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Abstract
Objective: To evaluate the magnitude of diurnal changes in the parameters of pulmonary function and respiratory 
muscle strength/endurance in a sample of patients with COPD. Methods: A group of 7 patients underwent 
spirometry, together with determination of MIP and MEP, at two distinct times (between 8:00 and 8:30 a.m. 
and between 4:30 and 5:00 p.m.) on a single day. Between assessments, the patients remained at rest in the 
laboratory. Results: In accordance with the Global Initiative for Chronic Obstructive Pulmonary Disease staging 
system, COPD was classified as moderate, severe, and very severe in 1, 3, and 3 of the patients, respectively. From 
the first to the second assessment, there were significant decreases in FVC, FEV1, and MEP (of 13%, 15%, and 
10%, respectively), as well as (less than significant) decreases in PEF, MIP, and maximal voluntary ventilation 
(of 9%, 3%, and 11%, respectively). Conclusions: In this sample of COPD patients, there were diurnal variations 
in the parameters of pulmonary function and respiratory muscle strength. The values of FEV1, FVC, and MEP 
were significantly lower in the afternoon than in the morning.
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Resumo
Objetivo: Avaliar a magnitude de mudanças diurnas em parâmetros de função pulmonar e de força e resistência 
dos músculos respiratórios em uma amostra de pacientes com DPOC. Métodos: Um grupo com 7 pacientes foi 
submetido a espirometria e a determinação de PImáx e PEmáx em dois momentos (entre 8h00 e 8h30 e entre 
16h30 e 17h00) em um único dia. Os pacientes permaneceram em repouso na área do laboratório entre as 
avaliações. Resultados: De acordo com o sistema de estadiamento da Global Initiative for Chronic Obstructive 
Pulmonary Disease, a doença foi classificada como moderada, grave e muito grave em 1, 3 e 3 pacientes, 
respectivamente. Da primeira para a segunda avaliação, houve uma queda significativa em CVF, VEF1 e PEmáx 
(de 13%, 15% e 10%, respectivamente), bem como uma queda não significativa em PFE, PImáx e ventilação 
voluntária máxima (de 9%, 3% e 11%, respectivamente). Conclusões: Nesta amostra de pacientes com DPOC, 
houve variações diurnas nos parâmetros de função pulmonar e de força de músculos respiratórios. Os valores 
de VEF1, CVF e PEmáx foram significativamente menores à tarde do que de manhã.
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of Northern Paraná, State University at Londrina, Londrina, Brazil.
Correspondence to: Guilherme Fregonezi. Laboratório de Desempenho Pneumocardiovascular e Músculos Respiratórios, Universidade 
Federal do Rio Grande do Norte, Caixa Postal 1524, Campus Universitário Lagoa Nova, CEP 59072-970, Natal, RN, Brasil.
Tel. 55 84 3342-2013. E-mail: fregonezi@ufrnet.br
Financial support: This study received financial support from the Brazilian Conselho Nacional de Desenvolvimento Científico e 
Tecnológico (CNPq, National Council for Scientific and Technological Development).
Submitted: 1 November 2011. Accepted, after review: 23 November 2011.
** A versão completa em português deste artigo está disponível em www.jornaldepneumologia.com.br

Case Series



258	 Fregonezi G, Resqueti VR, Cury JL, Paulin E, Brunetto AF

J Bras Pneumol. 2012;38(2):257-263

ethics committee, and written informed consent 
was given by all of the patients. The patients 
underwent pulmonary function testing, together 
with determination of MIP and MEP, at two 
different times (between 8:00 and 8:30 a.m. and 
between 4:30 and 5:00 p.m.) on a single day. 
Between tests, the participants remained at rest 
in a comfortable room. They were allowed to read 
or walk in a garden around the laboratory and 
were served a meal during the period between 
tests. A maximum of two individuals were studied 
on the same day. All of the patients took their 
regular medications on the day of the tests. 
Pulmonary function was assessed in accordance 
with the technical procedures and acceptability/
reproducibility criteria recommended by the 
Brazilian Thoracic Association.(11) Spirometry 
was carried out with a Pony Graphics spirometer 
(Cosmed, Rome, Italy), FEV1, FVC, PEF (derived 
from an FVC maneuver), and maximal voluntary 
ventilation (MVV) having been measured. All of 
the subjects were instructed on how to perform 
the procedures, which were performed with the 
subjects sitting in a comfortable chair and wearing 
a nose clip. The subjects were instructed to breathe 
through a disposable cardboard mouthpiece 
(placed between the teeth), which was carefully 
checked by a technician in order to avoid air leaks 
during the spirometric maneuvers. The subjects 
were asked to perform a maximal inspiratory 
maneuver (near TLC), followed by a maximal 
expiratory maneuver (near RV). A maximum 
of eight attempts were made by each subject, 
and we selected the three best (i.e., those in 
which the variation in the results was lower 
than 5% or 200 mL). We measured MVV with 
the patients inhaling and exhaling at maximal 
voluntary effort for 12-15 s and sustaining a 
respiratory frequency of 70-100 breaths/min. 
The absolute and relative values of FEV1, FVC, 
and FEV1/FVC ratio were analyzed. The FEV1/
FVC ratio was obtained by comparing the values 
with normal curves for all spirometric variables, 
as well as with reference values.(12) We evaluated 
respiratory muscle strength by determining MIP 
and MEP, in accordance with the Brazilian Thoracic 
Association guidelines,(11) reference values for 
adults in Brazil(13) having been used. With the 
subjects in a sitting position and wearing a nose 
clip, MIP was measured at RV, whereas MEP 
was measured at TLC. Five to eight maneuvers 

Introduction

Spirometry and determination of maximal 
respiratory pressures are noninvasive methods for 
evaluating pulmonary function and respiratory 
muscle strength. The two methods are relatively 
simple, being frequently employed in patients 
with COPD.(1) Such patients might experience 
inspiratory and expiratory muscle weakness that 
can affect not only respiratory muscle strength but 
also expiratory flow. Inspiratory muscle weakness 
is related to dyspnea,(2) fatigue, and exercise 
limitation,(3) inspiratory muscle failure being a 
major cause of hypoxemia.(4) Expiratory muscle 
weakness has been associated with ineffective 
cough,(5) as well as with impaired diaphragmatic 
power and work. The assessment of respiratory 
muscle strength and pulmonary function in COPD 
patients is useful and relevant for monitoring 
the natural history of the disease.(6)

Circadian rhythms have been detected in 
several human organs, including the lung. Such 
rhythms seem to optimize common physiological 
functions and are regulated by peripheral circadian 
oscillators in the organs.(7,8) Although the existence 
of a circadian rhythm in pulmonary function is 
well established in healthy subjects, the current 
knowledge of circadian changes in human 
pulmonary function is somewhat controversial 
and is mostly related to asthma patients.(9)

A small number of studies have investigated the 
pattern of pulmonary function fluctuations during 
the daytime hours in healthy subjects. In regard 
to COPD patients, there is a lack of knowledge 
on diurnal changes in pulmonary function and 
respiratory muscle strength. The objective of the 
present study was to evaluate a sample of COPD 
patients in terms of the magnitude of changes 
in the parameters of pulmonary function and 
respiratory muscle strength/endurance, which were 
assessed at two distinct times on a single day.

Methods

All of the patients invited to participate in 
the present study had to meet the following 
inclusion criteria: having been diagnosed with 
COPD in accordance with the Global Initiative 
for Chronic Obstructive Lung Disease (GOLD) 
guidelines(10); being a former smoker; having 
negative bronchodilator test results; and having 
been clinically stable for at least 6 months. 
The study was approved by the local research 
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predicted) were found to be 67.7%, 129.2%, 
and 49.3%, respectively. Although inspiratory 
muscle strength was found to be below normal 
and expiratory muscle strength was not, there 
was a significant decrease in MEP (of 10%) from 
the first to the second assessment, as well as 
less than significant decreases in MIP and MVV 
(of 3% and 11%, respectively). These results are 
summarized in Table 2 and Figure 2.

Discussion

We found that the parameters of pulmonary 
function (FVC and FEV1) and expiratory muscle 
strength decreased significantly from 8:00 a.m. 
to 5:00 p.m. This finding supports our hypothesis 
that there are diurnal variations in pulmonary 
function and respiratory muscle strength in 
patients with COPD. For the present study, the 
patients were asked to remain in the laboratory 
for at least nine hours. We believe that this is 
the reason of the unexpectedly high dropout 
rate, which is a relevant limitation of the study.

Diurnal variations in respiratory physiology are 
well documented. The suprachiasmatic nucleus, 
located in the anterior hypothalamus, is the main 
circadian pacemaker in humans, driving circadian 
rhythms of behavior and activity of most organs.
(14,15) Previous investigations have documented 
the relationship between diurnal variations in 
respiratory physiology and obstructive pulmonary 
diseases.(16,17) Israels was the first author to report 
differences between diurnal and nocturnal values 
of FEV1 and FVC in hospitalized patients with 
asthma or bronchitis, as well as in healthy subjects.
(18) That author found decreased nocturnal values 
of FVC and FEV1 in the hospitalized patients and 
healthy subjects, no worsening of the symptoms 
having been observed in the former and no 

were carried out until two reproducible maximal 
values were obtained.

Because of the small sample size, we used 
nonparametric descriptive statistics. The results 
are expressed as medians and interquartile ranges, 
and the Wilcoxon signed rank test was used in 
order to compare FVC, FEV1, PEF, MIP, MEP, and 
MVV. The data were analyzed with the Statistical 
Package for the Social Sciences, version 15.0 
(SPSS Inc., Chicago, IL, USA), and the program 
GraphPad Prism, version 4 (GraphPad Software 
Inc., San Diego, CA, USA). The significance level 
was set at p < 0.05, and all of the tests were 
two-tailed.

Results

We invited 12 patients to take part in the 
study. Of those, 5 were excluded for the following 
reasons: having declined to participate in the study 
because of a lack of interest (n = 2); and having 
withdrawn from the study after the first assessment 
(n = 3). The final sample therefore comprised 
7 male patients. The baseline characteristics 
of the participants are summarized in Table 1. 
Most of the patients showed moderate to severe 
airflow obstruction and normal body mass index. 
In accordance with the GOLD staging system, 
COPD was classified as moderate, severe, and very 
severe in 1, 3, and 3 of the patients, respectively.

Regarding diurnal variations in pulmonary 
function parameters, we observed that there were 
significant decreases in FVC and FEV1 (of 13% and 
15%, respectively) from the first to the second 
assessment. Although there was a 9% decrease 
in PEF from the first to the second assessment, 
the difference was not significant. Table 2 and 
Figure 1 summarize the main findings. In the 
present study, MIP, MEP, and MVV (in % of 

Table 1 - Anthropometric and respiratory characteristics of the COPD patients studied.
Patients Age,  

years
BMI,  
kg/m2

FVC,  
% of predicted

FEV1,  
% of predicted

FEV1/FVC,  
% of predicted

1 63 26.2 29,4 19.40 31.3
2 75 26.3 45.1 45.66 51.1
3 68 24.2 43.4 60.95 68.0
4 72 23.6 28.7 29.47 50.6
5 66 25.7 46.3 48.15 49.8
6 67 24.2 45.8 28.95 30.4
7 68 23.6 33.1 34.52 50.3
Median 68 24.2 43.4 34.00 50.0
IQR 66-72 23.6-26.2 29.4-45.8 29.2-48.1 31.1-51.1
BMI: body mass index; and IQR: interquartile range.
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10 patients investigated in that study, 6 displayed 
circadian rhythms for PEF, and population-mean 
cosinor analysis showed a significant circadian 
rhythm, the amplitude being 4%. Casale et al. 
used the same methodology and measured PEF 
every two hours over an entire day (from midnight 
to 6:00 p.m. and from 6:00 p.m. to midnight), 
mean cosinor analysis having revealed a PEF 
amplitude of 17.2%.(21) In the present study, 
PEF amplitude was 10.96%, halfway between 
the results reported in those studies.(20,21) These 
discrepant findings might be due to the different 
analytical methods employed in the studies. We 
did not use cosinor analysis. In addition, we 
assessed PEF derived from an FVC maneuver, as 
did Casale et al.(21) In contrast, McCarley et al.(20) 
assessed PEF using a peak flow meter. However, 
two previous studies(22,23) demonstrated that the 
difference between the two methods for measuring 
PEF (i.e., with a spirometer or a peak flow meter) 
is small and clinically insignificant. In a previous 
study, Teramoto et al.(24) evaluated variations in 
spirometric parameters in COPD patients over a 
12-h period. The authors measured FEV1 and PEF 

significant differences between diurnal and 
nocturnal values having been observed in the 
latter. In another study, one group of authors(19) 
investigated the magnitude of variations in FVC 
and FEV1 between 10 p.m. and 6:00 a.m. in 5 
healthy male subjects and 16 male patients with 
obstructive airway disease, which was severe in 
12. The authors found that FVC and FEV1 were 
lowest at 6:00 a.m. in both groups, having reported 
that relatively large spontaneous variations in 
FVC and FEV1 occurred between 9:00 a.m. and 
5:00 p.m. It is difficult to evaluate that study 
because all of the results were presented as figures.
(19) The patients included in that study formed 
a heterogeneous group with chronic bronchitis 
or emphysema (with or without asthma), and, 
during the study period, none of the patients 
were under pharmacological treatment, which 
precludes the comparison between our results 
and those of that study. McCarley et al.(20) studied 
airway patency (as measured by PEF) in COPD 
patients, using cosinor analysis and describing the 
circadian rhythm of PEF on 8 consecutive days 
(at 11:00 a.m., 3:00 p.m., and 7:00 p.m.). Of the 

Figure 1 - Comparison of FVC, FEV1, and PEF values measured in the morning (light gray) and in the 
afternoon (dark gray). The solid lines represent the medians, and the crosses represent the mean. *p < 0.05.
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and endurance, the measurement of those 
parameters constituting a practical method for 
clinical evaluation. In the present study, inspiratory 
muscle strength was found to be below the 
predicted value (67.7% of predicted), whereas 
expiratory muscle strength was not (129.2% 
of predicted). However, we found a significant 
decrease in MEP, not in MIP. These results are not 
surprising, given that the ability of the diaphragm 
to generate pressure has been reported to be 
preserved in COPD patients.(25) In addition, levels 
of neural respiratory drive in COPD patients have 
been reported to be three times as high as those 

at three distinct times during the daytime and 
found a coefficient of variation of 6.6% for FEV1 
and of 7.5% for PEF. We cannot compare these 
results with those obtained in the present study, 
given that those authors did not describe their 
findings clearly; data were presented in a graphic 
form, and only the coefficient of variation was 
shown. In addition, the statistical procedure used 
in order to obtain the coefficient of variation 
was not described.

Maximal respiratory pressures and MVV are 
the clinical parameters that are most commonly 
used in order to assess respiratory muscle strength 

Table 2 - Parameters of pulmonary function and respiratory muscle strength/endurance assessed at two 
distinct times (in the morning and in the afternoon) on a single day in the COPD patients under study.a

Variables Morning Afternoon
FVC, L 2.50 (1.68-2.68) 1.99 (1.39-2.53)*
FEV1, L 1.24 (0.72-1.34) 0.96 (0.87-1.37)*
PEF, L/min 3.10 (2.12-3.75) 2.76 (2.32-3.26)
MVV, L/min 56.8 (39.2-79.7) 43.9 (36.9-61.1)
MEP, cmH2O 145.0 (131.7-147.6) 113.0 (106.3-130.9)*
MIP, cmH2O 69.3 (56.0-106.8) 63.7 (60.0-94.0)

MVV: maximal voluntary ventilation. aValues expressed as median (interquartile range). *p < 0.05.

Figure 2 - Comparison of MIP, MEP, and maximal voluntary ventilation (MVV) values measured in the 
morning (light gray) and in the afternoon (dark gray). The solid lines represent the medians, and the crosses 
represent the mean. *p < 0.05.
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in healthy subjects.(26) This suggests that the 
inspiratory muscles of COPD patients remain 
relatively resistant to the development of fatigue.
(26,27) The expiratory muscles of COPD patients are 
often active,(28) and previous studies have shown 
that expiratory muscle strength and endurance 
are decreased.(29) Teramoto et al.(24) investigated 
the variations in maximal respiratory pressures 
in COPD patients, the methods employed in 
the study having been described above. The 
authors performed three assessments within a 
span of 12 h and found no significant differences 
between MIP and MEP values, the coefficients of 
variation for MIP and MEP being 8.5% and 6.6%, 
respectively. As previously mentioned, the data 
analysis methods employed by Teramoto et al.
(24) differed from those employed in the present 
study, which precludes the comparison between 
their results and our results.

The small sample size is the major limitation 
of the present study. The sample size was small 
because of time constraints and the unexpectedly 
high dropout rate. Therefore, care should be taken 
in extrapolating the results. However, our results 
offer a new perspective on diurnal variations 
in the parameters of pulmonary function and 
respiratory muscle strength in COPD patients.

The results of the present study suggest 
that pulmonary function and respiratory muscle 
strength/endurance change during the daytime 
in patients with COPD, the values of FEV1, FVC, 
and MEP having been significantly lower in the 
afternoon than in the morning in the COPD 
patients investigated in the present study.
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