, 2012. The CAT score that can accurately predict an mMRC 
grade ≥ 2 versus < 2 was evaluated by comparing the area under the receiver oper-
ating curve (AUROC) and by classification and regression tree (CART) analysis.
Results: Among 428 COPD patients, the percentages of patients classified into 
subgroups A, B, C, and D were 24.5%, 47.2%, 4.2%, and 24.1% based on CAT cri-
teria and 49.3%, 22.4%, 8.9%, and 19.4% based on mMRC criteria, respectively. 
More than 90% of the patients who met the mMRC criteria for the ‘more symp-
toms group’ also met the CAT criteria. AUROC and CART analyses suggested that 
a CAT score ≥ 15 predicted an mMRC grade ≥ 2 more accurately than the current 
CAT score criterion. During follow-up, patients with CAT scores of 10 to 14 did 
not have a different risk of exacerbation versus those with CAT scores < 10, but 
they did have a lower exacerbation risk compared to those with CAT scores of 15 to 
19.
Conclusions: A CAT score ≥ 15 is a better indicator for the ‘more symptoms group’ 
in the management of COPD patients.
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and risk is based on the forced expiratory volume in 1 
second (FEV1) or exacerbation history [1]. According to 
the guidelines, a patient who shows an mMRC grade ≥ 2 
or a CAT score ≥ 10 is categorized into the ‘more symp-
toms group.’ This classification system was accepted in 
the Korean guidelines [2]. An individual’s CAT score is 
generally correlated with his/her mMRC grade; how-
ever, discrepancies have been noted between mMRC 
grades and CAT scores [3]. For example, Han et al. [4] 
reported that the choice of symptom measure influ-
enced category assignment. When mMRC was chosen 
as the symptom measure, 58.5% of COPD patients were 
categorized into the more symptoms group. In contrast, 
when a St. George Respiratory Questionnaire (SGRQ) 
score of 25, which has been shown previously to be com-
parable to a CAT score of 10, was used as the measure, 
65.7% of patients were classified into the more symp-
toms group. This suggests that a CAT cut-off value of 
10 could overestimate the symptom severity compared 
with an mMRC cut-off value of 2. In fact, the average 
SGRQ score among patients with an mMRC grade of 
2 was 39 (standard deviation [SD], 14) corresponding to 
a CAT score of 15.6. Those individuals with an mMRC 
grade of 1 had an SGRQ score of 26 (SD, 13) correspond-
ing to a CAT score of 10.4.

It is also unclear whether there could be racial differ-
ences in the association between CAT scores and mMRC 
grades [5,6]. It has been reported that there are racial 
differences in the polymorphisms of genes that may be 
important in the pathogenesis [7,8] of and susceptibility 
[9] to COPD. In fact, Asians showed a much slower rate 
of decline in FEV1 than Caucasians (–30.6 mL/yr vs. –48.1 
mL/yr in the TOwards a Revolution in COPD Health 
[TORCH] trial) [10], and African-Americans have less 
emphysema than non-Hispanic whites (13.1% vs. 16.1%) 
[11]. Symptom distribution may also differ according to 
ethnicity.

We conducted this study to evaluate the determinants 
of symptom and risk groups and to determine a more 
accurate cut-off level for the CAT score to predict an 
mMRC grade ≥ 2 among Korean patients.

METHODS

Study design 

Since the GOLD guidelines were revised in 2011, most 
patients with COPD visiting our hospital have been eval-
uated using the CAT and mMRC questionnaires. This 
retrospective study included COPD patients aged 40 
years or older who visited the pulmonology outpatient 
clinic at Seoul National University Hospital and com-
pleted questionnaires that included the CAT, mMRC, 
and exacerbation history between June 20, 2012, and 
December 5, 2012. COPD was defined as a post-bron-
chodilator FEV1 to forced vital capacity ratio < 0.7. Those 
who had no spirometric measurements taken after 
bronchodilator use within the previous year, and those 
who had other respiratory diseases, including asthma, 
tuberculosis sequelae, and bronchiectasis involving one 
or more segments, fibrothorax, lung cancer, or a history 
of lung resection, were excluded. The Korean version of 
the CAT questionnaire is available online (http://www.
catestonline.org/) and has been validated for Asian pa-
tients [12]. Exacerbation in the past year was defined as 
the self-reported experience of an unexpected visit to an 
outpatient clinic or emergency room due to aggravation 
of dyspnea within 1 year from the date of the question-
naire. Three well-trained nurses were responsible for 
checking the questionnaires in the outpatient clinic. Ex-
acerbation during follow-up was defined as the worsen-
ing of a respiratory symptom requiring treatment with 
antibiotics or systemic corticosteroids, or hospitaliza-
tion.

This study was approved by the Institutional Review 
Board (IRB) of Seoul National University Hospital (IRB 
no. H-1212-113-453).

Analysis
First, we evaluated the distribution of COPD subgroups 
based on the spirometric measurements and question-
naires, determinants of the risk and symptom groups, 
and relationship between mMRC grade and CAT score 
using descriptive statistics. Second, the cut-off level for 
CAT that could more accurately predict an mMRC grade 
≥ 2 versus < 2, was evaluated by comparing the area un-
der the receiver operating curve (AUROC) and using 
classification and regression tree (CART) analysis. CART 
modeling identifies variables that delineate subgroups 
of patients with distinct patterns of mMRC grade ≥ 2. 
The overall probability of the outcome (mMRC grade 
≥ 2) was estimated. Next, the patients were divided into 
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two subgroups based on the categories chosen and the 
CART algorithm in the case of continuous variables (e.g., 
CAT score) that best reflected the probability of the out-
come. This process was continued with each subgroup 
until the added level of complexity could not be justified 
by the effort required at validation [13,14]. Kaplan-Meier 
estimates and the log-rank test were used to compare 
the time to first exacerbation during follow-up accord-
ing to the CAT score among patients with at least 1 year 
of follow-up. All statistical analyses were conducted us-
ing STATA software version 12.1 (STATA Corp., College 
Station, TX, USA). A p < 0.05 was considered to indicate 
statistical significance.

RESULTS

Among 1,049 patients screened, 790 patients with COPD 
aged 40 years or older who answered questionnaires, in-
cluding the CAT and mMRC, were enrolled. After ex-
cluding patients who had other lung diseases (n = 182) 
or had not undergone spirometry within the previous 
year (n = 180), 428 patients were included in the analy-
sis. The mean age of the patients was 69.5 ± 8.0 years, 
and males were predominant (88.1%). Their mean body 
mass index was 23.1 ± 8.0 kg/m2 and 84.5% were current 
or former smokers. Their mean mMRC and CAT scores 
were 1.47 ± 0.81 and 14.3 ± 7.1, respectively. Among the 
patients, 13.8% had experienced two or more exacer-
bations in the past year. Their mean FEV1 was 70.0% ± 
21.3% of the predicted value, and 17.6% of the patients 
were classified into GOLD stage 3 or 4. Of these patients, 
the distribution of subgroups was 22.0% (94; A), 49.8% 
(213; B), 3.0% (13; C), and 25.2% (108; D) (Table 1). While 
about 30% of stage 1 to 2 patients had fewer symptoms 
(subgroup A or C), less than 10% of stage 3 to 4 patients 
had fewer symptoms. The percentage of patients classi-
fied into subgroup D was more than 10%, even in stage 
1 to 2. Of the patients classified into the high-risk group 
(who had either an FEV1 ≥ 50% of the predicted value 
[FEV1 criterion] or two or more exacerbations in the past 
year [exacerbation criterion]), 62 (51.2%) met only the 
FEV1 criterion, 46 (38.0%) met only the exacerbation cri-
terion, and 13 (10.7%) met both (Fig. 1). Of the patients 
classified into the more symptoms group (who had an 
mMRC grade ≥ 2 [mMRC criterion] or a CAT score < 10 

Table 1. Baseline characteristics and the distribution of 
subgroups

Variable Value

No. of patients included 428

Age, yr 69.5 ± 8.0

Male sex 377 (88.1)

Height, cm 164.8 ± 8.9

Weight, kg 62.1 ± 9.8

Body mass index, kg/m2 23.1 ± 7.2

Smoking

Current 104 (24.4)

Former 256 (60.1)

Never 66 (15.5)

Pack-years 36 (0–174)

Chronic bronchitis 38 (13.9)

Modified Medical Research Council

Mean ± SD 1.47 ± 0.81

Median (IQR) 1 (1–2)

CAT score

Mean ± SD 14.3 ± 7.1

Median (IQR) 14 (9–19)

History of exacerbations in the past year

Unexpected visit to outpatient clinic (no./yr) 0 (0–30)

Unexpected visits to emergency room (no./yr) 0 (0–5)

≥ 2 Events in the past year 59 (13.8)

FEV1/FVC 0.50 ± 0.13

FVC, L 3.41 ± 0.78

FVC, % 96.2 ± 17.6

FEV1, L 1.70 ± 0.58

FEV1, % 70.0 ± 21.3

GOLD stage  

1 (FEV1 > 80% of predicted) 130 (30.3)

2 (FEV1 50%–79% of predicted) 223 (52.1)

3 (FEV1 30%–49% of predicted) 70 (16.4)

4 (FEV1 < 30% of predicted) 5 (1.2)

GOLD subgroup  

A 94 (22.0)

B 213 (49.8)

C 13 (3.0)

D 108 (25.2)

Values are presented as mean±SD, number (%), or median 
(interquartile range).
SD, standard deviation; IQR, interquartile range; CAT, 
chronic obstructive pulmonary disease (COPD) assessment 
test; FEV1, forced expiratory volume in 1 second; FVC, forced 
vital capacity; GOLD, Global Initiative for Chronic Obstruc-
tive Lung Disease.
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[CAT criterion]), 142 (44.2%) met only the CAT criterion, 
16 (5.0%) met only the mMRC criterion, and 163 (50.8%) 
met both. Thus, more than 90% of the patients who met 
the mMRC criterion for the more symptoms group also 
met the CAT criteria, indicating that the CAT criterion 
was ‘easier’ to meet than the mMRC criterion for the 
more symptoms group (Fig. 2).

The mean CAT scores were 5.6 ± 4.3, 11.9 ± 5.3, 17.0 ± 6.5, 
22.5 ± 5.8, and 23.3 ± 3.6 among patients with an mMRC 
grade of 0, 1, 2, 3, and 4, respectively (Table 2). If a CAT 
score of ≥ 10 versus < 10 was used as the cut-off criterion, 
based on the GOLD recommendations, the prediction 
of an mMRC ≥ 2 had a sensitivity of 91.1% and a speci-
ficity of 43.0%. If a CAT score ≥ 15 versus < 15 (the ‘new 
CAT criterion’) was used as the cut-off criterion, both 
the sensitivity and specificity were greater than 70% (data 

not shown).
By CART analysis, a CAT score ≥ 15 (the new CAT crite-

rion suggested above) was the best predictor of an mMRC 
≥ 2 (relative hazard risk, 1.59) (Fig. 3). Even after adjusting 
for age, sex, pack-years, height, weight, the presence of a 
history of tuberculosis, the presence of symptoms com-
patible with chronic bronchitis, and FEV1, a CAT score 
≥ 15 was the best predictor of an mMRC ≥ 2 (data not 
shown).

Using the AUROC, a CAT score ≥ 15 showed better dis-
criminant power to predict an mMRC grade ≥ 2 than a 
CAT score ≥ 10 (AUROC, 0.727 ± 0.022 vs. 0.670 ± 0.019, 
p = 0.007) (Fig. 4).

Application of the new criterion resulted in an increase 
in the percentage of patients classified into the more 
symptoms group versus application of the mMRC crite-

Table 2. CAT scores according to modified Medical Research Council grade

CAT score Mean SD MIN 25th percentile Median 75th percentile MAX

mMRC 0 5.6 4.3 0 3 4 8 21

mMRC 1 11.9 5.3 1 8 12 16 28

mMRC 2 17.0 6.5 5 13 16 21 37

mMRC 3 22.5 5.8 9 18 22.5 27 33

mMRC 4 23.3 3.6 18 21 24.5 25.5 26

CAT, chronic obstructive pulmonary disease (COPD) assessment test; SD, standard deviation; MIN, minimum; MAX, maxi-
mum; mMRC, modified Medical Research Council.

FEV1
criteria

A
51.2%

A FEV1 < 50% of predicted and exacerbation < 2/yr
B FEV1 < 50% of predicted and exacerbation ≥ 2/yr
C FEV1 ≥ 50% of predicted and exacerbation ≥ 2/yr

B
10.7%

C
38.0%

Exacerbation
criteria

mMRC
criteria A

5.0%

A mMRC grade  ≥ 2 and CAT score < 10
B mMRC grade  ≥ 2 and CAT score ≥ 10
C mMRC grade  < 2 and CAT score ≥ 10

B
50.8%

C
44.2%

CAT
criteria

Figure 1. Venn diagram of the determinants for high-risk 
group classif ication. FEV1, forced expiratory volume in 1 
second.

Figure 2. Venn diagram of the determinants for symptom 
group classif ication. mMRC, modified Medical Research 
Council; CAT, chronic obstructive pulmonary disease 
(COPD) assessment test.
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ria from 5.0% to 20.9% (Table 3), and an increase in the 
percentage of patients classified into subgroups A and C 
(22.0% to 37.4% in subgroup A, and 3.0% to 5.6% in sub-
group C) (Table 4). During the follow-up period, patients 
with an initial CAT score of 10 to 14 had a significantly 
lower exacerbation risk than those with CAT scores of 
15 to 19 or ≥ 20 (log-rank test, p < 0.001), but there was 
no significant difference in exacerbation risk between 
patients with CAT scores of 10 to 14 and < 10 (Fig. 5).

DISCUSSION

In this study, there were discrepancies between the 
mMRC criterion (≥ 2 as an indicator of more symptoms) 
and the CAT criterion (≥ 10 as an indicator of more 
symptoms) to classify a patient into a symptom group 
(fewer vs. more symptoms). The CAT criterion was the 
overwhelming determinant of symptom group classi-
fication; only 5.0% of the patients were classified into 
the more symptoms group based on the mMRC criteri-

No. of patients

No. of patients
with mMRC ≥ 2

Relative hazard risk

193

128
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112

35

0.75
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Figure 3. Classif ication and regression tree analysis to 
evaluate good predictors of an modified Medical Research 
Council (mMRC) grade ≥ 2. CAT, chronic obstructive pul-
monary disease (COPD) assessment test.

Figure 4. The area under the receiver operating curve to 
compare the prediction of modif ied Medical Research 
Council grade 2 according to chronic obstructive pulmo-
nary disease (COPD) assessment test (CAT) criterion cut-off 
level.

Table 3. Cross-tabulation of the old and new symptom groups when the new CAT criterion was applied

Variable
mMRC grade < 2 

andCAT 
score < 15

mMRC grade < 2 
and CAT 
score ≥ 15

mMRC grade ≥ 2 
and CAT 
score < 15

mMRC grade ≥ 2 
and CAT 
score ≥ 15

Total

mMRC grade < 2 & CAT score < 10 107 0 0 0 107 (25.0a, 100.0b)

mMRC grade < 2 & CAT score ≥ 10 77 65 0 0 142 (33.2a, 44.2c)

mMRC grade ≥ 2 & CAT score < 10 0 0 16 0 16 (3.7a, 5.0c)

mMRC grade ≥ 2 & CAT score ≥ 10 0 0 35 128 163 (38.1a, 50.8c)

Total 184 (43.0a, 100.0b) 65 (15.2a, 26.6c) 51 (11.9a, 20.9c) 128 (29.9a, 52.5c) 428 (100.0)

Values are presented as number (%).
CAT, chronic obstructive pulmonary disease (COPD) assessment test; mMRC, modified Medical Research Council.
aPercentage among all of the patients. bPercentage among the less symptoms group. cPercentage among the more symptoms 
group.
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on alone, although the FEV1 criterion and exacerbation 
criterion had comparable roles in determining the risk 
group (among high-risk patients, 62.0% met the FEV1 
criterion and 48.8% met the exacerbation criterion). 
Thus, the CAT criterion classified more patients into 
the more symptoms group than the mMRC criterion. 
This result is consistent with those of other studies. We 
did not identify any racial difference, although the dis-
tribution varied. Among 1,508 COPD patients from the 
Adelphi Respiratory Disease Specific group, the propor-
tions of patients in subgroups A, B, C, and D when eval-
uated by CAT were 10%, 49%, 1%, and 40%, and when 
evaluated by mMRC were 39%, 20%, 13%, and 28%, re-
spectively [15], showing an extremely small fraction for 

subgroup C when using the CAT criterion. Among 1,817 
patients from the Health-Related Quality of Life in Eu-
ropean COPD study, the proportions of patients in sub-
groups A, B, C, and D when evaluated by CAT were 8.1%, 
19.2%, 9.1%, and 63.3%, and when evaluated by mMRC 
were 20.5%, 6.8%, 36.7%, and 35.9%, respectively [16]. 
These two cohort studies had substantial discrepancies 
in the distribution of subgroups according to classifi-
cation by CAT and mMRC criteria, which were similar 
to those in our study. In our study, in which patients 
also answered CAT questionnaires, the percentages of 
patients classified into subgroups A, B, C, and D were 
24.5%, 47.2%, 4.2%, and 24.1% by the CAT criterion and 
49.3%, 22.4%, 8.9%, and 19.4% by the mMRC criterion, 
respectively. Although, the COPD Gene study revealed a 
relatively small difference in subgroup distribution, this 
study did not use the CAT questionnaire but used SGRQ 
as a surrogate for CAT instead. Among 4,484 patients, 
the percentages of patients in subgroups A, B, C, and 
D were 29.4%, 24.7%, 4.9%, and 41.0% when evaluated 
by SGRQ (a surrogate for CAT), and 33.6%, 20.5%, 7.9%, 
and 38.0%, respectively, when evaluated by the mMRC 
criterion [4]. It is concerning that classification by SGRQ 
versus CAT produced different results.

To resolve the discrepancy between the mMRC and 
CAT criteria, there are two possible approaches. First, the 
cut-off level of the mMRC grade used in categorizing the 
risk group can be lowered to 1 instead of 2. However, it 
is well-known that the prognosis between patients with 
an mMRC grade of 2 and those with an mMRC grade of 
0 to 1 differs in large cohort studies (BODE cohort, Swiss 
Barmelweid cohort, and Spanish Phenotype and Course 
of COPD cohort) [17,18], suggesting that an mMRC grade 
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Figure 5. Exacerbation risk during the follow-up period un-
til 1 year according to chronic obstructive pulmonary dis-
ease (COPD) assessment test (CAT) score categories.

Table 4. Cross-tabulation of the GOLD subgroup (current) and the new GOLD subgroup when the new CAT criterion was 
applied

New A New B New C New D Total

Current A 94 0 0 0 94 (22.0)

Current B 66 147 0 0 213 (49.8)

Current C 0 0 13 0 13 (3.0)

Current D 0 0 11 97 108 (25.2)

Total 160 (37.4) 147 (34.4) 24 (5.6) 97 (22.7) 428 (100.0)

Values are presented as number (%).
GOLD, Global Initiative for Chronic Obstructive Lung Disease; CAT, chronic obstructive pulmonary disease (COPD) assess-
ment test.
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of 2 is a more appropriate cut‑off level than an mMRC 
grade of 1. Second, the cut-off level for the CAT score can 
be raised while keeping the mMRC criterion the same. 
In fact, the importance of a CAT score of 10 is somewhat 
arbitrary [19]. In this study, we proposed a new CAT cri-
terion: a patient with a CAT score ≥ 15 was classified into 
the more symptoms group. This is based on the results 
of this study, as follows: (1) the CAT score corresponding 
to a mMRC grade of 2 was 17, which is higher than the 
former CAT criterion of 10 (Table 2); (2) when the cut-off 
level of the CAT score was 15, both the sensitivity and 
specificity were above 70% to predict an mMRC grade 
≥ 2 (Fig. 4); (3) decision tree and CART analyses showed 
that a CAT score ≥ 15 versus < 15 was the best predictor 
of an mMRC grade ≥ 2 versus < 2 (Fig. 1); and (4) the new 
criterion revealed a higher discriminant power to predict 
an mMRC grade ≥ 2 than the former criterion (Fig. 2). 
Furthermore, during follow-up, patients with CAT scores 
of 10 to 14 did not have a different risk of exacerbation 
versus those with a CAT score < 10, while there was a 
statistically significant difference in exacerbation risk be-
tween those with CAT scores of 10 to 14 and those with 
CAT scores of 15 to 19 (Fig. 5). This also suggests that a 
CAT score ≥ 15 versus < 15 was a better predictor than a 
CAT score ≥ 10 versus < 10.

In this study, we used AUROC and CART analy-
ses. CART analysis, a decision-tree methodology, is a 
non-parametric statistical procedure that identifies mu-
tually exclusive and exhaustive subgroups of a population 
whose members share common characteristics that in-
fluence the dependent variable of interest. It is regarded 
as a promising research tool for the identification of at-
risk persons [20].

The proposed new CAT criterion increased the utility 
of the mMRC criteria. If the current criterion is applied, 
the CAT criterion is superior to the mMRC criterion in 
determining the symptom group. However, when the 
new CAT criterion was applied, the percentage of patients 
classified into the more symptoms group based on only 
the mMRC criterion increased from 5.0% to 20.9% (Ta-
ble 3). Additionally, the percentage of patients classified 
into subgroup C increased from 3.0% to 5.6% (Table 4). In 
the current subgroup classification, a small percentage of 
patients were classified into subgroup C, suggesting the 
uselessness of dividing subgroups C and D.

The point could be raised that the new CAT criterion 

results in underestimating the classification of COPD 
patients (that is, from B to A and D to C), which might 
lead to insufficient treatment. In fact, the treatment for 
early-stage COPD has been highlighted recently [21], and 
application of the new CAT criterion could cause some 
patients with early-stage COPD to lose the opportunity 
for regular treatment. However, unfortunately, it is also 
true that there is no definite evidence that any regular 
treatment can modify the disease course in COPD pa-
tients, including early-stage, except for smoking ces-
sation [22], although there have been some promising 
reports [10,23]. It is important to determine when a pa-
tient with COPD should be treated. Above all, patients 
with poorer prognostic factors should be considered for 
treatment. As mentioned above, there were differences 
in prognosis between patients with an mMRC grade of 2 
and those with an mMRC grade of 0 to 1 [17,18]. However, 
it has not been recognized whether there is a difference 
in clinical outcome between patients with an mMRC 
grade < 2 but a CAT score ≥ 10 and those with an mMRC 
< 2 and a CAT score < 10. Thus, an mMRC grade of 2 
should be considered a more important factor than a 
CAT score of 10. In addition, over-classification could 
result in over-estimating the classification and increas-
ing medical costs.

Our study has several limitations. First, the data were 
reviewed retrospectively. Many patients had not under-
gone spirometry within the previous year, which led 
us to exclude about one-fourth of the patients. Second, 
we did not evaluate the clinical outcome and prognosis 
among these patients due to the lack of a follow-up peri-
od. Third, the history of exacerbation was self-reported, 
which could raise concerns about recall bias and inac-
curacy.

In conclusion, there are discrepancies between mMRC 
and CAT criteria in identifying patients with more symp-
toms, and the CAT criterion was the overwhelming de-
terminant of symptom group classification. A CAT score 
≥ 15 predicted an mMRC grade ≥ 2 more accurately than 
the current CAT cut-off, and it predicted the risk of ex-
acerbation during the follow-up period more precisely. 
When the cut-off level of the CAT criterion was increased 
from the current level of 10 to 15, this discrepancy was 
reduced.
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