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TAKE HOME MESSAGE

Usual gait speed measured at hospital discharge is independently associated with adverse
outcomes in COPD. Given the simplicity of this test, it should be considered for identification

of at-risk patients to enable planning of post-discharge care.
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ABSTRACT

Four-metre gait speed (4MGS) is a simple physical performance measure and surrogate
marker of frailty that is associated with adverse outcomes in older adults. We aimed to assess
the ability of 4MGS to predict prognosis in patients hospitalised with acute exacerbations of

COPD (AECOPD).

213 participants hospitalised with AECOPD (52% male, mean age and FEV4, 72 years and 35%
predicted) were enrolled. 4MGS and baseline demographics were recorded at hospital
discharge. All-cause readmission and mortality were collected for one year after discharge,
and multivariable Cox-proportional hazards regression were performed. Kaplan-Meier and
Competing risk analysis was conducted comparing time to all-cause readmission and

mortality between 4MGS quartiles.

111 participants (52%) were readmitted, and 35 (16%) died during the follow-up period.
4MGS was associated with all-cause readmission, with an adjusted subdistribution hazard
ratio of 0.868 (95% CI 0.797 to 0.945; p=0.001) per 0.1m/s increase in gait speed, and with
all-cause mortality with an adjusted subdistribution hazard ratio of 0.747 (95% Cl: 0.622 to
0.898; p=0.002) per 0.1m/s increase in gait speed. Readmission and mortality models
incorporating 4MGS had higher discrimination than age or FEV1 % predicted alone, with areas
under the receiver operator characteristic curves of 0.73 and 0.80 respectively. Kaplan-Meier
and Competing Risk curves demonstrated that those in slower gait speed quartiles had

reduced time to readmission and mortality (log rank both p<0.001).



4MGS provides a simple means of identifying at-risk patients with COPD at hospital discharge.

This provides valuable information to plan post-discharge care and support.



INTRODUCTION

Acute exacerbations of chronic obstructive pulmonary disease (AECOPD) are one of the
commonest reasons for emergency hospital admission in higher income countries and a
major contributor to healthcare costs in COPD (1). For the individual, hospitalisation for
AECOPD represents a major life event with significant impacts on physical functioning and
health-related quality of life (2), as well as an increased risk of hospital readmission and

mortality (3, 4).

Prognostic tools are of interest as they help risk stratify patients at the healthcare system
level, as well as providing additional information that might help the clinician individualise
post-discharge management. In a recent systematic review, 408 prognostic models were
identified in COPD, including 155 models from the acute hospital setting (5). Many models
comprised retrospective analysis of routinely collected data such as baseline demographics,
baseline severity of disease or indices of hospital admission severity. A limitation is the most
frequently included variables in these prognostic models are non-modifiable (age and sex) or
have limited potential to improve (forced expiratory volume in 1 second (FEVi)), and

therefore do not inform clinicians on how prognostic risk might be influenced. (5)

There is growing interest in the prognostic role of simple functional tests in COPD as
deterioration in functional capacity represents a common pathway that integrates the
multisystem consequences of the disease (6). Functional performance may also be amenable
to exercise-based interventions such as pulmonary rehabilitation (PR). The four metre gait
speed (4MGS) is a measure of a patient’s usual walking speed (7), and has been widely used

as a simple functional performance measure and surrogate marker of frailty in older adults.



It has been consistently shown to be a strong predictor of adverse events in community-
dwelling older adults (8, 9). Gait speed has also been shown to be of prognostic value in stable
chronic respiratory conditions, such as COPD (10), idiopathic pulmonary fibrosis (IPF) (11) and
acute respiratory distress syndrome (ARDS) survivors (12). Importantly gait speed has been
shown to be modifiable, particularly by exercise based interventions in both community
dwelling older adults (13), neurological conditions (14, 15) and in chronic respiratory disease

(16, 17).

Due to its simplicity and need for little space, the 4MGS is feasible in most clinical settings,
including the acute hospital setting. Walking speed is associated with increased length of
hospital admission (18, 19) and increased risk of not being discharged home (18) in
hospitalised older adults. In a hospitalised cohort of patients with AECOPD followed up for 90
days after discharge, we have previously demonstrated that 4MGS was an independent
predictor of hospital readmission (10), and in a cohort surviving acute hypercapnic respiratory
failure in intensive care, gait speed measured at hospital discharge was associated with 6

month readmission and death (20).

The aim of the current study was to evaluate the ability of 4MGS to independently predict
prognosis in patients hospitalised with AECOPD. We hypothesised that patients with slower
4MGS at discharge would have increased risk of (and reduced time to) all-cause mortality and

hospital readmission.

METHODS



The current study was a planned secondary analysis of a prospective cohort study (10). Ethical
approval was obtained from the London-Dulwich Research Ethics Committee (11/L0/1250)
and registered on UK Clinical Research Network Portfolio (ID: 11212) and ClinicalTrials.gov

(NCT01507415). All participants provided written informed consent.

Full details of the study design, eligibility criteria and inpatient care have previously been
described (10). In summary, participants were recruited at discharge following hospitalisation
for a primary diagnosis of acute exacerbation of COPD, age over 35 years and residing in the
London Borough of Hillingdon. They had to be ambulatory at discharge (defined as being able
to walk five metres unassisted). Exclusion criteria included cardiac instability, a predominant
neurological or orthopaedic limitation to walking and severe cognitive dysfunction. A study

flow chart is shown in Figure 1.

Measurements:

All the measurements were collected within 24 hours before hospital discharge. The 4MGS
was conducted as described previously (7). Other measurements included smoking history,
body mass index (BMI), FEV1 (21), self-reported hospital admissions in previous year, length
of hospital stay, respiratory disability (Medical Research Council (MRC) dyspnoea score (22)),
co-morbidity burden (Charlson co-morbidity index (23)), the DECAF Score (extended MRC
Dyspnoea Score, Eosinopenia, Consolidation, Acidaemia, atrial Fibrillation (24)), health-
related quality of life (St George’s Respiratory Disease Questionnaire (SGRQ) (25)),
independence in activities of daily living (KATZ index (26)), self-reported physical activity
(modified Minnesota Leisure-time Physical Activity Questionnaires (27)), and previous

participation in pulmonary rehabilitation. Participants were followed up for 12 months after



hospital discharge. All-cause hospital readmissions were determined using patient recall,
hospital databases and General Practitioner health records. Survival status was collected

using central NHS database and General Practitioner health records.

Sample size:

The required sample size for the primary outcome (readmission at 90 days) has been
previously described (10), with a recruitment target of 225 patients, accounting for 10% loss
to follow-up. Assuming a 50% readmission rate at one year (one non-admitted control for
every admitted case), this sample size would have more than 99% power to show that a
multivariable model incorporating 4MGS would demonstrate an area under the curve (AUC)
of a receiver operating characteristic (ROC) analysis of 0.70 compared with the null hypothesis
of 0.50. This sample size would also have more than 95% power to demonstrate that a
multivariable model incorporating 4MGS would demonstrate an AUC of 0.70 compared with
the null hypothesis of 0.50, assuming a mortality rate of 20% at one year (one death for every

four survivors).

Analysis:

Participants’ baseline characteristics were analysed using descriptive statistics, and stratified
according to 4MGS quartiles (Q1 <0.40 m/s, Q2 0.4-0.59 m/s, Q3 0.60-0.79 m/s, Q4 >0.80
m/s) (10). One-way ANOVA, Kruskal-Wallis or Chi-squared test for trend was used to compare
gait speed quartiles, as appropriate. Kaplan-Meier analysis was performed to compare time
to all-cause readmission and mortality between gait speed quartiles and compared using the

log-rank test.



Univariable Cox proportional hazard regression was performed to determine the association
between 4MGS, and potential confounding variables, with all-cause hospital readmission.
Collinearity was determined by showing a statistically significant correlation between the
variables of interest (p<0.05) with a Rho of greater than >0.4.

Variables with p<0.20 on univariable analysis were entered into a multivariable Cox
proportional hazard regression model and a backward stepwise method was used. Variables
were retained in the final model if p<0.20. Interaction between gait speed and age was
investigated and added to the final model with a subgroup analysis performed if interaction
term was found to be significant. Model goodness of fit was assessed by the Hosmer-

Lemeshow test.

Univariable Cox proportional hazards regression was performed to test the association
between 4MGS (as a continuous variable and stratified by quartile) and potential confounding
variables, and all-cause mortality at one year. Collinearity was assessed as per method
described above. Variables with a p<0.20 were entered into a multivariable model. Using a
backward stepwise method, variables were retained in the model if p <0.05. This stricter
criteria for inclusion into the multivariable model was due to the small number of events, and

so to lessen the likelihood of over-fitting.

Data were analysed to take into account that death and readmission are competing risks. We
used the Fine and Gray regression model to calculate the subdistribution hazard ratio (SHR)
for the occurrence of death or readmission. We also used both the Kaplan-Meier (KM)

estimator and the cumulative incidence competing risk (CICR) method to calculate the
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cumulative incidence of death based on whether the subject had a readmission or not, and

the cumulative incidence of readmission based on whether the subject died or not.

A significance level of p<0.05 was defined for all analyses. Analysis was performed using a
combination of SPSS version 22 (IBM, USA), GraphPad Prism 8 (GraphPad Software, USA) and

Stata 16,1 (StataCorp, College Station, Texas).

RESULTS

A study flow chart is shown in Figure 1. Of 311 eligible participants, 226 consented, with
baseline data collected in 213 participants. Hospital readmission and mortality data in the

one year period following hospital discharge were available for all 213 participants.

Baseline characteristics for the whole cohort and each gait speed quartile are presented in
Table S1in the online supplement (10). Overall, 111 participants (52%) were readmitted, with
35 (16%) dead at twelve months. The risk of hospital readmission over the 12-month period
decreased with increasing 4MGS at hospital discharge (Q1 (slowest): 70%, Q2: 60%, Q3: 48%,
Q4 (fastest): 29%; p=0.001). Similarly, the risk of death over the 12-month period decreased
with increasing 4MGS at hospital discharge (Q1 (slowest): 32%, Q2: 21%, Q3: 9%, Q4 (fastest):

4%; p<0.001).

Hospital readmissions
Baseline characteristics of those readmitted and those who were not are reported in the
online supplement (Table S2). Results of the univariable Cox proportional hazard regression

are presented in Table 1. Faster 4MGS, both as a continuous measure and as quartiles, was
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associated with reduced risk of hospital readmission. With multivariable Cox proportional
hazard regression analysis, the final model comprised 4MGS, age, number of exacerbations
in the past year and Charlson co-morbidity index (Table 2). 4MGS was an independent
predictor of all-cause readmission with an adjusted Cause specific hazard ratio of 0.868 (95%
Cl: 0.799 t0 0.943; p=0.001) and Subdistribution hazard ratio of 0.868 (95% Cl: 0.797 to 0.945;
p=0.001) per 0.1 m/s increase in gait speed (Table 2a). The Hosmer-Lemeshow test was not
significant (p=0.900) demonstrating adequate model fit. An interaction term of age and gait
speed was added to the final model; this was not significant (p=0.286) so no subgroup analysis

was performed.

When 4MGS was considered as quartiles, the slowest quartile (Q1) had significantly higher
hazard ratios compared to those in the fastest quartile (Q4). The final model is presented in
Table 2b. The AUC of the ROC was 0.73, demonstrating acceptable discrimination (Figure 2a).
When compared to univariable models, the multivariable model outperformed age (AUC =
0.63) or FEVialone (AUC = 0.52) (Figure 2a). Figure 3 demonstrates the Kaplan Meier (Figure
3a) and Competing Risk Survival (Figure 3b) curves for readmission according to 4MGS

quartiles; log rank p<0.001.

Mortality risk

Baseline characteristics stratified by survival status at 12 months post-discharge are
presented in the online supplement (Table S3). Univariable Cox proportional hazard
regression results are presented in Table 3. 4MGS as a continuous measure had an unadjusted
cause specific hazard ratio of 0.773 (95% Cl: 0.669 to 0.892; p<0.001) and subdistribution
hazard ratio of 0.773 (95% Cl: 0.665 to 0.899; p=0.001) per 0.1 m/s increase in gait speed.

12



When stratified as quartiles, those in Q1 (slowest) and Q2 had significantly higher unadjusted
hazard ratio compared with those in Q4 (fastest). Following multivariable analysis, the final
model consisted of 4MGS, age, sex, BMI and FEV: percent predicted and number of
exacerbations in the previous year (Table 4) with 4MGS remaining an independent predictor
of mortality at 1-year with an adjusted cause specific hazard ratio of 0.740 (95% Cl: 0.623 to
0.880; p=0.001) and subdistribution hazard ratio of 0.747 (95% Cl: 0.622 to 0.898; p=0.002)
per 0.1 m/s increase in gait speed (Table 4a). When considered as quartiles, those in the
slowest gait speed quartile (Q1) had a significantly higher adjusted hazard ratio compared to
those in the fastest quartile (Q4) (Table 4b). The AUC for the final model was 0.80 (Figure 2b),
suggesting superior discrimination to age (AUC=0.65) or FEV; alone (AUC=0.58). Kaplan-Meier
(Figure 4a) and Competing Risk survival (Figure 4b) curves demonstrated that those in slower

gait speed quartiles had reduced time to death; log rank p<0.001.
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DISCUSSION

This prospective study demonstrates that slower 4MGS at hospital discharge, a simple
physical performance measure and surrogate marker of frailty, independently predicts
increased risk of readmission and mortality over 12 months. 4MGS may have value in the risk

stratification of patients surviving a hospitalisation for AECOPD.

Prognostic value of Gait Speed

The 4MGS is a simple functional performance measure and a surrogate marker of frailty and
sarcopenia (28, 29) that has been validated and widely used in gerontology populations. It
has been consistently associated with poor prognosis in older adults; for example, in a pooled
analysis of nine cohort studies comprising 34485 older adults, Studenski and colleagues
demonstrated an association between gait speed and survival after adjusting for gender, BMI,

smoking or medical history (30).

Recent studies have shown the 4MGS might be relevant in chronic respiratory disease
populations. In COPD, the 4MGS shows excellent test-retest and inter-occasion reliability and
correlates with exercise capacity and health related quality of life (7, 17). Nolan et al
demonstrated that 4MGS was an independent predictor of all-cause mortality (HR=0.03, 95%
Cl=0.01 to 0.31) and all-cause hospitalisation (HR=0.02, 95% CI=0.01 to 0.14) in idiopathic
pulmonary fibrosis (11), whilst Chan and colleagues have shown that 4MGS predicts mortality

and hospitalisations at 12 -months in survivors of acute respiratory distress syndrome (12).

In the acute setting, the 4MGS has suitable properties as a functional measure. It requires

minimal space (therefore feasible at the bedside) and is quick to perform (less than two
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minutes). It does not require expensive equipment and can be performed by non-specialist
healthcare staff in a variety of settings. The primary analysis of the current dataset has
previously shown that measuring 4MGS in patients with COPD at hospital discharge is
feasible, and that slow 4MGS is associated with 90-day readmission, especially in older

patients (10).

We extend these findings with a planned secondary analysis of adverse outcomes, namely
hospital readmission and deaths, in the year after the index admission. Our results show that
4MGS is an independent predictor of both one-year all-cause readmission and mortality.
When 4MGS is stratified by quartiles, the Kaplan-Meier plots (Figures 3 and 4a) show that
there is differentiation between the curves early in the follow-up period (within the first 90
days) that persists across 12-months. Interestingly, 34 of the 35 deaths in the follow-up period
occurred during or just after a hospital readmission, suggesting that the mortality signal may

be driven by the ability of the 4MGS to stratify risk for readmission.

Clinical implications

Hospitalised AECOPD are not only associated with inpatient mortality, but for survivors, there
remains an increased risk of hospital readmission and mortality following discharge. Risk
stratification is of interest due to the financial implications and burden on healthcare systems
from unscheduled hospitalisation and increased health resource usage. It may also impact on
treatment decisions (e.g., such as prioritisation of palliative or supportive care) (31) or identify

populations suitable for targeted interventions.
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Outcomes from a hospitalised AECOPD will be partly determined by the severity of the acute
event and the underlying pre-morbid condition of the individual. Previous systematic reviews
examining prognostic models for AECOPD admissions (5, 32) have identified common
predictors that are related to pre-morbid baseline characteristics such as age, sex, FEV1 %
predicted, the presence of comorbidities such as heart failure, or physiological status at the
time of the index admission such as blood gas derangements (32). These studies were often
retrospective and may have limited utility for planning post-hospital care for survivors as

identified factors were not easily amenable to intervention after discharge.

4MGS, at the time of discharge, may provide a simple integrated measure of the multisystem
consequences of the hospitalisation and comorbidities upon the pre-morbid condition, and
identify a phenotype associated with increased healthcare usage. 4MGS is already well
established as a surrogate marker of frailty (28, 33) and sarcopenia (29, 34), and there are
recent data supporting the relevance of gait speed in acute cardiac syndromes (35) and

hypercapnic respiratory failure (20).

The use of 4MGS as a risk stratification tool may assist healthcare and social support systems
to shift to a more preventative strategy, including the identification of individuals who require
increased support. Unlike many other previously identified predictors, 4MGS is amenable to
intervention, particularly exercise-based interventions, both in non-respiratory and
respiratory populations (16, 17). Demonstrating the association between 4MGS and
increased readmission risk may encourage clinicians to recommend and refer for physical
interventions such as pulmonary rehabilitation, which is associated with improved survival in

the post-hospitalisation period (36). Notably, only 7% of our cohort completed post-
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hospitalisation pulmonary rehabilitation. Individuals with slow 4MGS may need additional
support to attend such interventions (37) as frailty has been identified as an independent risk

factor for non-completion of pulmonary rehabilitation (33).

Although our data shows 4MGS is an independent predictor of adverse events, the simple
composite model produced provides a stronger means of risk stratification. These composite
models require validation and calibration. As measures included in both our readmission and
mortality composite models are easily or routinely collected in clinical practice, there is

potential to produce prognostic indices that are easily implemented into clinical practice.

Strengths and limitations

A strength of our study is that it is one of the few prospective studies to examine the
association between objectively measured functional status at hospital discharge and
outcomes. We were able to conduct a comprehensive assessment at discharge allowing us to
determine the relevance of potential confounding factors. Reliable follow-up data on hospital
admissions and deaths in the twelve months after the index admission were collected from

medical and central records.

There were limitations to our study. This was a single centre study and our models need to
be validated in independent COPD cohorts from other healthcare systems with differing
models of inpatient care and post-discharge follow-up. However, our findings are consistent
with previous gait speed studies in acute setting cohorts (12, 20, 35) and outpatient
respiratory populations (11). There was a relatively low number of mortality events in the

cohort. This has implications for multivariable modelling; however we took guidance from
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Vittinghoff and McCullogh who argued for a relaxation of the 10 events per variable rule, with
5-9 events per variable generally comparable to 10-16 events per variable (38). We also only
measured 4MGS at one time-point (hospital discharge); demonstrating an association
between change in 4MGS and outcomes would further corroborate the prognostic value of
4MGS in COPD. For example, Volpato et al showed that those with a decline in the short
physical performance battery (which incorporates 4MGS as one of three domains) was
associated with a threefold increase in risk of readmission or death in the year following

discharge in hospitalised older patients (39).

Future research

In order to support our findings, internal and external validation of the risk models described
in this study is needed. After validation and appropriate adjustment of our models,
development of a simple scoring index similar to DECAF (24) or BODE (40) might facilitate
implementation into clinical practice, providing real-time feedback on patient risk profiles.
Another potential area amenable to further research is to explore whether regular
measurement of 4MGS during a hospital admission could influence medical decision-making

around timing of discharge.

In summary, 4MGS is an independent risk factor for both 1-year all-cause readmission and
mortality. As the measure is simple, cheap and quick, we propose that routine measurement
at hospital discharge would provide clinicians with valuable information to plan post-

discharge care and support.
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TABLE 1. Univariable Cox proportional hazard regression predicting all-cause readmission at 1-year post discharge

Variable Cause specific hazard ratios model Subdistribution hazards model
HR (95% confidence interval) ‘ P value SHR (95% confidence interval) | P value

Gait speed by Quartiles

Quartile 4 Reference

Quartile 3 1.886 (0.999 to 3.562) 0.050 1.886 (1.010 to 3.524) 0.047

Quartile 2 2.601 (1.407 to 4.805) 0.002 2.601 (1.426 to 4.743) 0.002

Quartile 1 3.961 (2.175 to 7.214) <0.0001 3.961 (2.152 to 7.291) <0.0001
Gait speed per 0.1 m/s increase 0.823 (0.761 to 0.891) <0.0001 0.823 (0.758 to 0.894) <0.0001
Age 1.030 (1.012 t0 1.049) 0.001 1.030 (1.013 to 1.048) 0.001
Sex (male) 1.104 (0.760 to 1.602) 0.604 1.104 (0.762 to 1.599) 0.602
BMI 0.994 (0.966 to 1.024) 0.712 0.994 (0.965 to 1.025) 0.717
FEV, (% predicted) 0.996 (0.986 to 1.005) 0.379 0.996 (0.987 to 1.005) 0.356
MRC Dyspnoea score 1.217 (1.018 to 1.456) 0.031 1.217 (1.021 to 1.451) 0.027
Bed days during admission 1.054 (1.020 to 1.090) 0.002 1.054 (1.019 to 1.091) 0.002
Exacerbations in last year 1.118 (1.042 to 1.199) 0.002 1.118 (1.036 to 1.206) 0.004
Charlson co-morbidity index 1.339 (1.162 to 1.541) <0.0001 1.339(1.172 to 3.528) <0.0001

Abbreviations: BMI, body mass index; FEV1, forced expiratory volume in 1 second;; HR, hazard ratio; MRC, Medical Research Council; SHR,

Subdistribution hazard ratio.
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TABLE 2a. Multivariable Cox proportional hazard regression predicting all-cause readmission at 1-year post discharge according to gait
speed as a continuous variable — final model

Variable Cause specific hazard ratios model Subdistribution hazards model

HR (95% confidence interval) P value SHR (95% confidence interval) P value
Gait speed per 0.1 m/s increase 0.868 (0.799 to 0.943) 0.001 0.868 (0.797 to 0.945) 0.001
Age 1.023 (1.004 to 1.043) 0.019 1.023 (1.005 to 1.043) 0.014
Exacerbations in last year 1.148 (1.062 to 1.240) <0.0001 1.148 (1.057 to 1.246) 0.001
Charlson co-morbidity index 1.267 (1.092 to 1.471) 0.002 1.267 (1.095 to 1.466) 0.001

Data expressed as hazard ratio (95% confidence interval)
Abbreviations: HR, hazard ratio; SHR, Subdistribution hazard ratio.
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TABLE 2b. Multivariable Cox proportional hazard regression predicting all-cause readmission at 1-year post discharge according to gait

speed by quartiles — final model

Variable Cause specific hazard ratios model Subdistribution hazards model
HR (95% confidence interval) ‘ P value SHR (95% confidence interval) | P value

Gait speed by Quartiles

Quartile 4 Reference

Quartile 3

Quartile 2

Quartile 1 1.802 (1.209 to 2.685) 0.004 1.802 (1.181 to 2.750) 0.006
Age 1.026 (1.006 to 1.046) 0.009 1.026 (1.007 to 1.046) 0.008
Bed days during admission 1.041 (1.001 to 1.081) 0.042 1.041 (1.007 to 1.076) 0.019
Exacerbations in last year 1.164 (1.078 to 1.257) <0.0001 1.164 (1.074 to 1.262) <0.0001
Charlson Co-morbidity index 1.274 (1.095 to 1.484) 0.002 1.274 (1.092 to 1.487) 0.002

Data expressed as hazard ratio (95% confidence interval).
Abbreviations: HR, hazard ratio; SHR, Subdistribution hazard ratio.
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TABLE 3. Univariable Cox proportional hazard regression predicting all-cause mortality at 1-year post discharge

Variable Cause specific hazard ratios model Subdistribution hazards model
HR (95% confidence interval) ‘ P value SHR (95% confidence interval) | P value

Gait speed by Quartiles

Quartile 4 Reference

Quartile 3 2.445 (0.747 to 12.601) 0.285 2.445 (0.467 to 12.789) 0.290

Quartile 2 5.722 (1.268 to0 25.819) 0.023 5.722 (1.250 to 26.199) 0.025

Quartile 1 9.608 (2.219 to 41.600) 0.002 9.608 (2.171 to 42.522) 0.003
Gait speed per 0.1 m/s increase 0.773 (0.669 to 0.892) <0.001 0.773 (0.665 to 0.899) 0.001
Age 1.050 (1.014 to 1.088) 0.006 1.050 (1.021 to 1.080) 0.001
Sex (male) 1.834 (0.912 to 3.686) 0.089 1.834 (0.912 to 3.688) 0.089
BMI 0.907 (0.850 to 0.968) 0.003 0.907 (0.846 to 0.972) 0.005
FEV, (% predicted) 0.982 (0.962, 1.003) 0.088 0.982 (0.963 to 1.001) 0.069
MRC Dyspnoea score 1.679 (1.127 to 2.501) 0.011 1.679 (1.162 to 2.427) 0.006
Bed days during admission 1.074 (1.028 to 1.124) 0.002 1.074 (1.041 to 1.109) <0.0001
One or more admissions in last year 1.470 (0.756 to 2.860) 0.256 1.470 (0.758 to 2.853) 0.254
Exacerbations in last year 1.104 (0.979 to 1.244) 0.106 1.104 (0.981 to 1.242) 0.102
Charlson co-morbidity index 1.436 (1.155 to 1.786) 0.001 1.436 (1.163 to 1.773) 0.001

Abbreviations: BMI, body mass index; FEV1, forced expiratory volume in 1 second; HR, hazard ratio; MRC, Medical Research Council; SHR,

Subdistribution hazard ratio.
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TABLE 4a. Multivariable Cox proportional-hazards regression predicting all-cause mortality at 1-year post discharge according to gait speed
as a continuous variable - final model

Variable Cause specific hazard ratios model Subdistribution hazards model

HR (95% confidence interval) P value SHR (95% confidence interval) P value
Gait speed per 0.1 m/s increase 0.740 (0.623 t0 0.880) 0.001 0.747 (0.622 to 0.898) 0.002
Age 1.042 (1.001 to 1.086) 0.046 NS
Sex (male) 2.104 (1.011 to 4.380) 0.047 NS
BMI 0.899 (0.840 to 0.961) 0.002 0.896 (0.839 to 0.956) 0.001
FEV; (% predicted) 0.977 (0.954 to 1.000) 0.046 0.976 (0.956 to 0.997) 0.023
Exacerbations in last year 1.160 (1.009 to 1.334) 0.037 NS
Charlson Co-morbidity index NS 1.312 (1.062 to 1.621) 0.012

Data expressed as hazard ratio (95% confidence interval).

Abbreviations: BMI, body mass index; FEV1, forced expiratory volume in 1 second; HR, hazard ratio; NS, Not significant with p>0.20; SHR,
Subdistribution hazard ratio.
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TABLE 4b. Multivariable Cox proportional-hazards regression predicting all-cause mortality at 1-year post discharge according to gait speed

by quartiles — final model

Variable Cause specific hazard ratios model Subdistribution hazards model
HR (95% confidence interval) ‘ P value SHR (95% confidence interval) | P value

Gait speed by Quartiles

Quartile 4 Reference

Quartile 3 NS NS

Quartile 2 NS NS

Quartile 1 1.802 (1.209 to 2.685) 0.004 1.802 (1.181 to 2.750) 0.006
Age 1.026 (1.006 to 1.046) 0.009 1.026 (1.007 to 1.046) 0.008
Bed days during admission 1.041 (1.001 to 1.081) 0.042 1.041 (1.007 to 1.076) 0.019
Exacerbations in last year 1.164 (1.078 to 1.257) <0.0001 1.164 (1.074 to 1.262) <0.0001
Charlson Co-morbidity index 1.274 (1.095 to 1.484) 0.002 1.274 (1.092 to 1.487) 0.002

Data expressed as hazard ratio (95% confidence interval).

Abbreviations: HR, hazard ratio; NS, not significant with p>0.20 not; SHR; Subdistribution hazard ratio.
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FIGURE CAPTIONS
FIGURE 1. Study flow chart. Abbreviations: AECOPD, acute exacerbation of COPD

FIGURE 2. Receiver operator characteristic curves demonstrating the ability of univariate
and multivariate models in predicting a) readmission at 1-year post discharge b) mortality
at one-year post discharge. Abbreviations: 4MGS, 4 m gait speed; FEV1, forced expiratory
volume in 1 second

FIGURE 3. a) Kaplan—Meier curve and b) Competing risks survival curve demonstrating
time to 1-year all-cause readmission according to 4MGS quartile (Q1<0.40 m/s; Q2=0.40—
0.59 m/s; Q3=0.60-0.79 m/s; Q420.80 m/s). Abbreviations: 4MGS, 4 m gait speed
FIGURE 4. a) Kaplan—Meier curve and b) Competing risks survival curve demonstrating

time to 1-year all-cause mortality according to 4MGS quartile (Q1<0.40 m/s; Q2=0.40-0.59
m/s; Q3=0.60-0.79 m/s; Q420.80 m/s). Abbreviations: 4MGS, 4 m gait speed
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	TAKE HOME MESSAGE 
	Usual gait speed measured at hospital discharge is independently associated with adverse outcomes in COPD. Given the simplicity of this test, it should be considered for identification of at-risk patients to enable planning of post-discharge care. 
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	ABSTRACT 
	Four-metre gait speed (4MGS) is a simple physical performance measure and surrogate marker of frailty that is associated with adverse outcomes in older adults. We aimed to assess the ability of 4MGS to predict prognosis in patients hospitalised with acute exacerbations of COPD (AECOPD). 
	213 participants hospitalised with AECOPD (52% male, mean age and FEV1, 72 years and 35% predicted) were enrolled. 4MGS and baseline demographics were recorded at hospital discharge. All-cause readmission and mortality were collected for one year after discharge, and multivariable Cox-proportional hazards regression were performed. Kaplan-Meier and Competing risk analysis was conducted comparing time to all-cause readmission and mortality between 4MGS quartiles.
	111 participants (52%) were readmitted, and 35 (16%) died during the follow-up period. 4MGS was associated with all-cause readmission, with an adjusted subdistribution hazard ratio of 0.868 (95% CI 0.797 to 0.945; p=0.001) per 0.1m/s increase in gait speed, and with all-cause mortality with an adjusted subdistribution hazard ratio of 0.747 (95% CI: 0.622 to 0.898; p=0.002) per 0.1m/s increase in gait speed. Readmission and mortality models incorporating 4MGS had higher discrimination than age or FEV1 % predicted alone, with areas under the receiver operator characteristic curves of 0.73 and 0.80 respectively. Kaplan-Meier and Competing Risk curves demonstrated that those in slower gait speed quartiles had reduced time to readmission and mortality (log rank both p<0.001). 
	4MGS provides a simple means of identifying at-risk patients with COPD at hospital discharge. This provides valuable information to plan post-discharge care and support. 
	INTRODUCTION 
	Acute exacerbations of chronic obstructive pulmonary disease (AECOPD) are one of the commonest reasons for emergency hospital admission in higher income countries and a major contributor to healthcare costs in COPD (1). For the individual, hospitalisation for AECOPD represents a major life event with significant impacts on physical functioning and health-related quality of life (2), as well as an increased risk of hospital readmission and mortality (3, 4). 
	            
	Prognostic tools are of interest as they help risk stratify patients at the healthcare system level, as well as providing additional information that might help the clinician individualise post-discharge management. In a recent systematic review, 408 prognostic models were identified in COPD, including 155 models from the acute hospital setting (5). Many models comprised retrospective analysis of routinely collected data such as baseline demographics, baseline severity of disease or indices of hospital admission severity. A limitation is the most frequently included variables in these prognostic models are non-modifiable (age and sex) or have limited potential to improve (forced expiratory volume in 1 second (FEV1)), and therefore do not inform clinicians on how prognostic risk might be influenced. (5)
	There is growing interest in the prognostic role of simple functional tests in COPD as deterioration in functional capacity represents a common pathway that integrates the multisystem consequences of the disease (6). Functional performance may also be amenable to exercise-based interventions such as pulmonary rehabilitation (PR). The four metre gait speed (4MGS) is a measure of a patient’s usual walking speed (7), and has been widely used as a simple functional performance measure  and surrogate marker of frailty in older adults. It has been consistently shown to be a strong predictor of adverse events in community-dwelling older adults (8, 9). Gait speed has also been shown to be of prognostic value in stable chronic respiratory conditions, such as COPD (10), idiopathic pulmonary fibrosis (IPF) (11) and acute respiratory distress syndrome (ARDS) survivors (12). Importantly gait speed has been shown to be modifiable, particularly by exercise based interventions in both community dwelling older adults (13), neurological conditions (14, 15) and in chronic respiratory disease (16, 17).
	Due to its simplicity and need for little space, the 4MGS is feasible in most clinical settings, including the acute hospital setting. Walking speed is associated with increased length of hospital admission (18, 19) and increased risk of not being discharged home (18) in hospitalised older adults. In a hospitalised cohort of patients with AECOPD followed up for 90 days after discharge, we have previously demonstrated that 4MGS was an independent predictor of hospital readmission (10), and in a cohort surviving acute hypercapnic respiratory failure in intensive care, gait speed measured at hospital discharge was associated with 6 month readmission and death (20).
	The aim of the current study was to evaluate the ability of 4MGS to independently predict prognosis in patients hospitalised with AECOPD. We hypothesised that patients with slower 4MGS at discharge would have increased risk of (and reduced time to) all-cause mortality and hospital readmission.
	METHODS
	The current study was a planned secondary analysis of a prospective cohort study (10). Ethical approval was obtained from the London-Dulwich Research Ethics Committee (11/LO/1250) and registered on UK Clinical Research Network Portfolio (ID: 11212) and ClinicalTrials.gov (NCT01507415). All participants provided written informed consent.
	Full details of the study design, eligibility criteria and inpatient care have previously been described (10). In summary, participants were recruited at discharge following hospitalisation for a primary diagnosis of acute exacerbation of COPD, age over 35 years and residing in the London Borough of Hillingdon. They had to be ambulatory at discharge (defined as being able to walk five metres unassisted). Exclusion criteria included cardiac instability, a predominant neurological or orthopaedic limitation to walking and severe cognitive dysfunction.  A study flow chart is shown in Figure 1.
	Measurements:
	All the measurements were collected within 24 hours before hospital discharge. The 4MGS was conducted as described previously (7). Other measurements included smoking history, body mass index (BMI), FEV1 (21), self-reported hospital admissions in previous year, length of hospital stay, respiratory disability (Medical Research Council (MRC) dyspnoea score (22)), co-morbidity burden (Charlson co-morbidity index (23)), the DECAF Score (extended MRC Dyspnoea Score, Eosinopenia, Consolidation, Acidaemia, atrial Fibrillation (24)), health-related quality of life (St George’s Respiratory Disease Questionnaire (SGRQ) (25)), independence in activities of daily living (KATZ index (26)), self-reported physical activity (modified Minnesota Leisure-time Physical Activity Questionnaires (27)), and previous participation in pulmonary rehabilitation. Participants were followed up for 12 months after hospital discharge. All-cause hospital readmissions were determined using patient recall, hospital databases and General Practitioner health records. Survival status was collected using central NHS database and General Practitioner health records.  
	Sample size:
	The required sample size for the primary outcome (readmission at 90 days) has been previously described (10), with a recruitment target of 225 patients, accounting for 10% loss to follow-up. Assuming a 50% readmission rate at one year (one non-admitted control for every admitted case), this sample size would have more than 99% power to show that a multivariable model incorporating 4MGS would demonstrate an area under the curve (AUC) of a receiver operating characteristic (ROC) analysis of 0.70 compared with the null hypothesis of 0.50. This sample size would also have more than 95% power to demonstrate that a multivariable model incorporating 4MGS would demonstrate an AUC of 0.70 compared with the null hypothesis of 0.50, assuming a mortality rate of 20% at one year (one death for every four survivors).
	Analysis:

	Participants’ baseline characteristics were analysed using descriptive statistics, and stratified according to 4MGS quartiles (Q1 <0.40 m/s, Q2 0.4-0.59 m/s, Q3 0.60-0.79 m/s, Q4 (0.80 m/s) (10). One-way ANOVA, Kruskal-Wallis or Chi-squared test for trend was used to compare gait speed quartiles, as appropriate. Kaplan-Meier analysis was performed to compare time to all-cause readmission and mortality between gait speed quartiles and compared using the log-rank test.
	Univariable Cox proportional hazard regression was performed to determine the association between 4MGS, and potential confounding variables, with all-cause hospital readmission. Collinearity was determined by showing a statistically significant correlation between the variables of interest (p<0.05) with a Rho of greater than >0.4.
	Variables with p<0.20 on univariable analysis were entered into a multivariable Cox proportional hazard regression model and a backward stepwise method was used. Variables were retained in the final model if p<0.20. Interaction between gait speed and age was investigated and added to the final model with a subgroup analysis performed if interaction term was found to be significant. Model goodness of fit was assessed by the Hosmer-Lemeshow test.
	Univariable Cox proportional hazards regression was performed to test the association between 4MGS (as a continuous variable and stratified by quartile) and potential confounding variables, and all-cause mortality at one year. Collinearity was assessed as per method described above.  Variables with a p≤0.20 were entered into a multivariable model. Using a backward stepwise method, variables were retained in the model if p ≤0.05. This stricter criteria for inclusion into the multivariable model was due to the small number of events, and so to lessen the likelihood of over-fitting. 
	Data were analysed to take into account that death and readmission are competing risks. We used the Fine and Gray regression model to calculate the subdistribution hazard ratio (SHR) for the occurrence of death or readmission. We also used both the Kaplan-Meier (KM) estimator and the cumulative incidence competing risk (CICR) method to calculate the cumulative incidence of death based on whether the subject had a readmission or not, and the cumulative incidence of readmission based on whether the subject died or not. 
	A significance level of p<0.05 was defined for all analyses. Analysis was performed using a combination of SPSS version 22 (IBM, USA), GraphPad Prism 8 (GraphPad Software, USA) and Stata 16,1 (StataCorp, College Station, Texas). 
	RESULTS
	A study flow chart is shown in Figure 1. Of 311 eligible participants, 226 consented, with baseline data collected in 213 participants. Hospital readmission and mortality data in the one year period following hospital discharge were available for all 213 participants. 
	Baseline characteristics for the whole cohort and each gait speed quartile are presented in Table S1 in the online supplement  (10). Overall, 111 participants (52%) were readmitted, with 35 (16%) dead at twelve months. The risk of hospital readmission over the 12-month period decreased with increasing 4MGS at hospital discharge (Q1 (slowest): 70%, Q2: 60%, Q3: 48%, Q4 (fastest): 29%; p=0.001). Similarly, the risk of death over the 12-month period decreased with increasing 4MGS at hospital discharge (Q1 (slowest): 32%, Q2: 21%, Q3: 9%, Q4 (fastest): 4%; p<0.001). 
	Hospital readmissions

	Baseline characteristics of those readmitted and those who were not are reported in the online supplement (Table S2). Results of the univariable Cox proportional hazard regression are presented in Table 1. Faster 4MGS, both as a continuous measure and as quartiles, was associated with reduced risk of hospital readmission. With multivariable Cox proportional hazard regression analysis, the final model comprised 4MGS, age, number of exacerbations in the past year and Charlson co-morbidity index (Table 2). 4MGS was an independent predictor of all-cause readmission with an adjusted Cause specific hazard ratio of 0.868 (95% CI: 0.799 to 0.943; p=0.001) and Subdistribution hazard ratio of 0.868 (95% CI: 0.797 to 0.945; p=0.001) per 0.1 m/s increase in gait speed (Table 2a). The Hosmer-Lemeshow test was not significant (p=0.900) demonstrating adequate model fit. An interaction term of age and gait speed was added to the final model; this was not significant (p=0.286) so no subgroup analysis was performed. 
	When 4MGS was considered as quartiles, the slowest quartile (Q1) had significantly higher hazard ratios compared to those in the fastest quartile (Q4). The final model is presented in Table 2b.  The AUC of the ROC was 0.73, demonstrating acceptable discrimination (Figure 2a). When compared to univariable models, the multivariable model outperformed age (AUC = 0.63) or FEV1 alone (AUC = 0.52) (Figure 2a). Figure 3 demonstrates the Kaplan Meier (Figure 3a) and Competing Risk Survival (Figure 3b) curves for readmission according to 4MGS quartiles; log rank p<0.001.
	Mortality risk

	Baseline characteristics stratified by survival status at 12 months post-discharge are presented in the online supplement (Table S3). Univariable Cox proportional hazard regression results are presented in Table 3. 4MGS as a continuous measure had an unadjusted cause specific hazard ratio of 0.773 (95% CI: 0.669 to 0.892; p<0.001) and subdistribution hazard ratio of 0.773 (95% CI: 0.665 to 0.899; p=0.001) per 0.1 m/s increase in gait speed. When stratified as quartiles, those in Q1 (slowest) and Q2 had significantly higher unadjusted hazard ratio compared with those in Q4 (fastest). Following multivariable analysis, the final model consisted of 4MGS, age, sex, BMI and FEV1 percent predicted and number of exacerbations in the previous year (Table 4) with 4MGS remaining an independent predictor of mortality at 1-year with an adjusted cause specific hazard ratio of 0.740 (95% CI: 0.623 to 0.880; p=0.001) and subdistribution hazard ratio of 0.747 (95% CI: 0.622 to 0.898; p=0.002) per 0.1 m/s increase in gait speed (Table 4a). When considered as quartiles, those in the slowest gait speed quartile (Q1) had a significantly higher adjusted hazard ratio compared to those in the fastest quartile (Q4) (Table 4b). The AUC for the final model was 0.80 (Figure 2b), suggesting superior discrimination to age (AUC=0.65) or FEV1 alone (AUC=0.58). Kaplan-Meier (Figure 4a) and Competing Risk survival (Figure 4b) curves demonstrated that those in slower gait speed quartiles had reduced time to death; log rank p<0.001. 
	DISCUSSION
	This prospective study demonstrates that slower 4MGS at hospital discharge, a simple physical performance measure and surrogate marker of frailty, independently predicts increased risk of readmission and mortality over 12 months. 4MGS may have value in the risk stratification of patients surviving a hospitalisation for AECOPD.
	Prognostic value of Gait Speed
	The 4MGS is a simple functional performance measure and a surrogate marker of frailty and sarcopenia (28, 29) that has been validated and widely used in gerontology populations. It has been consistently associated with poor prognosis in older adults; for example, in a pooled analysis of nine cohort studies comprising 34485 older adults, Studenski and colleagues demonstrated an association between gait speed and survival after adjusting for gender, BMI, smoking or medical history (30). 
	Recent studies have shown the 4MGS might be relevant in chronic respiratory disease populations. In COPD, the 4MGS shows excellent test-retest and inter-occasion reliability and correlates with exercise capacity and health related quality of life (7, 17). Nolan et al demonstrated that 4MGS was an independent predictor of all-cause mortality (HR=0.03, 95% CI=0.01 to 0.31) and all-cause hospitalisation (HR=0.02, 95% CI=0.01 to 0.14) in idiopathic pulmonary fibrosis (11), whilst Chan and colleagues have shown that 4MGS predicts mortality and hospitalisations at 12 -months in survivors of acute respiratory distress syndrome (12).
	In the acute setting, the 4MGS has suitable properties as a functional measure. It requires minimal space (therefore feasible at the bedside) and is quick to perform (less than two minutes). It does not require expensive equipment and can be performed by non-specialist healthcare staff in a variety of settings. The primary analysis of the current dataset has previously shown that measuring 4MGS in patients with COPD at hospital discharge is feasible, and that slow 4MGS is associated with 90-day readmission, especially in older patients (10).
	We extend these findings with a planned secondary analysis of adverse outcomes, namely hospital readmission and deaths, in the year after the index admission. Our results show that 4MGS is an independent predictor of both one-year all-cause readmission and mortality. When 4MGS is stratified by quartiles, the Kaplan-Meier plots (Figures 3 and 4a) show that there is differentiation between the curves early in the follow-up period (within the first 90 days) that persists across 12-months. Interestingly, 34 of the 35 deaths in the follow-up period occurred during or just after a hospital readmission, suggesting that the mortality signal may be driven by the ability of the 4MGS to stratify risk for readmission.
	Clinical implications
	Hospitalised AECOPD are not only associated with inpatient mortality, but for survivors, there remains an increased risk of hospital readmission and mortality following discharge. Risk stratification is of interest due to the financial implications and burden on healthcare systems from unscheduled hospitalisation and increased health resource usage. It may also impact on treatment decisions (e.g., such as prioritisation of palliative or supportive care) (31) or identify populations suitable for targeted interventions.
	Outcomes from a hospitalised AECOPD will be partly determined by the severity of the acute event and the underlying pre-morbid condition of the individual. Previous systematic reviews examining prognostic models for AECOPD admissions (5, 32) have identified common predictors that are related to pre-morbid baseline characteristics such as age, sex, FEV1 % predicted, the presence of comorbidities such as heart failure, or physiological status at the time of the index admission such as blood gas derangements (32).  These studies were often retrospective and may have limited utility for planning post-hospital care for survivors as identified factors were not easily amenable to intervention after discharge.
	4MGS, at the time of discharge, may provide a simple integrated measure of the multisystem consequences of the hospitalisation and comorbidities upon the pre-morbid condition, and identify a phenotype associated with increased healthcare usage. 4MGS is already well established as a surrogate marker of frailty (28, 33) and sarcopenia (29, 34), and there are recent data supporting the relevance of gait speed in acute cardiac syndromes (35) and hypercapnic respiratory failure (20).
	The use of 4MGS as a risk stratification tool may assist healthcare and social support systems to shift to a more preventative strategy, including the identification of individuals who require increased support. Unlike many other previously identified predictors, 4MGS is amenable to intervention, particularly exercise-based interventions, both in non-respiratory and respiratory populations (16, 17). Demonstrating the association between 4MGS and increased readmission risk may encourage clinicians to recommend and refer for physical interventions such as pulmonary rehabilitation, which is associated with improved survival in the post-hospitalisation period (36). Notably, only 7% of our cohort completed post-hospitalisation pulmonary rehabilitation. Individuals with slow 4MGS may need additional support to attend such interventions (37) as frailty has been identified as an independent risk factor for non-completion of pulmonary rehabilitation (33).
	Although our data shows 4MGS is an independent predictor of adverse events, the simple composite model produced provides a stronger means of risk stratification. These composite models require validation and calibration. As measures included in both our readmission and mortality composite models are easily or routinely collected in clinical practice, there is potential to produce prognostic indices that are easily implemented into clinical practice. 
	Strengths and limitations
	A strength of our study is that it is one of the few prospective studies to examine the association between objectively measured functional status at hospital discharge and outcomes. We were able to conduct a comprehensive assessment at discharge allowing us to determine the relevance of potential confounding factors. Reliable follow-up data on hospital admissions and deaths in the twelve months after the index admission were collected from medical and central records.
	There were limitations to our study. This was a single centre study and our models need to be validated in independent COPD cohorts from other healthcare systems with differing models of inpatient care and post-discharge follow-up. However, our findings are consistent with previous gait speed studies in acute setting cohorts (12, 20, 35) and outpatient respiratory populations (11). There was a relatively low number of mortality events in the cohort. This has implications for multivariable modelling; however we took guidance from Vittinghoff and McCullogh who argued for a relaxation of the 10 events per variable rule, with 5-9 events per variable generally comparable to 10-16 events per variable (38). We also only measured 4MGS at one time-point (hospital discharge); demonstrating an association between change in 4MGS and outcomes would further corroborate the prognostic value of 4MGS in COPD. For example, Volpato et al showed that those with a decline in the short physical performance battery (which incorporates 4MGS as one of three domains) was associated with a threefold increase in risk of readmission or death in the year following discharge in hospitalised older patients (39).
	Future research
	In order to support our findings, internal and external validation of the risk models described in this study is needed. After validation and appropriate adjustment of our models, development of a simple scoring index similar to DECAF (24) or BODE (40) might facilitate implementation into clinical practice, providing real-time feedback on patient risk profiles. Another potential area amenable to further research is to explore whether regular measurement of 4MGS during a hospital admission could influence medical decision-making around timing of discharge.  
	In summary, 4MGS is an independent risk factor for both 1-year all-cause readmission and mortality. As the measure is simple, cheap and quick, we propose that routine measurement at hospital discharge would provide clinicians with valuable information to plan post-discharge care and support.   
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	TABLE 1. Univariable Cox proportional hazard regression predicting all-cause readmission at 1-year post discharge
	Abbreviations: BMI, body mass index; FEV1, forced expiratory volume in 1 second;; HR, hazard ratio; MRC, Medical Research Council; SHR, Subdistribution hazard ratio.
	TABLE 2a. Multivariable Cox proportional hazard regression predicting all-cause readmission at 1-year post discharge according to gait speed as a continuous variable – final model
	Gait speed per 0.1 m/s increase
	0.868 (0.799 to 0.943)
	0.001
	0.868 (0.797 to 0.945)
	0.001
	Age
	1.023 (1.004 to 1.043)
	0.019
	1.023 (1.005 to 1.043)
	0.014
	Exacerbations in last year
	1.148 (1.062 to 1.240)
	<0.0001
	1.148 (1.057 to 1.246)
	0.001
	Charlson co-morbidity index
	1.267 (1.092 to 1.471)
	0.002
	1.267 (1.095 to 1.466)
	0.001
	Data expressed as hazard ratio (95% confidence interval)
	Abbreviations: HR, hazard ratio; SHR, Subdistribution hazard ratio.
	TABLE 2b. Multivariable Cox proportional hazard regression predicting all-cause readmission at 1-year post discharge according to gait speed by quartiles – final model
	Data expressed as hazard ratio (95% confidence interval). 
	Abbreviations: HR, hazard ratio; SHR, Subdistribution hazard ratio.
	TABLE 3. Univariable Cox proportional hazard regression predicting all-cause mortality at 1-year post discharge
	Abbreviations: BMI, body mass index; FEV1, forced expiratory volume in 1 second; HR, hazard ratio; MRC, Medical Research Council; SHR, Subdistribution hazard ratio.
	TABLE 4a. Multivariable Cox proportional-hazards regression predicting all-cause mortality at 1-year post discharge according to gait speed as a continuous variable – final model
	Data expressed as hazard ratio (95% confidence interval). 
	Abbreviations: BMI, body mass index; FEV1, forced expiratory volume in 1 second; HR, hazard ratio; NS, Not significant with p>0.20; SHR, Subdistribution hazard ratio.
	TABLE 4b. Multivariable Cox proportional-hazards regression predicting all-cause mortality at 1-year post discharge according to gait speed by quartiles – final model
	Data expressed as hazard ratio (95% confidence interval). 
	Abbreviations: HR, hazard ratio; NS, not significant with p>0.20 not; SHR; Subdistribution hazard ratio.
	FIGURE CAPTIONS
	FIGURE 1. Study flow chart. Abbreviations: AECOPD, acute exacerbation of COPD
	FIGURE 2. Receiver operator characteristic curves demonstrating the ability of univariate and multivariate models in predicting a) readmission at 1-year post discharge b) mortality at one-year post discharge. Abbreviations: 4MGS, 4 m gait speed; FEV1, forced expiratory volume in 1 second
	FIGURE 3. a) Kaplan–Meier curve and b) Competing risks survival curve demonstrating time to 1-year all-cause readmission according to 4MGS quartile (Q1≤0.40 m/s; Q2=0.40–0.59 m/s; Q3=0.60–0.79 m/s; Q4≥0.80 m/s). Abbreviations: 4MGS, 4 m gait speed
	FIGURE 4. a) Kaplan–Meier curve and b) Competing risks survival curve demonstrating time to 1-year all-cause mortality according to 4MGS quartile (Q1≤0.40 m/s; Q2=0.40–0.59 m/s; Q3=0.60–0.79 m/s; Q4≥0.80 m/s). Abbreviations: 4MGS, 4 m gait speed
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