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Abstract

Background

Hospitalization for acute exacerbations (AE) of chronic obstructive pulmonary disease

(COPD) is common, but little is known about the impact of hospitalization on the develop-

ment of disability. The purpose of this study was to determine the rate and time course of

functional changes 3 months after hospital discharge for AE-COPD compared with baseline

levels 2 weeks before admission, and to identify predictors of functional decline.

Methods

This was a prospective study including 103 patients (age mean, 71 years; standard devia-

tion, 9.1 years) who were hospitalized with AE-COPD. Number of dependencies in Activities

of Daily Living (ADLs) was measured at the preadmission baseline and at weeks 6 and 12

after discharge. Patterns of improvement, no change, and decline were defined over 3 con-

secutive intervals (baseline and weeks 6 and 12). Trajectories grouped patients with similar

time courses of disability. Recovery was defined as returning to baseline function after func-

tional decline. Univariate and multivariate multiple logistic regression was used to determine

predictors of functional decline after week 12.

Results

Six trajectories of functional changes were found. From baseline to 12 weeks, 50% of

patients continued to have the same function whereas 31% experienced functional decline

after 6 weeks; 16.7% recovered over subsequent weeks. At week 12, as a consequence of

all trajectories, 38% of patients showed functional declines compared with baseline func-

tion, 57% had not declined, and 6 improved. Length of stay (odds ratio [OR] = 1.12;95%
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[confidence interval] CI 1.03–1.22), dyspnea (OR = 1.85; 95% CI 1.05–3.26), and frailty

(OR = 3.97; 95% CI 1.13–13.92) were independent predictors of functional decline after 12

weeks.

Conclusions

Hospitalization for AE-COPD is a risk factor for the progression of disability. More than one

third of patients hospitalized for AE-COPD declined during the 12 weeks following dis-

charge, with most of this decline occurring by week 6.

Introduction
Patients with chronic obstructive pulmonary disease (COPD) experience greater disability in
activities of daily living (ADL) than the general population and those with other chronic health
conditions [1]. Disability in ADL often leads to serious short-term consequences for patients
and their families since the individuals cannot live at home without assistance from caregivers
[2]. Although prior research indicates that COPD-related disability is a substantive problem,
very little is known about how the disease progresses to disability [3]. Consequently, there is a
need to identify risk factors for the development of disability.

Hospitalization has been shown to increase the risk of functional decline and disability in
other populations [4]. Hospitalization for acute exacerbations (AE) of COPD is common in
Europe [5]. In some countries, these hospitalizations account for about 10% of all acute medical
admissions [5,6]. Despite the high incidence of hospitalization for AE-COPD, relatively little is
known about the impact of hospitalization on the development of disability after hospital dis-
charge. Most previous studies on COPD-related disability have been performed in stable out-
patients [1,3]. Studies of hospitalized COPD patients have emphasized other outcomes
(mortality, readmission rates, lung function measurements, quality of life, or patient satisfac-
tion) [6]. Only one study reported on the effect of hospitalization on disability following dis-
charge [2]. This study reported that, at middle term, more than half of adults hospitalized for
AE-COPD subsequently required assistance to perform ADLs. However, dependence measure-
ments were not performed at baseline and it is possible that dependence scores were already
present at the beginning of the study. Additionally, the magnitude and determinants of the
impact of hospitalization for AE-COPD could not be investigated in the absence of a baseline
disability measure [2].

The purpose of this study was to determine the rate and time course of functional changes 3
months after discharge from the hospital for patients experiencing AE-COPD compared with
their preadmission baseline rates 2 weeks prior to admission, and to identify predictors of func-
tional decline.

Materials and Methods

Study design and participants
A prospective observational design was used. Patients hospitalized with exacerbation of their
COPD were prospectively recruited from a hospital at Meseguer Hospital, Murcia, Spain. Out-
comes were assessed by face-to-face interviews with patients or surrogate respondents at base-
line (T0) and by phone interviews 6 (T1) and 12 (T2) weeks after hospital discharge.
Surrogates, who were identified as the primary caregivers, were interviewed when patients
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were unable to be interviewed or contacted. All study participants provided written informed
consent and the study protocol was approved by the institutional review board of the hospital
called “Comité Ético de Investigación Clínica del Hospital General Universitario José María
Morales Meseguer” (EST-35/13).

Inclusion criteria were a diagnosis of COPD exacerbation upon hospital admission and an
age of 40 years or older. The diagnosis of COPD and the stage and severity of the disease were
based on the Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines [7].

Potential participants were excluded based on following criteria: significant cognitive defi-
cits (i.e., Mini-mental State Examination score of<20), a terminal illness (expected survival of
<4 months), living outside of the hospital’s catchment area, a length of stay of>30 days, and
not having any control visit for COPD within the 6 months before the hospital admission.
Based on patient health examinations and review of patients’ electronic files, a pulmonary phy-
sician identified and recruited a consecutive sample of eligible patients during a one-year
period.

Measurements
Outcome measure. We used a dependence scale that included 6 ADLs (toileting, bathing,

transferring, eating, dressing, and walking across a small room) as described elsewhere [4].
Dependence was defined as a self-report of being unable to perform an ADL or requiring the
help of another person for any ADL. The score range of this scale (0–6) was based on the num-
ber of dependencies, with a score of 6 representing dependencies in all ADLs. The ADL depen-
dence scale was administered after hospital admission and each patient was asked whether he/
she had been able to perform each of 6 ADLs independently 2 weeks before admission and at
follow up interviews. This definition for baseline function was chosen because it generally
reflects function before the exacerbation of chronic illness resulting in hospital admission, but
is recent enough that the patient’s and surrogate’s recall of functional status is reliable [8]. The
scale was also administered at follow up interviews, and change scores were calculated.

Predictor variables. A total of 12 variables were selected from the literature based on their
potential association with functional decline or recovery after hospitalization. These variables
were classified into 3 domains; sociodemographic, illness and physiological factors, and hospi-
talization characteristics. The sociodemographic domain included self-reported age (years),
sex, and education level (no studies, primary, and secondary). Illness and physiological factors
were related to health status before hospitalization and included forced expiratory volume
(FEV1), severity of airflow limitation, modified Medical Research Council (mMRC) dyspnea
scale, number of medications or prescription drugs used, number of comorbidities measured
using the Functional Comorbidity Index [9], and frailty. All these factors except frailty were
acquired from electronic files. Frailty was measured after hospital admission by means of the
Reported Edmonton Frail Scale, which is based on a scale from 0 to 18, with higher scores entail-
ing more severe frailty [10]. The hospitalization domain included length of stay (days) and num-
ber of hospitalizations due to AE in the previous year. The number of hospitalizations was
ranked as follows: having 0 to 1 hospitalizations, or having 2 or more hospitalizations. Thus, the
patients with two or more hospitalizations were considered as patients with severe AE.

Statistical analysis
Change scores on the ADL dependence scale were categorized into 3 patterns: decline, no
change, or improvement. A difference less than the minimal important difference (MID)
between baseline dependence and any specific interval (6 or 12 weeks) was categorized as no
change rather than as improvement (positive difference) or decline (negative difference). The
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MID is the smallest change in a health-related outcome measure that is large enough to trigger
a change in management [11]. As described elsewhere [12], we used the 0.5 standard deviation
of scores at baseline as a measure of MID. Additionally, for people with functional declines at 6
weeks, we established a secondary outcome (functional recovery), which was defined as return-
ing to pre-hospitalization baseline function after an observed decline at 6 weeks.

Patients who completed all measurements were also classified into pre-defined functional
trajectories based on changes in their functional dependence between their baseline and the
12-week follow-up. Three trajectories (A, B, and C) included patients whose ADL dependence
score at week 12 was at least as good as at baseline, two trajectories (D and E) included patients
whose dependence score was higher at week 12, and one trajectory (F) included patients whose
dependence score was lower at week 12. Trajectory A included patients who had not declined
between pre-hospitalization and week 6, and had no decline between weeks 6 and 12. Trajec-
tory B included patients who declined between pre-hospitalization and week 6, but recovered
to baseline levels of dependence at week 12. Trajectory C included patients who improved
between pre-hospitalization and week 6, but declined to baseline levels of dependence at week
12. Trajectory D included patients who declined between pre-hospitalization and week 6 and
who did not recovery to baseline levels of dependence at week 12. Trajectory E included
patients who did not decline between pre-hospitalization and week 6, but declined between
weeks 6 and 12. Finally, trajectory F included patients who improved between pre-hospitaliza-
tion and week 6 and who did not decline to baseline levels of dependence at week 12.

Descriptive statistics were used to characterize the cohort at baseline and change rates. We
used Pearson χ2 and independent t-test to examine differences in baseline characteristics with
respect to whether or not the surrogates participated.

Univariate and multivariate logistic regression analyses were used to assess the possible fac-
tors associated with functional decline at week 12 after discharge. For these analyses, we dichot-
omized functional decline (yes/no), grouping those patients whose dependence score at week
12 was equal or higher than that at pre-hospitalization baseline into the negative category
because we considered that both groups shared similar care needs. The univariate associations
between each potential predictor were tested (with enter method) for significant associations
with functional decline. Separate multivariate models were first fit for each of 3 domains
(sociodemographic, illness and physiological factors, and hospitalization) by including as inde-
pendent variables those of each domain that showed a statistically significant association (P<
0.10) in the univariate analyses. A final multivariate logistic regression logistic model was cho-
sen by including the most strongly predictive factors from each of the individual models, as
well as other significant factors at the 0.10 level. All multivariate models were produced using
the forward step method. Goodness-of-fit and regression diagnostics for the models were
assessed using methods described elsewhere [13].

Sample size calculation was based on the rule of thumb that 15 subjects per predictor are
needed for a reliable equation [14]. We recruited a minimum of 90 participants assuming a
maximum of 6 predictors. All analyses were performed with the SPSS statistical software pro-
gram (SPSS version 19.0; IBM SPSS, Chicago, Illinois).

Results

Participants
Of the 107 hospitalized patients with COPD exacerbations, 4 were excluded because they had a
length of stay longer than 30 days. Therefore, 103 patients were finally included.

Patients were generally older with moderate-to-severe COPD and 87 had a low risk of hos-
pitalizations linked to AE, 22 of them had only one hospitalization. Of these, 55% had frailty
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and 32% reported having one or more ADL dependencies at baseline. Baseline characteristics
are described in Table 1.

At follow-up, 101 (98%) participated in the study 6 weeks after hospital discharge, and 100
(97%) participated at 12 weeks. All 3 patients lost to follow-up at the final time point had died.
The percentage of interviews with surrogates increased from 0% in the hospital to 25.7% at the
week 6 and 31% at the week 12 assessment after discharge. Thus, of the 103 participants in the
sample, 34 (33%) were interviewed via surrogates at any follow-up time point. Most of the
baseline characteristics of these patients were not significantly different from those who

Table 1. Characteristics of the Study Population at Baseline. (N = 103).

Variables Mean±SD or n (%)

SOCIODEMOGRAPHIC

Age (years) 71.0±9.1

Men 96 (93.2)

Education level

Without studies 48 (46.6)

Primary studies 37 (35.9)

Secondary studies 18 (17.5)

ILLNESSES AND PHYSIOLOGICAL FACTORS

FEV1 (% predicted) 52.2±15.2

Airflow limitation

Mild 3 (2.9)

Moderate 60 (58.3)

Severe 33 (32.0)

Very severe 7 (6.8)

Dyspnea(mMRC score) 2.6±0.9

Frailty

Not frail 27 (26.2)

Vulnerable 19 (18.4)

Frail 57 (55.3)

Number of drugs 9.0±4.2

Number of comorbidities

0–2 75 (72.8)

�3 28 (27.2)

Functional Comorbidity Index 1.68±1.31

HOSPITALIZATION CHARACTERISTICS

Length of stay(days) 11.3±7.4

Hospitalizations in previous year

0–1 87 (84.5)

�2 16 (15.5)

OUTCOME MEASURES

ADLs with dependence

None 70 (68.0)

1 11 (10.7)

2 10 (9.7)

�3 12 (11.6)

Abbreviations: N: Number of cases that reported data; FEV1, forced expiratory volume in 1 second;

mMRC, modified Medical Research Council.

doi:10.1371/journal.pone.0157377.t001
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participated in all interviews; sex (P = 0.132), education level (P = 0.205), FEV1% (P = 0.137),
severity of airflow limitation (P = 0.553), dyspnea (P = 0.096), frailty (P = 0.124), number of
drugs (P = 0.693), number of comorbidities (P = 0.909), length of stay (P = 0.180), number of
hospitalizations in the previous year (P = 0.458), and ADLs with dependence (P = 0.135). Nev-
ertheless, the patients who participated in all interviews were younger, with a mean age of
69.7 ± 8.4 vs 73.9 ± 9.9 (P = 0.025).

Rates and trajectories of change
Of the 101 patients interviewed at week 6, 31 (30.7%) patients experienced decline, 62 (61.4%)
had no change, and 8 (7.9%) had a pattern of improvement. Of those who declined, 5 (16.1%)
achieved a full recovery to pre-hospitalization baseline function at week 12 after discharge. Of
these who improved, 6 retained this improvement at week 12 and 2 returned to baseline func-
tion. “Fig 1” represents a diagram displaying each of the trajectories of change of those whose
dependence score at week 12 were equal (trajectories A, B, and C), higher (trajectories D and
E), or lower (trajectories F) compared with baseline (2 weeks before hospitalization). Of the 62
patients who experienced no change at 6 weeks, 50 (86.6%) kept their baseline function at week
12, but 12 (19.4%) declined between weeks 6 and 12.

Fig 1. Trajectories of change between pre-hospitalization (T0) and 6 (T1) and 12 weeks (T2) after hospital
discharge.

doi:10.1371/journal.pone.0157377.g001
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At 12 weeks, as a consequence of the trajectories of change experienced, 38 (38%) patients
showed a decline with respect to baseline function (the mean of ADL-score changed from 0.97
at baseline to 3.63 at week 12), 57 (57%) had not declined (50 had a trajectory of permanent no
change), and 6 had a pattern of improvement (the mean of ADL-score changed from 3.17 to
1.17).

Predictors of functional decline at week 12
Results of the univariate analyses are presented in Table 2. These unadjusted analyses provide a
relative measure of the odds of experiencing functional decline at week 12 after hospital dis-
charge in participants with specific characteristics compared with those without these charac-
teristics. For example, the frailty subgroup was significant when using the not frail subgroup as
the reference in the analysis. Based on these results, 5 variables were selected for multivariate
analyses; age, dyspnea, frailty, length of stay, and number of hospitalizations.

Table 3 shows the results of multivariate models of predictors of functional decline. Model 1
suggests that dyspnea and frailty are two physiological factors associated with higher odds of
decline at week 12. Model 2 suggest that length of stay and age are also associated with higher
odds of functional decline. In the final model, only frailty, dyspnea, and length stay were
retained. According this model, it is expected that the odds of undergoing a functional decline
between 2 weeks before hospitalization and 12 weeks after discharge increases almost 400% for
patients with frailty (odds ratio [OR] = 3.97; 95%CI 1.13–13.92), 85% for every 1-unit increase

Table 2. Univariable Logistic Regression Predicting Functional Decline at Week 12 after Hospital
Discharge.

Variables Odds Ratio (95% CI) Confidence intervaI) P-value

Sociodemographic

Age (years) 1.05 (1.00–1.10) 0.05

Women 0.63 (0.12–3.44) 0.60

Education level

Without studies Reference

Primary studies 1.22 (0.50–2.98) 0.66

High school or university 0.85 (0.27–2.69) 0.79

Illness and physiological factors

FEV1 (% predicted) 1.00 (0.97–1.03) 0.88

Airflow limitation

Mild Reference

Moderate 1.08 (0.92–12.59) 0.95

Severe 1.33 (0.11–16.39) 0.82

Very severe 2.67 (0.16–45.14) 0.50

Dyspnea (mMRC score) 1.725 (1.08–2.77) 0.02

Frailty

Not frail Reference

Vulnerable 3.35 (0.82–13.78) 0.09

Frail 5.75 (1.75–18.86) 0.004 18.87)

Number of comorbidities �3 1.03 (0.41–2.57) 0.96

Hospitalization characteristics

Length of stay (days) 1.12 (1.04–1.21) 0.004

Hospitalizations in previous year �2 3.33 (1.10–10.11) 0.03

Abbreviations: FEV1, forced expiratory volume in 1 second; mMRC, modified Medical Research

doi:10.1371/journal.pone.0157377.t002
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on the mMRC dyspnea scale (OR = 1.85;95%CI1.05–3.26), and 12% for every 1-day increase in
the length of hospital stay (OR = 1.12;95%CI1.03–1.22).

Discussion
To our knowledge, this is the first study to assess the pre-hospitalization functional status of
patients with AE-COPD to evaluate the impact of the patients’ hospitalization on the develop-
ment of disability in the middle term. Prospective development of disability after hospitaliza-
tion for AE-COPD was a common occurrence in our cohort. More than one third of patients
hospitalized for AE-COPD showed new or additional dependence in ADLs after 3 months, and
similar rates of functional decline were seen at 6 weeks. The finding of 6 different trajectories of
functional change in the sample of 101 patients who were assessed 3 times illustrates the inter-
individual heterogeneity possible in the functional course after hospital discharge.

Length of stay, dyspnea, and frailty were independent predictors of functional decline at 3
month following hospitalization. Our findings suggest that disability progression after hospital-
ization for AE-COPD may be driven by the hospitalization experience itself as well as mobility
limitations due to breathlessness and frailty. Nevertheless, length of stay could also represent
both hospitalization experience and severity of illness [15]. Dyspnea has also been identified as
a potential risk factor for disability progression over time in non-hospitalized COPD patients
[3]. Frail patients in our sample were strikingly vulnerable to new or additional dependence in
ADLs. Frailty was previously shown to increase the risk of disability progression following hos-
pitalization in older adults [4, 16]. Although the literature recognizes that vulnerable older peo-
ple are at the highest risk of developing dependence in ADLs [16], our results show that age
was not a determinant of decline for AE-COPD. The initial association between age and func-
tional decline diminished when it was adjusted for illness and physiological factors, as also seen
in previous studies using other populations [4]. The lack of association with some risk factors
previously identified in the literature (such as number of comorbidities) merits further investi-
gation in other studies.

Our study suggests that the process of recovery after decline is unlikely in the short term.
Only one sixth of patients who experienced functional decline at the first time interval recov-
ered during the next time interval. The natural history of functional recovery after functional

Table 3. Predictors of Functional Decline at Week 12 after Hospital Discharge.

Variables Odds Ratio (95% confidence interval)

Model 1 Model 2 Final model

Dyspnea 1.69 (1.00–2.851)a - 1.85 (1.05–3.26)a

Frailty

Not frail Reference - Reference

Vulnerable 4.23 (0.96–18.53)b 2.30 (0.46–11.54)

Frailty 5.23 (1.56–17.57)a 3.97 (1.13–13.92)a

Length of stay - 1.11 (1.03–1.20)a 1.12 (1.03–1.22)a

Hospitalizations in year previous year - 3.05 (0.89–10.49)b Excluded

Age (years) Excluded 1.06 (1.00–1.12)a Excluded

Adjusted R2 18.3% 24.4% 29.8%

Superscripts
a P < 0.05
b P < 0.10

doi:10.1371/journal.pone.0157377.t003
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decline has not been previously described for adults hospitalized for AE-COPD, and we have
insufficient information to contrast our findings in this population with other studies. Never-
theless, our recovery rates are lower than those reported over shorter time intervals in previous
studies in hospitalized older adults [17].

The results of the current study suggest that adults hospitalized for AE-COPD may have
dramatically higher functional care needs after than before their hospitalization. Consequently,
the demands on caregivers will markedly increase. These results have important implications
for healthcare delivery during as well as after hospitalization. Preventing functional decline in
frail hospitalized patients might be the key to improving patient outcomes. Some simple inter-
ventions like a combination of balance and strength training have shown encouraging benefits
for preventing functional decline in older patients [18,19].

Strengths and limitations of study
The particular strengths of this study are the use of a pre-hospitalization assessment and two
additional measurement time points following discharge, which allowed an assessment of
patients’ levels of dependence before hospitalization and the functional trajectories that
occurred between the observation points.

Our study has several limitations. Most of the data on dependence were collected directly
from the patient, but some information was reported by surrogates. This approach has draw-
backs because reported disability relies, at least partially, on the subject who reports the events
perception of them. However, some studies have shown that patients and proxies provide reli-
able interrater information when they reported disability during interviews [20]. Further sup-
porting evidence for the validity of our data is that patients who participated in all the
interviews had similar characteristics to others who did not. Second, although measurements
were taken at 3 time points to determine the time course of functional change after hospitaliza-
tion, it is likely that there were additional functional transitions that occurred between these
time points [21]. Third, trajectories over time may be influenced by continued health service
use and other environmental factors. All patients were recruited from an urban hospital and
data were lacking on post-acute rehabilitation services. Nevertheless, we know that rehabilita-
tion services were not widely used by the patients. Fourth, the patterns of recovery after func-
tional decline were only studied over a short term (between weeks 6 and 12). The duration of
recovery period may be longer [4]; consequently, our results are likely to underestimate recov-
ery rates. Fifth, the final model explained only 29.8% of the variance. Although being accept-
able, it may be speculated that some other factors not included in our model could even further
improve its predictive power (e.g. daily physical activities level). Finally, because of the small
number of women in the cohort, the results should be cautiously generalized to women. Future
prospective longitudinal studies are needed that analyze longer periods of follow-up with a
more representative sample, including more females and patients from both rural and urban
health facilities.

In conclusion, more than one third of the patients hospitalized for AE-COPD declined dur-
ing the subsequent 12 weeks after discharge, with most of the decline occurring by week 6.
These results have implications for hospital physicians and rehabilitation services, and efforts
should be prioritized to rehabilitate frail patients. Studies are needed to determine interven-
tions that would maximize the prevention of functional decline. For patients who decline and
do not recover, social services should be also applied. Additionally, more studies are necessary
to determine the relationship between disability progression and other outcomes often mea-
sured for adults hospitalized for AE-COPD (mortality, readmission rates, lung function mea-
surements, and quality of life or patient satisfaction).

Functional Decline after Exacerbation of COPD

PLOSONE | DOI:10.1371/journal.pone.0157377 June 14, 2016 9 / 11



Acknowledgments
The authors wish to thank their patients, and the personnel of the hospital unit, for their coop-
eration during the course of this study.

Author Contributions
Conceived and designed the experiments: FMM RBM GGG EVNMGS JAGV. Performed the
experiments: FMM RBM GGG. Analyzed the data: FMM RBMGGG. Contributed reagents/
materials/analysis tools: FMM RBM GGG EVNMGS JAGV. Wrote the paper: FMM RBM
GGG EVN. Designed the software used in analysis: FMM RBM GGG.

References
1. Eisner MD, Yelin EH, Trupin L, Blanc PD. The Influence of Chronic Respiratory Conditions on Health

Status andWork Disability. Am J Public Health. 2002; 92:1506–1513. PMID: 12197984

2. Connors AF Jr., Dawson NV, Thomas C, Harrel FE Jr., Desbiens N, FulkersonWJ, et al. Outcomes Fol-
lowing Acute Exacerbation of Severe Chronic Obstructive Lung Disease. Am J Respir Crit Care Med.
1996; 154:959–967 PMID: 8887592

3. Eisner MD, Iribarren C, Blanc PD, Yelin EH, Ackerson L, Byl N, et al. Development of disability in
chronic obstructive pulmonary disease: beyond lung function. Thorax. 2011; 66:108–114. doi: 10.1136/
thx.2010.137661 PMID: 21047868

4. Boyd CM, Ricks M, Fried LP, Guralnick JM, Xue QL, Xia J,et al. Functional Decline and Recovery of
Activities of Daily Living in Hospitalized, Disabled Older Women: TheWomen´s Health and Aging
Study I. J Am Geriatr Soc. 2009; 57:1757–1766. doi: 10.1111/j.1532-5415.2009.02455.x PMID:
19694869

5. Ram FSF, Wedzicha JA, Wright J, Greston M. Hospital at home for patients with acute exacerbations of
chronic obstructive pulmonary disease: systematic review of evidence. BMJ. 2004 Jul 8. doi: 10.1136/
bmj.38159.650347.55

6. Jeppesen E, Brurberg KG, Vist GE, Wedzicha JA, Wright JJ, Greenstone M, et al. Hospital at home for
acute exacerbations of chronic obstructive pulmonary disease. Cochrane Database of Systematic
Reviews.2012, Issue 5: . Art. No.: CD003573. doi: 10.1002/14651858.CD003573.pub2

7. Global Strategy for the Diagnosis, Management and Prevention of COPD, Global Initiative for Chronic
Obstructive Lung Disease (GOLD) 2015. Available from: http://www.goldcopd.org/. Accessed Septem-
ber 25, 2015.

8. Covinsky KE, Palmer RM, Counsell SR, Pine ZM, Walter LC, Chren MM. Functional status before hos-
pitalization in acutely ill older adults: Validity and Clinical importance of retrospective reports. J Am Ger-
iatr Soc. 2000; 48: 164–169. PMID: 10682945

9. Groll DL, To T, Bombardier C, Wright J. The development of a comorbidity index with physical function
as the outcome. J Clin Epidemiol. 2005; 58:595–602. PMID: 15878473

10. Hilmer SN, Perera V, Mitchell S, Murnion BP, Dent J, Bajorek B, et al. The assessment of frailty in older
people in acute care. Australas J Ageing. 2009; 28:182–188. doi: 10.1111/j.1741-6612.2009.00367.x
PMID: 19951339

11. Schunemann HJ, Puhan M, Goldstein R, Jaeschke R, Guyatt GH. Measurement properties and
interpretability of the Chronic Respiratory Disease Questionnaire (CRQ). COPD. 2005; 2:81–89. PMID:
17136967

12. Turner D, Schuneman HJ, Griffith LE, Beaton DE, Griffiths AM, Critch JN, et al. The minimal detectable
change cannot reliably replace the minimal important difference. J Clin Epidemiol. 2010; 63: 28–36.
doi: 10.1016/j.jclinepi.2009.01.024 PMID: 19800198

13. Hosmer DW, Lemeshow S. Applied logistic regression. New York: JohnWiley Inc; 1989.

14. Tabachnick BG, Fidell LS. Using Multivariate Statistics. 2013. Pearson Education.

15. Gill TM, Williams CS, Tinetti ME. The combined effects of baseline vulnerability and acute hospital
events on the development of functional dependence among community-living older persons. J Geron-
tol A Biol Sci Med Sci. 1999; 54A:M377–M383.

16. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al. Frailty in older adults: evi-
dence for a phenotype. J Gerontol A Biol Sci Med Sci. 2001; 56: M146–M156. PMID: 11253156

17. Sager MA, Rudberg MA. Functional decline associated with hospitalization for acute illness. Clin Ger-
iatr Med. 1998; 14:669–679. PMID: 9799473

Functional Decline after Exacerbation of COPD

PLOSONE | DOI:10.1371/journal.pone.0157377 June 14, 2016 10 / 11

http://www.ncbi.nlm.nih.gov/pubmed/12197984
http://www.ncbi.nlm.nih.gov/pubmed/8887592
http://dx.doi.org/10.1136/thx.2010.137661
http://dx.doi.org/10.1136/thx.2010.137661
http://www.ncbi.nlm.nih.gov/pubmed/21047868
http://dx.doi.org/10.1111/j.1532-5415.2009.02455.x
http://www.ncbi.nlm.nih.gov/pubmed/19694869
http://dx.doi.org/10.1136/bmj.38159.650347.55
http://dx.doi.org/10.1136/bmj.38159.650347.55
http://dx.doi.org/10.1002/14651858.CD003573.pub2
http://www.goldcopd.org/
http://www.ncbi.nlm.nih.gov/pubmed/10682945
http://www.ncbi.nlm.nih.gov/pubmed/15878473
http://dx.doi.org/10.1111/j.1741-6612.2009.00367.x
http://www.ncbi.nlm.nih.gov/pubmed/19951339
http://www.ncbi.nlm.nih.gov/pubmed/17136967
http://dx.doi.org/10.1016/j.jclinepi.2009.01.024
http://www.ncbi.nlm.nih.gov/pubmed/19800198
http://www.ncbi.nlm.nih.gov/pubmed/11253156
http://www.ncbi.nlm.nih.gov/pubmed/9799473


18. Gill TM, Baker DI, Gottschal KM, Peduzzi PN, Allore H, Byers A. A program to prevent functional
decline in physically frail, elderly persons who live at home. N Engl J Med. 2002; 347: 1068–1074.
PMID: 12362007

19. Inouye SK, Bogardus ST Jr., Baker DI, Leo-Summers L, Cooney LM Jr. The Hospital Elder Life Pro-
gram: a model of care to prevent cognitive and functional decline in older hospitalized patients. Hospital
Elder Life Program. J AmGeriatr Soc 2000; 48:1967–1706.

20. Jette AM, TaoW, Norweg A, Haley S. Interpreting Rehabilitation OutcomeMeasurements. J Rehabil
Med. 2007; 39: 585–590. PMID: 17896048

21. Hardy SE, Dubin JA, Holford TR, Gill TM. Transitions between states of disability and independence
among older persons. Am J Epidemiol. 2005; 161: 575–584. PMID: 15746474

Functional Decline after Exacerbation of COPD

PLOSONE | DOI:10.1371/journal.pone.0157377 June 14, 2016 11 / 11

http://www.ncbi.nlm.nih.gov/pubmed/12362007
http://www.ncbi.nlm.nih.gov/pubmed/17896048
http://www.ncbi.nlm.nih.gov/pubmed/15746474

