
Modified Medical Research Council and COPD Assessment
Test Cutoff Points

Anelise Bauer Munari, Aline Almeida Gulart, Juliana Ara�ujo, J�ulia Zanotto,
Luiza Minato Sagrillo, Manuela Karloh, and Anamaria Fleig Mayer

BACKGROUND: The modified Medical Research Council (mMRC) and COPD Assessment Test

(CAT) are assessment instruments associated with level of physical activity of daily living (PADL) in

patients with COPD. This study aimed to identify mMRC and CAT cutoff points to discriminate sed-

entary behavior and PADL level of subjects with COPD and verify whether these cutoff points differ-

entiate pulmonary function, health-related quality of life (HRQOL), functional status, and mortality

index in subjects with COPD. METHODS: Subjects (N 5 131, FEV1: 36.7 6 16.1% predicted) were

assessed for lung function, mMRC, CAT, HRQOL, functional status, and mortality index. PADL was

monitored using a triaxial accelerometer, and subjects were classified as sedentary/nonsedentary (cut-

off point of 8.5 h/d in PADL < 1.5 metabolic equivalent of task [MET]), physically active/inactive (cut-

off point of 80 min/d in PADL 6 3 METs), and with/without severe physical inactivity (cutoff point

of 4,580 steps/d), according to variables provided by accelerometer. RESULTS: ROC curve indicated

mMRC cutoff point of 6 2 (P < .05) for physical inactivity (sensitivity 5 66%, specificity 5 56%,

AUC 5 0.62), severe physical inactivity (sensitivity 5 81%, specificity 5 66%, AUC 5 0.76), and sed-

entary behavior (sensitivity 5 61%, specificity 5 70%, AUC 5 0.65). The identified CAT cutoff points

were 6 16 and 6 20, considering severe physical inactivity (sensitivity 5 76%, specificity 5 54%,

AUC 5 0.69, P < .001) and sedentary behavior (sensitivity 5 51%, specificity 5 90%, AUC 5 0.71,

P 5 .001), respectively. Subjects who had mMRC 6 2 and CAT 6 16 or 6 20 presented worse pul-

monary function, HRQOL, functional status, and mortality index compared with those who scored

mMRC < 2 and CAT <16 or < 20. CONCLUSIONS: mMRC cutoff point of 6 2 is recommended

to discriminate PADL level and sedentary behavior, whereas CAT cutoff points of 6 16 and 6 20

discriminated severe physical inactivity and sedentary behavior, respectively. These cutoff points differ-

entiated subjects with COPD regarding all the outcomes assessed in this study. Key words: COPD;
activities of daily living; functional status; exercise; sedentary behavior; symptom assessment; health
status. [Respir Care 2021;66(12):1876–1884. © 2021 Daedalus Enterprises]

Introduction

COPD is characterized by pulmonary and systemic man-

ifestations that may lead to exertional dyspnea, a symptom

associated with decreased health and functional status.1-3

Functional status is multidimensional and comprises func-

tional capacity, functional performance, functional reserve,

and functional capacity utilization.4 There is a growing in-

terest in investigating functional performance5 (ie, activities

routinely performed by individuals)6 since increased levels

of physical activity in daily life (PADL) are widely recom-

mended in pulmonary rehabilitation programs.1 Also, low

PADL levels reduce quality of life7 and increase the risk of

exacerbations and number of hospitalizations8 and is con-

sidered the strongest predictor of mortality in patients with

COPD.9

Although triaxial accelerometers are complex, high cost,

and present low feasibility and clinical applicability, they

provide objective data that cannot be provided by question-

naires and pedometers.5 Pedometers, despite more accessi-

ble, are unreliable for detecting low-intensity movements,

whereas questionnaires and scales are influenced by patient

understanding and subjectivity.5 Triaxial accelerometers

are portable movement monitors that accurately measure

time, number of steps, movement intensity, and energy ex-

penditure in different postures and activities.10 Cutoff
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points capable of classifying sedentary behavior and PADL

level of these patients have already been established.11-13

It is known that multiple symptoms experienced by

patients with COPD, such as dyspnea, fatigue, anxiety, and

depression, influence their physical activity.14 The symp-

toms can be aggravated by physical inactivity, causing the

disease spiral.15 Previous studies16-18 investigated relation-

ships between PADL level and the multidimensional

Global Initiative for Chronic Obstructive Lung Disease

(GOLD) classification. It complements spirometric classifi-

cation, stratifies disease into 4 quadrants (considering

symptoms and exacerbations in the last year),3 and may

reflect better COPD complexity.16 However, symptoms are

evaluated using the modified Medical Research Council

(mMRC) scale or COPD Assessment Test (CAT) question-

naire and may lead to different distributions within the mul-

tidimensional classification.19 Although 2 distinct CAT

cutoff points are described for this population,3,20 a signifi-

cant discrepancy regarding disease severity20 and symp-

toms is present when the score is applied to the same

patient.21 Munari et al17 observed that mMRC was more

strongly associated with functional status than CAT.

Nevertheless, cutoff points of these instruments to discrimi-

nate sedentary behavior and PADL level have not yet been

identified in COPD.

Therefore, this study aimed to confirm associations

between CAT and mMRC and functional status classifica-

tions. Also, in case of confirmed significant association, (1)

to determine mMRC and CAT cutoff points to discriminate

sedentary behavior and PADL level of subjects with COPD

and (2) to identify whether these cutoff points differentiate

pulmonary function, health-related quality of life (HRQOL),

functional status, and mortality index in subjects with COPD.

Methods

This is a cross-sectional study approved by the Human

Research Ethics Committee of the Santa Catarina State

University of (CAAE: 80831117.5.0000.0118). All subjects

provided written informed consent prior to inclusion in the

study. Subjects referred to the Center for Assistance,

Teaching, and Research in Pulmonary Rehabilitation, with

clinical diagnosis of COPD (GOLD II–IV), confirmed by spi-

rometry,3 age 40–80 y, and clinically stable in the month

before the beginning of the protocol, were included.

Exclusion criteria were disabling health conditions; other re-

spiratory diseases; nonadherence to prescribed medications;

exacerbation during study protocol; hospitalization in the pre-

vious 3 months; and current smokers, smoking cessation, or

participation in pulmonary rehabilitation programs in the pre-

vious 6 months.

The protocol was conducted in 3 nonconsecutive visits

and 2 consecutive days between March 2013 and December

2018. On the first visit, pulmonary function test, mMRC,

London Chest Activity of Daily Living (LCADL), CAT, and

modified St George Respiratory Questionnaire (mSGRQ)

were performed. Two 6-min walk tests (6MWT) and 2
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Glittre-ADL (TGlittre) tests were performed on the second

and third visits. Visits were interspersed for at least one day

or as necessary to avoid influence of the previous evaluation.

PADL was monitored in the fourth and fifth day.

Pulmonary function was assessed using an EasyOne

portable spirometer (ndd Medical Technologies,

Zürich, Switzerland), following the American Thoracic

Society/European Respiratory Society (ATS/ERS) rec-

ommendations.22 Predicted values for the Brazilian

population were calculated.23 CAT score was used to

assess COPD impact on health status, and higher scores

indicated worse health status.24,25 mMRC was applied

to stratify dyspnea severity during daily activities, and

maximum scores reflected high degree of dyspnea.

HRQOL was evaluated using mSGRQ and its domains:

symptoms, activity, and impact. Each domain score and the

total score (in percentage) were used for analysis.26,27 ADL

limitation due to dyspnea was evaluated using LCADL,28,29

and both LCADL %total score28 and cutoff point of 28%30

were used in the analyses. 6MWT was performed in a 20-m

corridor, following ATS/ERS31 recommendations. The best

distance covered in meters and percentage of predicted (%

predicted)32 and cutoff point of 82% predicted were included

for data analysis.33 TGlittre followed Skumlien et al34 recom-

mendations, and the test performed in the shortest time, %

predicted,35 and cutoff point of 3.5 min36 were used for anal-

ysis. Body mass index, air flow obstruction, dyspnea, and

exercise capacity (BODE) index were also calculated.37

PADLs were monitored using DynaPort MiniMod triax-

ial accelerometers (McRoberts BV, The Hague, the

Netherlands) for 2 consecutive working days (12 h daily).

Subjects received an instruction manual and verbal guid-

ance for its use. Data were analyzed using the Dyrector

software (McRoberts BV, The Hague, the Netherlands),

and it was averaged for analysis, considering number of

steps; time spent seated, lying down, standing, walking;

and in PADL with metabolic equivalent of task (MET)$ 3

(PADL $ 3 METs) and < 1.5 MET (PADL < 1.5 MET).

Sedentary time was considered the sum of sitting and lying

times, whereas the sum of standing and walking times indi-

cated active time.38 Subjects were classified as (1) seden-

tary/nonsedentary, according to cutoff point of 8.5 h/d

spent in PADL< 1.5 MET11; (2) physically active/inactive,

according to cutoff point of 80 min/d spent in PADL $ 3

METs12; and (3) with/without severe physical inactivity,

according to cutoff point of 4,580 steps/d.13

Statistical Analysis

Sample size was calculated using MedCalc 12.0 software

(MedCalc, Ostend, Belgium), considering an area under the

curve (AUC) of 0.7, bidirectional alpha of 0.05, and power

of 80%. The optimal number was estimated as 105 subjects.

SPSS Statistics (IBM, Armonk, New York) software version

20.0 was used for data analysis, adopting a significance level

of 5%. Shapiro-Wilk test was used to verify data distribution.

Correlations between CAT and mMRC scores, number of

steps, and time spent in PADL > 3 METs and < 1.5 MET

were performed using Pearson or Spearman correlation coef-

ficients and classified as weak (0.3 # r < 0.5), moderate

(0.5 # r < 0.7), strong (0.7 # r < 1.0), and perfect (r ¼
1.0).39 Unpaired t test or Mann-Whitney U test compared

CAT and mMRC scores between PADL classifications. If

correlation coefficients between PADL and CAT and

mMRC were $ 0.3, receiver operating characteristic (ROC)

curves, AUC, and Youden Index verified discriminative

capacity and determined the best CAT and mMRC cutoff

points. The ROC curves were conducted with a nonparamet-

ric approach. Discriminative capacity was considered satis-

factory when $ 0.70.40 Sample was stratified according to

identified mMRC and CAT cutoff points, whereas unpaired t
test or Mann-Whitney U test compared pulmonary function,

HRQOL, functional status, and mortality index. Associations

between classifications based on CAT and mMRC cutoff

points and PADL, 6MWT, TGlittre, and LCADL classifica-

tions were performed using chi-square test, whereas Cramer

V coefficient verified the strength of associations, which var-

ied from 0 (no association between the variables) to 1 (com-

plete association). Binary logistic regression was performed

considering classifications based on CAT and mMRC cutoff

points as dependent variables and categorical variables that

presented significant associations as independent variables.

The model was adjusted to include variables with significant

associations. Odds ratio and 95% CI were also reported.

Results

One hundred and thirty-eight patients were eligible for

the study. Six were excluded due to exacerbation during the

protocol, and one was unable to complete evaluations.

Thus, 131 subjects (94 male) completed the study: 129

completed the mMRC and 121 the CAT. Of these, 31

(23.7%) presented moderate (GOLD II), 46 (35.1%) severe

(GOLD III), and 54 (41.2%) very severe (GOLD IV) pul-

monary function impairment. Seventy (53.4%) were physi-

cally inactive, 60 (45.8%) presented severe physical

inactivity, and 108 (82.4%) sedentary behavior. Sample

characteristics are described in Table 1.

CAT and mMRC scores correlated significantly with

PADL variables (Table 2). Inactive subjects with severe

physical inactivity and sedentary behavior presented higher

mMRC and CAT scores than active subjects without severe

physical inactivity and nonsedentary, respectively (Table 3).

mMRC and CAT Cutoff Points

The ROC curve indicated mMRC cutoff point of 2 in all

classifications: physical inactivity level (sensitivity ¼ 66%,

MMRC AND CAT CUTOFF POINTS
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Table 1. Anthropometric Characteristics, Pulmonary Function, Dyspnea, Health Status, and Physical Activities of Daily Life of the Sample

mMRC CAT

Variables

Total

Mean 6 SD

(N ¼ 131)

< 2

Mean 6 SD

(n ¼ 57)

$ 2

Mean 6 SD

(n ¼ 72)

P
< 16

Mean 6 SD

(n ¼ 48)

$ 16

Mean 6 SD

(n ¼ 73)

P
< 20

Mean 6 SD

(n ¼ 68)

$ 20

Mean 6 SD

(n ¼ 53)

P

Age, y 66.5 6 8.24 65.0 6 8.52 67.66 7.97 .07 66.2 6 8.06 66.9 6 8.57 .71 66.6 6 8.20 66.7 6 8.60 .95

Body weight, kg 69.8 6 15.9 72.0 6 16.3 68.06 15.7 .17 70.9 6 14.7 68.5 6 17.2 .42 71.2 6 15.1 67.2 6 17.3 .17

Height, m 1.65 6 0.09 1.66 6 0.09 1.646 0.09 .30 1.67 6 0.10 1.64 6 0.09 .08 1.67 6 0.90 1.63 6 0.09 .01

BMI, kg/m2 25.4 6 5.04 25.9 6 5.08 25.16 5.07 .37 25.3 6 4.32 25.3 6 5.56 .87 25.3 6 4.38 25.3 6 5.92 .82

FEV1/FVC 0.44 6 0.11 0.49 6 0.11 0.396 0.09 < .001 0.48 6 0.10 0.41 6 0.11 < .001 0.47 6 0.10 0.39 6 0.10 < .001

FEV1, L 1.07 6 0.50 1.33 6 0.50 0.856 0.38 < .001 1.29 6 0.47 0.93 6 0.48 < .001 1.28 6 0.49 0.81 6 0.40 < .001

FEV1 ,% predicted 36.7 6 16.1 44.9 6 16.1 29.86 12.3 < .001 43.2 6 16.0 32.5 6 14.8 < .001 42.5 6 15.9 29.4 6 13.3 < .001

FVC, L 2.39 6 0.80 2.66 6 0.81 2.166 0.73 < .001 2.67 6 0.80 2.20 6 0.78 .001 2.68 6 0.84 2.01 6 0.63 < .001

FVC ,% predicted 63.6 6 18.4 70.5 6 17.1 57.96 17.7 < .001 69.5 6 17.7 59.7 6 18.4 .003 69.3 6 18.9 56.3 6 15.8 < .001

mMRC*, score 2 [0–4] – – – 1 [0–4] 3 [0–4] < .001 1 [0–4] 3 [1–4] < .001

CAT, total 17.9 6 7.86 13.8 6 6.34 21.16 7.34 < .001 – – – – – –

Time sitting, min 381 6 104 363 6 93.4 395 6 110 .08 353 6 101 400 6 106 .02 371 6 110 393 6 101 .26

Time lying, min 105.0 6 98.1 89.2 6 91.4 115.0 6 101.0 .08 106.0 6 101.0 106.0 6 97.4 .97 97.3 6 95.4 117.0 6 102.0 .31

Time standing, min 145 6 57.4 157 6 59.9 136 6 54.6 .047 155 6 66.1 138 6 52.3 .24 149 6 64.7 140 6 49.8 .79

Time walking, min 65.4 6 35.5 84.2 6 33.4 50.76 29.9 < .001 78.6 6 34.8 54.4 6 33.7 < .001 75.1 6 37.3 49.8 6 29.0 < .001

Time sedentary,

min

486 6 93.6 452 6 90.8 511 6 88.6 < .001 459 6 101.0 505 6 88.1 .01 468 6 10.03 511 6 79.9 .04

Time active, min 230 6 89.6 266 6 91.2 203 6 79.0 < .001 258 6 101.0 209 6 79.0 .01 245 6 100.0 206 6 73.1 .06

MI walking, m/s2 1.76 6 0.50 1.89 6 0.28 1.676 0.60 < .001 1.85 6 0.29 1.69 6 0.61 < .001 1.80 6 0.28 1.67 6 0.70 < .001

Steps, no. 5,124 6 2,977 6,797 6 2,823 3,812 6 2,381 < .001 6,317 6 2,877 4,163 6 2,790 < .001 5,949 6 3,002 3,823 6 2,578 < .001

PADL < 1.5 MET,

min

573 6 82.7 536 6 80.7 601 6 73.1 < .001 547 6 85.9 597 6 72.5 .001 555 6 89.5 606 6 59.2 .003

PADL $ 3 METs,

min

90.3 6 86.2 116.0 6 119.0 69.26 38.4 < .001 94.2 6 46.2 76.0 6 57.1 0.01 90.3 6 47.9 74.2 6 59.4 .02

6MWD, m 425 6 93.0 463 6 94.8 383 6 70.4 < .001 468 6 82.9 392 6 90.3 < .001 453 6 94.4 380 6 75.9 .001

6MWT, %

predicted

76.8 6 14.7 82.4 6 14.0 70.46 12.8 < .001 83.9 6 13.2 71.0 6 13.8 < .001 80.8 6 14.7 69.9 6 12.9 .002

TGlittre, min 4.60 6 2.10 3.70 6 1.01 5.646 2.53 < .001 3.85 6 1.30 5.24 6 2.42 .001 4.00 6 1.43 5.57 6 2.61 < .001

TGlittre, %

predicted

153 6 69.5 124 6 31.4 188 6 85.1 < .001 129 6 44.0 174 6 80.4 < .001 134 6 47.0 185 6 87.6 < .001

LCADL %total 33.6 6 13.2 27.6 6 7.7 39.96 14.9 < .001 26.8 6 6.0 39.9 6 15.3 < .001 27.2 6 6.3 46.0 6 14.9 < .001

mSGRQ symptoms 37.8 6 21.8 30.2 6 18.6 45.86 22.3 .001 27.5 6 17.3 47.7 6 20.0 < .001 30.2 6 17.4 53.3 6 19.6 < .001

mSGRQ activity 64.0 6 20.4 54.4 6 17.8 74.06 18.2 < .001 51.5 6 17.3 75.4 6 17.0 < .001 54.3 6 16.9 82.6 6 13.5 < .001

mSGRQ impact 34.6 6 20.5 25.0 6 15.4 44.66 20.5 < .001 22.8 6 14.1 45.8 6 19.5 < .001 25.5 6 14.6 52.7 6 18.4 < .001

mSGRQ total 44.2 6 18.6 35.0 6 13.7 53.76 18.2 < .001 32.5 6 12.8 55.2 6 16.9 < .001 35.2 6 12.6 62.0 6 15.6 < .001

BODE index, score 3.33 6 1.85 2.12 6 1.12 4.676 1.56 < .001 2.50 6 1.46 4.00 6 1.97 < .001 2.69 6 1.61 4.43 6 1.89 < .001

*Results are presented as median [interquartile range].

BMI ¼ body mass index

mMRC ¼ modified Medical Research Council

CAT ¼ COPD Assessment Test

MI ¼ movement intensity

PADL ¼ physical activity in daily life

MET ¼ metabolic equivalent of task

6MWT ¼ 6-min walk test

6MWD ¼ 6-min walk distance

TGlittre ¼ Glittre-ADL test

LCADL ¼ London Chest Activity of Daily Living

%total ¼ percentage of total score

mSGRQ ¼ modified St George Respiratory Questionnaire

BODE ¼ body-mass index, air flow obstruction, dyspnea, and exercise capacity
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specificity ¼ 56%, P ¼ .01), severe physical inactivity

(sensitivity ¼ 81%, specificity ¼ 66%, P < .001), and sed-

entary behavior (sensitivity¼ 61%, specificity¼ 70%, P¼

.02), respectively. Regarding CAT, cutoff points were 16

and 20 for severe physical inactivity (sensitivity ¼ 76%,

specificity ¼ 54%, P < .001) and sedentary behavior (sen-

sitivity ¼ 51%, specificity ¼ 90%, P ¼ .001), respectively

(Fig. 1).

Subjects who scored mMRC $ 2 and CAT $ 16 and $
20 presented worse pulmonary function; higher LCADL %

total, BODE, mSGRQ (total and domain scores); worse

6MWT and TGlittre performances; and lower PADL level

than those scoring mMRC < 2 and CAT < 16 and < 20.

Also, CAT score was higher in subjects with mMRC $ 2,

whereas mMRC score was higher in subjects with CAT $
16 and$ 20 than those presenting mMRC< 2 and CAT <
16 and< 20, respectively (Table 1).

The mMRC cutoff point was associated with classifica-

tion based on 6MWT, TGlittre, and LCADL %total

(Cramer V ¼ 0.32–0.48, P < .05 for all). Subjects with

TGlittre $ 3.5 min and LCADL %total score $ 28% were

8.58-fold (95% CI 2.5–29.7, P ¼ .001) and 6.36-fold (95%

CI 1.7–20.6, P ¼ .002) more likely to present mMRC$ 2,

respectively. The CAT cutoff points were associated with

6MWT, TGlittre, and LCADL %total classifications

(Cramer V ¼ 0.33–0.57, P < .05 for all). Subjects with

6MWT < 82% predicted and LCADL %total score$ 28%

Table 3. Comparations of mMRC and CAT Between PADL $ 3METs, Severe Inactivity, PADL < 1.5 MET, 6MWT, TGlittre, and LCADL

Classifications

Variables mMRC Median [min–max] P CAT Mean 6 SD Mean Difference# 95% CI P

PADL $ 3 METs

$ 80 min/d 1 [0–4] .02 16.16 7.54 3.12 (0.31–5.93) .03

< 80 min/d 2 [0–4] 19.26 7.89

Severe inactivity

$4,580 steps/d 1 [0–4] < .001 15.26 7.05 5.62 (2.96–8.28) < .001

<4,580 steps/d 3 [0–4] 20.86 7.70

PADL < 1.5 MET

$ 510 min/d 2 [0–4] .02 18.86 7.73 5.33 (1.71–8.96) .004

< 510 min/d 1 [0–4] 13.56 7.07

6MWT

$ 82% predicted 1 [0–2] .001 12.96 5.79 6.37 (3.14–9.57) < .001

< 82% predicted 2 [0–4] 19.36 7.39

TGlittre

$ 3.5 min 2 [0–4] < .001 19.06 7.65 5.48 (2.19–8.77) .001

< 3.5 min 1 [0–3] 13.56 5.96

LCADL

$ 28% total 1 [0–3] < .001 20.56 6.68 8.27 (5.61–10.90) < .001

< 28% total 2 [1–4] 12.26 5.28

mMRC ¼ modified Medical Research Council

min–max ¼ minimum–maximum

CAT ¼ COPD Assessment Test

PADL ¼ physical activity in daily life

MET ¼ metabolic equivalent of task

6MWT ¼ 6-min walk test

TGlittre ¼ Glittre ADL-test

LCADL ¼ London Chest Activity of Daily Living
# ¼ mean difference between PADL, 6MWT, TGlittre, and LCADL classifications.

Table 2. Correlations Between mMRC and CAT and Pulmonary

Function and Physical Activities in Daily Life

Variables
mMRC CAT

r P r P

Time sitting, min 0.23 .01 0.20 .03

Time lying, min 0.08 .33 �0.002 .98

Time standing, min �0.18 .03 �0.08 .40

Time walking, min �0.52 < .001 �0.39 < .001

Time sedentary, min 0.34 < .001 0.24 .01

Time active, min �0.36 < .001 �0.24 .01

MI walking, m/s2 �0.51 < .001 �0.36 < .001

Steps, no. �0.53 < .001 �0.40 < .001

PADL < 1.5 MET, min 0.47 < .001 0.31 .001

PADL $ 3 METs, min �0.33 < .001 �0.29 .001

mMRC ¼ modified Medical Research Council scale

CAT ¼ COPD Assessment Test

MI ¼ movement intensity

PADL ¼ physical activity in daily life

MET ¼ metabolic equivalent of task

MMRC AND CAT CUTOFF POINTS
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were 5.44-fold (95% CI 1.7–17.0, P ¼ .004) and 6.15-fold

(95% CI 2.0–18.8, P¼ .001) more likely to present CAT$
16 and 6.52-fold (95% CI 1.6–25.9, P ¼ .01) and 22.8-fold

(95% CI 4.5–115.0, P < .001) more likely to score CAT

$ 20.

Discussion

This study identified cutoff points to interpret mMRC

and CAT regarding PADL impairments and sedentary

behavior in subjects with COPD. mMRC (2 points) and

CAT (16 and 20 points) cutoff points were sensitive and

specific to discriminate these outcomes in subjects with

COPD. Those with mMRC $ 2 and CAT $ 16 and $ 20

presented worse pulmonary function, HRQOL, functional

and exercise capacities, ADL limitation, lower PADL level,

and higher risk of death according to the BODE index than

those presenting mMRC< 2 and CAT< 16 and< 20.

The instruments chosen to determine cutoff points were

selected based on GOLD classification that quantifies future

exacerbation risk and symptoms since 2011, allowing better

clinical management of patients with COPD. Although

PADL level and sedentary behavior are prognostic determi-

nants, GOLD criteria do not consider them in the multidimen-

sional classification.3 Furthermore, no physical training

strategies designed to address different quadrants of the multi-

dimensional classification are present in the literature.1

Despite GOLD criteria recommend physical activity for all

patients with COPD, pulmonary rehabilitation programs are

considered essential only for those classified in B, C, and D

quadrants.3 Therefore, PADL level and sedentary behavior

monitoring may have equal or greater relevance than assess-

ing exercise capacity since behavior change and adherence to

active lifestyle are 2 of the greatest challenges and the pri-

mary focus of pulmonary rehabilitation programs.1 In this

sense, the present study may help design strategies for

patients with different functional impairment levels, identi-

fied using instruments of easy clinical applicability and rec-

ommended by GOLD criteria. Another strength of this study

is the objective PADL measurements provided by triaxial
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Fig. 1. Receiver operating characteristic curves for the modified Medical Research Council scale cutoff point (A, B, and C) to discriminate PADL

level and sedentary behavior and for COPD Assessment Test (CAT) cutoff point (D and E) to discriminate severe physical inactivity and seden-
tary behavior in subjects with COPD. A: Physical inactivity level: cutoff point ¼ 2, sensitivity ¼ 66%, specificity ¼ 56%, AUC ¼ 0.62 (95% CI
0.53–0.70), P ¼ .01. B: Severe physical inactivity: cutoff point ¼ 2, sensitivity ¼ 81%, specificity ¼ 66%, AUC ¼ 0.76 (95% CI 0.68–0.83), P <

.001. C: Sedentary behavior: cutoff point¼ 2, sensitivity¼ 61%, specificity¼ 70%, AUC¼ 0.65 (95%CI 0.56–0.73), P¼.02. D: Severe physical
inactivity: cutoff point¼ 16, sensitivity¼ 76%, specificity¼ 54%, AUC¼ 0.69 (95%CI 0.60–0.77), P<.001. E: Sedentary behavior: cutoff point

¼ 20, sensitivity¼ 51%, specificity¼ 90%, AUC¼ 0.71 (95%CI 0.62–0.79), P¼.001.
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accelerometers, differing from questionnaires reflecting sub-

jective perception of physical activity.5

Previous studies preferred mMRC in the context of

PADL since it better reflects PADL and differentiates

patients in 4 multidimensional quadrants.16,17 This is

probably due to nonequivalence of cutoff points

adopted by GOLD (ie, mMRC ¼ 2 and CAT ¼ 10), gen-

erating inconsistent classifications.19 Smid et al20 found

that CAT cutoff point of 18 (using mMRC $ 2 as refer-

ence point) better distributed subjects in the multidi-

mensional GOLD classification. This value is very

close to cutoff points found in our study to discriminate

severe physical inactivity and sedentary behavior.

Casanova et al41 identified that CAT cutoff point

adopted by GOLD criteria was not associated with mor-

tality, and the best predictive value for all-cause mortal-

ity (also using mMRC $ 2) was $ 17. mMRC $ 1 and

CAT $ 10 cutoff points were equivalent in a study that

determined low-symptom subjects.42 However, our

findings and previous studies20,41 demonstrated that cut-

off points higher than observed by Jones et al42 provided

valuable prognostic information and should be prefera-

bly used.

The current study also identified that the classification

from mMRC and CAT cutoff points was able to discrimi-

nate subjects concerning the pulmonary function, HRQOL,

functional and exercise capacities, ADL limitation, and

higher risk of death according to the BODE index. These

outcomes are complementary and are strongly associated to

the prognosis of COPD.1,37,43,44 The discriminatory power

found can be considered clinically relevant since the differ-

ences between the groups presented higher values than the

minimal important difference of the mSGRQ,45 the

6MWT,31 the TGlittre,46 the LCADL,47 and the number of

steps.48 Additionally, the BODE index was higher in sub-

jects with scores mMRC $ 2 and CAT $ 16 and $ 20. It

is relevant given that higher scores on the BODE index

reflect an increased risk of death.37

The cutoff points were established based on variables of

functional status and were associated with classifications

from one scale and field tests related to functional status.

Having cutoff points capable of discriminating functional

status of patients can be quite useful for a better stratifica-

tion of this outcome. In addition, it can help clinicians

determine the urgency of the need to refer patients to cen-

ters with therapies more directed at improving functional

status. Interestingly, TGlittre classification was associated

with mMRC classification, whereas 6MWT was associ-

ated with CAT classification. TGlittre is a field test devel-

oped for subjects with COPD that encompasses tasks

considered challenging in the subjects’ routine34 and is

associated with other health outcomes.49-51 Subjects per-

forming TGlittre in $ 3.5 min were approximately 8-fold

more likely to present mMRC $ 2, reinforcing the role of

dyspnea in limiting ADLs and reflecting an important

warning about PADL impairments in subjects with worse

TGlittre performance.

The instruments used as anchors in this study present

well-established cutoff points,11-13 and their outcomes are

predictors of mortality in subjects with COPD.9,11 mMRC

cutoff point of 2 was found for all anchors with AUC above

or very close to the satisfactory threshold.40 The same was

observed for CAT but with different cutoff points to discrim-

inate severe physical inactivity and sedentary behavior. In

practice, these outcomes are confounded since one patient

may be classified as physically active but still present seden-

tary behavior and perform activities with low energy expend-

iture throughout the day.52 Therefore, the choice of using

CAT cutoff points (16 and 20) must consider specific goals.

Moreover, it was not possible to determine CAT cutoff point

to discriminate physical inactivity level.

The time spent monitoring PADL probably influenced

our results. However, previous studies demonstrated that

data collected in 2 days produce reliable results.17,53 Also,

GOLD I patients were not included in this study; therefore,

results should not be extrapolated to patients with mild pul-

monary function impairment. This study will support health

professionals to use mMRC and CAT to identify patients

with low PADL levels and better guide nonpharmacologic

strategies to reduce the effects of sedentary behavior and

physical inactivity in this patient population. However,

although valuable, mMRC and CAT scores and their cutoff

points are not a surrogate for accelerometer data.

Conclusions

The mMRC cutoff point of 2 (< 2 and $ 2) is recom-

mended to discriminate PADL level and sedentary behav-

ior, whereas CAT cutoff points of 16 (< 16 and $ 16) and

20 (< 20 and $ 20) discriminated severe physical inactiv-

ity and sedentary behavior, respectively, in subjects with

COPD with moderate to very severe pulmonary function

impairment. These cutoff points also differentiated pulmo-

nary function, HRQOL, functional and exercise capacity,

ADL limitation, PADL level, and potential risk of death in

subjects with COPD. Our study confirmed that mMRC and

CAT could easily identify physical inactivity and sedentary

behavior of subjects with COPD in routine clinical practice.
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