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Clinical assessment tests in evaluating patients
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Abstract
Exertional dyspnea scales (EDS) and health-related quality-of-life questionnaires (HRQoLQs) are used to assess chronic obstructive
pulmonary disease (COPD). The GOLD guidelines categorize patients according to either 1 of these 2 domains, the lung function and
the frequency of acute exacerbations in the preceding year, however with inconsistent results. Combining EDS and HRQoLQs may
yield better results; however, the best combination is unclear. Whether the EDS quantifies the exercise capacity or the dyspnea
perception is also unclear. The study was designed to correlate the EDS with exercise capacity and dyspnea perception and to
evaluate the best combination of the EDS and HRQoLQ.
Three EDS were compared by exercise capacity and Borg scores at rest and during exercise in 57 patients with COPD. Three

HRQoLQs were compared by 4 domains of clinical assessments, and 2 types of exercise. The strength of correlation jrj was
categorized by quartiles from <0.3 to ≥0.6.
The EDS was better correlated with exercise capacities (jrj=0.29–0.65, P<0.05–<0.0001) than with the resting and exertional

Borg scores (jrj=0.08–0.55, P=NS- <0.0001). The EDS were moderately to strongly interrelated, but this correlation was weaker
when including Oxygen-cost Diagram (OCD) (with the modified Medical Research Council, mMRC r=�0.56, with the baseline
dyspnea index, BDI r=0.49 vs. mMRC with BDI r=�0.73); however, the OCD had the strongest correlation with walking distance
(r=0.65, vs mMRC r=�0.59, BDI r=0.5) and peak oxygen uptake (r=0.39 vs mMRC r=�0.29, BDI r=0.36). Among the
HRQoLQs, the COPD assessment test (CAT) was most strongly correlated with the St. George Respiratory Questionnaire (SGRQ)
(r=0.77) and similar to the SGRQ regarding significant correlations with the other instruments (jrj=0.29–0.67 vs. 0.36–0.77) but
poorly with walking distance (r=�0.02). The OCD was mildly correlated with the CAT (r=�0.4).
The EDS was more related to the exercise capacity than to the dyspnea perception and the CAT was most closely related to the

other instruments but poorly with walking distance. The OCD can be used to compensate for this weak correlation. The study
suggests using the CAT and the OCD simultaneously when undertaking clinical evaluation of patients with COPD.

Abbreviations: 6MWD= six-minute walking distance, 6MWT= six-minute walk test, ADL= activity of daily life, BDI= the Baseline
Dyspnea Index scales, CAT = COPD assessment test, CETs = clinial evaluation tools, COPD = chronic obstructive pulmonary
disease, CRQ = chronic respiratory disease questionnaire, EDs = exertional dyspnea scales, FEV1 = forced expired volume in 1
second, GOLD= the global initiative of chronic obstructive lung disease, HAD=Hospital Anxiety Depression Scale, HRQoL= health-
related quality of life, mMRC = modified Medical Research Council, OCD = oxygen-cost diagram, Q = questionnaire, SGRQ = St.
Gorge Respiratory Questionnaire, SGRQ-C = the SGRQ specific for COPD.

Keywords: BDI, Borg scale, cardiopulmonary exercise test, CAT, CRQ, exertional dyspnea, HAD, mMRC, OCD, questionnaire,
SGRQ, 6-minute walk test
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1. Introduction

Clinical assessment tools are widely used to evaluate patients
with chronic obstructive pulmonary disease (COPD).[1] These
tools generally include 4 domains: dyspnea perception and
exertional dyspnea, and questionnaires of health-related quality
of life (HRQoLQs) and mood.[2]

The modified Medical Research Council (mMRC) scale,[1]

Baseline Dyspnea Index (BDI),[1] and Oxygen-Cost Diagram
(OCD)[1] are common unidimensional exertional dyspnea scales
(EDS).[1,3] The COPD assessment test (CAT),[4] St. George
Respiratory Questionnaire (SGRQ),[5] and Chronic Respiratory
Disease Questionnaire (CRQ)[6] are multidimensional HRQoLQs
that include symptoms, exertional dyspnea, andotherQoL factors.
The GOLD[7] guidelines categorize patients with COPD using
either 1 of these 2 domains and the lung function and the frequency
of acute exacerbations in the preceding year; however, inconsistent
results have been reported.[8,9] Combining the 2 domains may
yield better results; however, the large number of scales and
questionnaires make using them all impractical in clinical practice.
The EDS is usually used for dyspnea scoring but not for exercise
capacity classification, however with which the EDS better
correlates is unclear. Therefore, the aim of this study was to
evaluate the best combination of EDS and HRQoLQs for patients
with COPD and to discriminate the role of exercise capacity and
dyspnea perception played in the EDS.

2. Methods

2.1. Study design

In this cross-sectional observational study, the relationships
among 3 EDS and 3 HRQoLs, 1 mood scale, Borg dyspnea scale,
and 2 types of exercise test were assessed. The outcomes were to
determine which the EDS might correlate better with dyspnea
perception or exercise performance and to choose the HRQoLQ
with the best inter-relationship but low correlation with the EDS.

2.2. Subjects

Subjects with moderate-to-severe COPD were enrolled from the
pulmonary division of our university-affiliated hospital in
Taiwan between January 1, 2012, and December 31, 2012.
Moderate-to-severe COPD was defined as a forced expired
volume in 1second (FEV1) <80% of the predicted value and a
FEV1/forced vital capacity ratio <70%.[7] The local institutional
review board approved this study (CSHRP 11144) and all of the
participants provided informed consent. The study was con-
ducted in compliance with the Declaration of Helsinki.
The participants were aged 40 to 85 years, and during the

period of study, they abstained from cigarette smoking or
maintained a low consumption, had no acute exacerbations of
COPD, a stable clinical condition for 1 month or longer
(Supplement 1), adhered to their COPDmedications suggested by
the GOLD guidelines,[7] and did not participate in any exercise
training programs. The participants who took prednisolone >10
mg/day, had uncontrolled diabetes mellitus, uremia, chronic
heart failure, cerebrovascular disease, uncontrolled anemia, late-
stage malignant diseases or other acute illnesses, and those taking
any systemic anti-inflammatory agents were excluded.

2.3. Protocols and measurements

Data on demographics, the 3 EDS, 3 HRQoLQs, Hospital
Anxiety Depression Scale (HAD),[10] Borg scale, and exercise
2

tests were recorded. The scales and questionnaires were evaluated
once at rest. Lung function and exercise tests were undertaken
within 7 days after the scales and questionnaires were conducted.
The Borg category scale was used to rate dyspnea perception at
rest and at the start and end of exercise tests.[11]

Lung function and maximum cardiopulmonary exercise test
(CPET)[12] were conducted by an experienced technician, and the
6-minute walk test (6MWT)[13,14] by a nurse. Lung function
was measured with pressure-sensitive body plethysmography
(MasterScreen Body; Carefusion, Leibnizstrasse, Wuerzburg,
Germany).[13]

The walking tests were conducted in a temperature-controlled
20-meter corridor, with verbal encouragement as per the
American Thoracic Society recommendations.[14] Each patient
performed the 6MWT twice, with >30minutes rest in between.
The longest distance walked was recorded in meters as 6-minute
walk distance (6MWD).
The CPET was conducted according to the ATS/ACCP

statement.[12] Workload, heart rate, oxyhemoglobin saturation,
oxygen uptake (mL/min), CO2 output (mL/min), minute ventila-
tion, and blood pressure were also measured (MasterScreen CPX;
CareFusion, Leibnizstrasse, Wuerzburg, Germany).[15]
2.4. Exertional dyspnea scales

The 3 EDS were used to evaluate dyspnea (Supplement 2). The
patients completed these scales before the exercise tests, after they
had been thoroughly explained by a nurse.
Oxygen-cost diagram[1]: The patients used the OCD to assess

daily activities. They were asked to indicate a point on an OCD, a
100-mm long vertical line with everyday activities listed alongside
the line, above which breathlessness limited them.[16] The
distance from zero was measured and scored.
Baseline dyspnea index[1]: Briefly, the BDI includes 3 domains:

functional impairment, magnitude of task, and magnitude of
effort. Each domain is graded from 0 to 4 indicating very severe
impairment to no impairment, dyspnea developing when
carrying an object from no task to an extraordinarily heavy
task, and dyspnea developing when performing a task from no
effort to an extraordinary effort, respectively.
Modified Medical Research Council dyspnea scale[1]: Briefly,

the mMRC scale includes 5 grades from 0 indicating “I only get
breathless with strenuous exercise” to 4 “I am too breathless to
leave the house.”
Modified Borg Category Scale[11]: The patients were asked to

rate the intensity of breathing effort.[17] The scale consists of a
vertical scale labeled 0 to 10 with corresponding verbal
expressions of progressively increasing sensation intensity. The
patients were instructed to point to the number on the Borg scale
that best indicated the intensity of their breathing effort at rest or
at the start and end of exercise tests.
2.5. Health-related quality of life

The patients completed 3 HRQoLQs (Supplement 3) before the
exercise tests, after they had been thoroughly explained by a nurse.
COPD Assessment Test[4]: The CAT questionnaire consists of

8 items with each graded from 0 to 5; the higher the more severe.
The CAT covers cough, phlegm, chest tightness, breathlessness
going up a hill/stairs, activity limitation at home, confidence in
leaving home, sleep, and energy.
St. George Respiratory Questionnaire[5]: The SGRQ includes

50 items covering 3 domains: symptoms (eight items), activity (16
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Assessed for eligibility (n=68)

Excluded (n= 11)
Not meeting inclusion criteria (n= 3)
Exclusion criteria (n= 2)
Declined to participate (n= 6)

Performed all the followings in random order in separate days:

♦ PFT

♦ CPET

♦ 6MWT

Completed all the followings in random order:

♦ Dyspnea perception: Borg score

♦ EDS: mMRC OCD BDI

♦ HRQoLQs: CAT SGRQ CRQ

♦ Mood: HAD

Analysis

(n=57)

Enrollment

Analysed (n=57)

♦ Excluded from analysis (give reasons) (n=0)

Figure 1. Flow diagram. A total of 68 patients with chronic obstructive pulmonary disease were screened. Eleven patients were excluded, and 57 subjects were
enrolled. Measurements were completed as described in the boxes. BDI = baseline dyspnea index, CAT = COPD assessment test, COPD = chronic obstructive
pulmonary disease, CRQ = chronic respiratory disease questionnaire, EDS = exertional dyspnea scales, HAD = hospital anxiety depression questionnaire,
HRQoLQs = health-related quality-of-life questionnaires, mMRC = modified medical research council scale, OCD = oxygen-cost diagram, SGRQ = St. George
respiratory questionnaire.

Chuang et al. Medicine (2016) 95:47 www.md-journal.com
items), and impact (26 items). Each domain is scored using the
SGRQ calculator, with the total score being the sum of the
3 domain scores. The questions covered the degree of chest
trouble over the past 3 months (Supplement 4).
Chronic Respiratory Disease Questionnaire[6]: Briefly, the CRQ

encompasses 20 items in 2 sections: exertional dyspnea (5 items),
and mood/confidence in dealing with illness and energy (15 items)
during the last 2weeks. The first 5 items included 26daily activities
in which the patients experienced dyspnea, selected by the patients
as being the most important such as being angry, bending, playing
sports, orwalking uphill,with each activity scored from1 (extreme
shortness of breath) to 7 (not at all short of breath). The remaining
15 items such as feeling impatient or frustrated, feeling
embarrassed, having energy or confidence were omitted as
recommended in the previous study.[1]
2.6. Mood

A mood is an emotional state classified as being positive or
negative. The HAD questionnaire is widely used in patients with
COPD (Supplement 5).[10,18–20]
3

HospitalAnxietyDepressionScale :Briefly, this questionnaire
contains 14 items: 7 on anxiety and 7 on depression. Each anxiety
item is followedby1depression item.The psychiatric rating ranges
from 0 (not at all) to 3 (very much) for each negative thinking item
and0 (asmuchas ever) to 3 (hardly at all) for eachpositive thinking
item.A score�7 is definedas not having depressionor anxiety, 8 to
10 possible or mild, 11 to 14 moderate, and ≥15 severe.[10,19] The
lower the scores, the better the mood.

2.7. Statistical analysis

Data were summarized as mean± standard deviation. Correlations
were based on Pearson correlation coefficients using the correlation
matrix function of NCSS software (v07.1.15; NCSS, Kaysville, UT).
Statistical significance was set at P<0.05, at which the strength of
correlation jrj was categorized by quartiles as weak (<0.3); mild
(0.3�jrj<0.45); moderate (0.45�jrj<0.6); and strong (≥0.6).

3. Results

Sixty-eight patients were screened and 11 were excluded due to 3
not meeting inclusion criteria, 2 meeting exclusion criteria, and 6

http://www.md-journal.com


Table 1

Demographic data, score of each scoring instrument, lung
function, and exercise capacities.
Age, y 70±8.8
Gender: M/F 56/1
Cigarette, pack·years 43.3±21.8
BMI, kg/m2 24.6±4.1
Systolic BP, mm Hg 137±16
Diastolic BP, mm Hg 77±10
Medications used at entry, n (%)
SAMA+SABA 17
LAMA 25
LABA 10
LABA+ ICS 35
LABA+LAMA+ ICS 17
Xanthines 35
Antihistamine 13
GOLD stage 1, (no.) 12
GOLD stage 2, (no.) 35
GOLD stage 3, (no.) 10
GOLD stage 4, (no.) 0
GOLD category A (no.) 25
GOLD category B (no.) 14
GOLD category C (no.) 5
GOLD category D (no.) 13
FVC, L (% predicted) 3.1±0.7 (102±20)
FEV1, L (% predicted) 1.6±0.5 (66±16)
FEV1/FVC, % 55±12
Borg score at rest, AU (0–10) 0.6±1
Oxygen-cost diagram, mm (100–0) 68±11
Modified Medical Research Council, AU (0–4) 1±0.8
Baseline dyspnea index score, AU (12–0) 7.4±1.9
COPD assessment test, AU (0–40) 10.6±7.4
CRQ (35–5) 27.8±4.4
SGRQ (0–100): Total score 34±16.9
Symptoms score 35.3±17.8
Activity score 47.4±23.5
Impact score 25.8±16.8

Hospital anxiety depression score (0–42)
Anxiety score (0–21) 2.5±2.6
Anxiety score ≥7, no. (%) 3 (5.3)
Depression score (0–21) 3.6±3.2
Depression score ≥7, no. (%) 6 (10.5)

Six-minute walking distance, m 437.6±116.6
Oxygen uptake peak % pred, % 71±13

Mean±SD. (The 1st number - the 2nd number): in the parenthesis, from the 1st number to the 2nd
number indicates a better status to a worse status; Anxiety or depression score�7: no anxiety, 8–10:
possible, ≥11: definitely.
BMI = body mass index, CRQ = chronic respiratory disease questionnaire, ICS = inhaled
corticosteroids, SABA/LABA = short-acting/long-acting b2-agonist, SAMA/LAMA = short-acting/
long-acting muscarinic antagonist, SGRQ = St George’s respiratory questionnaire.
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declining to participate (Fig. 1). Most of the 57 patients were
older men and had a history of heavy smoking, with normal body
mass index and GOLD stages 1 and 2, or categories A and B
(Table 1).

3.1. Exertional dyspnea scales

The 3 EDS were moderately to strongly interrelated with each
other, but this correlation was weaker when the OCD was
included (with mMRC r=�0.56, with BDI r=0.49 vs mMRC
with BDI r=�0.73, P=0.0002 to <0.0001, Table 2). The EDS
was more strongly correlated with walking and peak exercise
capacities than the resting and exertional Borg scores (jrj=
0.29–0.65, P<0.05–<0.0001 vs jrj=0.08–0.55, P=NS to
4

<0.0001). However, as compared with the mMRC and the
BDI, the OCD had the strongest correlation with walking
distance (r=0.65, vs -0.59, 0.5), peak oxygen uptake (r=0.39 vs
-0.29, 0.36) and peak exercise Borg score (r=0.33 vs r=�0.15,
0.24), and weakest correlation with resting Borg score (r=�0.08
vs r=�0.32, -0.46). The correlations between the 3 dyspnea
scales and walking Borg score were similar (r=�0.41, 0.48, and
-0.55). The correlations between the 3 exertional dyspnea scales
and HAD-anxiety (r=�0.05, 0.06, and -0.19) or between the 3
exertional dyspnea scales and HAD-depression (r=0.04, -0.07,
and 0.01) were insignificant, respectively.
3.2. HRQoLQs

The 3 HRQoLQs were moderately to strongly interrelated. The
correlation was strongest between the CAT and SGRQ, and
weaker when the CRQ was included (r=0.77, P<0.0001, vs
with CRQ r=�0.5, P=0.02, CRQ with SGRQ r=�0.63, P=
0.003, Table 3). The CATwas similar to the SGRQ regarding the
correlations with all the 4 domains of clinical assessment
instrument scores (jrj=0.02–0.67, P=NS to <0.0001 vs jrj=
0.01–0.77, P=NS to <0.0001), and the CRQ had a weaker
correlation than the other 2 (jrj=0.1–0.4). The CAT had the
strongest correlation with peak exercise capacity (r=�0.53 vs
SGRQ r=�0.01, CRQ r=0.3), but the weakest correlation
with 6MWD (r=�0.02 vs SGRQ r=�0.39, CRQ r=0.13). The
OCD was only mildly correlated with the CAT (r=�0.4). The
3 HRQoLs were mildly correlated with the HAD-anxiety (jrj=
0.29–0.37, P=0.04–0.05) but insignificantly correlated with the
HAD-depression (jrj=0.11–0.27, all P=NS). The HAD-anxiety
was well correlated with the HAD-depression (r=0.68,
P<0.0001).
4. Discussion

The main findings of this study are that the EDS more correlated
with exercise capacity than with dyspnea perception and that the
OCD had the strongest correlation with exercise capacity and
peak exercise Borg scores, but the weakest correlation with
resting Borg score. In addition, the CATwas similar to the SGRQ
regarding correlations with the 4 domains of clinical assessment
scores while being easier to administer. Although the CAT was
poorly correlated with 6MWD, the OCD can compensate for this
when used in combination.
4.1. Exertional dyspnea scales

The mMRC, BDI, and OCD were well interrelated (r=
0.49–0.73)[1] and represented the same category in factor
analysis.[2,21,22] These instruments were originally designed to
grade breathlessness on activities of daily life (ADLs).[2,21,22]

However, these tools included a wide range of activities[3] but did
not include different categories of dyspnea perception intensity.
This might explain why the EDS correlated better with exercise
capacity than with dyspnea perception in this study. Moreover,
the EDSweremuch better correlated with 6MWD thanwith peak
exercise capacity (jrj=0.5–0.65 vs 0.29–0.39, Table 2), which is
consistent with a previous report.[23] Hence, these 3 instruments
are used to delineate a patient’s sub-maximum functional
capability, as 6MWT is usually a submaximum exercise type.[3]

The OCD scale lists ADLs alongside a 100-mm line according
to the required oxygen consumption.[1] The patient marks a point
above which he/she becomes breathless, and this is used to



Table 2

Exertional dyspnea scales as related to exercise and dyspnea intensity at rest and moods.

Category Tool r= OCD (10–0) mMRC (0–4) BDI (12–0)

Exertional dyspnea scales or Dyspneic functional class OCD (10–0) � � �
mMRC (0–4) �0.56∗ � �
BDI (12–0) 0.49∗ �0.73∗ �

Submaximum exercise and dyspnea intensity during exercise 6MWD (>300–0 meters) 0.65∗ �0.59∗ 0.5∗
6MW_Borg (0–10) �0.41∗ 0.48∗ �0.55∗

Peak exercise & dyspnea intensity during exercise Peak oxygen uptake (>2000–0 ml/min) 0.39∗ �0.29∗ 0.36∗
Peak exercise_Borg (0–10) 0.33∗ �0.15 0.24

Dyspnea intensity at rest Borg at rest (0–10) �0.08 0.32∗ �0.46∗
Moods HAD_anxiety (0–21), A.U. �0.05 0.06 �0.19

HAD_depression (0–21), A.U. 0.04 �0.07 0.01

(The 1st number - the 2nd number): in the parenthesis, from the 1st number to the 2nd number indicate a better status to a worse status. BDI = baseline dyspnea index scale, HAD = hospital anxiety depression
scale, mMRC = Modified Medical Research Council, OCD = oxygen-cost diagram. ∗ r≥0.29, P<0.05; for OCD, ∗jrj=0.33–0.65; for mMRC, ∗jrj=0.29–0.59; for BDI, ∗jrj=0.32–0.55.
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indicate the peak exercise intensity for patients with moderate-to-
severe COPD. This may explain why the OCD had the strongest
correlation with peak exercise and peak Borg scores compared to
the mMRC and BDI but were not correlated with Borg score at
rest (r=�0.08) and was less interrelated with the other two
scales. Of the instruments, the OCD had the weakest correlation
with the 3 HRQoLQs (see below). In addition, the OCD has been
correlated with 6MWD[13] and it has been used to predict
oxyhemoglobin desaturation[24] and selection of the ramp slope
for dyspneic patients.[15] In this context, the OCD might serve
separately from the other 2 EDS.
Although the BDI contains the 3 domains of functional

capability, and magnitudes of task and effort, all are related to
activity or exercise intensity.[1] The mMRC contains a single
dyspnea domain in response to different levels of ADLs.[3]

However, the BDI and mMRC showed inconsistent results in
categorizing patients at an individual level,[9] despite both being
strongly related (r=�0.73).
A multidimensional dyspnea profile has already been devel-

oped,[25] and other 2-dimensional scales have recently been
reported. The Barthel Index dyspnea scale is a modification of the
Barthel Index using 5 categories of dyspnea perception intensi-
ty.[26] It has been reported to be a reliable and sensitive tool to
measure the level of dyspnea when performing ADLs and the
responsiveness after treatment. The Shortness of Breath with
Table 3

Health-related quality-of-life (HRQoL) questionnaires as related to ex

Category

HRQoL questionnaires SGRQ (0–100
CAT (0–40)
CRQ (35–5)

Exercise capacity and dyspnea intensity during exercise 6MWD (>300–0 m
6MW_Borg (0–

Peak oxygen uptake % pred
Peak exercise_Borg

Exertional dyspnea scales or dyspneic functional class OCD (10–0), c
mMRC (0–4)
BDI (12–0)

Dyspnea intensity at rest Borg (0–10)
Moods HAD_anxiety (0–

HAD_depression (0

(The 1st number - the 2nd number): in the parenthesis, from the 1st number to the 2nd number indic
6MWD = 6-minute walk distance, BDI = baseline dyspnea index scale, CAT = COPD assessment test, CR
Medical Research Council, OCD = oxygen-cost diagram, SGRQ = St. George respiratory questionnaire
∗r≥0.29, P<0.05; for SGRQ, ∗jrj=0.36–0.77; for CAT, ∗jrj=0.29–0.67; for CRQ, ∗jrj=0.3–0.4

5

Daily Activities questionnaire contains 13 items regarding low
exercise intensity of ADLs, and also 5 categories of dyspnea
perception intensity for each item.[27]

The EDS used in this study was not significantly correlated
with HAD-anxiety or HAD-depression (Table 2). This might be
due to HAD questionnaire being designed for the evaluation of
patients’ emotion but not physical illness.[10]
4.2. HRQoLQs

The SGRQ consists of 3 domains and 50 items, of which 24 are
related to activity, exertion, and/or dyspnea[5] (16 are related to
activity, and 8 in the impact domain are also related to activities,
Supplement 4), so that the SGRQ is correlated with EDS, dyspnea
intensity at rest, and 6MWD. At most, only 2 of the 50 items
(items 43 and 44) represent heavy exercise. Thus, the SGRQ total
score was poorly correlated with peak exercise. The remaining 26
items are related to other symptoms and impact on mood,
confidence, work, and daily life. The SGRQ total score involves a
wide spectrum of domains, thereby having the strongest
interrelationship with other clinical evaluation tools except for
peak exercise capacity and symptoms.
The CAT score consists of only 8 items, with 2 regarding

exertion[4] and 6 being related to symptom and impact domains.
This explains why the CAT was poorly correlated with 6MWD
ercise, exertional dyspnea, dyspnea intensity at rest, and moods.

r= SGRQ (0–100) CAT (0–40) CRQ (35–5)

) � � �
0.77∗ � �
�0.63∗ �0.5∗ �

eters) �0.39∗ �0.02 0.13
10) 0.55∗ 0.33∗ �0.4∗
icted (100–0%) �0.01 �0.53∗ �0.3∗
(0–10) �0.2 �0.28 0.1
m �0.51∗ �0.4∗ 0.1

0.64∗ 0.46∗ �0.33∗
�0.77∗ �0.67∗ 0.4∗
0.49∗ 0.53∗ �0.33∗

21) 0.36∗ 0.29∗ �0.37∗
–21) 0.27 0.11 �0.23

ate a better status to a worse status.
Q = chronic respiratory disease questionnaire, HAD = hospital anxiety depression, mMRC = Modified
.
.
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(r=0.02, P=NS), consistent with a previous report. Paradox-
ically, the CAT was moderately correlated with peak exercise
capacity (r=�0.53, P<0.0001), indicating that the weight of
item 4 near the subjects’ peak exercise capacity was significant.
The CAT has been reported to be weakly to mildly correlated
with incremental shuttle walking test (r=�0.49, P=0.002),
endurance shuttle walking test (r=0.39, P=0.01),[29] and
6MWD (r=�0.33, P=0.002),[30] although 6MWD has been
reported to independently predict CAT score (b= -0.32, P=
0.019).[30] The CAT is regarded to be a HRQoLQ and a brief
form of the SGRQ,[4] which may explain the excellent correlation
with the SGRQ (r=0.77). Therefore, the CAT may serve as a
surrogate for the SGRQ[28] and may predict acute exacerba-
tions.[8] The GOLD committee recommend integrating FEV1 and
CAT[4] or mMRC scores and frequency of acute exacerbations in
the preceding year to evaluate patients with COPD.[7] As the CAT
and mMRC belong to different domains, it is not surprising that
discrepancies have been reported in categorizing patients using
these tools.[31]

The CRQ encompasses 4 dimensions (exertional dyspnea,
fatigue, emotion, and mastery). The exertional dyspnea compo-
nent includes light and heavy exercise intensity of 26 ADLs,[6] of
which patients are allowed to select 5 they frequently performed
in the last 2 weeks and that are important in their day-to-day life.
Hence, the CRQ dyspnea score had a weaker correlation with the
other 2 HRQoLQs, EDS, and 6MWD and score of each
individual could not be compared directly but only longitudinal-
ly.
The 3 HRQoL questionnaires used in this study were mildly

correlated with HAD-anxiety but insignificantly correlated with
HAD-depression (Table 3) despite anxiety and depression being
well correlated in patients with COPD in this study (r=0.68) and
in the literature (r=0.81).[32] The findings in this study confirm
that HAD questionnaire should be deemed as a separate
instrument for evaluating patients with COPD[2,10] and might
be attributed to low diagnostic accuracy for depression in COPD
patients.[33] The incidences (5.3/10.5%) and mean scores (2.5/
3.6) of anxiety/depression in the present study are lower than
those reported previously (12.5/25% and 4.6–10/3.9–8.5).[18]
4.3. Study limitations

This is a cross-sectional study, so the temporal effect on the
stability of the response of each tool is unknown despite good
reported test-retest reliability.[1,28,34] Although the sample size
was small, the validity with the selected clinical evaluation tools
was higher than in previous reports.[1,28] The time needed to
complete the measurements was also not recorded. On the basis
of previous reports, 15 to 25minutes are needed to complete the
CRQ[6] and 2minutes for the CAT.[28] The SGRQ is lengthy and
complex to score, and the need for recall is also problematic. The
SGRQ specifically used for patients with COPD (SGRQ-C)
removed 10 items from the original form including questions
requiring recall; however, it is still lengthy.[35] The performance
of the CATwas not inferior to the SGRQ, as demonstrated in this
and in previous studies.[28,34] The time to complete the CAT is
generally much shorter than that of the SGRQ[28] or SGRQ-C.
The CRQ Self-administered Standardized[36] dyspnea question-
naire is a concise form of the original CRQ and encompasses 5
items: 1 involving the emotional domain and 4 involving ADLs.
The exercise intensity of the 4 ADL items is so low that they may
have been less discriminatory for the patients with less severe
COPD in this study.
6

5. Conclusions

The EDS were both related to exertional dyspnea perception and
exercise capacity with better relation to exercise capacity but
poorer to the resting dyspnea perception. The CAT is concise and
closely related to the SGRQ, but poorly correlated with 6MWD,
which can be overcome by also using the OCD. The study
suggests using the CAT and the OCD simultaneously when
undertaking clinical evaluation of patients with COPD.
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