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Abstract

Background

The GOLD multidimensional classification of COPD severity combines the exacerbation
risk with the symptom experience, for which 3 different questionnaires are permitted. This
study investigated differences in physical activity (PA) in the different GOLD quadrants and
patient’s distribution in relation to the questionnaire used.

Methods

136 COPD patients (58+21% FEV, predicted, 34F/102M) completed COPD assessment
test (CAT), clinical COPD questionnaire (CCQ) and modified Medical Research Council
(mMRC) questionnaire. Exacerbation history, spirometry and 6MWD were collected. PA
was objectively measured for 2 periods of 1 week, 6 months apart, in 5 European centres;
to minimise seasonal and clinical variation the average of these two periods was used for
analysis.

Results

GOLD quadrants C+D had reduced PA compared with A+B (3824 [2976] vs. 5508 [4671]
steps.d-1, p<0.0001). The choice of questionnaire yielded different patient distributions
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(agreement mMRC-CAT k = 0.57; CCQ-mMRC k = 0.71; CCQ-CAT k = 0.72) with different
clinical characteristics. PA was notably lower in patients with an mMRC score >2 (3430
[2537] vs. 5443 [3776] steps.d™', p <0.001) in both the low and high risk quadrants.

Conclusions

Using different questionnaires changes the patient distribution and results in different clini-
cal characteristics. Therefore, standardization of the questionnaire used for classification is
critical to allow comparison of different studies using this as an entry criterion.

Clinical Trial Registration
ClinicalTrials.gov NCT01388218

Introduction

Chronic Obstructive Pulmonary Disease (COPD) is the most common lung disease in the
world. In 2011, the Global Initiative for Chronic Obstructive Lung Disease (GOLD) strategy
proposed new recommendations for the assessment and management of patients with COPD,
using a multidimensional approach to classify patients into four quadrants. This classification
has the advantage of combining the risk of exacerbations, based on both lung function and
exacerbation history, with the symptoms experienced by patients [1]. It was hypothesised that
this quadrant classification would provide a better reflection of the complexity of COPD com-
pared to the uni-dimensional analysis of airflow limitation previously used for staging the
disease.

The stated goals of COPD assessment are to determine the severity of the disease, its impact
on the patient’s health status and the risk of future events, to ultimately guide therapy [2]. This
strategy provoked a release of new publications, the so called “GOLD rush” [3], mainly investi-
gating the classifications ability to predict future events, such as exacerbations, hospital admis-
sions and death. However two large combined datasets have shown that at least for the
prediction of death it offers no advantage over the preceding I-IV stage classification [4,5].

Physical activity (PA) has emerged as a strong-if not the strongest- predictor of both mor-
tality and risk of hospitalization due to a COPD exacerbation [6]. PA is of intuitive relevance to
quality of life and is decreased in patients with COPD compared to healthy people [7]. Using
the prior I-IV GOLD stage system it was possible to show a relationship, albeit not a strong
relationship, between PA and FEV, [8,9]. A lower level of PA has previously been described
even in patients with GOLD stage I [10] or in newly diagnosed patients with COPD [11].
Increasing PA has become an additional non-pharmacological component of the recom-
mended treatment of patients with COPD, in addition to pulmonary rehabilitation.

In the 2013 GOLD recommendations, the COPD Assessment Test (CAT), the modified
Medical Research Council (mMRC) questionnaire or the Clinical COPD Questionnaire (CCQ)
can all be used for assessing symptoms. Previous research concluded that the quadrant distri-
bution of patients classified by the mMRC, CAT or CCQ score is not identical [12,13], but it is
not yet known whether the quadrant construct can differentiate patients based on their PA.

Therefore the aim of the present study is to investigate whether the new GOLD classification
captures differences in PA. For that purpose we posed two specific questions; first, what are the
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patients’ PA characteristics according to the different classifications and second, what is the
agreement between the different classifications?

Methods
Study population and design

As part of the PROactive project (www.proactivecopd.com, NCT01388218) 236 patients with
COPD [2] were followed during 1 year with repeated assessments in between. The present
non-interventional cross-sectional study is based on patients who completed the whole trial
and uses data captured during the interim and final visit, respectively 6 and 12 months after
the screening visit, that allowed prospective assessment of exacerbations. All patients signed a
written informed consent before starting any data collection. This study was approved by the
PROactive ethics and patient advisory boards and approved by the ethics committee at each
centre (Commissie medische ethiek van de universitaire ziekenhuizen KU Leuven; Medische
ethische toetsingscommissie universitair medisch centrum Groningen; Lothian ethics commit-
tee; South east Scotland research ethics committee; Scientific council of the general hospital for
chest diseases, Sotiria).

Patients were recruited from five European clinical centres [Leuven (Belgium), London and
Edinburgh (UK), Athens (Greece) and Groningen (The Netherlands)], participating in the
PROactive project. These centres were chosen to ensure geographical and cultural representa-
tion of a wide range of disease severity by comprising primary care, tertiary care and rehabilita-
tion centres. Patients had a smoking history of at least 10 pack years and were not suffering
from a respiratory disease other than COPD. Patients with orthopaedic or neurological com-
plaints which would limit PA and patients with cognitive impairment were excluded. More
detailed information has been described in detail elsewhere [14].

Clinical measurements

All patients underwent spirometry according to ERS-ATS standards [15] to confirm the diag-
nosis of COPD (screening visit) and to be used as part of the GOLD classification (final visit).
A 6-minute walk test (6MWD) was performed during the final visit in a 30m corridor, using
the best of 2 tests [16]. Results were expressed as a percentage of predicted normal values
[17,18].

Physical activity

PA was measured with the Dynaport Movemonitor (Mc Roberts BV, The Hague, The Nether-
lands) for two periods: 1 week preceding the interim visit and 1 week preceding the final visit.
The mean of both measurements (6 months apart) was used as an outcome measurement, with
the aim of lowering the influence of individual changes due to the weather and patient condi-
tion during 1 single measurement. Patients were asked to wear the monitor during waking
hours. The tri-axial accelerometer, worn at the height of the second lumbar vertebra has been
thoroughly validated in patients with COPD [19,20].

Valid days were defined as days with a wearing time of at least 8 hours, weekends were
excluded from the analysis, resulting in two periods of (maximum) five weekdays. Patients
with at least 2 valid days at both time points were included in the analysis. The measurement of
2 weekdays will provide the desirable intraclass correlation coefficient (>0.80) for cross-sec-
tional analyses [21]. To account for potential misclassification in relation to decisions about
PA, all analyses were repeated using all patients with an overall (either of both measurements)
minimum of 2 days (week or weekend) of PA data (S1 File). The total amount of steps per day
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and the proportion of patients showing inactivity (mean daily step value of <4580 steps [22])
were chosen as outcome measurements.

Questionnaires

The GOLD strategy recommends the use of either CAT, mMRC or the CCQ questionnaire for
the symptomatic assessment. The CAT measures the impact of COPD on a person’s health sta-
tus [23], a score >10 is defined as having “high” symptoms in the GOLD strategy. The mMRC
assesses the disability due to breathlessness [24] where an mMRC grade > 2 points indicates
having “high” symptoms in the current recommendation. The CCQ is developed to measure
symptom and functional status [25]. The cut-off for CCQ has to be finally determined in the
GOLD strategy but will be in the range 1-1.5. The present study considered a cut-off of >1.5
[26].

Exacerbation history

Acute exacerbations were defined as ‘events in the natural course of the disease, characterized
by a change in the patients’ baseline dyspnea, cough and/or sputum, which is beyond normal
day-to-day variations, acute in onset and leading to a change in medication’[1]. Having two or
more exacerbations in the preceding year, or having at least one hospitalization for a COPD
exacerbation in the preceding year was defined as ‘at high risk’.

Definition of GOLD quadrants

The combined GOLD classification categorizes patients in 4 quadrants (A-D) taking into
account lung function, exacerbation history and symptoms [1]. The classification is in detail
described in Fig 1.

Statistics

Sample size was defined according to the main objective of the study [14]. We calculated
whether the available sample size provided enough statistical power to answer the research
question(s), concluding this sample sufficient (S1 File). Analyses were performed with the SAS
statistical package 9.3 (SAS institute, Cary, NC, USA) and GraphPad Prism 6.01 (GraphPad
Software, Inc, CA, USA). The normality of distribution was analyzed with the Shapiro-Wilk
test and visual inspection of the frequency distribution. Data are presented as mean+SD for
normally or median [interquartile range] for not normally distributed variables. Statistical sig-
nificance was set at p<0.05. The different research questions were answered based on the fol-
lowing analyses:

1. What are the patients’ characteristics according to the different classifications?Differences
in patient characteristics across the former stages and GOLD quadrants were analyzed
using a one way ANOVA (proc GLM) for continuous variables (chi square tests for categor-
ical variables) followed by a post hoc analysis (Tukey), if significant. Differences in daily
step count were analyzed using a Kruskal Walis test with post hoc pairwise comparison
(Mann-Whitney U), applying a Dunn’s correction for multiple testing. Because we hypothe-
sized a low number of patients in quadrant C, we pooled patients in quadrant A+C and B
+D to investigate the impact of symptoms on PA (Mann-Whitney U). Similarly, the differ-
ence in physical activity between patients in the upper quadrants (C+D) and stages (III+IV)
were compared to those of patients in the lower quadrants (A+B) and stages (I+1I).
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Fig 1. The new GOLD assessment. The classification combines the symptomatic assessment with the
patients’ spirometric classification and/or risk of exacerbations, resulting in 4 quadrants. To classify patients
first symptoms should be assessed with the mMRC, CAT or CCQ scale and investigator should determine if
the patient belongs to the left (less symptoms) or right (more symptoms) side of the box. Next the risk of
exacerbations should be assessed to determine if the patient belongs to the lower part of the box (low risk) or
the upper part of the box (higher risk). When assessing symptoms the mMRC, CAT or the CCQ scale can be
used; when assessing risk the highest risk according to GOLD grade or exacerbation history should be
chosen.

doi:10.1371/journal.pone.0151255.g001

2. What is the agreement between the different classifications using different definitions?
Agreement between the classifications (quadrants A to D), based on either CAT, mMRC or
CCQ questionnaire results, was investigated using a (pairwise) concordance analysis. A sim-
ple kappa—coefficient (k) was calculated (k>0.40 indicates moderate agreement; «¥>0.60
indicates substantial agreement; k>0.80 indicates almost perfect agreement[27]).

Results

General patient characteristics

A total of 191 patients with COPD completed the whole trial [14] and were considered for the
present study (S1 Fig). Twenty two patients had missing data of the GOLD stratifiers (mMRC,
CAT, CCQ or exacerbation history) and 33 additional patients had invalid PA data, resulting in a
total sample size of 136 patients (102 men, 34 women, 58+21% FEV predicted, 68+8 year) for the
present analysis, see Table 1. Patients included in the analysis did not differ from those excluded
based on insufficient valid PA data (Table A in S1 File). Patients wore the accelerometer for a total
of 8.7%1.3 valid (week)days, with a mean wearing time of 881+107 minutes. In total 75 patients
were allocated to C/D, of these 25 patients were categorized at high risk only based on their lung
function, 25 patients solely based on their exacerbation history (>2 exacerbations />1admission)
and 25 based on both severe airflow limitation and the exacerbation history.

What are the patients’ characteristics according to the different
classifications?

The multidimensional classification as well as the spirometric GOLD stages could discriminate
for all GOLD stratifiers (FEV%eq, mMRC, CAT, CCQ, exacerbation history), see Table 2
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Table 1. Patient characteristics.

Variable Patient characteristics (n = 136)
Female/male* 34 (25) / 102 (75)
Age (y) 68+8
BMI (kg.m) 27+5
FEV, (%pred) 58 + 21
6MWD (m) 444 + 129
CAT score 14+8
CCQ score 1.8+1.0
mMRC (0/1/2/3/4)* 19 (14) /53 (39) / 36 (26) / 27 (20) /1 (1)
Active smokers* 18 (13)
COPD exacerbations (n.y™")* 1 (0-12)
Hospitalizations due to COPD exacerbation (n.y™') & 0 (0-4)

Data are presented as mean + SD

*data presented as n (%)

&data presented as median (min-max)

BMI missing in 2 patients, BMWD missing in 6 patients

doi:10.1371/journal.pone.0151255.t001

and Table B in S1 File. The different quadrants nor GOLD stages did differ in age, gender,
BM]I, proportion of active smokers and wearing time of the activity monitor.

The former GOLD classification shows a gradual but substantially overlapping decline in
level of PA and accordingly a linear increase in proportion of inactive patients in the higher
stages. In all multidimensional classifications patients in the highest quadrants (D) are less
active and have a lower S MWD compared to those in quadrant A (p<0.001). Using mMRC
shows a lower PA and decreased 6WMD in quadrant D vs C (p = 0.04 and p<0.001 respec-
tively) and B vs A (p = 0.02 and p<0.001 respectively), see Fig 2 and Table 2. The proportion of
active patients was the highest (~22/3 of patients) in GOLD I and GOLD A quadrants, irrespec-
tive of the classification. Of all patients classified as inactive (n = 80), 16% was included in
GOLD stage IV whereas 49-54% (using mMRC, CAT or CCQ) are allocated in GOLD quad-
rant D. The sensitivity analyses using minimal PA restrictions (including weekend days)
showed comparable results (see S1 File, S2 Fig).

Patients classified as former GOLD stage III-IV (n = 50) show lower PA levels compared to
those in stages I-II (n = 86) (3698 [2865] vs. 5080 [4157] steps.day’l, p<0.001). Similarly,
patients in quadrants C-D (n = 75) present with a lower step count compared to those quad-
rants A-B (n = 61) (3824 [2976] vs. 5508 [4672] steps.day ', p<0.001).

The impact of having symptoms on PA depends on the questionnaire used in the classifica-
tion (less vs. more symptoms; mMRC: 3430 [2537] vs. 5443 [3776] steps.day’l,p<0.001; CAT
3835 [3616] vs.5070 [3681] Steps.dayil, p =0.02; CCQ 3714 [3240] vs. 5278 [4253] steps.day’l,
p<0.001). PA was notably lower in patients with a higher mMRC score. Fig 3 depicts the
impact of using mMRC, CAT and CCQ categorisation on the PA level.

What is the agreement between the different classifications?

Using mMRC, CAT or CCQ questionnaire to define symptoms resulted in different classifica-
tions of patients (Table 3 and Fig 4) The agreement between the classification of patients, based
on mMRC and CAT questionnaire was moderate (x = 0.57 [95% CI 0.47-0.67]). The agree-
ment between the classification based on CCQ questionnaire and respectively the classification
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Table 2. Patient characteristics across the different GOLD quadrants using mMRC, CAT or CCQ score to define symptoms experience.

Variable

FEV, (%pred)

mMRC (score)

CAT (score)

CCQ (score)

Exacerbations (n.y™)*

Hospitalizations (n.y™")*

6MWD (m)

6MWD (%pred)

Inactive patients (%)*
Variable

FEV, (%pred)

mMRC (score)

CAT (score)

CCQ (score)

Exacerbations (n.y )%

Hospitalizations (n.y™")®

6MWD (m)

6MWD (%pred)

Inactive patients (%)*
Variable

FEV, (%pred)

mMRC (score)

CAT (score)

CCQ (score)
Exacerbations (n.y™")*
Hospitalizations (n.y ")
6MWD (m)

6MWD (%pred)
Inactive patients (%)*

Data are presented as mean + SD

* = data presented as n (%)
&data presented as median [IQR]

p-value results from a one-way ANOVA, chi square test(*) or Kruskal wallis test (¥; Post hoc analyses, adjusted for multiple testing

Adifferent from A (B, C or D)
Bdifferent from B (C or D)
Cdifferent from C (D)

doi:10.1371/journal.pone.0151255.t002

A (n = 46)
74£15
0.740.5
1045
1.120.7
0[0]

0
523498
83+15
16 (35)

A(n=27)
75417
0.740.7
6+2
0.8+0.6
0[0]

0
519+111
83+18
9 (33)

A (n = 40)
7515
0.8+0.7
9+4
0.8+0.3
0[0.5]
0[0]
513+106
81+16
15(38)

B (n = 15)
6617
2.4+0.5%
17+8"
2.1+094
0[1]

0
349+96 A
55+12 A
11(73) A

B (n = 34)
70+15
1.4+0.9 A
1645 A
1.8+¢0.7 A
0[1]

0
452+126
717
18 (53)

B (n=21)
67+15
1.6+1.0%
1647 A
2.4+054
0[1]
0[0]
416+134 A
65+18"
12(57)

Combined assessment (MMRC)
C (n=26)
55+18 A
0.9+0.3 ®
1126 B
1.4+0.8 B
2[1] AB
0[0] AB
498+100°
79+145
14 (54)
Combined assessment (CAT)
C (n=16)
5020 #8
1.410.8
63 °®
1.120.6 ®
1[2]
0[0]
449+149
72120
12 (75) A
Combined assessment (CCQ)
C (n=16)
544214
1.0£0.7
8+45
0.9¢0.4 B
1[2]
0[0]
485+137
7417
10(63)

D (n = 49)
42+18 AB
2.5+0.5 A°
19+7 AC
2.5+0.8 A°
3[3]AB
O[O]AB
367+115 AC
6018 A°
39 (80)A°

D (n = 59)
46+18 AB
2.1+0.9 ABC
19+7 ABC
2.4+0.9 ABC
2[3]AB
O[O]AB
40441184
65+18"
41 (69) A

D (n =59)
4441778
2.2+0.8 ABC
19+7 AC
2.5+0.8 A°
2[3]AB
O[O]AB
394+116 A°
64+19°°
43(73°

p- value
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01

p- value
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01

p- value
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.001
0.006

based on mMRC and CAT questionnaire was substantial (k = 0.71 [95%CI 0.62-0.80] and x =
0.72 [95%CI 0.63-0.80]).

Discussion

Our results show that patients identified by the multidimensional GOLD classification as being
at high risk also have severely decreased PA level. However, the data also show that the use of
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Fig 2. Physical activity across different GOLD classifications. GOLD = Spirometric GOLD classification; mMMRC = combined assessment using mMRC;
CAT = combined assessment using CAT; CCQ = combined assessment using CCQ; Significant differences (post hoc analysis) are indicated with a solid line.

doi:10.1371/journal.pone.0151255.g002

different questionnaires results in a different patient distribution with different clinical charac-
terization. Moreover, PA is notably lower in patients with a higher mMRC score, both in the
low and high risk quadrants. Importantly, independent of the questionnaire used, approxi-
mately 30% of patients in quadrant A (i.e. low risk, low symptoms) show inactivity and 27 out
of 80 (34%) inactive patients are classified in the low risk quadrants.

PA decreases with worse lung function [7,10]. In the multidimensional GOLD classification,
by adding the history of exacerbations, more patients are shifted to the higher risk categories
[5]. The very low PA seen in these upper quadrants, consistently related to the risk for an
exacerbation and mortality [6], confirms the ability of the GOLD classification to identify
severe patients, in need of maximal therapy. According to the GOLD guidelines, these patients
require a maximal non-pharmacological treatment strategy including pulmonary rehabilitation
and PA management [2].

COPD patients experience multiple symptoms, such as dyspnea, fatigue, anxiety and
depression, influencing physical and social functioning [28]. Dyspnea, the major cause of
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doi:10.1371/journal.pone.0151255.g003

disability in COPD, has already shown to be a better predictor of future mortality compared to
severity of lung function [29]. Previous research showed a 5 to 8 fold increase in risk of cardio-
vascular and cancer mortality in quadrants B and D compared to A and C [30] and the highest
prevalence of comorbidities and persistent inflammation was observed in patients in quadrant
B [31], using mMRC in the classification. These data are in line with the present results and
current literature showing an important link between physical (in)activity, important comor-
bidities [32] and related mortality [33]. Our data by showing a decreased physical activity in
patients with higher mMRC score, independent of the risk assessment, supports the idea that
mMRC is an important predictor of mortality [29], is mediated by a decreased PA in these
patients.

An important aim of the GOLD strategy is to guide treatment of COPD patients. In patients
at high risk, adding the symptom classification does not introduce significant changes to the
(maximal) treatment decisions. However, in patients at low risk (e.g. patients in primary care)

Table 3. Frequency distribution of patients according to different GOLD classifications.

1 (FEV,>80%) 11(50%<FEV,<80%) Il (30%<FEV,1<50%) IV (FEV,1<30%)
GOLD 19 (14%) 67 (49%) 35 (26%) 15 (11%)
A (Low R, Low S) B (Low R, High S) C (High R, low S) D (High R, High S)
mMRC 46 (34%) 15 (11%) 26 (19%) 49 (36%)
ccQ 40 (29%) 21 (15%) 16 (12%) 59 (43%)
CAT 27 (20%) 34 (25%) 16 (12%) 59 (43%)

GOLD = (former) spirometric GOLD classification, mMMRC = combined assessment using mMRC questionnaire, CAT = combined assessment using CAT
scores, CCQ = combined assessment using CCQ questionnaire; Low R = low severity on risk assessment; High R = high severity on risk assessment;
Low S = less symptoms; High S = more symptoms

doi:10.1371/journal.pone.0151255.1003
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mMRC

CAT CCQ

Fig 4. Patient distribution across the different GOLD classifications. The size of the squares represent the patient distribution relative to quadrant A.
mMRC = combined assessment using mMMRC; CAT = combined assessment using CAT; CCQ = combined assessment using CCQ.

doi:10.1371/journal.pone.0151255.9g004

classifying patients in quadrant A or B will change the recommended treatment choice (e.g.
starting rehabilitation) [2]. Our data suggest that the classification using mMRC would provide
a better discrimination for the need for this non-pharmacological therapy. The different ques-
tionnaires will result in different patient distributions, leading to different clinical characteris-
tics such as PA and 6MWD in the quadrants. Previous research showed the difference in
patient distribution [12,13], but none investigated the differences in clinical characteristics,
important for non-pharmacological treatment decisions. Although it could be argued that the
multidimensional classification was proposed for disease management and not for prognostic
purpose, interestingly, Casanova et al. showed the classification using mMRC was superior in
the ability to predict mortality than the CAT and CCQ (using a cut-off of 1.0)[34]. These data
could be related to our results showing the differences in PA across these classifications. Addi-
tionally, our data show the possible impact on non-pharmacological treatment decisions
according to the choice of questionnaire. Taking all this into account, our data clearly echo the
claim of Agusti, et al. that standardization of the choice of questionnaire to attribute the GOLD
strata is needed [35].

Previous research reporting on PA across the different quadrants are mainly based on
mMRC to classify patients and only measured PA at one time point. Moreira and colleagues
did not find any difference in objectively measured activity time between quadrants B to D nor
between the former stages [36], the latter is in contrast with available literature [10]. In line
with our results, lower levels of PA of patients in quadrant B and D were concluded in the
study of Boland,et al. [37], although the methodology of PA measurement was not specified.
PA data across GOLD quadrants using the St. George’s Respiratory Questionnaire (SGRQ) as a
surrogate for CAT showed the lowest PA level in patients in quadrant D. These authors
reported a higher PA level in patients in quadrant C compared to B (although significance was
not reported), in contrast with our results. This difference could, besides a difference in the
questionnaire used (SGRQ), be explained by the low number of patients in quadrant C (5% of
the sample) or the differences in PA monitoring properties and analysis [38].

A review by the GOLD scientific committee recommended studies comparing the specific
symptoms-evaluating tools [35]. To the best of our knowledge this is the first study investigat-
ing the differences between the combined GOLD classifications, using each one of the three
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permitted questionnaires to evaluate symptom experience, in physical activity and exercise
capacity characteristics of patients. Based on our data we hypothesize a need for different thera-
peutic strategies in terms of non-pharmacological treatment of patients with COPD in the dif-
ferent GOLD quadrants, depending on the classification, particularly in the low risk quadrants.
Future research is needed to evaluate whether these treatment choices would yield different
benefits.

Physical activity was objectively measured using an accelerometer validated for use in
patients with COPD [19,20]; self-reported PA is known to relate poorly to objectively measured
data [39]. With the aim of decreasing variability, a valid physical activity measurement was
defined as having at least 2 weekdays of measurement on both time points [21]. Nevertheless
because physical activity has shown to be lower during weekends compared to weekdays [40],
we repeated the analyses including weekends (sensitivity analysis, see S1 File) to account for
potential misclassification in relation to decisions about PA, which resulted in similar conclu-
sions. We have chosen to use the number of steps as outcome measurement, known to be a
more sensitive outcome in this patients population compared to e.g. time in moderate physical
activity and lowered seasonal influence by combining 2 measurement periods [21]. Including
patients in different European centers, representing a wide range of severity and physical activ-
ity, improves the representation of the COPD population. When compared to 3 large cohorts
(ECLIPSE, Cocomics, COPDgene), using the mMRC in the classification [35], the present
study shows a very similar distribution (A 31%, B 17%, C 16%, D 37%).

Conclusions

The present study shows that patients identified by the multidimensional GOLD classification
as being at high risk also have severely decreased physical activity levels. Using different ques-
tionnaires in the classification changes both the patient distribution and results in different
clinical characteristics. We therefore believe that standardization of the questionnaire used for
GOLD classification is critical first to allow fair comparison of different studies using this as an
entry criterion and second to be used as base for treatment recommendations. Our data suggest
that the mMRC may be the most useful. Lastly we highlight that a significant minority of
patients in quadrant A have reduced PA emphasizing the importance of PA promotion even in
milder and apparently asymptomatic patients.

Supporting Information

S1 Fig. Study flowchart.
(JPG)

S2 Fig. Physical activity across different GOLD classifications.
(TTF)

S$1 File. Data supplement including power calculation, characteristics of the excluded
patients, clinical features of patients across the spirometric GOLD stages and physical
activity sensitivity analyses.

(DOCX)

Acknowledgments

The PROactive Consortium members are as follows. Nathalie Ivanoff: Almirall, Barcelona,
Spain; Niklas Karlsson and Solange Corriol-Rohou: AstraZeneca AB, Mélndal, Sweden; Ian
Jarrod: British Lung Foundation, London, UK; Damijen Erzen: Boehringer Ingelheim, Nieder-

PLOS ONE | DOI:10.1371/journal.pone.0151255 March 14,2016 11/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0151255.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0151255.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0151255.s003

el e
@ ' PLOS ‘ ONE Physical Activity across GOLD Quadrants

Ingelheim, Germany; Mario Scuri and Roberta Montacchini: Chiesi Farmaceutici S.A. Parma,
Italy; Paul McBride: Choice Healthcare Solutions, Hitchin, UK; Nadia Kamel: European Respi-
ratory Society, Lausanne, Switzerland; Margaret Tabberer: GlaxoSmithKline, Uxbridge, UK;
Thierry Troosters, Wim Janssens, Fabienne Dobbels, Chris Burtin and Hans Van Remoortel:
Katholieke Universiteit Leuven, Leuven, Belgium; Judith Garcia-Aymerich, Ignasi Serra:
Municipal Institute of Medical Research, Barcelona, Spain; Pim de Boer: Netherlands Lung
Foundation, Amersfoort, The Netherlands; Karoly Kulich and Alastair Glendenning: Novartis,
Basel, Switzerland; Michael I. Polkey and Nick S. Hopkinson: Royal Brompton and Harefield
NHS Foundation Trust, London, UK; Ioannis Vogiatzis: Thorax Research Foundation, Athens,
Greece; Enkeleida Nikai: UCB, Brussels, Belgium; Thys van der Molen and Corina De Jong:
University Medical Center, Groningen, The Netherlands; Roberto A. Rabinovich and Bill Mac-
Nee: University of Edinburgh, Edinburgh, UK; Milo A. Puhan and Anja Frei: University of
Zurich, Zurich, Switzerland.

Author Contributions

Conceived and designed the experiments: JG NK TT. Performed the experiments: HD MH CdJ
RR IV ZL. Analyzed the data: HD TT W]. Contributed reagents/materials/analysis tools: NK
JG. Wrote the paper: HD TT MP W]. Critically reviewed the manuscript: EG MH WB NK CdJ
RRTVM WJJGTT MP ZL IV.

References

1. Vestbo J, Hurd SS, Agusti AG, Jones PW, Vogelmeier C, Anzueto A, et al. Global strategy for the diag-
nosis, management, and prevention of chronic obstructive pulmonary disease: GOLD executive sum-
mary. Am J Respir Crit Care Med.2013; 187(4): 347-365. doi: 10.1164/rccm.201204-0596PP PMID:
22878278

2. Fromthe Global Strategy for the Diagnosis, Management and Prevention of COPD, Global Initiative for
Chronic Obstructive Lung Disease (GOLD) 2014 Available from: http://www.goldcopd.org/.; 25-3-2014.

3. Soriano JB. The GOLD Rush. Thorax.2013; 68(10): 902—903. doi: 10.1136/thoraxjnl-2013-203595
PMID: 23760545

4. Soriano JB, Alfageme I, Almagro P, Casanova C, Esteban C, Soler-Cataluna JJ, et al. Distribution and
prognostic validity of the new Global Initiative for Chronic Obstructive Lung Disease grading classifica-
tion. Chest.2013; 143(3): 694—702. PMID: 23187891

5. Soriano JB, Lamprecht B, Ramirez AS, Martinez-Camblor P, Kaiser B, Alfageme |, et al. Mortality pre-
diction in chronic obstructive pulmonary disease comparing the GOLD 2007 and 2011 staging systems:
a pooled analysis of individual patient data. Lancet Respir Med.2015; 3(6): 443—-450. doi: 10.1016/
S2213-2600(15)00157-5 PMID: 25995071

6. Gimeno-Santos E, Frei A, Steurer-Stey C, de BJ, Rabinovich RA, Raste Y, et al. Determinants and out-
comes of physical activity in patients with COPD: a systematic review. Thorax.2014; 69(8): 731-739.
doi: 10.1136/thoraxjnl-2013-204763 PMID: 24558112

7. Vorrink SN, Kort HS, Troosters T, Lammers JW. Level of daily physical activity in individuals with
COPD compared with healthy controls. Respir Res.2011; 12: 33. doi: 10.1186/1465-9921-12-33 PMID:
21426563

8. PittaF, Troosters T, Spruit MA, Probst VS, Decramer M, Gosselink R. Characteristics of physical activi-
ties in daily life in chronic obstructive pulmonary disease. Am J Respir Crit Care Med.2005; 171(9):
972-977. PMID: 15665324

9. Waschki B, Spruit MA, Watz H, Albert PS, Shrikrishna D, Groenen M, et al. Physical activity monitoring
in COPD: compliance and associations with clinical characteristics in a multicenter study. Respir
Med.2012; 106(4): 522-530. doi: 10.1016/j.rmed.2011.10.022 PMID: 22118987

10. Shrikrishna D, Patel M, Tanner RJ, Seymour JM, Connolly BA, Puthucheary ZA, et al. Quadriceps
wasting and physical inactivity in patients with COPD. Eur Respir J.2012; 40(5): 1115-1122. doi: 10.
1183/09031936.00170111 PMID: 22362854

11.  Van Remoortel H, Hornikx M, Demeyer H, Langer D, Burtin C, Decramer M, et al. Daily physical activity
in subjects with newly diagnosed COPD. Thorax.2013; 68(10): 962—963. doi: 10.1136/thoraxjnl-2013-
203534 PMID: 23604460

PLOS ONE | DOI:10.1371/journal.pone.0151255 March 14,2016 12/14


http://dx.doi.org/10.1164/rccm.201204-0596PP
http://www.ncbi.nlm.nih.gov/pubmed/22878278
http://www.goldcopd.org/
http://dx.doi.org/10.1136/thoraxjnl-2013-203595
http://www.ncbi.nlm.nih.gov/pubmed/23760545
http://www.ncbi.nlm.nih.gov/pubmed/23187891
http://dx.doi.org/10.1016/S2213-2600(15)00157-5
http://dx.doi.org/10.1016/S2213-2600(15)00157-5
http://www.ncbi.nlm.nih.gov/pubmed/25995071
http://dx.doi.org/10.1136/thoraxjnl-2013-204763
http://www.ncbi.nlm.nih.gov/pubmed/24558112
http://dx.doi.org/10.1186/1465-9921-12-33
http://www.ncbi.nlm.nih.gov/pubmed/21426563
http://www.ncbi.nlm.nih.gov/pubmed/15665324
http://dx.doi.org/10.1016/j.rmed.2011.10.022
http://www.ncbi.nlm.nih.gov/pubmed/22118987
http://dx.doi.org/10.1183/09031936.00170111
http://dx.doi.org/10.1183/09031936.00170111
http://www.ncbi.nlm.nih.gov/pubmed/22362854
http://dx.doi.org/10.1136/thoraxjnl-2013-203534
http://dx.doi.org/10.1136/thoraxjnl-2013-203534
http://www.ncbi.nlm.nih.gov/pubmed/23604460

@’PLOS ‘ ONE

Physical Activity across GOLD Quadrants

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

Jones PW, Adamek L, Nadeau G, Banik N. Comparisons of health status scores with MRC grades in
COPD: implications for the GOLD 2011 classification. Eur Respir J.2013; 42(3): 647—-654. doi: 10.1183/
09031936.00125612 PMID: 23258783

Kim S, Oh J, Kim Y1, Ban HJ, Kwon YS, Oh IJ, et al. Differences in classification of COPD group using
COPD assessment test (CAT) or modified Medical Research Council (InMRC) dyspnea scores: a
cross-sectional analyses. Bmc Pulmonary Medicine.2013; 13.

Gimeno-Santos E, Raste Y, Demeyer H, Louvaris Z, de JC, Rabinovich RA, et al. The PROactive
instruments to measure physical activity in patients with chronic obstructive pulmonary disease. Eur
Respir J.2015;in press, doi: 10.1183/09031936.00183014

Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, Coates A, et al. Standardisation of spirom-
etry. Eur Respir J.2005; 26(2): 319-338. PMID: 16055882

Singh SJ, Puhan MA, Andrianopoulos V, Hernandes NA, Mitchell KE, Hill CJ, et al. An official system-
atic review of the European Respiratory Society/American Thoracic Society: measurement properties
of field walking tests in chronic respiratory disease. Eur Respir J.2014; 44(6): 1447—-1478. doi: 10.1183/
09031936.00150414 PMID: 25359356

Quanijer PH, Tammeling GJ, Cotes JE, Pedersen OF, Peslin R, Yernault JC. Lung-Volumes and Forced
Ventilatory Flows—Report Working Party Standardization of Lung-Function Tests European-Commu-
nity for Steel and Coal—Official Statement of the European Respiratory Society. European Respiratory
Journal.1993; 6: 5-40.

Troosters T, Gosselink R, Decramer M. Six minute walking distance in healthy elderly subjects. Euro-
pean Respiratory Journal.1999; 14(2): 270-274. PMID: 10515400

Rabinovich RA, Louvaris Z, Raste Y, Langer D, Remoortel HV, Giavedoni S, et al. Validity of physical
activity monitors during daily life in patients with COPD. Eur Respir J.2013; 42(5): 1205-1215. doi: 10.
1183/09031936.00134312 PMID: 23397303

Van Remoortel H, Raste Y, Louvaris Z, Giavedoni S, Burtin C, Langer D, et al. Validity of Six Activity
Monitors in Chronic Obstructive Pulmonary Disease: A Comparison with Indirect Calorimetry. Plos
One.2012; 7(6).

Demeyer H, Burtin C, Van RH, Hornikx M, Langer D, Decramer M, et al. Standardizing the analysis of
physical activity in patients with COPD following a pulmonary rehabilitation program. Chest.2014; 146
(2): 318-327. doi: 10.1378/chest.13-1968 PMID: 24603844

Depew ZS, Novotny PJ, Benzo RP. How many steps are enough to avoid severe physical inactivity in
patients with chronic obstructive pulmonary disease? Respirology.2012; 17(6): 1026—1027. doi: 10.
1111/j.1440-1843.2012.02207.x PMID: 22672739

Jones PW, Harding G, Berry P, Wiklund |, Chen WH, Kline LN. Development and first validation of the
COPD Assessment Test. Eur Respir J.2009; 34(3): 648-654. doi: 10.1183/09031936.00102509 PMID:
19720809

Bestall JC, Paul EA, Garrod R, Garnham R, Jones PW, Wedzicha JA. Usefulness of the Medical
Research Council (MRC) dyspnoea scale as a measure of disability in patients with chronic obstructive
pulmonary disease. Thorax.1999; 54(7): 581-586. PMID: 10377201

van der Molen T, Willemse BW, Schokker S, ten Hacken NH, Postma DS, Juniper EF. Development,
validity and responsiveness of the Clinical COPD Questionnaire. Health Qual Life Outcomes.2003; 1:
13. PMID: 12773199

Kon S, Canavan J, Nolan C, Jones S, Clark A, Polkey M, et al. The Clinical Chronic Obstructive Pulmo-
nary Disease Questionnaire: Cut point for GOLD 2013 classification. American Journal of Respiratory
and Critical Care Medicine.2014; 189(2).

Viera AJ, Garrett JM. Understanding interobserver agreement: the kappa statistic. Fam Med.2005; 37
(5): 360—363. PMID: 15883903

Park SK, Meldrum CA, Larson JL. Subgroup analysis of symptoms and their effect on functioning, exer-
cise capacity, and physical activity in patients with severe chronic obstructive pulmonary disease.
Heart Lung.2013; 42(6): 465—472. doi: 10.1016/j.hrting.2013.08.008 PMID: 24054947

Nishimura K, Izumi T, Tsukino M, Oga T. Dyspnea is a better predictor of 5-year survival than airway
obstruction in patients with COPD. Chest.2002; 121(5): 1434—-1440. PMID: 12006425

Lange P, Marott JL, Vestbo J, Olsen KR, Ingebrigtsen TS, Dahl M, et al. Prediction of the clinical course
of chronic obstructive pulmonary disease, using the new GOLD classification: a study of the general
population. Am J Respir Crit Care Med.2012; 186(10): 975-981. doi: 10.1164/rccm.201207-12990C
PMID: 22997207

Agusti A, Edwards LD, Celli B, Macnee W, Calverley PM, Mullerova H, et al. Characteristics, stability
and outcomes of the 2011 GOLD COPD groups in the ECLIPSE cohort. Eur Respir J.2013; 42(3): 636—
646. doi: 10.1183/09031936.00195212 PMID: 23766334

PLOS ONE | DOI:10.1371/journal.pone.0151255 March 14,2016 13/14


http://dx.doi.org/10.1183/09031936.00125612
http://dx.doi.org/10.1183/09031936.00125612
http://www.ncbi.nlm.nih.gov/pubmed/23258783
http://dx.doi.org/10.1183/09031936.00183014
http://www.ncbi.nlm.nih.gov/pubmed/16055882
http://dx.doi.org/10.1183/09031936.00150414
http://dx.doi.org/10.1183/09031936.00150414
http://www.ncbi.nlm.nih.gov/pubmed/25359356
http://www.ncbi.nlm.nih.gov/pubmed/10515400
http://dx.doi.org/10.1183/09031936.00134312
http://dx.doi.org/10.1183/09031936.00134312
http://www.ncbi.nlm.nih.gov/pubmed/23397303
http://dx.doi.org/10.1378/chest.13-1968
http://www.ncbi.nlm.nih.gov/pubmed/24603844
http://dx.doi.org/10.1111/j.1440-1843.2012.02207.x
http://dx.doi.org/10.1111/j.1440-1843.2012.02207.x
http://www.ncbi.nlm.nih.gov/pubmed/22672739
http://dx.doi.org/10.1183/09031936.00102509
http://www.ncbi.nlm.nih.gov/pubmed/19720809
http://www.ncbi.nlm.nih.gov/pubmed/10377201
http://www.ncbi.nlm.nih.gov/pubmed/12773199
http://www.ncbi.nlm.nih.gov/pubmed/15883903
http://dx.doi.org/10.1016/j.hrtlng.2013.08.008
http://www.ncbi.nlm.nih.gov/pubmed/24054947
http://www.ncbi.nlm.nih.gov/pubmed/12006425
http://dx.doi.org/10.1164/rccm.201207-1299OC
http://www.ncbi.nlm.nih.gov/pubmed/22997207
http://dx.doi.org/10.1183/09031936.00195212
http://www.ncbi.nlm.nih.gov/pubmed/23766334

@’PLOS ‘ ONE

Physical Activity across GOLD Quadrants

32.

33.

34.

35.

36.

37.

38.

39.

40.

Van Remoortel H, Hornikx M, Langer D, Burtin C, Everaerts S, Verhamme P, et al. Risk factors and
comorbidities in the preclinical stages of chronic obstructive pulmonary disease. Am J Respir Crit Care
Med.2014; 189(1): 30—38. doi: 10.1164/rccm.201307-12400C PMID: 24219412

Garcia-Aymerich J, Lange P, Benet M, Schnohr P, Anto JM. Regular physical activity reduces hospital
admission and mortality in chronic obstructive pulmonary disease: a population based cohort study.
Thorax.2006; 61(9): 772-778. PMID: 16738033

Casanova C, Marin JM, Martinez-Gonzalez C, de Lucas-Ramos P, Mir-Viladrich |, Cosio B, et al. Differ-
ential effect of MMRC dyspnea, CAT and CCQ for symptom evaluation within the new GOLD staging
and mortality in COPD. Chest.2015; 148(1): 154—168.

Agusti A, Hurd S, Jones P, Fabbri L, Martinez F, Vogelmeier C, et al. Frequently asked questions
(FAQs) about the GOLD 2011 assessment proposal of COPD. Eur Respir J.2013; 42(5): 1391-1401.
doi: 10.1183/09031936.00036513 PMID: 23645406

Moreira GL, Donaria L, Furlanetto KC, Paes T, Sant'/Anna T, Hernandes NA, et al. GOLD B-C-D groups
or GOLD II-1ll-1V grades: Which one better reflects the functionality of patients with chronic obstructive
pulmonary disease? Chron Respir Dis.2015; 12(2): 102—110. doi: 10.1177/1479972315573528 PMID:
25711468

Boland MR, Tsiachristas A, Kruis AL, Chavannes NH, Rutten-van Molken MP. Are GOLD ABCD
groups better associated with health status and costs than GOLD 1234 grades? A cross-sectional
study. Prim Care Respir J.2014; 23(1): 30—37. doi: 10.4104/pcrj.2014.00002 PMID: 24449017

Durheim MT, Smith PJ, Babyak MA, Mabe SK, Martinu T, Welty-Wolf KE, et al. Six-minute-walk dis-
tance and accelerometry predict outcomes in chronic obstructive pulmonary disease independent of
Global Initiative for Chronic Obstructive Lung Disease 2011 Group. Ann Am Thorac Soc.2015; 12(3):
349-356. doi: 10.1513/AnnalsATS.201408-3650C PMID: 25568929

Garfield BE, Canavan JL, Smith CJ, Ingram KA, Fowler RP, Clark AL, et al. Stanford Seven-Day Physi-
cal Activity Recall questionnaire in COPD. Eur Respir J.2012; 40(2): 356—-362. doi: 10.1183/09031936.
00113611 PMID: 22183486

Watz H, Waschki B, Meyer T, Magnussen H. Physical activity in patients with COPD. Eur Respir J.
2009; 33(2):262-272. doi: 10.1183/09031936.00024608 PMID: 19010994

PLOS ONE | DOI:10.1371/journal.pone.0151255 March 14,2016 14/14


http://dx.doi.org/10.1164/rccm.201307-1240OC
http://www.ncbi.nlm.nih.gov/pubmed/24219412
http://www.ncbi.nlm.nih.gov/pubmed/16738033
http://dx.doi.org/10.1183/09031936.00036513
http://www.ncbi.nlm.nih.gov/pubmed/23645406
http://dx.doi.org/10.1177/1479972315573528
http://www.ncbi.nlm.nih.gov/pubmed/25711468
http://dx.doi.org/10.4104/pcrj.2014.00002
http://www.ncbi.nlm.nih.gov/pubmed/24449017
http://dx.doi.org/10.1513/AnnalsATS.201408-365OC
http://www.ncbi.nlm.nih.gov/pubmed/25568929
http://dx.doi.org/10.1183/09031936.00113611
http://dx.doi.org/10.1183/09031936.00113611
http://www.ncbi.nlm.nih.gov/pubmed/22183486
http://dx.doi.org/10.1183/09031936.00024608
http://www.ncbi.nlm.nih.gov/pubmed/19010994

