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Variability of lung function and respiratory muscles
power in healthy and asthmatic subjects
Abstract
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Airway function is one of the many biologic functions that exhibit circadian variability
over 24-h periods. Studies of circadian variability of lung function in normal subjects
as well as asthmatics are particularly scarce, and those of MEP and MIP are unknown.
The aim of this study to determine circadian variation in lung function (FVC, FEV1
and PEFR) and respiratory muscle pressures(MEP and MIP) for measurement of
respiratory muscle power at 6:00am (early morning),12:00midday, 6:00pm( evening)
and 12:00 midnight in healthy subjects and in patients with mild asthma at 6:00am and
6:00pm , to elaborate on the possibility of using MEP and MIP variability as a new
diagnostic test for asthma. This is a cross sectional study performed in Khartoum, the
capital of Sudan during December 2010. Thirty healthy, symptoms free non smokers
normal subjects aged 20-64 years selected randomly and 15 mild asthmatics, clinically
free during the time of study aged 19-49 years were included in the study. There is
significant drop in healthy subjects early in the morning compared to 6:00pm, the
drop in FVC was 9.75%, in FEV1 was 8.79%, in PEFR was 8.44%, in MEP was
10.04%, and in MIP was 17.57%. There is also significant drop in asthmatics early in
the morning in MEP and MIP (21.76%, 27.57% respectively), is comparable to FEV1
(22.56%) and PEFR (23.86%). The sensitivity and specificity of variability for MEP
(53%, 77%) and MIP (60%, 63%) comparable to sensitivity and specificity of FEV1
variability (40%, 86%) and PEFR variability (46%, 73%). The obtained comparable
results of MEP, MIP variability to FEV1, PEFR variability in normal and asthmatic
subjects could imply that MEP & MIP can be used in assessing airway calibre as in
asthma. The study concluded that MEP & MIP variability could be sensitive tests to
confirm asthma diagnosis.
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Introduction
Airway function is one of the many biologic functions that exhibit
variability over 24-h periods. This variability has been found to
worsen the lung function at night in patients with asthma and to a
lesser extent, with chronic obstructive pulmonary disease (COPD).1
As nocturnal asthma is common and troublesome, circadian variation
in airway function has been of considerable interest in respiratory
medicine.1–3 It has been recognized that diurnal variation in airway
caliber occurs in healthy subjects as well.4 In these subjects, a decrease
of about 4% of the average early morning level has been found in
FEV1, and of about 8% of the average level in the peak expiratory
flow (PEF).5,6 In asthmatics, nocturnal wheezing is associated with
a much larger diurnal variability, with a time course identical to that
seen in healthy subjects. The change over 24 h may even be greater
than 50% in asthmatics.7 Diurnal variation in pulmonary function has
never been investigated in large (longitudinal) studies of the natural
history of asthma and COPD. Knowledge about diurnal variation in
lung function mainly derived from clinical and occupational studies.4,8
The number of subjects involved in such studies of diurnal variation
and the number of measurements made within a subject over the day
usually are small, whereas the recording of the time of day often
lacks detail (“morning, noon, evening, bedtime”). Of the ventilatory
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function indices, circadian variation in PEF has been studied most
often.9 Studies of forced expiratory volume in first second (FEV1)
and forced vital capacity (FVC) are particularly scarce,4,8 and those of
MEP and MIP are unknown.
Previous Studies showed that airway resistance is higher at night.
Therefore, variables such as specific airway conductance (SCaw),
FEV1, FVC and PEFR are lower at night. In asthmatics the phase
of changes is identical to normal subjects but the amplitude is much
larger.10 Studies of variability of spirometric variables in asthmatics
are very scarce a part from PEFR and this could be due to difficulty
in obtaining frequent measurements throughout the day as it may be
somewhat exhausting and bothering for the subjects. PEFR is best
used to provide estimate variability of airflow through multiple
measurements over the day. Increased variability may be evident
from twice daily readings. More frequent readings may result in a
better estimate.11 PEFR variability is best calculated as the difference
between the highest and lowest readings divided by lowest reading
and expressed as the percent change.12–14 PEFR variability may
reach 20% or more in asthmatic subjects and the values may be
less than that in case of twice reading, in such circumstances some
use 15% change in PEFR variability.15 Studies of PEFR variability
showed sensitivity between 19 and 33% for identifying diagnosed
asthma.16 PEFR variability might increase in patients with conditions
commonly confused with asthma , so the test is less specific in asthma
diagnosis.17,18
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Therefore, there is a need for a better variability method for asthma
diagnosis. FEV1 and PEFR are dependent on the respiratory muscle
power. So, it is worthy investigating the variability of respiratory
muscle power in asthma diagnosis.

was 8.44%, in MEP was 10.04%, and in MIP was 17.57% (Table 2).
There is a slight drop between 12:00midnight and 6:00 pm, the % drop
in FVC was 5.70%, in FEV1 was 5.32%, in MIP was 6.55% (Table
3). Mean, SD of FVC, FEV1, PEFR, MEP, and MIP for asthmatics
at 6:00am were: 2.99±0.50L, 2.26±0.44L, 285.93±84.66L/sec,
Objectives
66.46±14.02cm H2O and 62.60±13.64cm H2O respectively compared
to 3.40±0.47L, 2.77±0.45L, 353.93±66.92L/sec, 80.60±11.13cm
General:
H2O, 79.86±8.24cm H2O respectively at 6:00pm. There is significant
• To study the variability in lung function and respiratory drop in asthmatics early in the morning in MEP and MIP (21.76%,
muscles power in healthy and asthmatic adults
27.57%), is comparable to FEV1 (22.56%) and PEFR (23.86%)
(Table 4). The sensitivity and specificity of variability for MEP (53%,
Specific:
77%) and MIP (60%, 63%) comparable to sensitivity and specificity
• To study the circadian variation in lung function (FVC, of FEV1 variability (40%, 86%) and PEFR variability (46%, 73%)
FEV1 and PEFR) at 6:00am (early morning), 12:00midday, (Table 5).

6:00pm (evening) and 12:00midnight in healthy subjects.
• To study the diurnal variability in respiratory muscle pressures (MEP and MIP) at 6:00am (early morning), 12:00midday,
6:00pm (evening) and 12:00midnight in healthy subjects.
• To study circadian variation in lung function in patients with
mild asthma at 6:00am and 6:00pm.
• To study circadian variation in respiratory muscle pressures
in patients with mild asthma at 6:00am and 6:00pm.
• To elaborate on the possibility of using MEP and MIP variability as a new diagnostic test for asthma.

Subjects & methods
This is a cross sectional study performed in Khartoum, the capital
of Sudan during December 2010. Thirty healthy, symptoms free non
smokers normal subjects (17 males and 13 females) aged 20-64 years
selected randomly and 15 mild asthmatics, clinically free during the
time of study (9 males and 6 females) subjects aged 19-49 years were
included in the study. Subjects were informed of the procedure and
each one provided written consent to participate. Height (ht) and
weight (wt) were measured for all subjects using height and weight
measuring scales respectively. Lung Function Test (FVC, FEV1,
PEFR) and respiratory mouth pressures (MEP, MIP) for measurement
of respiratory muscle power, had been done for all subjects by Digital
Spiro meter and Respiratory Pressure Meter respectively at 6:00am,
12:00midday, 6:00pm and 12:00midnight for normal healthy subjects
and at 6:00am and 6:00pm for asthmatic subjects. Paired t test was
used to compare results and P value≤0.05 considered to be significant.

Results
Mean, standard deviation (SD) of age, ht, wt and BMI for
normal healthy subjects were: 32.27±9.73 years, 169.17±7.11cm,
70.07±13.05kg and 24.58±3.86 respectively (Table 1). Mean,
SD of age, ht, wt, BMI for asthmatics were: 27.67±9.44 years,
170.00±8.11cm, 68.06±16.43kg and 23.54±5.30 respectively (Table
1). There is no statistical difference in age, ht, wt and BMI between
healthy subjects and asthmatics as show in (Table 1). Mean, SD of
FVC, FEV1, PEFR, MEP and MIP at 6:00am for normal subjects
were: 3.03±0.56L, 2.73±0.60L, 342.67±116.38L/sec, 95.87±32.65cm
H2O and 78.33±28.58cm H20 respectively compared to 3.32±0.56L,
2.97±0.58L, 371.60±127.48L/sec, 106.50±38.61cm H20 and
92.13±32.44cm H2O respectively at 6:00pm (Table 2). There is
significant drop in healthy subjects early in the morning compared to
6:00pm, the drop in FVC was 9.75%, in FEV1 was 8.79%, in PEFR

Table 1 Demographic data of normal healthy subjects (n=30) and asthmatics
(n=15)
Anthropometric measure

Normal Adults
(Mean±SD)

Asthmatics
(Mean±SD)

Age in years

32.27±9.73

27.67±9.44

Height in cm

169.17±7.11

170.00±8.11

Weight in kg

70.07±13.05

68.06±16.43

Body mass index (BMI)

24.58±3.86

23.54±5.30

Table 2 FVC, FEV1, PEFR, MEP and MIP readings at 6:00pm and 6:00am in
healthy subjects (n=30)
Readings

At 6:00pm
(Mean±SD)

At 6:00am
(Mean±SD)

% Drop

FVC in liter

3.32±0.56

3.03±0.56*

9.75

FEV1 in liter

2.97±0.58

2.73±0.60*

8.79

PEFR in liter/sec

371.60±127.48

342.67±116.38*

8.44

MEP in cmH2O

106.50±38.61

95.87±32.65*

10.04

MIP in cmH2O

92.13±32.44

78.33±28.58*

17.57

Table 3 FVC, FEV1 and MIP at 6:00pm and 12:00 midnight in healthy subjects
(n=30)
Readings

At 6:00pm
(Mean±SD)

At 12:00 midnight
(Mean±SD)

% change

FVC in Liter

3.32±0.56

3.14±0.63*

5.70

FEV1 in Liter

2.97±0.58

2.82±0.63*

5.32

MIP in cm H2O

92.13±32.44

86.47±30.90*

6.55
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Table 4 FVC, FEV1, PEFR, MEP and MIP readings at 6:00pm and 6:00am in
asthmatic subjects (n=15)
Readings

At 6:00pm
(Mean±SD)

At 6:00am
(Mean±SD)

% variation

FVC in liter

3.40±0.47

2.99±0.50*

13.71

FEV1 in liter

2.77±0.45

2.26±0.44*

22.56

PEFR in liter/sec

353.93±66.92

285.93±84.66*

23.86

MEP in cm H2O

80.60±11.13

66.46±14.02*

21.76

MIP in cm H2O

79.86±8.24

62.60±13.64*

27.57

Table 5 The sensitivity and specificity of FEV1, PEFR, MEP and MIP variability

Variability

Sensitivity

Specificity

FEV1
PEFR
MEP
MIP

40%
46%
53%
60%

86%
73%
77%
63%

Discussion
Asthma diagnosis largely depends on symptoms and signs validated
by pulmonary function test.19 The variability test for asthma diagnosis
is performed by comparing PEFR and FEV1 at 6:00am and 6:00pm.11
It is known that there is a circadian rhythm in the bronchial tone
with maximal bronchoconstriction early in the morning and maximal
dilatation in the evening.20 The values of PEFR and FEV1 drops by
8.44% and 8.79% respectively in normal subjects. Depending on this
fact, and with consistent observation that asthma worsen early in the
morning, the variability in asthmatic has been used as a confirmative
test. A drop of PEFR in asthmatics by 20% confirm the suspected
diagnosis.15 This test has been found to have sensitivity between
19 to 33% with low specificity. PEFR variability might increase in
patients with conditions commonly confused with asthma, for this
reason the test is less specific in asthma diagnosis.17,18 Can we get
better values by using MEP and MIP, was the question studied in this
section. In fact the results showed that there is significant reduction in
MEP (10.04%) in normal subjects which dropped further to 21.76%
in asthmatics. This is comparable to PEFR variation from 8.44% in
normal subjects to 23.86% in asthmatics and FEV1 variation from
8.79% in healthy to 22.56% in asthmatics (Tables 2, 4). On the other
hand, the variability of MIP was high in both normal healthy subjects
(17.57%) and in asthmatics (27.57%) compared to other parameters
and this could be explained partly by the fact that most of the work
load during increased airway resistance is taken over by inspiratory
muscles whereas the expiratory muscles recruitment is relatively
minor.21
Circadian variations in Spiro metric variables (FVC; FEV1;
PEFR; TLC, total lung capacity; VC, vital capacity; RV, residual
volume) were studied between 9:00am, 9:00pm in 876 adults. FVC,
FEV1, PEFR and VC were found to increase from 9:00am until noon
and decreased afterwards. TLC was constant over the day while RV
decreased from 9:00am to noon. Average variation in FVC, FEV1 and
PEFR was 4.8%, 2.8% and 3.1% respectively. The obtained results
were found to be compatible with circadian changes in airway size.22
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In this study the sensitivity and specificity of MEP was 53%, 77%
respectively, and that of MIP was 60%, 63% respectively compared
to sensitivity and specificity of FEV1 variability (40%, 86%) and
PEFR variability (46%, 73%). The higher sensitivity of MEP& MIP
variability compared to FEV1& PEFR variability may imply that MEP
and MIP variability could be a potential diagnostic test for asthma and
this needs further elaboration.
PEFR variability was assessed to screen for asthma related
conditions in a study conducted by Nino, et al.23 PEFR measured twice
daily in the morning and evening for 3 weeks. Readings were taken in
5 subgroups (physician diagnosed asthma, current asthma, history of
wheezing without colds, hyperreactive detected by positive broncho
provocation test and non symptomatic) and in the total study group.
In the total study group sensitivity of PEFR variability was 36% (
PEFR variability≥20%) with specificity of 90%. Results were better
among subjects with a history of wheezing without colds (sensitivity
was 40.0% with specificity 83.6%). The study concluded that PEFR
variability might be of great use as a marker of variability in airway
calibre in both epidemiological and clinical studies. However,
their use in population screening for asthma related conditions has
serious limitations because of the large overlap of PEFR variability
distribution between asthmatic and non asthmatic individuals and the
low sensitivity of PEFR variability even in those with an increased pre
test probability of asthma related conditions.23

Conclusion
The obtained comparable results of MEP, MIP variability to FEV1,
PEFR variability in normal and asthmatic subjects could imply that
respiratory pressure meter (RPM) can be used in assessing airway
calibre as in asthma. MEP & MIP variability could be a sensitive test
to confirm asthma diagnosis.
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