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BACKGROUND: A more profound investigation of respiratory muscle strength during COPD
exacerbation was needed, so we investigated respiratory muscle strength and related factors in
patients with COPD during and after hospitalization for COPD exacerbation. METHODS: In 19
subjects hospitalized for COPD exacerbation (12 males, mean age 67 � 11 y, median percent-of-
predicted FEV1 26% [IQR 19–32%]) we measured lung function and respiratory and quadriceps
muscle strength at admission (day 1), at discharge, and 1 month after discharge. RESULTS: At
admission, 68% of the subjects had inspiratory muscle dysfunction (maximum inspiratory pressure
< 70% of predicted). Inspiratory muscle strength increased between day 1 (56 cm H2O [IQR
45–64 cm H2O]) and 1 month after discharge (65 cm H2O [IQR 51–74 cm H2O], P � .007).
Expiratory muscle strength increased between day 1 (99 cm H2O [65–117 cm H2O]) and discharge
(109 cm H2O [77–136 cm H2O], P � .005), and between day 1 and 1 month after discharge
(114 cm H2O [90–139 cm H2O], P � .001). Inspiratory capacity increased between discharge
(1.59 � 0.44 L) and 1 month after discharge (1.99 � 0.54 L, P � .02). There was no significant
change in other lung function variables or quadriceps strength. At admission the inspiratory muscle
dysfunction and reduction in inspiratory capacity (< 80% of predicted) correlated linearly (phi
coefficient 0.62, P � .03), whereas the expiratory muscle strength correlated inversely with FEV1

(Spearman rho �0.61, P � .005) and inspiratory capacity (Spearman rho �0.54, P � .02).
CONCLUSIONS: There was a high prevalence of inspiratory muscle dysfunction in patients hos-
pitalized for COPD exacerbation. Inspiratory and expiratory muscle strength increased markedly
during and after hospitalization. The degree of air-flow obstruction and hyperinflation were related
to inspiratory and expiratory muscle strength. Key words: COPD; exacerbation; hospitalization;
respiratory muscles; respiratory muscle strength. [Respir Care 2013;58(12):2142–2149. © 2013 Daeda-
lus Enterprises]

Introduction

Exacerbation of COPD is well known as harmful and
common in the natural course of the disease. The Global
Initiative for Chronic Obstructive Lung Disease (GOLD)

defines COPD exacerbation as an acute event character-
ized by a worsening of respiratory symptoms beyond nor-
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Pulmonar, Departamento de Fisioterapia, Universidade Estadual de Lon-
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mal day-to-day variations and that requires a change in
medication.1

Among the main consequences of COPD exacerbation
presented in the literature, the following can be highlighted
due to their direct impact on the patient’s health: increase
in mortality,2 impairment in health-related quality of life,3

faster decline in lung function,4 marked reduction in phys-
ical activity level,5 and worsening of peripheral muscle
weakness.6

Despite the key importance of the respiratory muscles in
COPD, only a few studies have focused on the relationship
between the respiratory muscles and the exacerbation pro-
cess. Two recent cross-sectional studies found that respi-
ratory muscle dysfunction is associated with an increased
risk of hospital admission for exacerbation.7,8 Two other
prospective studies identified inspiratory muscle overload
as a risk factor for hospitalization for exacerbation.9,10

Surprisingly, the respiratory muscle function during and
after COPD exacerbation seems to have been poorly in-
vestigated. We identified only 3 studies that prospectively
assessed respiratory muscle strength during and after hos-
pitalization for COPD exacerbation.5,11,12 González et al12

and Martínez-Llorens et al11 found an increase in inspira-
tory muscle strength between admission and discharge,
whereas Pitta et al5 found no statistically significant change
in inspiratory muscle strength during or after hospitaliza-
tion. Expiratory muscle strength decreased during hospi-
talization in the study by Martínez-Llorens et al,11 but
remained unaltered in the study by Pitta et al.5 Decreased
respiratory muscle strength is an important sign, because it
is associated with worse dyspnea and exercise intolerance,13

which are associated with disease severity.
The evolution of respiratory muscle strength during

COPD exacerbation needs to be better understood, so we
measured inspiratory and expiratory respiratory muscle
strength and related factors in patients hospitalized for
COPD exacerbation.

Methods

This study was approved by the ethics committee of
Universidade Estadual de Londrina, Londrina, Paraná,
Brazil, and all subjects gave written informed consent.

Study Design

This observational study was carried out from January
2010 to February 2012. We recruited patients hospitalized
for COPD exacerbation at our university hospital, Univer-
sidade Estadual de Londrina, Londrina, Paraná, Brazil. We
measured respiratory and quadriceps muscle strength and
lung function in the first 24 hours of hospitalization (day 1),
and again at discharge and 1 month after discharge. At
1 month after discharge the subjects returned to the hos-

pital to be reassessed. We assessed arterial blood gases and
symptoms, and made the combined COPD assessment only
on day 1.

Subjects

The inclusion criteria were: COPD diagnosis per the
GOLD criteria1 (post-bronchodilator FEV1/FVC � 0.70);
hospital admission due to COPD exacerbation (ie, severe
exacerbation according to the definition of Rodriguez-
Roisin14); spontaneous breathing on hospital admission
(ie, not on mechanical ventilation); no important comor-
bidities (eg, neuromuscular, cerebrovascular, or severe
cardiac disease) that could impair performance in study
tests; no recent hospitalization due to COPD exacerbation;
and no participation in any exercise training in the pre-
vious 6 months. The decision to admit a patient to the
hospital was made by the attending physician, who was
not involved in the study. The exclusion criteria were:
death, withdrew consent, or missed assessment on more
than 1 assessment day (ie, discharge and 1 month after
discharge).

Assessments

Sex, age, anthropometric variables (weight, height, and
body mass index), and clinical variables (number of ex-
acerbations in the previous year, and previous cortico-
steroids use) were collected at study inclusion. Data con-
cerning corticosteroid use and physiotherapy treatment

QUICK LOOK

Current knowledge

COPD exacerbation is defined as a worsening of respi-
ratory symptoms beyond normal day-to-day variations
and that requires a change in medication. Among the
main consequences of COPD exacerbation are an in-
crease in mortality, impairment in health-related quality
of life, faster decline in lung function, marked reduction
in physical activity, and worsening of peripheral mus-
cle weakness.

What this paper contributes to our knowledge

Inspiratory muscle dysfunction at hospital admission is
common during COPD exacerbation. Inspiratory and
expiratory muscle strength increased markedly during
and after hospitalization. The degree of airflow obstruc-
tion and hyperinflation at hospital admission were re-
lated to both inspiratory and expiratory muscle strength.
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during the hospitalization were retrieved retrospectively
from the subject’s medical file after discharge.

Respiratory muscle strength, the primary outcome, was
measured as maximum inspiratory pressure (PImax) and
maximum expiratory pressure (PEmax), using a digital mano-
vacuometer (MVD 300, GlobalMed, Porto Alegre, Brazil)
and a plastic tube mouthpiece, with a small leak, to pre-
vent glottic closure and to reduce the use of buccal mus-
cles.15 We used the Black and Hyatt16 protocol, in which
the subject is assessed in the seated position, wears a nose
clip, the PImax maneuver is begun near residual volume,
and the PEmax maneuver is begun near total lung capacity.
The PImax and PEmax maneuvers were maintained for at
least 2 seconds, and the peak value was recorded. Al-
though the PImax values are negative, they are presented as
positive values, to avoid misinterpretation of the changes
in PImax. The best of 3 acceptable and reproducible con-
secutive maneuvers was analyzed. The criteria for accept-
ability were adequate effort and duration, no postural
compensation, and no cough or perioral air leak during
the maneuver. The criterion for reproducibility was a
difference � 10% of the highest value between the 2 high-
est values. Reference values are also used to express the
results.17

Quadriceps muscle strength was measured as quadri-
ceps peak torque during an isometric contraction of the
quadriceps of the dominant side, and at 60° of knee flex-
ion,18 with a dynamometer (microFET2, Hoggan Health,
Salt Lake City, Utah) anchored to fixed multi-gym equip-
ment; this adaptation was previously validated.19 The best
of 3 acceptable and reproducible maneuvers was consid-
ered for analysis. Quadriceps peak torque was calculated
in joules, Newtons per kilogram, and percent-of-
predicted.20 Lung function was measured with spirometry
(Spirobank G, MIR Medical International Research, Rome,
Italy), with the slow and forced vital capacities after bron-
chodilation, according to international recommendations21

and compared to national reference values.22,23 All the
tests were performed by a trained physiotherapist.

Arterial blood gases (PaO2
and PaCO2

) were measured at
admission by the hospital staff. Also at admission, the
combined COPD assessment1 was performed to get a mul-
tidimensional estimate of disease severity. This assess-
ment includes air-flow limitation, exacerbation frequency,
and symptoms (assessed with the Medical Research Coun-
cil scale24), and classifies patients into 4 groups: low risk
and less symptoms; low risk and more symptoms; high
risk and less symptoms; and high risk and more symptoms.

Statistical Analyses

The study by González et al12 was used for sample size
calculation. Considering the pooled mean � SD PImax dif-
ference of 15 � 21 cm H2O between hospital admission

and discharge, an alpha value of .05, and a power of 80%,
the present study needed a sample size of 17 subjects
(using the paired t test). Adding a drop-out rate of 25%,
based on a study with a similar design,5 the required sam-
ple size increased to 21 subjects.

Categorical variables are described as absolute and/or
relative frequencies. Continuous variables were tested for
normality with the Shapiro-Wilk test and are presented as
mean � SD if normally distributed, or median (IQR) if
non-normally distributed. The multiple imputation method
was used to impute the missing values, which were con-
sidered missing completely at random according to
Little’s missing-completely-at-random test. Only the re-
sults with imputed data are presented, unless a difference
between these and the results from complete-case analysis
was verified.

The chi-square test was used to compare categorical
data. Repeated-measures analysis of variance or the Fried-
man test was used to compare the 3 days of assessment,
with the Tukey or Dunn test as the post hoc test, respec-
tively. The changes in the respiratory pressures were com-
pared with the paired t test or Wilcoxon test, and the
comparison of the PImax and PEmax changes was with the un-
paired t test or the Mann-Whitney test. We used the Spear-
man or phi coefficient to analyze correlations. P � .05 was
considered a significant difference. The analyses were per-
formed with statistics software (SPSS 17.0, SPSS, Chi-
cago, Illinois, or Prism 5, GraphPad Software, La Jolla,
California).

Results

We included 21 subjects with COPD exacerbation. Dur-
ing the study 2 subjects died from respiratory complica-
tions of COPD (one during hospitalization, and the other
soon before the assessment 1 month after discharge) and 2
did not attend the last assessment. The 2 subjects who died
were excluded, and the 2 who did not attend the follow-up
were handled with the multiple imputation method. One
subject was hospitalized again after discharge but before
the 1 month after discharge assessment. However, a sen-
sitivity analysis revealed that this subject did not bias the
results. Subjects who dropped out and the remaining sub-
jects had similar age, anthropometry, and lung function.
On the contrary, the subjects who died were older, had
lower body mass index, and had more exacerbations in the
past year.

Clinical Information Before and
During Hospitalization

Table 1 describes the clinical characteristics of the 19
subjects on the first day of assessment (day 1). The ma-
jority of subjects were classified as GOLD stage 4 and
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belonged to the high-risk-and-more-symptoms group in
the combined COPD assessment. During hospitalization,
16 subjects (84%) received systemic corticosteroids (hy-
drocortisone, prednisone, prednisolone, or methylpred-
nisolone) and 3 (16%) did not receive systemic cortico-
steroids, 18 subjects (95%) received bronchodilators
(combination of fenoterol and ipratropium, terbutaline, or
tiotropium), and 9 subjects (47%) received respiratory
physiotherapy. The physiotherapy techniques were mainly
calisthenics plus breathing exercises or bronchopulmonary
hygiene techniques, with no endurance, strength, or respi-
ratory muscle training. The median hospitalization period
was 4 (IQR 3–5) days.

Respiratory Muscle Strength During and
After Hospitalization

Figure 1 shows the PImax values during and after hos-
pitalization. In comparison to day 1 (56 cm H2O [45–
64] cm H2O), PImax had not changed significantly at dis-
charge (62 cm H2O [45–69 cm H2O]), but had increased
at 1 month after discharge (65 cm H2O [51–74 cm H2O],

P � .007). PEmax showed a similar pattern (see Fig. 1).
However, the post hoc test revealed that, in comparison to
day 1 (99 cm H2O [65–117 cm H2O]), PEmax had increased
at discharge (109 cm H2O [77–136 cm H2O], P � .005)
and also at 1 month after discharge (114 cm H2O [90–
139 cm H2O], P � .001).

There was no significant difference in the change in
PImax or PEmax (ie, the relative change normalized to the
values obtained at day 1) between day 1 and discharge,
compared to the difference between day 1 and 1 month
after discharge (Fig. 2). The improvement in PImax and
PEmax from day 1 to discharge accounted for 68% and
61%, respectively, of the improvement from day 1 to
1 month after discharge. PEmax was higher than PImax in the
comparison of both the changes from day 1 to discharge
(14 � 22% vs 13 � 20%, respectively, P � .001), and
from day 1 to 1 month after discharge (23 � 31% vs
19 � 22%, respectively, P � .003) (see Fig. 2).

At day 1 the PImax correlated significantly with the PEmax

(Spearman rho 0.49, P � .04) and with the quadriceps
peak torque (Spearman rho 0.57, P � .01), and PEmax

correlated inversely with percent-of-predicted FEV1

(Spearman rho �0.61, P � .005) and percent-of-predicted
inspiratory capacity (Spearman rho �0.54, P � .02). On
day 1 the proportion of subjects with reduced inspiratory
capacity (� 80% of predicted25) was the same as the per-
centage with inspiratory muscle dysfunction (suggested by
Vilaró et al7, as PImax � 70% of predicted), which is 13
subjects (68%). Indeed, the inspiratory capacity of patients
with inspiratory muscle dysfunction was lower than that of
patients without inspiratory muscle dysfunction (62% of
predicted [53–72% of predicted] vs 93% of predicted [71–
139% of predicted], respectively, P � .02), and the clas-
sifications of reduced inspiratory capacity and inspiratory
muscle dysfunction were associated (phi coefficient 0.62,
P � .03). The change in PImax between day 1 and 1 month
after discharge linearly correlated with those changes in
PEmax (Spearman rho 0.58, P � .01), whereas the latter
inversely correlated with PEmax on day 1 (Spearman rho
�0.52, P � .02).

Lung Function and Peripheral Muscle Strength
During and After Hospitalization

The behavior of lung function and peripheral muscle
strength during and after hospitalization is shown in Table 2.
There was no significant difference in FEV1 or FVC be-
tween the 3 assessment days. The inspiratory capacity
(in liters) significantly increased between discharge and
1 month after discharge (P � .02). There was no sig-
nificant change in quadriceps peak torque between the 3
assessment days. During all the assessments no adverse
effects were observed.

Table 1. Clinical Characteristics in the First 24 Hours of
Hospitalization for COPD Exacerbation

Male/female 12/7
Age, mean � SD y 67 � 11
Body mass index, median (IQR) kg/m2 23 (19–27)
FEV1, median (IQR) % of predicted 26 (19–32)
FEV1/FVC, mean � SD % 38 � 12
GOLD stage

2 1
3 6
4 12

Exacerbations in the past year, no. (%)
0–1 15 (79)
� 2 4 (21)

Symptoms (Medical Research Council
scale)*, mean � SD

3 � 1

Combined COPD assessment category, %*
Low risk and less symptoms 0
Low risk and more symptoms 0
High risk and less symptoms 25
High risk and more symptoms 75

Previous corticosteroid use, no. (%)
Inhaled corticosteroids† 9 (47)
Oral corticosteroids‡ 3 (16)

PaO2
, mean � SD mm Hg 61 � 14

PaCO2
, median (IQR) mm Hg 39 (31–43)

* Data available for only 8 subjects, who did not differ from the remainder of subjects in age,
anthropometry, or lung function.
† For a mean period of 24 months.
‡ 20 mg/d prednisone or prednisolone for a mean 26 months
GOLD � Global Initiative for Chronic Obstructive Lung Disease
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Discussion

This study clearly showed that the inspiratory muscle
strength is reduced at the onset of a hospitalization for
COPD exacerbation, but increases markedly by 1 month
after discharge. The expiratory muscle strength presents a
similar pattern; it had increased at discharge and at 1 month
after discharge. Lung function at hospital admission was
related to both inspiratory and expiratory muscle strength.

Two of the 3 studies that have prospectively evaluated
inspiratory muscle strength during and/or after hospital-

ization found that inspiratory muscle strength increased
from admission to discharge,11,12 while the other study
found a trend of improvement from discharge to 1 month
after.5 At first glance it may seem that our results do not
corroborate any of these studies, as we found significant
difference only between day 1 and 1 month after dis-
charge, but our results actually do agree with the 2 former
studies. Although the change in PImax between admission
and discharge in our study was not statistically significant,
higher values were observed at discharge: an 11% increase
in PImax, in comparison to day 1, which is 68% of the
whole improvement in PImax. One possible explanation to
the lack of statistical significance may be the post hoc
analysis, which might have been underpowered.

At hospital admission the inspiratory muscle dysfunc-
tion was found to be related to the reduction in inspiratory
capacity, which supports previous explanations for the re-
duction in inspiratory muscle strength during exacerba-
tion. Martínez-Llorens et al11 and González et al12 thought
this reduction was due to the mechanical disadvantage
caused by hyperinflation: a mechanism better explained in
previous studies by O’Donnell and colleagues.26,27 An-
other factor that supports this hypothesis is the rapid im-
provement in the absence of any specific treatment for the
inspiratory muscles. Nevertheless, other factors, such as
malnutrition, inflammatory mediators, and corticosteroids,
should be investigated, since they might contribute to re-
spiratory muscle dysfunction.

In the present study the inspiratory capacity increased
between discharge and 1 month after discharge. This means
that a more hyperinflated pattern was observed during
hospitalization, corroborating our finding of reduced re-
spiratory muscle strength during hospitalization. Inspira-
tory capacity at discharge was slightly and not signifi-

Fig. 1. Maximum inspiratory pressure (PImax) and maximum expiratory pressure (PEmax) at admission (day 1), at discharge, and 1 month after
discharge, in subjects hospitalized for COPD exacerbation. In each data bar, the horizontal line represents the median, the top and bottom
of the bar represent the interquartile range, and the whisker bars represent the range. Friedman test P all � .03.

Fig. 2. Mean � SD difference in maximum inspiratory pressure
(PImax) and maximum expiratory pressure (PEmax) at day 1 versus
at discharge, and at day 1 versus 1 month after discharge.
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cantly lower than the inspiratory capacity at admission,
and we hypothesized that this might be because our sub-
jects were hospitalized for a short period (4 d [3–5 d]),
compared to previous studies (around 10 d).5,6,11 Addition-
ally, no clinical protocol was used to treat subjects, mean-
ing that various treatment regimens were used, so some of
our subjects might have been discharged without having
their lung function completely recovered.

To the best of our knowledge only 2 studies have pro-
spectively assessed expiratory muscle strength during hos-
pitalization for COPD exacerbation, and their results were
divergent. Martínez-Llorens et al11 found a significant de-
crease in expiratory muscle strength between admission
and discharge, but Pitta et al5 found no significant differ-
ences between 3 assessment days (2 during hospitalization
and 1 after discharge); however, they found an increasing
pattern from hospital admission to after discharge. We
observed the same pattern in our study, and the difference
was statistically significant. Martínez-Llorens et al11 stated
that the expiratory muscles are not affected by dynamic
hyperinflation. We agree that they may not be directly
affected as much as the inspiratory muscles, but, based on
previous findings28 and on our own results, it is reasonable
to postulate that these variables might be at least related.
We observed a negative correlation between expiratory
muscle strength and the degree of air-flow limitation and
hyperinflation. It is well known in the literature that during
hyperinflation the activity of the expiratory muscles is
increased,28,29 so we believe that the hyperinflation elic-
ited by the exacerbation may over-recruit the expiratory
muscles, which might explain the observed negative cor-
relation between PEmax and inspiratory capacity. In fact,
patients with history of multiple hospital admissions for

COPD exacerbation have greater expiratory muscle strength
than more stable patients.7,8

Regarding quadriceps peak torque, we observed no dif-
ference between the 3 assessment days, similar to Troost-
ers et al.18 Two other studies,5,6 however, found a decrease
of 5% of predicted in quadriceps peak torque during the
hospitalization period. Besides the study of Troosters
et al,18 which found no decrease in this variable, Spruit
et al6 found that 48% of their subjects had no change or an
increase in quadriceps peak torque. We hypothesize that
maybe there is a phenotype of patients more prone to
peripheral muscle dysfunction during exacerbation. Fur-
thermore, for quadriceps peak torque, differences in sam-
ple characteristics and pharmacologic and physiotherapies
used during hospitalization may account, at least in part,
for these conflicting results.

Our study clarifies previous findings in the literature,
and its main message is possibly that the hyperinflation
during the onset of an exacerbation impacts the respiratory
muscles, further reducing their strength.

Limitations

The main limitation of our study is that we did not know
the subjects’ respiratory muscle strength before hospital-
ization. However, the inclusion of that assessment moment
would logistically complicate the study. Another point of
concern is that we used a volitional test, maximum static
pressure measured at the mouth, to assess respiratory mus-
cle strength. The test we used, however, is valid, simple to
perform, and better tolerated by patients than are non-
volitional tests15 that some researchers consider the gold-
standard method. More specific assessment of respiratory

Table 2. Lung Function and Peripheral Muscle Strength During and After Hospitalization for COPD Exacerbation

Day 1 Discharge
One Month

After Discharge
P

FEV1

L 0.74 (0.61–0.86) 0.75 (0.61–0.86) 0.69 (0.59–0.90) .21
% of predicted 26 (19–32) 25 (19–32) 26 (21–35) .75

FVC
L 2.07 � 0.80 2.04 � 0.68 2.10 � 0.84 .91
% of predicted 50 (43–68) 51 (41–73) 62 (41–76) .78

Inspiratory capacity
L 1.93 � 0.60 1.59 � 0.44 1.99 � 0.54* .02
% of predicted 71 (58–85) 54 (43–85) 70 (58–91) .12

Quadriceps peak torque
Joules 79 � 34 78 � 35 85 � 38 .10
% of predicted 66 (45–77) 65 (51–77) 72 (44–81) .37
Newtons/kg 4.00 � 1.49 3.87 � 1.39 4.20 � 1.36 .34

Values are mean � SD or median (IQR).
* P � .02 vs discharge.
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muscle strength, however, could provide new results, al-
though probably not different ones.

We also did not prospectively assess outcomes such as
dyspnea, quality of life, or blood gas values, which could
provide further understanding of the respiratory muscles’
behavior. Those outcomes, however, can also be influ-
enced by others such as hyperinflation or exercise capac-
ity, complicating the analysis of their relationship with the
respiratory muscles. In our study, the moments of assess-
ment were not standardized among subjects, which can
also be considered a limitation. However, the hospital where
the subjects were assessed did not use any standardized
protocol for exacerbated COPD patients, which compro-
mises a standardized assessment.

Another point of criticism could be the use of the t test,
rather than analysis of variance, for the sample size cal-
culation. However, the direct application of analysis of
variance seemed not to be feasible, once different disease
severities and time frames were found in the changes we
observed.

Finally, the use of peak respiratory pressures instead of
one-second plateau pressure or the mean pressure over one
second, which are more frequently used, might be another
point of concern. However, a very well designed study17

concluded that the peak and plateau pressures were com-
parable in terms of predicted variables, between-subject
variability, and reproducibility.

Conclusions

Patients with COPD exacerbation have inspiratory mus-
cle dysfunction at hospital admission, and inspiratory mus-
cle strength increases markedly by 1 month after discharge.
Expiratory muscle strength increases by the time of dis-
charge, and increases more by 1 month after discharge.
The degree of air-flow obstruction and hyperinflation at
admission are related to both inspiratory and expiratory
muscle strength. It is important to investigate the causes of
the changes in respiratory muscle strength during COPD
exacerbation in future studies, as well as the possible con-
sequences of these changes.
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