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Background: Nocturnal asthma symptoms are a well-known feature of sleep disturbance.
However, there are few reports on the association between sleep-related characteristics and
asthma exacerbation. The aim of the current prospective observational study was to explore
the factors while sleeping associated with future asthma exacerbation.

Materials and Methods: At baseline, adult asthmatics underwent home sleep monitoring
by a Watch-PAT instrument and then they were prospectively followed-up for the occurrence
of exacerbations. The number of asthma exacerbation was observed over a period of
one year, and multivariable analyses of the factors associated with asthma exacerbation
were performed.

Results: A total of 62 asthmatic subjects were enrolled (mean age 62.1 years), 59 of whom
were finally included in the prospective observational study. Obstructive sleep apnea (defined
by an apnea-hypopnea index based on peripheral arterial tone more than 5 times/hour) were
observed in 81% of the subjects. During the one-year monitoring period, 14 of the 59
subjects (24%) used occasional systemic corticosteroids for their exacerbation asthma (wor-
sened group) while the other 45 subjects did not experience asthma exacerbation (stable
group). A comparison of the baseline clinical characteristics and sleep-related data between
the two groups, mean forced expiratory volume one second percent (FEV{/FVC), mean
baseline Asthma Control Test (ACT) score, median pAHI value, and median oxygen
desaturation index value were significantly lower in the worsened group than those in the
stable group. Additionally, mean prevalence of the left lateral decubitus (LLD) position in
sleep monitoring were significantly higher in the worsened group than that in the stable
group. Among the independent variables, baseline asthma severity, ACT score, and the LLD
position showed significant associations with asthma exacerbation.
Discussion/Conclusion: The present study identified that sleeping in the LLD position was
also associated with asthma exacerbation.

Keywords: asthma, asthma control, sleep position, asthma exacerbation

Background

Asthma is a chronic inflammatory airway condition that is characterized by symp-
toms that worsen overnight, particularly in the early hours of the morning. Sleep
disturbance due to nocturnal symptoms typically represents poor asthma control.
Asthma is associated with decreased subjective quality of sleep and increased
daytime sleepiness.'” Asthmatic subjects often report feeling sleepy and tired
during the day.>® A major cause of sleep disturbance in asthmatic subjects is an
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increase in bronchial hyper-responsiveness and airway
resistance overnight, which potentially exacerbates noctur-
nal asthma symptoms.”*® It was also suggested that gastro-
esophageal reflux events are related to sleep disturbance in
asthmatic subjects.9 Moreover, a circadian variation in
airway inflammation was reported by a study of bronch-
oalveolar lavage fluid in asthmatic subjects'® and this was
supported by another study that focused on fractional
exhaled nitric oxide (FeNO) levels.'!

In addition, many studies have shown that asthmatics
have increased symptoms of sleep-disordered breathing,
and have demonstrated an increased prevalence of obstruc-
tive sleep apnea (OSA) compared with controls without
asthma.'? In particular, OSA was reported to be more
prevalent among severe asthmatics compared with moder-
ate asthmatics and control subjects.'*'* One prospective
study demonstrated that asthmatic subjects without OSA
had a higher incidence of OSA over an eight-year period
than controls.'> Furthermore, the results of previous stu-
dies on asthmatic subjects with OSA using continuous
positive airway pressure (CPAP) suggested that treating
OSA may lead to improved quality of life in such
subjects.'®'® However, previous studies on the effect of
OSA risk on asthma-related clinical outcomes have
reported conflicting results.'*'> The pathophysiological
mechanisms involved in the direct interaction between
asthma and OSA have not yet been fully elucidated.
Moreover, the effects of confounders, such as obesity
and age, were not adequately excluded in the previous
studies.

To our knowledge, there are few reports on the asso-
ciation between sleep-related characteristics and disease
control in asthmatic subjects. There are also few prospec-
tive studies that explore OSA and asthma exacerbation.
The aim of the present study was to explore the factors in
sleep-related characteristics associated with future asthma
exacerbation. Here, we conducted night-time sleep mon-
itoring of asthmatic subjects by using a 4-channel unat-
tended home device and performed a prospective one-year
observational study about asthma exacerbation.

Methods
Study Subjects and Design

This is a prospective observational study which was con-
ducted in the Department of Pulmonary Medicine in
Fukushima Medical University from October 2016 to
June 2018. Study participants were adult subjects with

asthma who regularly visited outpatient clinics at the
Department of Pulmonary Medicine in Fukushima
Medical University Hospital. We enrolled asthmatic sub-
jects who were receiving standard asthmatic treatment by
their attending physician and had to be free of asthma
attacks for at least four weeks before starting investigation.
Asthmatic subjects who were diagnosed as having OSA,
upper or lower airway infection, malignancy, collagen
vascular disease, cerebrovascular disease, and heart dis-
ease at the study entry and who were treated for OSA were
excluded from the study. All subjects provided written
informed consent for analysis of their clinical data, and
the study was approved by the Ethics Committee of
Fukushima Medical University (IRB number 2845). This
study was conducted in accordance with the Declaration of
Helsinki.

Asthma was defined on a basis of recurrent episodes of
at least one symptom (cough, wheeze, or dyspnea) asso-
ciated with a demonstrated reversible airflow limitation
(12% and 200 mL variability in forced expiratory volume
in one second [FEV,], either spontaneously or with an
inhaled short-acting [,-agonist) and/or increased airway
responsiveness, and all study subjects were diagnosed
according to the American Thoracic Society (ATS)
criteria.’® Asthma control status and severity were
assessed according to the modified definitions of the
Asthma Prevention and Management Guideline 2015,
Japan (JGL 2015).2" Atopy was defined as either a non-
specific IgE concentration greater than or equal to 250 U/
mL or any positive antigen-specific IgE (greater than or
equal to 0.70 UA/mL), as described previously.??

First, study participants were
October 2016 2017.
a pulmonary function test, FeNO measurement, and
Asthma Control Test (ACT) as baseline data for evaluating
their asthma control status. Clinical characteristics (age,

recruited between

and June They underwent

gender, height, body weight, duration of asthma treatment,
atopic status and comorbidities) and treatment-related
information (asthma severity, treatment contents and his-
tory of asthma deterioration) were obtained. The subjects
themselves performed night-time home sleep monitoring
for one night and completed a self-evaluation with two
questionnaires related to sleep quality. We obtained sleep-
related data (apnea-hypopnea index [AHI] based on per-
ipheral arterial tone [PAT], total sleeping time, sleep
latency, rapid eye movement [REM] sleep latency, compo-
sition of sleep stages, wake/sleep balance, nocturnal awak-
ing time, prevalence of sleep posture, heart rate, arterial
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oxygen saturation and sleeping position) from the home
sleep monitoring. All study subjects who having OSA
based on the results of the home sleep monitoring were
recommended to undergo a polysomnography test by their
attending physician. As a result, subjects who began any
treatment for OSA (CPAP therapy or oral appliance) were
excluded from the study.

Second, we prospectively investigated the number of
asthma exacerbations for one year from the date when
home sleep monitoring was performed. The study subjects
were followed-up by their attending physician regularly.
During the observational period, asthma treatment
remained unchanged from baseline evaluation. Rescue
use of short-acting B, agonist was permitted as symptom
relief. In the current study, asthma exacerbation was
defined as the onset or worsening of asthmatic symptoms
(cough, sputum production, wheezing and dyspnea) that
require occasional use of systemic corticosteroids. The
study subjects contacted their attending physician for eva-
luation in cases where the onset or worsening of their
respiratory symptoms occurred. If systemic corticosteroids
could be administered to study subjects as rescue medica-
tion, the amount of corticosteroids used and the time of

administration were recorded.

Sleep Assessment

All asthmatics enrolled in this study underwent night-time
monitoring of their sleep using Watch-PAT 200 (Itamar
Medical, Caesarea, Israel), which is a 4-channel (PAT
signal, heart rate, pulse oximetry, and actigraphy) unat-
tended home device, categorized as a Level 3 device by
the American Academy of Sleep Medicine. The system
used in this study is based on a wrist-worn device and
a finger probe which acquires PAT signals and arterial
oxygen saturation levels, together with actigraphy data
from a 3D accelerometer that is embedded in the wrist
unit, and an optional snoring and body position sensor that
is positioned under the sternal notch. PAT signals measure
arterial pulsatile volume changes of the finger that are
regulated by alpha-adrenergic innervation of the smooth
muscles of the vasculature of the finger, reflecting nervous
system activity. This augmentation in sympathetic activity
accompanies an increase in heart rate and desaturation at
the termination of respiratory events. The Watch-PAT
algorithm detects offline apnea-hypopnea events, respira-
tory effort-related arousals, and sleep/wake status, and also
determines sleep stages. Past studies have validated the

performance of PAT in detecting sleep disordered

breathing.”> > The 4-channel unattended home device
used in the present study was validated with polysomno-
graphy as a sleep monitoring device.”® PAT-AHI (pAHI) is
a frequency of respiratory events per hour in actinography-
determined sleep and is calculated using greater than or
equal to 3% of oxygen desaturation. In the present study,
OSA was defined as more than five respiratory events
per hour (events/hour) according to pAHI. Moreover,
pAHI of more than five but fewer than 15 events/hour,
15 or more but fewer than 30 events/hour, and 30 events/
hour or more were defined as mild OSA, moderate OSA,
and severe OSA, respectively.

Asthma Control Assessment

Pulmonary function testing was performed using rolling
seal spirometers (Chestac-11 Cyber S-type; Chest M1, Inc.,
Tokyo, Japan) to measure forced vital capacity (FVC) and
FEV; by experienced respiratory technicians according to
ATS guidelines.”” FVC and FEV, were expressed
as percent-predicted values. FeNO measurement was
taken according to the ATS and European Respiratory
Society recommendations®® using a chemiluminescence
analyzer (NA623N; Kimoto, Osaka, Japan). Measurement
was described previously.”?> ACT was used for baseline
subjective assessment.”’ In general, an ACT score of more
than 19 points indicates well-controlled asthma.

Outcome

The primary objective of this study was to explore the
factors in sleep-related characteristics associated with
future asthma exacerbation. To this end, the sleep-related
monitoring data were compared between asthmatic sub-
jects with exacerbations and those without exacerbations
over the same period. Moreover, multivariate analyses of
the factors associated with asthma exacerbation were per-
formed. Asthmatic subjects who began CPAP treatment
after home sleep monitoring were excluded.

Statistical Analyses

All values are expressed as mean =+ standard deviation
(SD) or median [interquartile range (IQR)] unless other-
wise specified. A comparison of baseline clinical charac-
teristics and sleep-related data between the asthmatic
subjects with and without exacerbation over the one-year
monitoring study period was performed using Mann—
Whitney U-test. Multiple logistic regression analysis was
performed to assess factors associated with exacerbation
of asthma using a forward selection method. Values of p <
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0.05 were considered statistically significant. Statistical
analysis was performed with PASW Statistics Base for
Windows (version 25; IBM, Armonk, NY).

Results
A total of 62 asthmatic subjects (27 males and 35 females)
undertook the home sleep monitoring for one year. The
characteristics and the results of asthma-related parameters
of the 62 subjects are shown in Table 1. The mean (SD) age
was 62 (14) years. Severity of asthma was mild intermittent
(n=7), mild persistent (n=13), moderate persistent (n=25),
and severe persistent (n=17). A total of 48 (77%) subjects
had atopy, and the mean (SD) duration of asthmatic treatment
was 13 (11) years. The mean (SD) ACT score was 20.9 (4.4)
points, and the number of subjects with well-controlled
asthma (>19 points) was 42 (68%). Over a year before the
sleep monitoring, a total of 15 (24%) individuals occasion-
ally used systemic corticosteroids for asthma exacerbation.
In home sleep monitoring, there were no malfunctions in
the device and no lack of study data. The sleep monitoring
data of the 62 subjects are shown in Table 2. Regarding sleep
monitoring, the median [IQR] pAHI was 10.4 [5.2-21.5]
events/hour and the number (%) of subjects with pAHI of
more than five events/hour was 50 (81%). From the sleep
monitoring results, a total of 26 individuals had mild OSA,
17 had moderate OSA, and seven had severe OSA. There
were no significant correlations observed between pAHI and
the characteristics of the asthmatic subjects in Table 1, except
for body mass index (BMI) (r = 0.547, p < 0.001).

Sleep-Related Variables Associated with

Asthma Exacerbations

All study subjects were informed of their own results of
the sleep monitoring. Three subjects were excluded from
the prospective assessment because they had begun
a CPAP therapy for their high pAHI levels in sleep mon-
itoring. The remaining subjects did not wish to undergo
treatment for OSA. During the one-year monitoring per-
iod, 14 of the 59 subjects (24%) used occasional systemic
corticosteroids for their exacerbation asthma (worsened
group) while the other 45 subjects did not experience
asthma exacerbation (stable group). In the worsened
group, mean (SD) days of occasional systemic corticoster-
oids administration was 16.0 (15.3) days and mean (SD)
dose of systemic corticosteroids equivalent to prednisolone
was 21.2 (4.4) mg per day. Eight of 14 subjects (57%) had
asthma worsening requiring occasional use of systemic

Table | Characteristics and Control-Related Parameters of

Asthmatic Subjects

Characteristics Finding
Number of subjects 62
Age, mean (SD), year 62.1 (14.2)

Gender, male/female, N (%)

27 (44)/35 (56)

BMI, mean (SD)

248 (5.2)

Duration of asthma treatment, mean
(SD), year

13 (11)

Atopy/non-atopy, N (%)

48 (77)114 (23)

Severity of asthma: mild intermittent/mild
persistent/moderate persistent/severe

persistent, N (%)

7 (11)/13 (21)/25
(40)/17 (28)

Control status of asthma: well-controlled/

21 (34)126 (42)/15

insufficiently-controlled/poorly-controlled, (24)

N (%)

Allergic rhinitis, N (%) 27 (44)
Chronic sinusitis, N (%) 21 (34)
Dose of ICS (equivalent to fluticasone 534 (342)
propionate): mean (SD), pg/day

Use of LABA, N (%) 48 (77)
Use of LTRA, N (%) 38 (61)
Use of theophylline, N (%) 18 (29)
Use of LAMA, N (%) 10 (16)
Use of omalizumab, N (%) 3 (5
Maintenance oral corticosteroids, N (%) 5(8)
Dose of oral corticosteroids (equivalent to 3.8 (1.6)
prednisolone), mean (SD), mg/day

% predicted FVC, mean (SD), % 102.6 (16.3)
% predicted FEV|, mean (SD), % 88.3 (23.4)
FEV|/FVC, mean (SD), % 71.3 (13.8)

FeNO, median [IQR], ppb

34.6 [23.7-65.6]

corticosteroids over one year before the

monitoring, N (%)

ACT global score, mean (SD), points 20.9 (44)
ACT score >19 points, N (%) 42 (68)
Subjects with occasional use of systemic 15 (24)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by
square of height in meters); ICS, inhaled corticosteroids; LABA, long-acting
B2-agonist; LTRA, leukotriene receptor antagonist; LAMA, long-acting muscarinic
antagonist; FVC, forced vital capacity; FEV|, forced expiratory volume in
one second; FeNO, fractional exhaled nitric oxide; ppb, parts per billion; ACT,
Asthma Control Test.
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Table 2 Summary of Sleep Monitoring Data and the Sleep-

Table 3 Comparison of Baseline Clinical and Sleep Monitoring
Characteristics of Asthmatics with and without Exacerbation in

Related Questionnaire Scores

Finding
Watch PAT data | Sleep duration, hour 6.4 (1.3)
(n=62)
Nocturnal awaking, times 6.6 (4.9)
Sleep latent time, minutes 20.7 (10.9)
REM latent time, minutes 95.3 (66.6)
Balance of wake/sleep, % 17.0 (9.7)/
829 (9.7)
Sleep REM sleep, % 25.8 (7.7)
stage
Light sleep (Stage | 56.6 (12.7)
or2), %
Deep sleep (Stage 3 18.3 (7.6)
or 4), %
Mean pulse rate,/minutes 66.2 (9.8)
Mean oxygen saturation, % 94.5 (1.9)
pAHI, events/hour 10.4
[5.2-21.5]
pAHI >5, number (%) 50 (81)
ODI, events/hour 4.6
[1.9-13.8]
Body Supine, % 45.8 (27.5)
position
Prone, % 4.8 (8.4)
RLD, % 23.7 (22.2)
LLD, % 25.5 (19.7)

Note: Data are presented as mean (SD) or median [IQR] of subjects unless
otherwise indicated.

Abbreviations: REM, rapid eye movement; pAHI, peripheral arterial tone apnea hypop-
nea index; ODI, oxygen desaturation index; RLD, right lateral decubitus; LLD, left lateral
decubitus.

corticosteroids in the consecutive two years. A comparison
of the baseline clinical characteristics and sleep-related
data between the two groups is shown in Table 3. Mean
(SD) forced expiratory volume one second percent (FEV,/
FVC), mean ACT score, median pAHI and median ODI
value were significantly lower in the worsened group than
those in the stable group (p = 0.036, p < 0.001, p = 0.020,
and p = 0.019, respectively). Additionally, prevalence of
the left lateral decubitus (LLD) position in sleep monitor-
ing were significantly higher in the worsened group than
that in the stable group (39.3 [18.5] % and 22.5 [18.3] %,
respectively; p = 0.004). Moreover, the mean (SD) dura-
tion of sleep in the LLD position was significantly longer

One Year

Worsened Stable p value
Group Group
Number of subjects 14 45 -
Age, year 62 (15) 62 (15) 0.936
Gender, male/female 6/8 19/26 0.967
BMI, kg/m? 23.7 (4.6) 24.4 (4.5) 0.510
% predicted FEV,, % 77.6 (31.1) 94.7 (16.7) 0.050
FEV\/FVC, % 61.6 (17.8) 73.7 (11.3) 0.036*
FeNO, ppb 51.3 342 0.327
[24.5-159.8] [21.3-62.7]
ACT score, point 16.2 (4.6) 222 (3.4) <0.0001*
Asthma Severity: 0/2/4/8 6/11/21/7 0.015*%
mild intermittent/mild
persistent/moderate
persistent/severe
persistent
Sleep duration, hour 6.3 (0.9) 6.5 (1.5) 0.618
Nocturnal awakening, 6.8 (3.9) 6.2 (5.1) 0.480
events/night
Sleep stage | REM sleep, 24.9 (6.2) 26.3 (8.2) 0.433
%
Light sleep, 57.2 (10.6) 55.7 (13.0) 0.563
%
Deep 18.0 (5.7) 18.0 (7.3) 0.708
sleep, %
pAHI, events/hour 5.3 [2.6-9.8] 12.1 0.020*
[5.8-21.8]
ODI, events/hour 1.9 [0.74.5] 5.1 0.019*
[2.5-11.8]
OSA severity: 6/6/2/0 6/20/14/5 0.064
normal/mild/moderate/
severe
Body Supine, % 39.3 (26.6) 48.9 (27.4) 0.273
position
Prone, % 5.5 (84) 4.8 (8.7) 0.907
RLD, % 15.0 (17.3) 23.7 (20.6) 0.112
LLD, % 39.3 (18.5) 22.5 (18.3) 0.004*

Notes: Data are presented as mean (SD) or median [IQR] of subjects unless otherwise

indicated. *p < 0.05.

Abbreviations: BMI, body mass index; FEV|, forced expiratory volume in one second;
FeNO, fractional exhaled nitric oxide; ACT, Asthma Control Test; REM, rapid eye move-
ment; pAHI, peripheral arterial tone apnea hypopnea index; ODI, oxygen desaturation
index; OSA, obstructive sleep apnea; RLD, right lateral decubitus; LLD, left lateral
decubitus.
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than that in the stable group (2.46 [1.22] h and 1.52 [1.38]
0.026) (shown in Figure 1).
Comparisons of detailed data in the sleep monitoring of

h, respectively; p =

asthmatics with and without exacerbation over one year
are shown in Table 4. No significant differences were
observed in the pulse rate parameters between these two
groups. Mean (SD) of maximum SpO, levels were signifi-
cantly lower in the worsened group than that in the stable
group (98.2 [1.2] % and 99.0 [0.8] %, respectively; p =
0.030). Median [IQR] pAHI value in the supine position
was significantly lower in the worsened group than that in
the stable group (7.1 [2.7 to 12.9] events/hour and 19.8
[7.1 to 29.8] events/hour, respectively; p=0.011), while no
significant differences were observed regarding median
[IQR] pAHI values in other positions. The median preva-
lence of the LLD position in the 59 asthmatic subjects
enrolled in the secondary assessment was 26.6%. To inves-
tigate the relationship between probability of initial asthma
exacerbation and prevalence of the LLD position, the first
asthma exacerbations of 29 asthmatic subjects with 27% or
more prevalence of the LLD position (High %LLD group)
and that of the 30 asthmatic subjects with less than 27%
prevalence of the LLD position (Low %LLD group) were
compared. The Kaplan—Meier plot of the time to first
exacerbation is shown in Figure 2. The probability of the
first asthma exacerbation in the High %LLD group was
significantly higher than that in the Low %LLD group.
We used multivariate logistic regression modeling to cal-
culate the odds ratios and 95% confidence intervals after
controlling confounders (Table 5). The independent variables

that had significant associations with asthma exacerbation

aworsened group (n=14) Ostable group (n=45) |

Duration of sleep [hour]
L+

LLD

RLD
Body position

Supine Prone

Figure | Comparison of sleep duration in each sleep position. Comparison of the
mean (SD) duration of sleep in the supine, prone, right lateral decubitus (RLD) and
left lateral decubitus (LLD) positions compared between worsened asthmatic sub-
jects’ group (n = 14) and stable asthmatic subjects’ group (n = 45). *p < 0.05.

requiring occasional use of systemic corticosteroids in the
monitoring period were baseline asthma severity, baseline
ACT score, and the prevalence of LLD position in sleep
monitoring. Among the 59 asthmatic subjects enrolled in the
secondary assessment, no significant associations were
observed between the prevalence of LLD position in sleep
monitoring and asthma-related parameters.

Discussion and Conclusion

In the prospective study, home sleep monitoring was per-
formed for asthmatic subjects from our outpatient clinic and
we investigated the variables associated with asthma exacer-
bation. We found that the independent variables showing
significant associations over an observation period of
one year were baseline asthma severity, baseline ACT
score, and the LLD position in sleep monitoring.

We explored the sleep-related variables associated with
asthma exacerbation. The independent variables that had
significant associations with asthma exacerbation requiring
occasional systemic corticosteroids in the monitoring per-
iod were baseline asthma severity (severe persistent
asthma), baseline ACT score and prevalence of the LLD
position in sleep monitoring using multivariate logistic
regression. No significant difference was observed in base-
line FeNO value between the group with and without
asthma exacerbations in the one year cohort. FeNO has
also been shown to be a predictive factor for asthma
exacerbations, with higher levels being associated with
a greater number of exacerbations.*® In the present study,
relatively older asthmatic subjects were enrolled. While
FeNO has been extensively studied in adults and children
with asthma, there are a limited number of publications
about the utility of FeNO in elderly asthmatics.®' In our
previous study with a similar age group, while both the
mean values of the ACT score and % predicted FEV, in
the asthma control period revealed a significant negative
correlation with occasional use of systemic corticosteroids,
there was no significant correlation between mean FeNO
level in the asthma control period and occasional use of
systemic corticosteroids.’> More work will have to be
done to define the role of exhaled NO in the diagnosis
and management of elderly asthmatic patients.

To our knowledge, there have been very few reports on
sleeping posture in asthmatic patients. Backon et al
reported and strongly recommended that asthmatic patients
should avoid sleeping in the right lateral decubitus position
because of increasing vagal tone with right sided pressure
and a decrease in left sided pressure on the sleeping
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Table 4 Comparison of Detail Data in Sleep Monitoring of
Asthmatics with and without Exacerbation in One Year

Worsened Stable p value
Group Group
Number of subjects 14 45 -
Pulse rate/ Mean 67.0 (10.1) 64.2 (7.8) 0.354
minutes
Minimum 51.8 (7.8) 47.8 (6.9) 0.117
Maximum 100.7 (19.5) 96.7 0.487
(11.8)
SpO,, % Mean 94.0 (1.8) 94.9 (1.6) 0.106
Minimum 88.6 (4.3) 87.0 (5.2) 0.343
Maximum 98.2 (1.2) 99.0 (0.8) 0.030*
Prevalence of time in 1.2 (2.9) 1.0 (4.1) 0.748
SpO, < 90%, %
pAHI, Supine 7.1 [2.7-12.9] 19.8 0.01I*
events/hour (n=13) [7.1-29.8]
(n=43)
Prone 6.5 [2.0-14.0] 4.1 0.658
(n=6) [0-13.3]
(n=13)
RLD 6.5 [1.0-15.7] 6.7 0.990
(n=10) [2.2-13.2]
(n=37)
LLD 3.3 [1.8-124] 74 0.239
(n=13) [2.3-16.8]
(n=36)

Note: Data are presented as mean (SD) or median [IQR] of subjects unless
otherwise indicated. *p < 0.05.

Abbreviations: ODI, oxygen desaturation index; RLD, right lateral decubitus; LLD,
left lateral decubitus.

positions of asthmatic subjects.>® Patients with chronic
heart failure tended to avoid the LLD position sponta-
neously during sleep, and this avoidance was related to
the degree of left ventricular filling pressure, cardiac out-
put, and cardiovascular autonomic function.>® It has been
reported that the left lateral decubitus position is asso-
ciated with higher sympathetic nerve activity in patients
with chronic heart failure.* Sympathetic nerve activity
was reported to be associated with bronchodilation in
asthmatic airways. A possible reason for sleeping position
effect may be a self-protecting mechanism of avoiding
airway narrowing by autonomic neural function in uncon-
trolled asthmatic subjects. In general, a heart rate fluctua-
tion is influenced by vagal tone. In the present study, no
significant differences were observed regarding the

parameters of pulse rate in whole sleeping time between
the worsened group and the stable group. However, to
assess the influence of vagal tone by evaluating pulse
rate fluctuation, we would have to monitor the patients in
each sleeping position separately.

Furthermore, body position affects pulmonary func-
tion. The peak expiratory flow (PEF) can be defined as
the major flow obtained in an expiratory pressure after
a complete inspiration to the level of the total lung capa-
city in pulmonary function test. PEF depends on the effort
and strength of the expiratory muscles, airway diameter
and lung volume.*® In a study of PEF in healthy young
volunteers, the PEF values measured in the sitting position
were higher than those in the supine and right lateral
decubitus positions, although the differences between the
sitting and LLD positions were not significant.>’ Similarly,
in a study of PEF measurements in various positions in
healthy obese subjects, there were significant differences
among standing position, seated position and LLD
position.*® Another possible reason also may be a self-
protecting mechanism for preventing decreased effect of
the decubitus position on pulmonary function. However,
the biological plausibility for the findings regarding sleep
position need to be expanded and deepened with greater
clinical or physiologic mastery. The prone position is used
to improve gas exchange in patients with acute respiratory
distress syndrome.*® This posture effect is associated with
an increase in lung gas content and with a more uniform
distribution of aeration, as the increase in aeration in
dorsal lung regions was not offset by loss of aeration in
ventral regions.*® To clarify the posture effect of LLD in
asthmatic subjects, we may have to assess the regional
distribution of pulmonary shunt, aeration, perfusion, and
ventilation in further studies.

The present study has some methodological limita-
tions. First, the mean age of the asthmatic subjects in the
present study was relatively high compared to those of
previous reports on the association between sleep quality
and asthma.*' Aging is one of the independent risk factors
for OSA. Moreover, it has been suspected that the inci-
dence of OSA in asthmatic subjects rapidly increases with
age."” As a result, it is possible that the mean pAHI value
and prevalence of asthmatic subjects who had OSA were
relatively high compared to those of previous reports.
However, one of the aims in our study was to investigate
the association between asthma control and OSA. The
high prevalence of asthmatic subjects with OSA at base-
line may strengthen the reliability of our results. Second,
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il require a consideration for applicable to severe OAS sub-
5 High %LLD (n=29) jects with asthma, because of two asthmatic subjects with
£ 08- sreesere LOw %LLD (n=30) relatively high pAHI values were excluded from the sec-
§ ondary assessment. However, our study included more
E 06 than 80% of asthmatic subjects who had OSA (39% of
= asthmatic subjects had moderate to severe OSA). Thus, the
"
< g reliability of the secondary assessment is considered
= secured. Fourth, the number of subjects recruited in the
® 02- . .
8 present study was approximately 10% of the asthmatic
o . . . . . . . .

- subjects who visit our outpatient clinic considering the

Time [month]

Figure 2 Kaplan—Meier plot of the time to asthma exacerbation. Kaplan—Meier plot
of the time to first asthma exacerbation in high and low prevalence of left lateral
decubitus (LLD) position (solid line: high prevalence of LLD position group, broken
line: low prevalence of LLD position group). A significant higher exacerbation rate
was observed in the high LLD prevalence group than that in the low LLD prevalence
group, calculated with the Log rank test.

while polysomnography has been used as an objective
sleep monitoring tool in several epidemiological studies,
home sleep monitoring tool was used in the present study.
Third, three asthmatic subjects who had moderate to
severe OSA according to their sleep monitoring results
were excluded from the secondary assessment because
they had begun CPAP therapy. At the secondary assess-
ment, there was a possibility that the study results may

processing capacity of the home sleep monitoring and
the entry period of study. They were selected in order of
arrival at the clinic. However, in future studies, based on
the results of present study we have to consider sample
size justification or power analysis.

In conclusion, the present study identified that the LLD
sleeping position was associated with future asthma
exacerbation. We believe that further studies are warranted
to evaluate the mechanisms by which sleeping position

and asthma exacerbation interact.

Quick Look

Current Knowledge
There are few reports on the association between sleep-
related characteristics and asthma exacerbation.

Table 5 Univariate and Multivariate Analyses: Factors Associated with Exacerbation of Asthma in One Year

Univariate Analysis Multivariate Analysisf
Odds Ratio | p value | Odds Ratio | p value
(95% CI) (95% CI)
Age, one year increase, year 1.001 0.951
(0.960-1.044)
Severe persistent asthma (versus mild intermittent asthma, mild persistent asthma, and 10.67 0.001* 8.627 0.028*
moderate persistent asthma) (2.607—43.64) (1.263-58.92)
ACT score, one point increase, point 0.720 <0.001* 0.745 0.006*
(0.601-0.862) (0.605-0.918)
FeNO, one ppb increase, ppb 1.005 0.220
(0.997-1.013)
pAHI, one event increase, events/hour 0.921 0.061
(0.845—1.004)
Prevalence of LLD position in sleep monitoring, one point increase, % 1.049 0.009* 1.053 0.028*
(1.012-1.088) (1.006—1.103)

Notes: *p < 0.05, tmultiple logistic regression analysis (forward selection method).

Abbreviations: Cl, confidence interval; ACT, Asthma Control Test; FeNO, fractional exhaled nitric oxide; pAHI, peripheral arterial tone apnea hypopnea index; LLD, left

lateral decubitus.
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What This Paper Contributes to Our

Knowledge

The present study identified that the left lateral decubitus
sleeping position was associated with future asthma
exacerbation.
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