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ABSTRACT Exercise capacity declines with time and is an important determinant of health status and

prognosis in patients with chronic obstructive pulmonary disease (COPD). We hypothesised that hospital

admissions are associated with exercise capacity decline in these patients.

Clinical and functional variables were collected for 342 clinically stable COPD patients. The 6-min walk

distance (6MWD) was determined at baseline and after a mean¡SD of 1.7¡0.3 years. Information on

hospitalisations during follow-up was obtained from centralised administrative databases. Linear regression

was used to model changes in exercise capacity.

Patients were mostly male (92%), with mean¡SD age 67.9¡8.6 years, post-bronchodilator forced

expiratory volume in 1 s 54¡17% predicted and baseline 6MWD 433¡93 m. During follow-up, 6MWD

decreased by 21.9¡51.0 m?year-1 and 153 (45%) patients were hospitalised at least once. Among patients

admitted only for COPD-related causes (50% of those ever admitted), the proportion presenting a clinically

significant loss of 6MWD was higher than in patients admitted for only nonrespiratory conditions (53%

versus 29%, p50.040). After adjusting for confounders, annual 6MWD decline was greater (26 m?year-1,

95% CI 13–38 m?year-1; p,0.001) in patients with more than one all-cause hospitalisation per year, as

compared with those with no hospitalisations.

Hospitalisations are related to a greater decline in exercise capacity in COPD.
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Introduction
Chronic obstructive pulmonary disease (COPD) is characterised by poorly reversible airflow limitation [1]

and reduced exercise capacity [2]. This often decreases the ability to participate in activities of daily living

and the quality of life of COPD patients [3]. Furthermore, exercise limitation in COPD relates to higher

healthcare resource utilisation and is a predictor of mortality [4, 5]. Accordingly, the assessment of exercise

capacity is currently considered an important outcome to determine prognosis and response to therapeutic

interventions in COPD [6, 7].

Previous studies have clearly shown that exercise capacity declines over time in patients with COPD [8, 9].

This decline appears higher than that observed in other functional variables such as forced expiratory

volume in 1 s (FEV1) [9], suggesting that repeated measures of exercise capacity might be a more sensitive

marker of changes in clinical status in these patients than measurements of pulmonary function. However,

there is a limited understanding of the factors that affect exercise capacity decline over time in COPD.

Identifying such factors will be helpful to design and/or implement interventions that reduce exercise

capacity deterioration and, consequently, its deleterious impact.

Patients with COPD often require hospitalisation during the course of their disease. It is well established

that these episodes of hospitalisation negatively affect their functional status and health outcomes [10, 11].

In particular, hospitalisations are known to be associated with a significant decrease in peripheral muscle

force [12], probably in relation to prolonged bed rest and physical inactivity [13, 14]. In fact, early

introduction of a rehabilitation programme following a hospitalisation is highly effective in improving

exercise capacity and reducing future hospital admissions in these patients [15]. Conceivably,

hospitalisations during the course of the disease can therefore be a major factor of the decline in

exercise capacity that occurs in COPD. Accordingly, we hypothesised that, in patients with COPD:

1) hospitalisations (irrespective of their cause) are associated with a faster decline in exercise capacity over

time, and that a higher rate of hospitalisation and/or a longer cumulative hospital stay are associated with a

greater loss of exercise capacity; and 2) the relationship between hospitalisations due to COPD exacerbation

and exercise decline is greater than that observed in other causes of hospitalisations. Thus, the present study

was designed to investigate the association between hospitalisations and exercise capacity decline in patients

with COPD.

Methods
Detailed information about the methods has been previously reported [16, 17] and is summarised in the

online supplementary material.

Study design and participants
The present longitudinal study is based on the population of the Phenotype and Course of COPD (PAC-

COPD) study described elsewhere [17]. Briefly, COPD patients were recruited during their first

hospitalisation due to COPD exacerbation, in nine teaching hospitals in Spain [16]. Patients were

evaluated 3 months after discharge, when clinically stable (baseline). The diagnosis of COPD was established

according to the American Thoracic Society/European Respiratory Society guidelines [18]. Patients were

invited to participate in a second visit for follow-up assessment 18–24 months later. Of the 342 patients

enrolled in PAC-COPD, 226 (66%) had exercise capacity measures in the two visits (online supplementary

fig. E1, and tables E1 and E2). The study was approved by the ethics committees of participating hospitals

and all patients gave their informed consent.

Measurements
As reported elsewhere [16], sociodemographic data, smoking history, dietary habits, dyspnoea, health-

related quality of life, anxiety and depression, comorbidities, physical activity, FEV1/forced vital capacity

ratio before and after bronchodilation, residual volume (RV), total lung capacity (TLC), diffusing capacity

of the lung for carbon monoxide (DLCO), arterial oxygen tension (PaO2), body mass index (BMI), fat-free

mass index, handgrip strength, maximum inspiratory (MIP) and expiratory pressures (MEP), and serum

levels of tumour necrosis factor-a were determined at baseline following standardised methodology.

Participation in pulmonary rehabilitation programmes during follow-up was also recorded.

Exercise capacity was assessed using the 6-min walk distance (6MWD) following published recommendations

[6]. The annual rate of change in exercise capacity was calculated as the difference between the follow-up and

baseline 6MWD divided by follow-up time in each patient, and patients were classified into two groups

according to the updated minimal clinically important difference (MCID) of o35 or ,35 m?year-1 [19, 20].
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Information on dates and causes of hospitalisations during follow-up was obtained from a national

administrative database. Hospitalisation rate was defined as the number of hospitalisations (all causes)

during follow-up divided by follow-up time in each subject. Causes of admission were classified according

to the International Classification of Diseases, 9th revision (see the online supplementary material for

more details). To study the specific role of COPD admissions, patients were classified in two main groups:

1) patients with ‘‘only COPD’’ hospitalisations, due exclusively to a COPD exacerbation; and 2) patients

with ‘‘nonrespiratory’’ hospitalisations, due to causes unrelated to respiratory conditions. A third group of

patients combining respiratory and nonrespiratory admissions was labelled as ‘‘mixed cause’’ hospitalisa-

tions, and used only for descriptive purposes. In patients requiring hospitalisation during follow-up, we

computed the cumulative hospital stay during follow-up, and the time elapsed between the last hospital

discharge and the second visit.

Statistical analysis
Statistical analysis and sample size power estimation are detailed in the online supplementary material. To

account for selective attrition and missing values, we used multiple imputation (20 times) through chained

equations, replacing missing values by imputations drawn from the predictive distribution of each variable

[21]. Table E3 shows the descriptive characteristics of both the real population and the imputed population.

Multivariate linear regression models were used to assess the association between hospitalisations and

exercise capacity decline, after adjusting for baseline 6MWD. Potential confounders were tested and

included in the final models if 1) they related to both the exposure and the outcome, 2) they modified

(.10% change in regression coefficient) the estimates of the remaining variables, or 3) there was consistent

evidence in the literature of their association with exercise capacity. Further stratification analyses according

to sex, age, BMI, daily physical activity, FEV1 and muscle force (handgrip, MIP and MEP) were conducted

in order to study possible interactions. Sensitivity analysis was conducted 1) using the cut-off point of

26 m?year-1 as the clinically significant threshold of exercise capacity decline [22], 2) excluding subjects who

participated in any pulmonary rehabilitation programme during follow-up and 3) using a complete case

analysis. Analysis was conducted using Stata 9.1 (StataCorp, College Station, TX, USA).

Results
Table 1 presents the main clinical and functional characteristics of the 342 patients studied at baseline. Most

participants (92%) were males. Mean¡SD age was 67.9¡8.6 years. About a third of patients were current

smokers. Comorbidities were frequent and about half of patients reported significant dyspnoea. On average,

airflow limitation was moderate, ranging from mild to very severe. Most patients had gas trapping and

impaired DLCO with mild arterial hypoxaemia.

Patients were followed for a mean of 1.7¡0.3 years. The mean 6MWD was 433¡93 m at baseline and

396¡99 m at the second evaluation. Mean change in 6MWD was -21.9¡51.0 m?year-1 (table 1 and fig. E2)

and ,20% of patients experienced an increase in exercise capacity during follow-up. A 6MWD decline

o35 m?year-1 (MCID) occurred in 113 (33%) subjects. According to spirometric severity, there was a trend

in the association between baseline 6MWD and COPD severity grades (466¡122, 443¡94, 431¡96 and

358¡116 m in patients with mild, moderate, severe and very severe COPD, respectively; p,0.001 for

trend). However, there were no differences in 6MWD changes across these COPD groups (-16¡70,

-19¡51, -27¡55 and -19¡75 m?year-1, respectively; p50.350 for trend). During follow-up, 153 (45%)

patients were hospitalised (all causes). The most frequent cause of admission was a COPD exacerbation

(52%). Tables 2 and 3 present detailed information on the characteristics of hospitalisations during follow-up.

A very small proportion (5%) of patients was enrolled in pulmonary rehabilitation programmes during

follow-up.

Hospitalisations during follow-up, as well as the frequency of all-cause hospitalisations, were associated with

a significantly greater decline in 6MWD in unadjusted analyses (table 4 and fig. 1). The rate of 6MWD

decline was greater in patients with only-COPD admissions than in patients admitted for nonrespiratory

causes, but this difference was not statistically significant (table 4 and fig. 2). A higher proportion of

patients with only-COPD admissions experienced a clinically significant loss in 6MWD compared with

patients with nonrespiratory admission (53% versus 29%, p50.040). There was no association between

6MWD decline and cumulative hospital length of stay or time elapsed from last hospital discharge to the

second evaluation (table 4).

Table 5 shows that, after adjusting for age, sex, dyspnoea, BMI, RV/TLC, PaO2 and baseline 6MWD,

suffering one or more than one (all-cause) hospitalisation per year was associated with an increase in the

mean annual decline of 6MWD by 7.4 and 26.1 m, respectively, as compared with patients who were not

hospitalised during follow-up (p50.211 and p,0.001, respectively). This decline was similar across causes

of admissions.
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TABLE 1 Characteristics of study participants

All patients#

Patients n 342
Anthropometric and clinical data

Males 314 (92)
Age years 67.9¡8.6
Current smokers 120 (35)
YPAS physical activity index" 34 (20–53)
SGRQ total score+ 33 (23–48)
Charlson index o2 194 (57)
Body mass index kg?m-2 28.2¡4.7
Fat-free mass index kg?m-2 19.7¡3.1
Significant dyspnoea1 158 (46)

Lung function
Post-bronchodilator FEV1 % pred 54¡17
COPD severity

Stage Ie 19 (6)
Stage II## 164 (48)
Stage III"" 132 (38)
Stage IV++ 27 (8)

RV/TLC % 55.9¡10.5
DLCO % pred 64.4¡22.7
PaO2 mmHg 74.4¡10.9

Exercise capacity and muscle force
6MWD at baseline m 433¡93
6MWD at follow-up visit m 396¡99
Change in 6MWD m?year-1 -21.9¡51.0
Patients with clinically significant change in 6MWD11 113 (33)
Handgrip muscle force kg 30.5¡8.5
MIP % pred 68¡27
Pulmonary rehabilitation during follow-upee 13 (5)

Follow-up time years 1.70¡0.34

Data are presented as n (%), mean¡SD or median (interquartile range), unless otherwise stated. YPAS: Yale
Physical Activity Survey; SGRQ: St George’s Respiratory Questionnaire; FEV1: forced expiratory volume in 1 s;
COPD: chronic obstructive pulmonary disease; RV: residual volume; TLC: total lung capacity; DLCO: diffusing
capacity of the lung for carbon monoxide; PaO2: arterial oxygen tension; 6MWD: 6-min walk distance; MIP:
maximum inspiratory pressure. #: descriptive analyses were conducted using imputed datasets where there
were missing data; online supplementary table E3 shows the descriptive characteristics of both complete
cases and imputed samples. ": scored from 0 to 137. +: scored from 0 to 100. 1: modified Medical Research
Council score o2. e: mild (FEV1 o80% pred). ##: moderate (FEV1 o50% or ,80% pred). "": severe (FEV1

o30% or ,50% pred). ++: very severe (FEV1 ,30% pred). 11: o35 m?year-1. ee: n5251.

TABLE 2 Hospital admissions during 1.7-year follow-up of 342 chronic obstructive pulmonary
disease patients

Any# admission during follow-up 153 (45)
Number of admissions# per year during follow-up

0 189 (55)
.0 and f1 73 (21)
.1 80 (24)

Distribution of patients according to admissions and their causes"

No admission 189 (55)
Only COPD 77 (23)
Nonrespiratory 43 (13)
Mixed causes 33 (10)

Cumulative hospital stay+ days 13 (5–28)
Time from last discharge to second evaluation+ days 206 (103–363)

Data are presented as n (%) or median (interquartile range). #: all causes; ": see main text for definitions;
+: n5153.
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TABLE 3 Causes of 376 hospital admissions during 1.7-year follow-up of 153 chronic obstructive pulmonary disease (COPD)
patients

ICD9 code All admissions

Cause of
admission#

Length of hospital
stay days

All-cause admissions 376 (100) 6 (3–10)
COPD 490–496 196 (52) 6 (3–9)
Other respiratory non-COPD 460–519 except 490–496 46 (12) 7 (4–10)
Cardiovascular 390–459 38 (10) 7 (3–14)
Cancer 140–239 28 (7) 6 (3–10)
Digestive 520–579 21 (6) 4 (3–8)
Genitourinary 580–629 17 (5) 6 (5–9)
Aftercare V50–V69 7 (2) 4 (2–8)
Musculoskeletal 710–739 7 (2) 8 (7–8)
Infectious and parasitic diseases 001–139 4 (1) 36 (7.5–80)
Injury and poisoning 800–999 3 (0.8) 8 (6–17)
Nervous system and sense organs 320–389 3 (0.8) 17 (2–25)
Diseases of the skin 680–709 3 (0.8) 5 (2–13)
Diseases of the blood 280–289 1 (0.3) 12"

Endocrine disorders 240–279 1 (0.3) 15"

Mental disorders 290–319 1 (0.3) 2"

Data are presented as n (%) or median (interquartile range). There were no admission causes other than those included here. ICD9: International
Classification of Diseases, 9th revision. #: ordered by frequency; ": n51.

TABLE 4 Unadjusted relationship between hospital admissions and annual change in 6-min walk distance# (6MWD) during
1.7-year follow-up of 342 chronic obstructive pulmonary disease (COPD) patients

Change in 6MWD
m?year-1

p-value Clinically significant loss"

No+ Yes1 p-value

Anye admission during follow-up
No -13.8¡35.9 0.003 142 (75) 47 (25) 0.002
Yes -32.5¡51.7 87 (57) 66 (43)

Number of admissionse per year during follow-up
0 -13.8¡32.9 0.002"" 142 (75) 47 (25) 0.001""

.0 and f1 -26.1¡51.9 46 (63) 27 (37)

.1 -38.4¡70.9 41 (52) 39 (48)
Cause of admission##

Only COPD -36.2¡56.2 0.236++ 36 (47) 41 (53) 0.040++

Nonrespiratory -24.2¡48.9 31 (71) 12 (29)
Mixed causes -28.2¡48.7 20 (61) 13 (39)

Quartiles of cumulative hospital stay## days
1 to f5 -29.8¡37.6 0.610"" 25 (61) 16 (39) 0.682""

.5 to f13 -33.1¡48.7 20 (51) 18 (49)

.13 to f28 -29.1¡49.8 23 (64) 13 (36)

.28 -38.1¡51.5 19 (50) 19 (50)
Quartiles of time from last discharge to second

evaluation## days
0 to f103 -36.3¡42.1 0.445"" 21 (52) 18 (48) 0.735""

.103 to f206 -33.8¡48.9 23 (60) 15 (40)

.206 to f363 -36.1¡49.4 20 (53) 18 (47)

.363 -25.8¡46.4 23 (60) 15 (40)

Data are presented as mean¡SD or n (%), unless otherwise stated. #: presented both as a continuous variable and according to clinically significant
change, for a better understanding of the effect of hospitalisations; each combination of hospitalisation variables and change in the 6MWD is a
single unadjusted model. ": o35 m?year-1. +: n5229. 1: n5113. e: all causes. ##: n5153. "": p-value for trend. ++: ‘‘only COPD’’ versus
‘‘nonrespiratory’’; ‘‘mixed causes’’ is only presented for descriptive purposes.
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Stratification according to potential effect modifiers did not show any difference. All sensitivity analyses yielded

very similar results (table E4 compares the main results using both complete case and imputed datasets).

Discussion
There are three main novel findings in this study. First, 6MWD decline was greater in those COPD patients

who were hospitalised (all causes) during follow-up; second, this association is significantly greater in

patients with frequent hospitalisations (all causes); and third, the decline does not seem to be related to the

cause of admission.

Previous studies
It is well established that hospital admissions contribute to poor health outcomes in COPD patients [1, 10, 11].

So far, however, the relationship between exacerbations and hospitalisations and the decline in exercise

capacity has been rarely studied. A previous smaller study (56 patients) investigated the association between the

frequency and duration of COPD exacerbations and changes in the BODE (BMI, airflow obstruction,

dyspnoea, exercise capacity) index, which includes the 6MWD, and reported that their duration had a greater

impact on 6MWD than their frequency [23]. Unfortunately, these results cannot be compared with ours

because that study did not distinguish between exacerbations requiring hospital care and those managed in the

community; besides, no information was collected about admissions due to comorbidities.

Interpretation of findings
The results of this study identify a clear and statistically significant association of all-cause hospitalisation

with exercise capacity decline in COPD. Several potential mechanisms can be conceived to explain this

relationship. For instance, it is well known that bed rest and physical inactivity impair skeletal muscle mass

and function [13, 14]. Likewise, all-cause hospitalisations can be markers of poor general health and, hence,
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FIGURE 1 Annual change in 6-min
walk distance (6MWD) according to
annual rate of hospital admission during
1.7-year follow-up in 342 chronic ob-
structive pulmonary disease patients.
Data are presented as means with 95%
confidence intervals.

FIGURE 2 Annual change in 6-min walk
distance (6MWD) according to cause of
hospital admission during 1.7-year
follow-up in 342 chronic obstructive
pulmonary disease (COPD) patients.
Data are presented as means with 95%
confidence intervals.
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poor prognosis. Other more specific factors may also operate in particular causes of admissions including:

1) a burst of systemic inflammation, known to occur during exacerbations of COPD [24] or acute

cardiovascular diseases [25], that can reduce quadriceps strength and exercise capacity [12]; or 2) the use of

systemic corticosteroid therapy [1, 18], commonly used in case of COPD admissions, that can cause skeletal

muscle dysfunction [26]. The fact that, in this study, neither the total duration of hospital stay nor the time

from hospital discharge to the second evaluation were related to the annual 6MWD decline suggest that other

specific mechanisms may play a more active and important pathogenic role than simply the passive physical

inactivity associated with any hospitalisation event. Certainly, further clinical and experimental research is

needed to identify these mechanisms, since this is usually beyond the scope of epidemiological studies.

Two other findings of this study deserve specific discussion. Firstly, the results indicate that dyspnoea is an

independent predictor of the decline in exercise capacity in COPD patients. The association of dyspnoea

with exercise capacity is well established in COPD [27]. In addition, an enhanced perception of dyspnoea

can reduce the practice of physical activity, which subsequently would decrease exercise capacity.

Furthermore, previous studies have shown that dyspnoea is a predictor of survival in these patients [28] and

that it gets better after improving exercise capacity through pulmonary rehabilitation programmes [29]. To

our knowledge, however, no previous study has reported a relationship between dyspnoea and an

accelerated annual decline in exercise capacity in COPD. Secondly, and surprisingly, baseline FEV1 and

RV/TLC were not related to 6MWD decline in our study. Yet this is in keeping with the results of a previous

study of 198 patients with severe COPD followed for 2 years, which showed that the annual decline of

6MWD was independent of FEV1 changes [8].

An estimated 20% of patients evaluated in our study experienced an increase in exercise capacity during

follow-up. This fact has been previously reported for FEV1 [30]. Potential explanations include 1) regression

to the mean, 2) a learning effect in patients who underwent repeated exercise capacity tests with their

doctors during follow-up, or 3) an improvement of clinical and functional status if the first hospitalisation

triggered a more aggressive treatment by doctors or higher awareness in relation to disease in patients and

their carers.

TABLE 5 Adjusted association between hospitalisation rate and annual change in 6-min walk distance (6MWD) during 1.7-year
follow-up in 342 chronic obstructive pulmonary disease (COPD) patients# in all patients and according to cause of admission

All patients Patients with only-COPD
admissions" versus no

admissions+

Patients with nonrespiratory
admissions1 versus no

admissions+

Coefficiente (95% CI) p-value Coefficiente (95% CI) p-value Coefficiente (95% CI) p-value

Constant## -7.3 (-15.8–1.2) 0.088 -7.7 (-15.8–0.6) 0.068 -8.5 (-16.7– -0.3) 0.043
Number of hospital

admissions per year
during follow-up
0 Reference Reference Reference
.0 and f1 -7.4 (-19.1–4.3) 0.211 -13.8 (-28.2–2.1) 0.092 -1.5 (-18.7–15.7) 0.865
.1 -26.1 (-38.6– -13.1) ,0.001 -28.0 (-45.1– -10.7) 0.002 -27.3 (-48.9– -5.6) 0.014

Significant dyspnoea"" at
baseline

-17.2 (-27.8– -6.6) 0.002 -16.9 (-28.3– -5.4) 0.004 -15.3 (-26.4– -4.1) 0.008

Age at baseline years -0.6 (-1.3–0.01) 0.057 -0.6 (-1.2–0.1) 0.089 -0.6 (-1.3–0.1) 0.098
Female sex -11.1 (-30.2–7.9) 0.249 -8.6 (-29.1–11.9) 0.407 -4.3 (-24.9–16.3) 0.679
Baseline body mass index

kg?m-2
-0.3 (-1.5–0.9) 0.664 -0.2 (-1.4–1.1) 0.782 -0.6 (-1.8–0.7) 0.389

Baseline RV/TLC % -0.5 (-1.0–0.04) 0.069 -0.5 (-1.2–0.1) 0.087 -0.4 (-0.9–0.2) 0.223
Baseline PaO2 mmHg 0.1 (-0.2–0.4) 0.692 0.1 (-0.3–0.4) 0.726 0.1 (-0.2–0.5) 0.398
Baseline 6MWD m -0.2 (-0.3– -0.1) ,0.001 -0.2 (-0.3– -0.1) ,0.001 -0.2 (-0.3– -0.1) ,0.001
Adjusted R2 0.223 0.229 0.193

RV: residual volume; TLC: total lung capacity; PaO2: arterial oxygen tension. #: linear regression model. ": n577. +: n5189. 1: n543. e: expressed as
change in metres of 6MWD per: 1) unit of the continuous covariate, or 2) a change with respect to the reference category in categorical covariates.
##: adjusted mean value based on the linear regression equation corresponding to the mean change in 6MWD in a subject with no COPD
hospitalisations per year and modified Medical Research Council score ,2, who was male and of mean age, body mass index, RV/TLC, PaO2 and
baseline 6MWD; negative values represent decline. "": modified Medical Research Council score o2.
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Clinical implications
The results of this study have clinical implications given that poor exercise performance has been related to

a greater risk of hospitalisation and mortality in COPD patients [4, 8]. Pulmonary rehabilitation

programmes starting within a few days of hospital admission or immediately after discharge has been shown

to produce clinically meaningful improvements in exercise capacity and quadriceps strength in COPD

patients [29]. In addition, a recently published meta-analysis of randomised controlled trials concluded that

post-exacerbation rehabilitation can reduce hospital re-admissions and mortality in COPD patients [15].

Thus, these data complement and extend the previous observations, and support the need for pulmonary

rehabilitation in COPD patients during or immediately after hospitalisation. The high proportion (56%) of

patients with a clinically relevant loss of exercise capacity among those admitted only for COPD-related

causes as compared with other conditions makes COPD admission a highly specific target for such

interventions. Unfortunately, only a small proportion (5%) of our hospitalised COPD patients were

enrolled in pulmonary rehabilitation programmes, so we were not able to explore the potential effectiveness

of such programmes in our study population.

Strengths and limitations
The large sample size, careful phenotypic characterisation of participants [17], relatively long period of

follow-up and novelty of the hypothesis investigated are clear strengths of this study. In addition, missing

data could have introduced selection bias in the estimates of our analyses. Therefore, we used multiple

imputation to compensate for the underrepresentation of subjects lost to follow-up, which is known to be

more accurate than complete case analyses in estimating statistical associations [21]. Among potential

limitations, we acknowledge that the PAC-COPD study reflects a population with sex and severity

distributions that may not be representative of COPD patients from countries with different social or

sanitary organisations. However, such differences are unlikely to affect the results of the association between

hospital admissions and exercise capacity decline. Our study was restricted to patients who were

hospitalised for COPD and, thus, our findings may be considered to apply only to relatively severe COPD.

However, the selection of patients at their first hospital admission due to COPD should be seen as a strength

that allows for a more valid study of the factors that affect the prognosis of COPD [31].

PAC-COPD lacks a control arm, but in the current analysis we compared COPD patients who required

hospitalisations with those who did not, which makes a control group unnecessary. Likewise, we do not

have information on quadriceps strength, which is a strong correlate of exercise capacity in COPD. Instead,

we tested hand-grip strength and respiratory muscle force versus exercise capacity changes and no

association was observed. Thus, considering that both upper and lower muscle function can be impaired in

COPD patients [32], we believe that any residual confounding effect should be very small, if any. In PAC-

COPD, a practice 6-min walk was not conducted at the follow-up visit. As there was a relatively long time

interval between the baseline and second evaluation, the learning effect could have been missed at follow-

up. However, the absence of a practice test was present equally in patients who suffered a hospitalisation

and those who did not, so we doubt that this could constrain our conclusions. Finally, our study has only

two time-points, which prevents us from analysing trajectories of decline in exercise capacity.

Conclusion
This study shows that hospitalisations, particularly if frequent, are significantly related to a greater annual

decline in exercise capacity in COPD patients.
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Barcelona; Departament de Medicina, Universitat Autònoma de Barcelona, Barcelona; and CIBER de Enfermedades
Respiratorias (CIBERES), Bunyola, Spain. E. Gimeno-Santos: Centre for Research in Environmental Epidemiology
(CREAL), Barcelona; and CIBER Epidemiologı́a y Salud Pública (CIBERESP), Barcelona, Spain. J. Ferrer: Dept of
Pneumology, Hospital Universitari Vall d’Hebron; Departament de Medicina, Universitat Autònoma de Barcelona,
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