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ABSTRACT (100/100 words)
The incremental shuttle walk test (ISW) has been validated in bronchiectasis, however, limited data on the minimum important clinically difference (MCID) restrict its use in clinical and research settings. A total of 119 patients completed the ISW before and after an eight-week outpatient pulmonary rehabilitation (PR) programme. Anchor-based methods were used to calculate the MCID. Median (25th, 75th centile) improvement in ISW was 50 (20, 90)m (p<0.01) with an effect size of 0.53.  MCID estimates ranged from 45 to 70m (mean 58m).  The ISW is responsive to intervention in patients with bronchiectasis, with a mean MCID estimate of 58 metres.  
INTRODUCTION (983/1000)
The incremental shuttle walk test (ISW) is an externally-paced field walking test that measures  maximal exercise capacity.1 
Psychometric properties of this test, including reliability, construct validity
 ADDIN EN.CITE 
2
  and responsiveness to intervention


2-5 ADDIN EN.CITE , have been demonstrated in patients with bronchiectasis, but little data exist on the minimum clinically important difference (MCID).  The MCID enables clinicians and researchers to understand the clinical significance of change data and forms an important part of the evidence required by regulatory agencies for approval for use in clinical trials. Accordingly, the aim of this study was to provide MCID estimates of the ISW in response to intervention, namely pulmonary rehabilitation (PR), in patients with bronchiectasis. 
METHODS 
Participants were patients prospectively recruited from Harefield Pulmonary Rehabilitation Unit, United Kingdom between 2012 and 2017.  We included people with a primary diagnosis of bronchiectasis that were referred for PR in line with the British Thoracic Society Quality Standards for PR and excluded those with co-morbidities that would limit exercise capacity or make it unsafe (e.g. unstable ischaemic heart disease, severe neurological impairment).  The study was approved by the London-Camberwell St. Giles and London-Central Research Ethics Committees (11/LO/1780, 13/LO/1161).
We assessed spirometry (pre-PR only);1 anthropometry, Medical Research Council (MRC) Dyspnoea score; ISW6 and Chronic Respiratory Questionnaire (CRQ) before and after an eight-week PR programme as previously described.
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Paired t-tests (or Wilcoxon Sign-Rank test for non-parametric data) and Cohen’s d (or   for non-parametric data) respectively compared within-group differences and effect size following PR. We calculated the association between change in ISW and change in other outcomes using Spearman’s rank correlation.  Multiple anchor-based approaches were used to estimate the MCID of the ISW.  The a priori criteria for establishing the validity of external anchors were a statistically significant correlation at the 5% level and a correlation coefficient >0.3.  For external anchors fulfilling these criteria, linear regression was used to estimate change in ISW corresponding to the established MCID for the anchors and Receiver Operator Characteristic (ROC) curves determined change in ISW cut-off with equal sensitivity and specificity to discriminate between those who improved and did not improve their external anchor by the established MCID. 
RESULTS
A total of 176 people were invited to participate: 14 declined, 1 did not meet the inclusion criteria and 161 enrolled. 
One hundred and nineteen patients completed PR (74%).  Baseline characteristics were 67% female with a mean (standard deviation (SD)): age 71 (11) years; MRC 3 (1); body mass index 27.0 (6.0) kg/m2; forced expiratory volume in one second 75.9 (25.1) % predicted; CRQ-Dyspnoea (CRQ-D) 17 (6); CRQ-Fatigue (CRQ-F) 14 (5); CRQ-Emotion (CRQ-E) 32 (9); CRQ-Mastery (CRQ-M) 20 (5); CRQ-Total (CRQ-T) 83 (20), and median (25th, 75th centile): ISW 270 (150, 430) metres. One percent of patients used long-term and/or ambulatory oxygen therapy. 
Significant improvements in all outcome measures were observed with PR: median (25th, 75th centile) change: ISW 50 (20, 90) metres (p<0.01) and mean (95% confidence interval (CI)) change: CRQ-D 5 (4 to 6); CRQ-F 2 (1 to 3); CRQ-E 3 (2 to 5); CRQ-M 2 (1 to 3) and CRQ-T 12 (9 to 15). The effect size for ISW and CRQ-T were 0.53 and 0.44 respectively.
CRQ-D, CRQ-F, and CRQ-T met the a priori criteria for establishing the validity of an external anchor and were used to determine the MCID using anchor-based methods.  Using linear regression (figure 1) and ROC plots (figure 2) the mean (range) MCID estimate of ISW was 58 (45 to 70) metres.
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Figure 1: Association between change in ISW and change in a) CRQ-D, b) CRQ-F and c) change in CRQ-T.
Abbreviations: CRQ-D: Chronic Respiratory Questionnaire-Dyspnoea; CRQ-F: CRQ-Fatigue; CRQ-T: CRQ-Total score; ISW: Incremental Shuttle Walk test
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Figure 2: Receiver operator characteristic curves using the MCID of a) CRQ-D, b) CRQ-F and c) CRQ-T to best predict the MCID of the ISW.
Abbreviations: ∆: Change; AUC: Area Under Curve; CRQ-D: Chronic Respiratory Questionnaire-Dyspnoea; CRQ-F: CRQ-Fatigue; CRQ-T: CRQ-Total score; MCID: Minimum Clinically Important Difference; ISW: Incremental Shuttle Walk test

DISCUSSION
To our knowledge, this is largest study to provide estimates of the MCID in response to PR in patients with bronchiectasis. The responsiveness of the ISW in patients with bronchiectasis to intervention such as positive-expiratory pressure,8 oral and nebulised gentamycin


2 ADDIN EN.CITE  and PR


3-5 ADDIN EN.CITE  has been previously demonstrated.  Our data and those of the PR studies show comparable improvements in the magnitude of ISW change following intervention: our study (median (25th, 75th centile)) 50 (20,90) metres; Lee et al (mean (CI)) 62 (24 to 101) metres,3 Lee et al 67 (52 to 82) metres,4 Patel et al 70 (58 to 84) metres.5
Two studies have investigated of the MCID of the ISW.  Using anchor-based methods 
Lee et al estimated the MCID to be 35 metres in 37 patients following an eight-week outpatient PR programme.
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  This value is lower than that reported in our study but these data should be interpreted with caution owing to the small sample size. In addition, the study participants from the Lee study had high baseline functional capacity and low respiratory disability, which may not be representative of patients typically referred to PR (mean (SD) or median (25th, 75th centile)); ISW: Lee et al: 464 (150) m,
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 compared to our study: 270 (150, 430) m; modified MRC:  Lee et al: 1.3 (0.5),
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 our study MRC: 3 (1).  In contrast, Cartilidge et al combined three cohorts receiving intravenous, oral or nebulised gentamycin over periods ranging from two weeks to one year and reported that a 5% improvement in baseline ISW equated to the MCID.


2 ADDIN EN.CITE   It is difficult to compare our results with these data because of the different MCID methodology, intervention and study time periods as each of these influences the MCID value.

Our mean MCID estimate is larger than that observed in patients with chronic respiratory disease such as chronic obstructive pulmonary disease (COPD) (47.5 m)10 and idiopathic pulmonary fibrosis (46 m).6 The difference between our estimate and these values may be due to differences in disease type, and the associated response to PR, or MCID methodology.  For example, the MCID of the ISW for COPD was calculated using the Global Rating of Change Questionnaire.10  Although there is no gold standard technique or consensus on method of determining the MCID, we used anchor-based methods which are considered clinically robust and meaningful. We only calculated MCID for improvement, futures studies should investigate the MCID for deterioration. 
In summary, the ISW is responsive to PR in patients with bronchiectasis with an MCID estimate of 58 metres.
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�…and is widely used as an outcome measure in patients with COPD undergoing pulmonary rehabilitation
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