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Abstract

Introduction: The authors of the international task force about the management of
Dyspnea recommend assessing sensory and affective components of dyspnea. The
Dyspnea-12 questionnaire (D-12) allows to assess both components of dyspnea. D-
12 is valid and reliable but its sensitivity to pulmonary rehabilitation was not studied.
The aim of this study was to estimate the minimal important difference (MID) for D-
12 in COPD patients undergoing a pulmonary rehabilitation program (PRP).
Methods: Severe or very severe COPD patients undergoing a PRP were included.
Dyspnea was assessed using D-12, MMRC dyspnea scale, London chest of Activity
of Daily Living questionnaire (LCADL). Quality of life was assessed using Saint-
George respiratory questionnaire (SGRQ) and COPD assessment Test (CAT);
exercise capacity using 6-Minute walk Test (6MWT) and 1-minute sit to-stand test
(1STST).

The MID was evaluated using distribution and anchor-based methods.

Results: Sixty patients (age: 64.4+8.2; FEV1 (%): 28.6+8.1) were included. At the
end of the PRP, patients had significantly decreased their dyspnea measured with D-
12, MMRC, LCADL (D-12: 23.9+8.9 to 17.6+9.4; MMRC: 3+0.7 to 2.2+1.1, LCADL:
38+13.9 to 31.6+11; p<0.0001). Using the distribution-based analysis, MID of -2.67
(standard error of measurement) or -4.45 (standard deviation) was found. According
to methodology, we could only use SGRQ as anchor. With SGRQ as anchor, the
receiver operating characteristic curve identified MID for the change in Dyspnea-12
at -6.1 (sensibility: 58%, specificity: 79%). The correlation with SGRQ was modest
(r=0.33), so the calculated MID should be interpreted with caution.

Conclusion: D-12 is a good tool to assess the decrease of dyspnea after PR. We
propose MID of -6 points. However, Future estimates of MID for the D-12 should use

anchors that are more strongly correlated with it.
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Introduction

Dyspnea is a common and distressing symptom (1). It is the most important
complaint reported by patients with chronic obstructive pulmonary disease (COPD)
(1). Many patients consult their general practitioner or pulmonologist because of
dyspnea sensation. It is predictor of risk of hospitalization (2,3), risk of death (4,5)
and decrease quality of life (6-8).

The evaluation of dyspnea is essential for the management of COPD patients, and
the knowledge about dyspnea mechanisms since ten years brings to evaluate
dyspnea according 3 domains : the domain of the symptom impact of dyspnea (on
activity of daily living or quality of life), the domain of the affective (or emotional)
distress, and the domain of the sensory-perceptual (or physical) experience (9). For
the domain of symptom impact, the London Chest of Activity of Daily Living
guestionnaire (LCADL) and the Modified Medical Research Council dyspnea scale
(MMRC) are validated and sensitive tools (10-14), with MID determined (15-17),
which allows the clinical interpretation of the evolution of impact of dyspnea in
response to intervention (18).

Dyspnea-12 is a validated tool for many chronic pulmonary diseases (19-23)(24)
which allows to measure sensory and emotional domains of dyspnea. It is also
validated in French language (14). However, no MID has been determinate. MID is
an important interpretation criterion, because it is considered to be the minimal
necessary and important change to reflect clinical improvement for the patient (25).
The determination of the MID for Dyspnea-12 questionnaire could help the
interpretation of the evolution of dyspnea after pulmonary rehabilitation.

The aim of our study was to identify the MID for the Dyspnea-12 using anchor-based
and distribution-based methods.

Materials and Methods

Study population

This observational prospective study was a part of a larger trial (ESNM study) (26).
Patients routinely admitted to the pulmonary rehabilitation unit of Centre Hospitalier
des Pays de Morlaix (Morlaix, France) were eligible for the study, if they had severe
or very severe COPD diagnosed according to American Thoracic Society (ATS)/ERS
criteria (27) at admission (forced expiratory volume in 1 s (FEV1) <50% predicted
value). Exclusion criteria were previous pneumonectomy or lobectomy in the past 6

months, incapacity to follow a standard rehabilitation programme (locomotor deficits,



acute cardiac failure and acute exacerbation of COPD at the beginning of the
programme) and the absence of written informed consent. The study was approved
by the ethics board (CPP Ouest 6 — CPP 907, n°2015-A00815-44) in November
2015. This study was registered on clinicaltrial.gov as NCT02656667 number.

Written informed consent was obtained from all patients.

Study design

The main purpose of this study was to determine a MID for the Dyspnea-12
guestionnaire after pulmonary rehabilitation. All patients followed 3-weeks
comprehensive inpatient pulmonary rehabilitation program 5 days a week. Before
and after the program, the evaluation included an evaluation of dyspnea (with
Dyspnea-12 questionnaire, MMRC, LCADL) as well as exercise capacity (6-Minute
walk Test (6BMWT) and 1-Minute Sit To Stand Test (STST1)), inspiratory and
guadriceps muscle strength, spirometry with plethysmography, health-related quality
of life (St.George’s Respiratory Questionnaire; SGRQ, COPD Assessment Test
(CAT)), anxiety and depression (Hospital Anxiety and Depression Scale)
(respectively HADS-A and HADS-D), and an educational diagnosis.

The standardized rehabilitation program was conducted during 3 weeks, 5 days per
week and included aerobic exercise performed on treadmill (thirty minutes per day
each), ground-based outdoor walking training, strengthening of lower and upper limb
muscles groups, therapeutic educational program, aerobic gymnastic in groups,
smoking cessation program and socio-psychological and dietary advices. Patients
had Neuromuscular Electrical Stimulation (NMES) or cycle ergometer training to
perform quadriceps strengthening. All sessions were supervised by a

physiotherapist.

The Dyspnea-12 questionnaire

Dyspnea-12 is a 12-item questionnaire rated on a 4-point Likert scale (none (score
0), mild (score 1), moderate (score 2) or severe (score 3)) which provides an
assessment of dyspnea severity. The D-12 allows the identification of two
subdomains: sensory-perceptual or physical domain (items 1-7, score range 0-21)
and affective (or emotional) domain (items 8-12, score range 0-15).

The overall score ranges between 0 and 36 and separate subdomain scores may

also be calculated (19,28); higher scores indicate worse dyspnea. Yorke et al. (19)



recommend the use of the focal period “these days” reflecting breathlessness
experienced in daily life;

Dyspnea-12 has shown good test properties with high internal consistency, validity,
and test-retest reliability over 2 weeks (14,29). Dyspnea-12 questionnaire is a short

and simple tool.

Statistical analysis

Statistical analyses were performed using SPSS 20 statistical software (SPSS Inc.,
Chicago, IL, USA) and graphpad prism 5.

All results were presented as mean * standard deviation (SD) or median with
interquartile range (Q1-Q3) for the quantitative variables. The qualitative variables
were expressed in percentages. The effect of pulmonary rehabilitation on dyspnea
and functional parameters was analysed using paired t-test or Wilcoxon’s test (in
case of non-normal distribution). Correlations were analysed using Pearson’s or
Spearman’s rank correlation coefficient (in case of non-normal distribution). We used
linear regression to compare change in D-12 with other outcomes measures.

For comparison, a p-value of <0.05 was considered as statistically significant.

The analysis of the MID for Dyspnea-12 was based on the use of distribution-based
and anchor-based methods.
For the distribution-based method, we use the 2 standard methodologies
- The standard deviation (SD) method: 0.5 x SD
with SD = SD pre-rehabilitation
- Standard Error of the Measure (SEM): SD x V1 — (test — retest)
With SD = SD pre-rehabilitation, Test-retest: ICC = 0,91 (30)

For the anchor-based method, MMRC, CAT, LCADL, SGRQ, 6MWT were used as
anchors. For anchor-based estimation of the MID, we used the change from baseline
variables that correlated with the change in D-12 score from baseline to the end of
the pulmonary rehabilitation program with a correlation coefficient of at least 0.3 and
a p-value <0.05 as recommended (25). Then, we used the sensitivity- and
specificity-based approach with receiver operating characteristic curves to determine
the best cut-off for the change in D-12 score with the established MID for the



different anchors. A MID was estimated if area under the curve >0.7 using the ROC

curve (31).

Results

Between June 8", 2016 and April 13" 2018, 60 patients were included. The
characteristics of included patients are reported in table 1.

After the pulmonary rehabilitation program, significant improvements were found for
dyspnea (D-12, MMRC, LCADL), exercise capacity (6MWT, STST1), quadriceps
strength, inspiratory muscles strength (Plmax), quality of life (SGRQ, CAT), anxiety
and depression (HADS-A, HADS-D) (table 2).

The correlation between the different anchors and D-12 are mentioned in table 3.
The evolution of D-12 was significantly weakly correlated with the evolution of all
anchors (table 3); however, the area under the curve was only >0.7 for SGRQ.

As only the change in SGRQ had a correlation coefficient 2 0.3 (r= 0,333, p= 0,0114)
(figure 1) and an area under the curve (AUC) >0.7 using the ROC curve (AUC: 0,75;
Cl 95%: [0,58-0,91]) (figure 2), it was used as anchor to estimate the MID for
Dyspnea-12.

For D-12, the ROC curve (figure 2) indicated a cut-off value of — 6 for the MID, with
sensitivity of 58% and specificity of 79%.

The different MID estimates using distribution-based and anchor-based methods are
summarized in table 4.

Discussion

The aim of this study was to estimate the MID for Dypnea-12 questionnaire after
pulmonary rehabilitation.

We show that Dyspnea-12 questionnaire is responsive to change after pulmonary
rehabilitation. The estimates for the MID for Dyspnea-12 score ranged from -2,67 to -
4,45 according the distribution-based method and -6 according the anchor-based
method.

The present study used both distribution-based and anchor-based methods,
according to the recommendations for determining MID (25). Both approaches
measure a quantifiable change in outcomes. The distribution based methods

compare the change in the outcome evaluated (here D-12) to some measure of



variability (standard deviation) and reliability (standard error of the measurement)
(32,33); then, each method (standard error of the measurement and standard
deviation) produces a MID different from the other (32). And on another hand, these
methods provide a value indicating a statistical difference, but this may not
perceivable by the patient (34). However, in a “reported outcome patient” point of
view, anchor-based method seems to be more centered on patient: anchor-based
allows to rely a comparison of the change in outcome evaluated (Dyspnea-12) with
an other outcome (the anchor: SGRQ), which showed an established association
(34). Indeed, dyspnea and quality of life are correlated and Dyspnea impact on
quality of life for the patients.

We found a difference of estimates for MID between both methods. Then we
proposed a MID of — 6 points for Dyspnea-12. However, because of the weak
correlation between the evolution of D-12 and the evolution of SGRQ, we must be

very cautious, and this suggestion must be validated with other future studies.

It is important to determine MID for dyspnea because this is the cardinal symptom
and the most common in patients with COPD (35-38), and the measure of dyspnea
is often a tool used as endpoint to evaluate many treatments as pulmonary
rehabilitation. Dyspnea is the major symptom reported by the patients and
decreasing dyspnea is one of the main objectives of pulmonary rehabilitation and
globally the main objective of many treatments for patients with COPD. Often,
dyspnea is measured at effort with Borg Scale, but it is not so easy to evaluate the
evolution of dyspnea in the same conditions. Admittedly, many tests allow to
evaluate dyspnea at a standardised level of exertion, and this point is important
because measuring breathlessness at standardised exertion is of fundamental
importance for assessing symptom severity (39): the endurance shuttle walk test
(40), the cycloergometer endurance test (41), 3-min step test and 3-min constant-
rate shuttle walk test (42,43). The best test to compare dyspnoea at the same level
of exertion would be the cycloergometer endurance test (constant work rate exercise
test), because we can measure dyspnoea at isotime and isowork between the
beginning and the end of the pulmonary rehabilitation programme (41). However,
dyspnea is often measured at effort and at the end of the 6-minute walk test
(because this test is always performed and easy to perform during pulmonary

rehabilitation), but with this test, the measure of dyspnea is not realized at the same



level of intensity, because the distance performed often increase after the pulmonary
rehabilitation program. Then, dyspnea is not evaluate in the same conditions of
exertion.

The authors of the task force about assessment and management of dyspnea (1)
mentioned that dyspnea must be evaluated according 3 domains: the sensory
domain of dyspnea, the emotional domain of dyspnea and the impact of dyspnea in
activity of daily living or quality of life. Dyspnea-12 questionnaire is an instrument
which allows the measure of emotional and sensory domains of dyspnea (29). It is
the first tool which allows the evaluation of emotional and sensory domains of
dyspnea in daily living, independently of physical activity. In our study, both
emotional and sensory domains decrease significantly after a pulmonary
rehabilitation program. However, at this time, the MID for Dyspnea-12 was not
determined. MID was proposed for the measure of the impact of Dyspnea in activity
of daily living. Two instruments allow to evaluate the impact of dyspnea in activity of
daily living: the MMRC scale and the LCADL questionnaire. The MID for the MMRC
is -1 point and the MID for the LCADL is — 3 points (15,17). Then our study allows to
propose a MID for dyspnea-12. In clinical practice, the practitioner has now different
tools to measure and track the evolution of dyspnea in all domains of dyspnea.

The multidimensional dyspnea profile questionnaire (44) is an other instrument which
could measure sensory and emotional domains of dyspnea. These 2 instruments are
complementary, MDP seems to be more appropriate to measure dyspnea at exertion
and Dyspnea-12 was constructed to measure dyspnea in daily living (45) and is well
correlated with anxiety (46). And on an other hand, the MID for the MDP is not
determined at this time.

Our study remains some limits: only severe or very severe COPD patients were
included in this study. Then, the MID could be different with less severe stages of
COPD. Lastly, in our study, we did not used a global rating of change, which could
be useful as anchor.

To our knowledge, this is the first study to determine MID for Dyspnea-12. To know
the MID of this instrument will help the clinician to identify which patients decrease or
not their dyspnea sensation in daily living. And on an other hand, the MID could be
used to determine the sample size for futures studies, which would use Dyspnea-12

as endpoint.



In conclusion, Dyspnea-12 is a good tool to assess the decrease of dyspnea after
PR. We propose MID of -6 points for Dyspnea-12 questionnaire. However, this is the
first estimate of MID for D-12 and our results will need confirmation in other futures

studies.
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Table 1: baseline characteristics of patients

Population (n) 60
Sex-ratio M/F (%) 67 /33
Age (years) 64.4+8.2
COPD Stage 111/ 1V (%) 32/68
BMI 25.4+6.2
FEV1 (%pred) 28.6+8.1
RV (%pred) 200.6+72.6
TLC (Y%pred) 115.2+34
RV/TLC (%) 164.4+35.3
IC (liter) 1.9+0.6
6MWD (%pred) 45+13.2
STST1 (n of movements) 13.9+6.5

Quadriceps peak torque(%pred) 61.6+20.4

Plmax (cmH20) 57.1+19
BODE index 6.5+1.2
D-12 23.9+8.9
SGRQ 66+11.9
LCADL 38+13.9
HAD-A 11.4+4.3
HAD-D 9.1+4.4
CAT 24.6+5.8
MMRC 3.0[3-4]

Values are expressed as mean = SD or median [Q1-Q3].

BMI: body mass index; CAT: COPD Assessment Test; D-12: dyspnea-12
guestionnaire; FEV1: forced expiratory volume in 1 s; HAD-A: Hospital Anxiety and
Depression scale, item anxiety; HAD-D: Hospital Anxiety and Depression scale, item

Depression; IC: Inspiratory Capacity; LCADL: London Chest Activity of Daily Living



scale; MMRC: Modified Medical Research Council dyspnea scale; % pred: %
predicted; PImax: maximal inspiratory pressure; RV: residual volume; SGRQ: St
George’s Respiratory Questionnaire; 6MWD: 6-minute walking distance; STST1: 1-
minute Sit to stand test; TLC: total lung capacity; VC: vital capacity;



Table 2: Evolution of evaluation criteria during the pulmonary rehabilitation program

Before PRP After PRP P value
6MWD (m) 290,3+97,4 326,3+£104,2 0,0001
STST1 (n of repetitions) 13,946,5 16,9+6,7 <0,0001

Quadriceps strength (N.m) 76,23+35,8 84,11+38,8 <0,0001

Plmax (cmH20) 57,1£19 65+18,9 <0,0001
BODE index 6,5+1,2 5,6£1,5 <0,0001
D-12 (Total score) 23,948,9 17,61£9,4 <0,0001
D-12 (Sensory domain) 15,2+5,1 11,615,6 <0,0001
D-12 (Emotional domain) 8,615 614,9 <0,0001
SGRQ 66+11,9 54,7+15,2 <0,0001
LCADL 38+13,9 31,6+11,6 <0,0001
HAD-A 11,4+4,3 9,2+4,2 0,0011
HAD-D 9,1+4.4 7,1+4.5 0,0013
CAT 24,6+5,8 18,1+6,6 <0,0001
MMRC 3,1+0,7 2,2+1,1 <0,0001

Values are expressed as mean * SD.

BMI: body mass index; CAT: COPD Assessment Test; D-12: dyspnea-12
guestionnaire; HAD-A: Hospital Anxiety and Depression scale, item anxiety; HAD-D:
Hospital Anxiety and Depression scale, item Depression; LCADL: London Chest
Activity of Daily Living scale; MMRC: Modified Medical Research Council dyspnea
scale; Plmax: maximal inspiratory pressure; SGRQ: St George’s Respiratory

Questionnaire; 6MWD: 6-minute walking distance; STST1: 1-minute Sit to stand test.



Table 3: correlations between Dyspnea-12 and the anchors (Pearson r)

anchors Correlation with D-12 p-value
SGRQ 0.33 0.011
LCADL 0.40 0.002
CAT 0.35 0.006
6MWD -0.33 0.01
mMMRC 0.41 <0.001

CAT: COPD Assessment Test; D-12: Dyspnea-12 questionnaire; mMRC: modified
Medical Research Council dyspnea scale; LCADL: London Chest Activity of Daily
Living scale; SGRQ: St George’s Respiratory Questionnaire; 6MWD: 6-minute
walking distance



Table 4: Anchor-based and distribution-based estimates of the MID for D-12

Method MID calculation MID D-12
'SD 0.5 x SD - 4.45
"SEM SD x V1 — (test — retest) - 2.67
" Anchor With SGRQ -6

L
SD: Standard Deviation; SEM: Standard Error of the Measure; SGRQ: St George’s

Respiratory Questionnaire



Figure legends:

Figure 1. association between change in D-12 and change in SGRQ during
Pulmonary rehabilitation.

Figure 2: Receiver operator characteristic (ROC) curve using a change in D-12 score
of —6 to best predict achievement of minimum clinically important improvement in
SGRQ.
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Figure 1: association between change in D-12 and change in SGRQ during

Pulmonary rehabilitation
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D-12: Dyspnea-12 questionnaire; SGRQ: St George’s Respiratory Questionnaire
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Figure 2: Receiver operator characteristic (ROC) curve using a change in D-12 score

of —6 to best predict achievement of minimum clinically important improvement in

SGRQ
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