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BACKGROUND: COPD exacerbations are frequent events that have a negative impact on the lives
of patients. The aims of this study were to analyze physical and functional impairment during
hospital stay in subjects hospitalized due to COPD exacerbation and to assess the physical and
functional impact of hospitalization at a 1-month follow-up in patients with severe COPD.
METHODS: This was a prospective observational study on a sample of 52 subjects hospitalized due
to COPD exacerbation. The assessments were performed at baseline, discharge, and 1-month
follow-up. The outcome measures were dyspnea, muscle strength, functional capacity, and postural
steadiness. RESULTS: Quadriceps strength [1.036 (P � .043) kg mean difference] and the one-leg
stance test [1.04 (P � .02) and 0.73 (P � .032) s mean difference right and left leg] showed significant
impairment during hospitalization. Dyspnea perception improved significantly (P � .004) during
hospitalization. Additionally, strength in the upper and lower limbs [4.04 (P � .002) and 1.23 (P �
.038) kg mean difference], functional capacity [3.0 number of steps mean difference (P � .032)], and
the one-leg stance test [2.12 (P � .006) and 0.53 (P � .047) s mean difference right and left leg]
showed significant impairment 1-month follow-up. CONCLUSIONS: Hospitalization due to COPD
exacerbation leads to physical and functional impairment in patients; impairment is greater at
1-month follow-up. It would be interesting to conduct physical therapy interventions to prevent the
impairment. Key words: COPD; exacerbation; hospitalized subjects; physical impairment; functional
impairment; functional capacity. [Respir Care 2017;62(2):209–214. © 2017 Daedalus Enterprises]

Introduction

COPD is projected to be the fifth leading burden of
disease worldwide by the year 2020.1 A COPD exacerba-

tion is defined as an acute event characterized by a wors-
ening of the patient’s respiratory symptoms.2 COPD ex-
acerbations are frequent (mean: 1–4 exacerbations/y)3 and
increase in frequency with the severity of the disease.
Spencer et al4 suggest that frequent exacerbations are re-
lated to a worsening of health status.

Several studies5,6 support the argument that COPD ex-
acerbations have a negative impact on patients. In addition
to the classic symptoms of an exacerbation,7 patients may
exhibit an impairment in skeletal muscle strength and en-
durance in both peripheral and respiratory muscles8 that
can have considerable effects on health status.9 It has long
been recognized that systemic factors such as inflamma-
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tion, malnutrition, medication, inactivity, age, hypoxemia,
and smoking exert strong effects on skeletal muscle per-
formance in patients with COPD.10

Physical, psychological, and functional impairment dur-
ing hospital stay in patients with COPD exacerbation is a
relevant issue due to the consequences after discharge,
such as relocation into nursing homes or caregiver syn-
drome. Moreover, the increase in the prevalence of COPD
and the associated economic burden11 should be taken into
account.12

Few studies13,14 have examined the impact of hospital-
ization on patients with COPD and patients’ lives after
discharge. It has been previously shown that hospitaliza-
tions result in a decline of functionality in the elderly
population.15 This decline can have a greater impact on
patients with more severe COPD. Comprehensive pulmo-
nary rehabilitation12,16 for COPD should be included in the
care of patients with chronic respiratory impairment to
optimize their physical and social performance and auton-
omy.

The main objectives of the study were (1) to analyze
physical and functional impairment during hospital stay in
subjects hospitalized due to COPD exacerbation and (2) to
assess the physical impact of hospitalization at 1-month
follow-up in subjects with severe COPD.

Methods

Study Design

This was a prospective observational study that included
assessments at 3 points in time: at baseline, at discharge,
and at 1-month follow-up. The study was performed from
May to September 2013 in the San Cecilio and Virgen de
las Nieves hospitals in Granada, Spain. The study was
approved by the hospital ethics committees (approval num-
ber 1107). All participants were informed of the objectives
of the study and gave their written informed consent be-
fore their involvement in the study.

Subjects

Fifty-two subjects were included in this study among
those admitted to the hospitals’ respiratory care unit with
a diagnosis of COPD exacerbation during a 4-month pe-
riod. Inclusion criteria were: diagnosis of COPD exacer-
bation according to the criteria of the American Thoracic
Society,17 exacerbations due to respiratory infections only,
Global Initiative for Chronic Obstructive Lung Disease
(GOLD) stage IV of disease severity,18 patients �40 y old,
and patients free from a hospitalization due to COPD ex-
acerbation in the previous month. Exclusion criteria were:
patients with organ failure, cognitive impairment, cancer,
or inability to participate. Patients were excluded if their

cognitive impairment or their condition prevented them
from performing the assessment.19

During the hospitalization, subjects were administered
the standard medical and pharmacologic treatment, includ-
ing inhaled bronchodilators, systemic steroids, and oxygen
therapy. No additional interventions were performed dur-
ing the hospitalization.

Assessment

For descriptive purposes, age, body mass index, and
smoking habit were recorded. The Charlson comorbidity
index was used to assess comorbidities.20 The Barthel in-
dex21 was used to measure subjects’ level of dependence.
The St George Respiratory Questionnaire was adminis-
tered to assess subjects’ perceived quality of life in the last
year.22 The SenseWear arm band (BodyMedia, Pittsburgh,
Pennsylvania) was used to count the number of steps walked
in 24 h during the hospital stay. Subjects wore the device
during 3 different days. The SenseWear arm band was
placed on the back of each patient’s upper left arm (ie, the
triceps).23,24 A spirometry test was carried out with a por-
table spirometer (Micro Spirometer, CareFusion, Basing-
stoke, United Kingdom) according to the criteria of the
American Thoracic Society.25 Oxygen saturation was as-
sessed with a pulse oximeter (Pulsox-1, Konica-Minolta,
Tokyo, Japan).

Outcome Measures

Dyspnea, muscle strength, functional capacity, and pos-
tural steadiness were assessed at baseline (the second day
of hospitalization), at discharge (the last day of hospital-
ization), and at 1-month follow-up (subjects were called
on the telephone and given an appointment for the assess-
ment).

QUICK LOOK

Current knowledge

COPD exacerbations are frequent events and have a
negative impact on the lives of COPD patients. Previ-
ous studies confirm that frequent exacerbations are re-
lated to a worsening of health status.

What this paper contributes to our knowledge

In the present study, physical status in subjects with
severe COPD exhibited a significant impairment during
hospital stay. Additionally, physical impairment was
greater at 1-month follow-up.
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Dyspnea Perception

Dyspnea perception was assessed at rest using the mod-
ified Borg scale.26 Subjects classified their breathlessness
from 0 to 10.

Muscle Strength

Lower- and upper-limb strength was assessed using a
dynamometer. Quadriceps strength was assessed with a
portable dynamometer (hand-held dynamometer manual
muscle test system model 01163, Lafayette Instrument
Company, Lafayette, Indiana). The test was performed as
reported previously.27 Quadriceps weakness is a surrogate
marker for subjects’ reduced generalized performance sta-
tus. A reduction in muscle strength implies a worsening in
work capacity in patients with COPD.

Handgrip measurement is a reliable marker of periph-
eral muscle strength. A handgrip dynamometer (TEC-60,
Technical Products, Clifton, New Jersey) individually ad-
justed to the size of the subject’s handgrip was used as
reported previously by Shephard et al.28

Functional Capacity

The 2-min step-in-place test is a useful alternative to
the 6-min walk test when there are space limitations.29

Subjects were asked to raise their knees alternatively,
and the number of full steps completed in 2 min was
recorded.

Postural Steadiness

The one-leg stance test assesses postural steadiness in a
static position.30 Subjects were asked to raise one leg and
keep the leg raised as long as possible. The time that the
subjects stood on each leg was measured in seconds using
a stopwatch.

Statistical Analyses

EPIDAT 3.1 software (Dirección Xeral de Saúde
Pública (Xunta de Galicia)) was used to calculate sample
size. The sample size calculation was based on the esti-
mation of quadriceps muscle strength impairment val-
ues14,31 and the impairment expected in handgrip dyna-
mometry (1 kg) (1.2 � 0.33 and �1.5 � 0.82). Hence, to
have 80% power using a 2-sided � � 0.05 and a hypo-
thetical dropout rate of 15%, 52 subjects were required to
show statistically significant differences during hospital-
ization.

Descriptive statistics (mean � SD) were used to deter-
mine participants’ characteristics. The Kolmogorov-Smirnov
test was used to assess the normality of the continuous
data. The statistical distribution of the data was initially
analyzed using the Shapiro-Wilks test. An analysis of vari-
ance measure repeated was used to compare the outcomes
during hospitalization, at discharge, and at follow-up. Data

Fig. 1. Flow chart. RCU � respiratory care unit.

Table 1. Characteristics of the Sample at Baseline

Variables Values (N � 52)

Age, mean � SD y (range) 75.87 � 6.14 (65–88)
BMI, mean � SD kg/m2 (range) 26.46 � 6.49 (15–38)
Length of hospital stay,

mean � SD d (range)
12.17 � 5.17 (6–23)

Charlson Comorbidity Index,
mean � SD (range)

5.3 � 1.6 (3–11)

Barthel index, mean � SD (range) 77.39 � 27.03 (30–100)
SGRQ symptoms, mean � SD (range) 61.54 � 19.39 (19.7–96)
SGRQ activity, mean � SD (range) 78.99 � 25.63 (6.29–100)
SGRQ impact, mean � SD (range) 58.46 � 14.35 (29–79)
SGRQ total score, mean � SD (range) 65.21 � 15.50 (33–84)
Steps during hospital stay,

mean � SD steps (range)
705.84 � 104.5 (11–1,075)

FVC, mean � SD L (range) 1.13 � 0.74 (0.69–1.28)
FVC, mean � SD % predicted (range) 27.35 � 5.48 (23.69–31.4)
FEV1, mean � SD L (range) 0.52 � 0.38 (0.31–0.84)
FEV1, mean � SD % predicted (range) 34.16 � 8.5 (29.47–38.4)
SpO2

, mean � SD % predicted (range) 87.09 � 3.25 (82–93)
Borg scale, mean � SD (range) 6.46 � 2.24 (3–10)
Female sex, n (%) 3 (4.54)
Ex-smokers, n (%) 60 (90.9)

BMI � body mass index
SGRQ � St George Respiratory Questionnaire
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were analyzed with SPSS 20.0 (SPSS, Chicago, Illinois).
A P value of �.05 was considered to be significant.

Results

The final sample was composed of 52 subjects. The
distribution of participants is shown in Figure 1. Descrip-
tive data of the sample at baseline are shown in Table 1.

The mean age of participants was 75.87 � 6.14 y (range
65–88 y), and 4.54% (n � 3) of the subjects were women.
The mean length of hospital stay was 12.17 � 5.17 d.
Most of the subjects were independent but needed help in
the bathroom and getting dressed or undressed. In the
sample, 90.9% of the subjects were ex-smokers with a
mean of 18.27 � 14.71 y without smoking.

The values presented in Table 1 show that dyspnea per-
ception at baseline was 6.46 � 2.24 in the modified Borg
scale. All of the subjects had severe COPD (GOLD IV),
with spirometric values of FEV1 of 0.52 � 0.38 L and
FVC of 1.13 � 0.74 L.

Dyspnea perception (P � .004), FVC (P � .041), and
FEV1 (P � .02) improved significantly from baseline to
discharge (Table 2). Significant differences were observed
between discharge (P � .032) and follow-up (P � .043) in
FEV1 and functional capacity.

Quadriceps strength (P � .043) and the one-leg stance
(P � .02 for right leg and P � .032 for left leg) test
showed significant differences from baseline to discharge
(Table 3). Additionally, strength in the upper (P � .002)

and lower (P � .038) limbs and the one-leg stance test
showed significant differences between discharge and fol-
low-up (P � .006 for right leg and P � .047 for left leg).

Discussion

The objectives of the study were (1) to analyze physical
and functional impairment during hospital stay in hospi-
talized subjects due to COPD exacerbation and (2) to as-
sess the physical and functional impact of hospitalization
at 1-month follow-up in subjects with severe COPD.

Our results showed that muscle strength and postural
steadiness significantly deteriorated during hospital stay
and at 1-month follow-up. We also observed impairment
in physical function at 1-month follow-up.

Previous studies32-34 have described the impairment
caused by COPD: Elderly subjects with COPD exhibit a
substantial impairment, depending on the severity of air-
way obstruction. However, few studies14 have focused on
the impact of COPD exacerbations on the physical and
functional state of patients.

Overall, our results showed that subjects exhibited a
marked physical impairment in global muscle strength due
to inactivity and the exacerbation situation, which implies
immobility during hospitalization. It has been shown pre-
viously that the mean number of steps per day is 2,237 in
subjects with COPD. Subjects included in our study walked
a mean of 705.84 � 104.5 steps during 24 h of hospital
stay.

Table 2. Clinical Variables at Baseline, Discharge, and 1-Month Follow-Up

Variables Baseline Discharge
1-Month

Follow-up

Mean Difference Between
Baseline and Discharge

(95% CI)
P

Mean Difference Between
Discharge and Follow-up

(95% CI)
P

FVC, % predicted 27.35 � 5.48 30.81 � 7.9 28.90 � 4.36 3.46 � 6.32 (4.054–5.278) .041 2.10 � 5.84 (�3.21 to 2.34) .17
FEV1, % predicted 34.16 � 8.5 39.07 � 11.2 36.49 � 9.12 5.11 � 9.62 (3.018–6.573) .02 3.42 � 10.07 (�4.17 to 1.58) .043
Borg scale 6.48 � 2.28 3.61 � 2.18 4.45 � 3.55 2.870 � 1.984 (2.280–3.459) .004 0.38 � 2.81 (�5.17 to �0.658) .41
2MSP, steps 13.82 � 18.17 14.23 � 20.4 12.4 � 15.49 0.42 � 19.54 (�4.040 to 1.858) .36 3.0 � 2.13 (�0.531 to �4.02) .032

Results are mean � SD. An analysis of variance measure repeated was used to compare the outcomes at hospitalization, discharge, and follow-up.
2MSP � 2-min step-in-place test

Table 3. Physical Variables at Baseline, Discharge, and 1-Month Follow-Up

Variables Baseline Discharge
1-Month

Follow-Up

Mean Difference Between
Baseline and Discharge

(95% CI)
P

Mean Difference Between
Discharge and 1-Month

Follow-Up (95% CI)
P

Handgrip strength, kg 17.96 � 10.75 17.16 � 10.7 13.12 � 11.52 0.403 � 9.44 (�0.53–6.75) .92 4.04 � 3.82 (�0.78 to �6.12) .002
Quadriceps strength, kg 9.45 � 3.29 7.4 � 3.11 6.17 � 3.54 1.036 � 2.58 (�3.301 to �1.571) .043 1.23 � 3.35 (�4.30 to �1.82) .038
OLS right leg, s 3.94 � 5.59 2.92 � 4.78 1.87 � 2.53 1.04 � 3.52 (�4.53 to �0.094) .02 2.12 � 3.65 (�2.59 to �0.67) .006
OLS left leg, s 2.73 � 3.14 2.03 � 3.65 1.50 � 2.09 0.73 � 2.87 (�2.626 to �0.041) .032 0.53 � 2.88 (0.047–1.37) .047

Results are mean � SD. An analysis of variance was used to compare the outcomes at hospitalization, discharge, and follow-up.
OLS � one-leg stance test
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Pitta et al14 showed that COPD exacerbations have a
negative impact on exercise capacity and physical activity
and lead to impairment in muscle strength in subjects with
COPD. Spruit et al31 found that subjects with COPD had
significantly less muscle strength during COPD exacerba-
tions when compared with subjects with COPD with a
stable disease. In a study conducted by Spruit et al,31 lower-
limb strength decreased during hospitalization and was
partially recovered 3 months after discharge. Our results
are in line with those of previous studies14,31 and confirm
that after a hospital stay for a COPD exacerbation, subjects
exhibited a physical impairment that persisted and increased
significantly at 1-month follow-up; this important impair-
ment can be explained by the severity of the condition of
our subjects.

In adults, hospitalization is considered to be a critical
transitional event that has deleterious effects in older peo-
ple.35 In patients with COPD, hospitalizations are frequent
and increase with the severity of the disease. However, the
impacts of hospitalization on patients’ functionality have
not been widely explored so far. Lower-muscle strength is
reflected in a decrease in the ability to perform activities of
daily living. It has been shown previously that hospital-
ization leads to a significant physical impairment in sub-
jects admitted to the hospital due to pneumonia and that
impairment increases with age.35 The main risk factors for
functional decline associated with hospitalization are age,
immobility, cognitive impairment, and functional status
before admission.36 Our results confirm the effects of hos-
pitalization on physical function; they highlight the prior-
ity of implementing in-hospital rehabilitation programs
with patients with COPD due to their age range, their
vulnerability to functional decline, and the chronicity of
the disease, which implies a functional impairment before
admission.

Regarding postural steadiness, the study conducted by
Tudorache et al37 showed that the presence of COPD with
stable or exacerbation phases is associated with impair-
ment in postural steadiness. Our results showed that hos-
pitalization led to impairment in postural steadiness. The
impairment was shown to increase in both legs after
1-month follow-up. Finally, dyspnea perception improved
significantly during hospitalization due to the pharmaco-
logic and medical treatment.

Limitations and Strengths

Our study has several limitations that should be consid-
ered. First, there are some recognized prognostic indices
that can be used to predict the probability of recovery,
dependence, or death after hospitalization in older peo-
ple.38,39 Although there are no indices specifically designed
for patients with COPD, the variables we collected are all
valid tools to obtain data on functional status. Second,

although data on functional status are not always routinely
collected in hospitalized patients, our variables are simple
to collect, and there is substantial evidence40 that func-
tional status is a key predictor of a wide range of out-
comes. The main strength of this study is that the focus on
COPD exacerbation is novel as well as the depth of clin-
ical assessments for strength/function.

Conclusions

Hospitalization leads to physical and functional impair-
ment, including decreased muscle strength and postural
steadiness, in subjects hospitalized due to a severe COPD
exacerbation; impairment increases between discharge and
follow-up. To prevent this significant impairment, it would
be interesting to implement a pulmonary rehabilitation pro-
gram with these patients to decrease their physical and
functional impairment.
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