K. Aihara et al.

other potential biomarkers. Moreover, elevated KL-6
levels were also significantly associated with restrictive
lung function disturbance and gas exchange derangement,
which are characteristic features in lung injury. Lederer
et al. speculated that the possible mechanisms whereby
OSA leads to lung injury include chronic oxidative stress
associated with repeated intermittent hypoxia and reox-
ygenation and mechanical stretch caused by dynamic
changes in intrathoracic pressure.” In addition to these
factors, snoring-induced vibratory force might be a

candidate as another factor causing lung injury."
Although both comorbid obesity and smoking exposure
could affect plasma cytokine levels?® or the subjects’ lung
diffusion capacity,?’"2 we showed that even after
adjustment for these confounders the association
between KL-6, pulmonary function impairment and OSA
remained significant, indicating the possible pathogenetic
role of OSA itself in lung injury.

KL-6 is a well-known biomarker for the diagnosis of IPF
and determination of the severity of this condition.2>%*
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Although the pathophysiological link between IPF and OSA
remains unclear, as a new topic in the field of IPF, recent
studies have reported a high prevalence of OSA in [PF
patients.'®?> Qur findings may partially explain potential
mechanisms underlying this association and also provide
a warning that their combination as a comorbid condition
may additively worsen lung injury.

Serum levels of CRP did not correlate with the severity
of OSA independently of BMI in our study, which is consis-
tent ‘with some reports.?®?” Obesity was shown to be
associated with chronic low-grade inflammation as indi-
cated by raised serum CRP levels.?® Considering that CRP
reflects obesity-related inflammation, it could be antici-
pated that CRP might have an association with reduced lung
volume due to obesity, particularly visceral adiposity.
However, notably, we found that elevated CRP levels were
significantly associated with worsened airflow limitation
and increased lung volume independently of obesity and
smoking, as contrasted with the significant relationship
between KL-6 and restrictive defects. Increased levels of
CRP also have been reported in obstructive and restrictive
lung disease,?’ and were shown to be correlated with lower
levels of FEV,*°73? and a decline in FEV;.** Moreover,
a recent large-scale population-based study showed that
abdominal obesity was positively related to both obstruc-
tive and restrictive ventilatory patterns regardless of BMI.>*
Thus, the inter-relationships among OSA, pulmonary func-
tion, obesity and inflammatory markers are complicated,
and further studies are needed.

Contrary to our hypothesis, unlike KL-6, SP-D was not
significantly associated with the severity of OSA, although
both are mainly produced by alveolar type Il cells. Leakage
of these markers into the bloodstream may be dependent
on an alteration of production by alveolar type Il cells and,
in addition, on the intensity, extent, and type of injuries
that precipitate the increase in alveolar wall perme-
ability.** Thus, the magnitude of lung injury in patients
with OSA might be too subtle to increase the production of
SP-D by alveolar type Il cells, although we did not assess the
local concentrations of SP-D in lung compartments. SP-D
was recently reported to be a promising lung-specific

biomarker in COPD."® However, results of previous studies
suggested that KL-6 was a more discriminative biomarker
than SP-D in IPF and collagen vascular disease-associated

interstitial pneumonitis,?* idiopathic pulmonary alveolar

proteinosis® or sarcoidosis.*® Madsen et al. reported that
SP-D was widely distributed in epithelial cells in a variety of
tissues and was not restricted to the respiratory system.®”
Only a weak, though significant, relationship between
serum levels of KL-6 and SP-D in the present study indicates
that the blood level of these two cytokines may not
necessarily reflect the same pathological state of the
disease. Thus, although KL-6 appears to be superior to SP-D
in evaluating subclinical lung injury associated with OSA,
further study is needed to explain this discrepancy.

OSA is associated with significant morbidity and
mortality. Analyses of biomarkers in OSA have been
extensively performed in relation to its cardiovascular
effects through systemic inflammation.' However, as well
as systemic inflammation, local inflammation or injury is
also implicated in the pathophysiology of 0SA.3%3° Local
inflammation or injury has been assessed by surgical spec-
imens, exhaled breath condensate (EBC), induced sputum,
exhaled breath and oral air,3®3° but more studies with
a lung-specific biomarker in OSA are necessary for future
use of such biomarkers in clinical practice. A recent study
has also reported that the combination of two biomarkers,
SP-D (lung epithelial barrier injury) and interleukin-8
(inflammation and neutrophil chemotaxis), had significant
prognostic value, reflecting the two important pathoge-
netic pathways of acute lung injury.“® Thus, KL-6 in asso-
ciation with a systemic biomarker such as CRP might
provide complementarily useful information in assessing
OSA.

In our study, there was a significant positive relationship
between AHI and smoking. Airway inflammation and
damage due to cigarette smoke could alter the mechanical
and neural properties of the upper airway and increase its
collapsibility during sleep, which may be related to sleep
apnea.”!

The prevalence of OSA in our population was high
(88.2%). Since all participants in our study were referred to
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our sleep unit with suspicious symptoms, there was a high
clinical probability of OSA among these patients. Actually,
the diagnostic rates in some other sleep laboratories were
comparable to ours.*>~#

The present study has some limitations. First, as we did
not directly assess local expressions of KL-6 in the lung and
alveolar wall permeability in OSA patients, our results
cannot clearly establish the presence of lung injury in OSA.
Measurements of KL-6, albumin concentration or cell count
in bronchoalveolar lavage fluid, EBC or induced sputum
would provide additional information and supporting
evidence for our suggestions regarding the implications of
these results. Second, as we did not assess serum biomarker
levels after treatment of OSA, we could not confirm the
specific association between OSA and serum biomarkers.
Third, as the values of AHI and biomarkers tended to be
skewed, we tried to transform them logarithmically.
However, in 57 patients the CRP values could not be
transformed logarithmically (CRP value was ‘0’). We then
made calculations using absolute values. However, signifi-
cance of the result between KL-6 and AHI remained even
after logarithmic transformation (r = 0.20, p = 0.01).

In summary, serum levels of KL-6 but not SP-D were
correlated with subclinical lung injury associated with OSA
independently of obesity or smoking, and KL-6 could be
a potential candidate as a lung-specific biomarker in OSA.
KL-6 values may pathologically reflect epithelial and endo-
thelial injury in the alveolus and pulmonary function
impairment in OSA. This is in contrast to CRP, which is a well-
studied systemic biomarker and may preferably cause an
obstructive defect. A combination of two different types of
biomarkers might be complementary and be superior to each
biomarker alone from a pathogenesis perspective.
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ABSTRACT

Background: Although associations between snoring and cardiovascular disease have been reported in several
prospective studies, there is limited evidence from Asian populations. The objective of this study was to determine if
there is an association between self-reported snoring frequency and the incidence of cardiovascular disease in
Japanese.

Methods: The subjects were 2350 men and 4163 women aged 40 to 69 years who lived in 3 communities in Japan.
All subjects were participants in the Circulatory Risk in Communities Study (CIRCS) and were followed for 6 years.
Incidence of cardiovascular disease during the follow-up period comprised events of myocardial infarction, angina
pectoris, sudden cardiac death and stroke.

Results: During the 6-year follow-up period, 97 participants (56 men and 41 women) had cardiovascular events.
After adjustment for potential confounding factors, self-reported snoring frequency was associated with an increased
risk of cardiovascular events among women but not men. The hazard ratios (95% CI) for cardiovascular events were
0.9 (0.4-2.0) for sometimes snoring and 2.5 (1.0-6.1) for everyday snoring in women and 0.7 (0.3-1.3) and 1.0
(0.5-2.1), respectively, in men. Further adjustment for body mass index attenuated the association in women; the
respective hazard ratios for cardiovascular events were 0.9 (0.4-1.9) and 2.1 (0.9-5.4).

Conclusions: Self-reported habitual snoring was associated with increased risk of cardiovascular events among

Japanese women. Overweight may partly mediate this association.

Key words: cardiovascular events; obstructive sleep apnea; population-based study; prospective cohort study

INTRODUCTION

Sleep-disordered breathing (SDB) is characterized by repeated
episodes of apnea and hypopnea events during sleep.!
Recently, SDB was identified as a risk factor for various
disorders and diseases such as hypertension,>™ insulin and
glucose abnormalities,® and cardiovascular disease.” Evidence
has shown that self-reported snoring is a surrogate marker for
SDB.? Associations of snoring and SDB with cardiovascular
disease were examined cross-sectionally®!? in clinical and
large-scale epidemiologic studies, most of which clearly
showed an independent positive association between the 2

conditions, even after adjustment for potential confounding
factors such as age, sex, and body mass index (BMI).!!

This causal relationship has also been observed in studies
of Western populations. As compared with non-snorers, the
relative risk of developing cardiovascular disease among
habitual snoring American women was 30% higher in
the Nurses’ Health Study,'? and the risk among habitual
and frequent snoring Finish men was 2.1-fold higher.!?
However, evidence from Asian populations is still very
limited, and these results from Western studies cannot simply
be extrapolated to Asian populations, because substantial
differences exist between Asian and white populations, such
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as disparities in physique and prevalence of cardiovascular
disease subtypes.'*

In our previous large cross-sectional study,'> we reported
that the prevalence of snorers among Japanese men was about
70%, despite the low prevalence of obesity. The study
revealed that alcohol consumption and cigarette smoking
increased snoring risk among Japanese, especially among
those who were not overweight. We also reported differences
in the distribution of cardiovascular disease subtypes among
Japanese versus whites, eg, among Japanese, the proportion of
stroke was 2 times higher,'® and the proportion of ischemic
heart disease was one quarter, compared to the respective
values reported in the United Kingdom and United States.!
1t is thus important to assess the risks of habitual snoring
in Asians, because snoring is affected not only by obesity
but also other factors, and Asian populations have different
distributions of cardiovascular disease subtypes. We therefore
examined the risk of cardiovascular events among habitual
snorers compared with non-snorers in a large community-
based prospective study of Japanese adults.

METHODS

Study subjects

Subjects were recruited from participants in the Circulatory
Risk in Communities Study (CIRCS, see Appendix), a
prospective community-based study of cardiovascular
disease in 5 communities across Japan that was launched in
1963.1% The subjects of the present sleep study comprised
Japanese men and women aged 40 to 69, and none had
previously received a diagnosis of SDB. Baseline data on
snoring frequency and cardiovascular risk factors were
obtained during annual surveys between 2001 and 2005 in
the district of Yao City (midwestern suburban community,
n=1994), Ikawa (northeastern rural community, » = 1446),
and between 2000 and 2004 in Kyowa (mideastern rural
community, n=3209). We excluded participants with
incomplete data on sleep questionnaires (n = 82), those with
missing data for BMI or other parameters (n = 10), and those
with a history of ischemic heart disease (r =17) or stroke
(n=19). A total of 2350 men and 4163 women were enrolled
in the present study. All subjects had the protocol explained
in detail and gave their informed consent for participation.
The study protocol was approved by the Medical Ethics
Committees of the University of Tsukuba.

Determination of endpoint

Follow-up lasted until the end of 2009 for Ikawa, until the end
of 2008 for Yao, and until the end of 2006 for Kyowa. The
criteria for ischemic heart disease were modified from those
established by the World Health Organization (WHO) Expert
Committee.'® Definite myocardial infarction was defined as
characteristic severe chest pain (lasting for >30 min) together
with the appearance of new abnormal and persistent Q or QS
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waves and/or consistent changes in cardiac enzyme activity.
Probable myocardial infarction was defined as characteristic
chest pain in the absence of electrocardiographic findings or
findings related to enzyme activity. Angina pectoris was
defined as repeated episodes of chest pain during effort,
especially when walking, that usually rapidly disappeared
after cessation of effort or use of sublingual nitroglycerin.
Sudden cardiac death was defined as death within 1 hour of
symptom onset, a witnessed cardiac arrest, or abrupt collapse
not preceded by symptoms persisting 1 hour or longer. Stroke
was defined as a focal neurological disorder of rapid onset that
persisted at least 24 hours or until death. Determination of
incident strokes was conducted based on clinical criteria.?® A
panel of 3 or 4 physician-epidemiologists who were blinded to
data from the risk factor surveys made the final diagnoses for
these suspected cases of ischemic heart disease and stroke.
Cardiovascular disease included events related to ischemic
heart disease (definite and probable myocardial infarction,
angina pectoris, and sudden cardiac death) and stroke during
the follow-up period.

For case ascertainment, histories of cardiovascular events
were obtained from annual cardiovascular risk surveys,
national insurance claims, ambulance records, reports of
local physicians, and public health nurses. To confirm the
diagnosis, all living patients were telephoned or visited to
obtain a medical history, and their medical records were
reviewed. For deaths, we obtained histories from families and
reviewed medical records. The protocol has been described in
detail elsewhere 202!

Risk factor measurements

At the annual cardiovascular surveys, each participant was
asked about their snoring frequency. Answer options for
the question “Did you snore during the past 3 months?” were
almost every day, sometimes, never, and unknown. Infor-
mation on smoking and drinking habits, menopausal status (for
women), and measurements of blood pressure, serum glucose
concentration, and physique were obtained according to the
CIRCS protocol.?? Hypertension was defined as systolic blood
pressure of 140 mm Hg or higher, diastolic blood pressure of
90mm Hg or higher, or antihypertensive treatment; diabetes
mellitus was defined as fasting blood glucose of 126 mg/dl or
higher, non-fasting blood glucose of 200 mg/dl or higher, or
antihyperglycemic treatment; and hypercholesterolemia was
defined as serum total cholesterol of 220 mg/dl or higher or
treatment with lipid-lowering medication.

Statistical analyses

Person-years for cardiovascular events were calculated as the
sum of individual follow-up time until cardiovascular event,
emigration, or the end of the follow-up period. Age- and
community-adjusted and multivariable-adjusted hazard ratios
(HRs) and 95% ClIs for cardiovascular events were calculated
according to baseline snoring frequency by using the Cox
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proportional hazards model. The interaction of snoring with
sex in relation to cardiovascular events was tested using their
cross-product terms.

Confounding variables included age (continuous), BMI
(continuous), alcohol consumption (never, ex-, <23 g and
223 g ethanol per day), cigarette smoking (never, ex-, <20 and
220 cigarettes per day), community (categorical), and meno-
pausal status (for women; yes, no). To confirm the hypothesis
that snoring induces cardiovascular events by increasing
the risk of hypertension and metabolic disorders, we further
adjusted for systolic blood pressure (continuous), use of
antihypertensive medication (dichotomous), diabetes mellitus
(dichotomous), and hypercholesterolemia (dichotomous). All
statistical analyses were performed using SAS version 9.1
software (SAS Institute Inc., Cary, NC, USA). All statistical
tests were 2-tailed, and P values less than 0.05 were regarded
as statistically significant.

RESULTS

Demographic characteristics at baseline

The mean (+ SD) age of participants was 56.3 + 8.3 years,
mean BMI was 23.5+32kg/m?, mean systolic blood
pressure was 132.3 + 18.6 mm Hg, and mean diastolic blood
pressure was 80.4 + 11.1 mm Hg.

Analysis revealed that 42.5% of participants had hyper-
tension, 17.5% were using antihypertensive medication, 5.9%
had diabetes mellitus, 44.7% had hypercholesterolemia,
37.6% were current drinkers, 21.1% were current smokers,
and 69.1% of women were post-menopausal. Baseline
demographic characteristics, by sex, are shown in Table 1.

Prevalence of snoring and its correlates

The distribution of snoring frequency was as follows: 14.0%
(23.9% in men and 8.5% in women) reported snoring almost
every day, 46.7% (48.7% in men and 45.6% in women)
reported snoring sometimes, 28.9% (20.7% in men and 33.6%
in women) reported never snoring, and 10.3% (6.8% in men
and 12.3% in Womén) reported that their snoring frequency as
unknown. Sex-specific, age-adjusted characteristics classified
according to snoring frequency are shown in Table 2. The
mean values and proportions of baseline risk characteristics
tended to be higher with increasing snoring frequency, except
for mean age in men and women and prevalence of diabetes
mellitus in men. As compared with women who reported a
snoring frequency, those who answered “unknown” were 2.6
years older (P <0.001), 0.5 points lower in mean BMI
(P=0.001), and 4.3% higher in the mean proportion
of current smokers (P <0.001) in women. There was no
significant difference among men.

Incidence of cardiovascular events
During the 6-year median follow-up duration, 97 participants
(56 men and 41 women) experienced cardiovascular events,

Table 1. Sex-specific mean values (SD) and prevalence of
selected cardiovascular risk characteristics among
2350 men and 4163 women aged 40-69 years

Men Women

n=2350  n=4163 P value
Age (years) 57.5(8.2) 55.6(8.3) <0.001
Body mass index (kg/m?)  23.9 (3.0) 23.3 (3.3) <0.001
Systolic blood pressure 135.1 (17.6) 130.7 (18.9) <0.001
(mmHg)
Diastolic blood pressure 83.3 (10.9) 78.7 (10.8) <0.001
(mmHg)
Antihypertensive use (%) 19.2 16.5 0.005
Hypertension (%)? 51.1 376 <0.001
Diabetes mellitus (%)° 9.1 4.1 <0.001
Hypercholesterolemia (%)° 345 50.5 0.28
Alcohol consumption (%)
never 19.6 78.5 T
ex-drinker 7.3 4.0
<239 ethanol per day 22.6 15.1 <0.001
223 g ethanol per day 50.6 24 i
Cigarette smoking (%)
never 17.0 90.5 T
ex-smoker 354 3.3
<20 cigarettes per day 13.2 44 <0.001
220 cigarettes per day 34.3 1.8 n
Menopause (%) — 69.1 —_

#Hypertension was defined as blood pressure 2140/90 mmHg or
current treatment.

bDiabetes mellitus was defined as fasting blood glucose 2126 mg/d,
non-fasting blood glucose 2200 mg/d|, or current treatment.
°Hypercholesterolemia was defined as total cholesterol 2220 mg/di or
current treatment.

including 30 (22 in men and 8 in women) incident cases of
ischemic heart disease and 67 (34 in men and 33 in women)
strokes. The numbers of ischemic heart disease and stroke
events, according to snoring frequency and sex, are shown in
Table 3.

Association of snoring with cardiovascular events

As compared with never snorers, the age- and community-
adjusted HR of ischemic heart disease and stroke combined
was higher among female but not male everyday snorers;
the HRs (95% CI) for cardiovascular events were 0.9
(0.5-2.0) for sometimes snoring and 2.6 (1.1-6.3) for
everyday snoring in women and 0.7 (0.4-1.4) and 1.1
(0.5-2.2), respectively, in men (Table 3). These associations
in men did not vary by age group (40-59 and 6069 years),
smoking status (current and non-current), or drinking status
(current and non-current) (data not shown in table).
After adjustment for age, community, and other confounding
variables, the association between self-reported snoring
frequency and cardiovascular events was unchanged in
women: the HRs (95% CI) for cardiovascular events were
0.9 (0.4-2.0) for sometimes snoring and 2.5 (1.0-6.1) for
everyday snoring in women (Table 3, Model 1). Further
adjustment for BMI attenuated the association in women:
the respective HRs for cardiovascular events were 0.9
(0.4-1.9) and 2.1 (0.9-5.4; Table 3, Model 2). To confirm
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Table 2. Sex-specific, age-adjusted, mean values (standard error) and prevalence of selected cardiovascular risk characteristics
according to snoring frequency among 2350 men and 4163 women aged 40-69 years

Men Women
Snoring frequency Never Sometimes Daily Unknown Never Sometimes Daily Unknown
n =486 n=1144 n=561 n=159 n=1399 n=1900 n=352 n=512
Age (years)? 59.0 (0.4) 57.1(0.2) 56.8(03) 57.9(0.6) 551(0.2) 552(0.2) 559(04) 57.9(0.4)
Body mass index (kg/m2) 23.1(0.1) 238(0.1) 249(01) 236(0.2) 226(0.1) 236(01) 249(02) 228(0.1)
Systolic blood pressure (mmHg)  133.4 (0.8)  135.1 (0.5) 136.5(0.7) 135.0(1.3) 1283 (0.5) 1324 (04) 1335(0.9) 129.0(0.8)
Diastolic blood pressure (mmHg)  81.9 (0.5) 83.0(0.3) 853(0.5) 832(09) 770(03) 796(02) 80.8(06) 786 (0.5)
Antihypertensive use (%) 18.6 17.6 221 22.8 13.3 18.1 22.3 15.0
Hypertension (%) 48.3 49.3 56.8 52.2 315 414 46.0 34.8
Diabetes mellitus (%)° 9.2 9.2 8.8 9.3 34 43 6.2 3.8
Hypercholesterolemia (%) 30.2 35.6 374 28.9 46.7 51.8 55.4 52.7
Cigarette smoking (%)
never 22.4 15.6 15.0 18.2 92.5 91.1 87.4 84.8
ex-smoker 34.5 35.8 36.1 337 26 3.2 4.3 5.2
<20 cigarettes per day 13.6 14.1 10.9 13.7 3.9 4.2 4.6 6.2
220 cigarettes per day 29.5 34.6 38.1 343 1.0 1.6 3.7 3.8
Alcohol consumption (%)
never 23.2 19.0 174 20.2 82.5 77.8 72.5 74.8
ex-drinker 10.5 6.2 6.1 9.9 3.1 3.8 6.6 5.1
<23 g ethanol per day 219 24.2 21.0 18.4 13.2 16.1 16.1 16.1
223 g ethanol per day 444 50.6 55.6 51.5 1.2 23 49 4.0
Menopause (%) — — — — 67.1 70.0 715 69.2
2Age was not included in the adjustment variables.
PHypertension was defined as blood pressure 2140/90 mm Hg or current treatment.
“Diabetes mellitus was defined as fasting blood glucose 2126 mg/dl, non-fasting blood glucose 2200 mg/d|, or current treatment.
dHypercholesterolemia was defined as total cholesterol 2220 mg/dl or current treatment.
Table 3. Sex-specific age- and community-adjusted and multivariable-adjusted hazard ratios (95% CI) for incidence of
cardiovascular events according to snoring frequency
Men Women
Snoring frequency
Never Sometimes Daily Unknown Never Sometimes Daily Unknown
Person-years 2792 7014 3427 951 8462 11715 2119 3268
Subjects (n) 486 1144 561 159 1399 1900 352 512
Incident cardiovascular event (n) 15 22 16 3 13 16 8 4
Incident ischemic heart disease (n) 7 10 7 2 1 4 2 1
Incident stroke (n) 8 12 9 1 12 12 6 3
Age- and community-adjusted HR (Reference) 0.7 11 0.7 (Reference) 0.9 26 0.8
(95% Cl) (0.4-1.4) (05-22)  (0.2-2.3) (05-2.0)  (1.1-6.3)  (0.2-2.4)
Model 1 HR (95% Ci)? (Reference) 0.7 1.0 0.7 (Reference) 0.9 25 0.8
(0.3-1.3) (05-2.1)  (0.2-2.3) (0.4-2.0) (1.0-6.1)  (0.2-2.4)
Model 2 HR (95% CI)° (Reference) 0.6 1.0 0.6 (Reference) 0.9 21 0.8
(0.3-1.3) (0.5-2.0) (0.2-2.3) (0.4-1.9) (0.9-5.4) (0.2-2.4)
Model 3 HR (95% CI)° (Reference) 0.6 0.9 0.6 (Reference) 0.8 1.9 0.7
(0.3-1.2) (04-1.9)  (0.2-2.1) (04-17)  (0.8-49) (0.2-2.2)

HR: hazard ratio; Cl: confidence interval.

aModel 1 was adjusted for age, alcohol consumption, cigarette smoking, community, and, for women, menopausal status at baseline.

"Model 2 was adjusted for factors in Model 1 plus body mass index.

°Model 3 was adjusted for factors in Model 2 plus systolic blood pressure, antihypertensive medication use, diabetes mellitus, and

hypercholesterolemia.

the hypothesis that snoring induces cardiovascular events
by increasing the risk of hypertension and metabolic
disorders, we further adjusted for systolic blood pressure,
antihypertensive medication use, diabetes mellitus and
hypercholesterolemia. The respective HRs (95% CI) for
cardiovascular events were 0.8 (0.4-1.7) and 1.9 (0.8-4.9;
Table 3, Model 3). The association between everyday snoring
and risk of cardiovascular events was not significantly
modified by sex (P for interaction=0.12). The risk of
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cardiovascular events associated with unknown snoring was
not increased and was similar to the risk associated with
sometimes snoring in both men and women.

DISCUSSION

In the present prospective study, snoring frequency was
associated with an increased incidence of cardiovascular
events among community-dwelling middle-aged Japanese
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women. This association was independent of age and
other confounding factors. As compared with never snorers,
‘everyday snoring’ women had a 2.5-fold higher risk of
cardiovascular events during 6 years of follow-up. The
association of everyday snoring with cardiovascular events
was attenuated after adjustment for BMI and after further
adjustment for systolic blood pressure, antihypertensive
medication use, diabetes mellitus, and hypercholesterolemia.
This suggested that overweight partly mediated the associa-
tion and that hypertension and metabolic abnormalities partly
caused by snoring contribute to the risk of cardiovascular
events in women who snore every day. This is the first study
to show a relationship between habitual snoring and risk of
cardiovascular events among a population in Asia, which has
a low prevalence of obesity.

The biological mechanisms that link habitual snoring
to the development of cardiovascular disease remain to be
fully elucidated, but a number of mechanisms have been
proposed. Habitual snoring is often accompanied by sleep
apnea or hypopnea. Repetitive episodes of intermittent
complete and partial airway collapse during sleep result in
hypoxemia, hypercapnia, changes in intrathoracic pressure,
and repeated arousal from sleep. Episodes of snoring and
apneic events can cause acute hemodynamic changes!! (such
as increased cardiac output, enhanced cardiac arrhythmia,
patent foramen ovale appearance,” increased intracranial
pressure, and decreased cerebral blood flow),?* increased
platelet aggregation” and fibrinogen concentrations,?
and decreased fibrinolysis, which directly affect the
cardiovascular system. Abnormal metabolic conditions such
as hypertension, diabetes mellitus, and hypercholesterolemia
may also increase the risk of cardiovascular disease via
elevation of sympathetic activation,?’?® oxidative stress,?
activation of the hypothalamic-pituitary-adrenal axis due to
sleep fragmentation,3®3! and endothelial dysfunction.’?

In the present study, habitual snorers were more likely
to be overweight, hypertensive, and diabetic than non-snorers,
and the association between snoring frequency and the risk
of cardiovascular events was attenuated when we further
adjusted for these factors. This suggests that over-
weight partly mediates the association and that habitual
snoring increases the risk of cardiovascular events partly
through increasing the risk of hypertension and metabolic
disorders.

The present results are consistent with those from studies
of Western women'? but not men'3; however, this study is
the first to note an independent association in a population
with a different distribution of cardiovascular disease subtypes
and a low prevalence of obesity. Among Japanese, 70%
of cardiovascular events are strokes—whereas in Western
countries ischemic heart disease is the largest cause of such
events—and the risk factors for cardiovascular events among
populations with low obesity are hypertension and metabolic
abnormalities rather than overweight.3

In contrast to the significant association of habitual snoring
with cardiovascular events in women, no such association was
observed in men. Large population-based prospective studies
of middle-aged men,!* women,'? and a population of men
and women aged 20 years or older™ have reported positive
associations between habitual snoring and cardiovascular
events. However, no study has reported a sex difference in the
association. Recent reports from the Sleep Heart Health Study
(a large population-based study of American residents aged 40
or older) have noted sex differences in the association between
SDB, as defined by the apnea-hypopnea index (AHI), and the
risk of coronary heart disease, heart failure, and stroke 336
The multivariable HRs associated with a 10-unit increase in
AHI were 1.1 (1.0-1.3) for incident heart failure in men and
1.1 (1.0-1.2) for incident coronary heart disease in men aged
70 years or younger, whereas no such associations were
observed in women.?* Similarly, the multivariable HR for
ischemic stroke incidence was 2.9 (1.1-7.4) in men and 1.2
(0.7-2.2) in women for the highest (>19) as compared with
the lowest (<4) AHI quartiles.3® The reasons for the present
lack of association between habitual snoring and risk of
cardiovascular events in men are unknown. We found no
association in men when the analysis was stratified by age,
smoking, or drinking status. Further research is necessary to
elucidate this sex difference.

The strengths of the present study include the use of
systematic surveillance of cardiovascular events and complete
data collection on incident stroke and ischemic heart disease,
including sudden cardiac death. Our large population-based
prospective cohort study enabled us to examine sex-specific
associations between snoring frequency and risk of cardio-
vascular events and provides the first evidence of a positive
association between these conditions in an Asian population.

The limitations of the present study are as follows: first, our
data on snoring frequency were obtained from a self-reported
questionnaire, so lack of awareness of snoring or the absence
of a sleep partner may have resulted in misclassification.
However, in our simultaneous subsample study (1564 men
and 2806 women aged 40-69 years) using a 3% oxygen
desaturation index (ODI) measured by pulse oxymetry
(PULSOX-38Si; Minolta, Osaka, Japan) during 1 night of
sleep at a participants’ homes, we found that the proportion of
SDB (ODI >5 events/hours) was 22% in never snorers, 36%
in sometime snorers, and 50% in everyday snorers among
men. The respective proportions for women were 9%, 19%,
and 34%. Thus, self-reported snoring seemed to be reliable.
Second, data on sleep duration were not obtained in this study.
According to a recent meta-analysis, both short (<5-6 hours
per night in most studies) and long sleep duration (>89 hours
per night in most studies) were associated with increased
risks of coronary heart disease and stroke.’” Further studies
of the effects of sleep quality and quantity on the risk of
cardiovascular disease will be necessary to confirm an effect
of habitual snoring.
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In summary, the present large cohort study showed that
habitual snoring was associated with an increased risk of
cardiovascular events among community-dwelling middle-
aged Japanese women and that overweight, snoring-related
hypertension, and metabolic disorders may partly mediate
the association. The present study provides epidemiologic
evidence for physicians and other health professionals that
habitual snoring should be considered in the prevention of
cardiovascular disease among middle-aged Japanese.
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APPENDIX
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Health Science and Promotion, Osaka University, University
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contributed to this study are as follows: Hiroyasu Iso, Tetsuya
Ohira, Hironori Imano, Renzhe Cui, Ai Ikeda, Hiroyuki Noda,
Satoyo Ikehara, Isao Muraki, and Kotatsu Maruyama, Osaka
University, Suita; Tomoko Sankai and Kazumasa Yamagishi,
Mitsumasa Umesawa, Choy-Lye Chei, Kimiko Yokota, and
Minako Tabata, University of Tsukuba, Tsukuba; Masamitsu
Konishi, Yoshinori Ishikawa, Masakazu Nakamura, Akihiko
Kitamura, Masahiko Kiyama, Takeo Okada, Kenji Maeda,
Masatoshi Ido, Masakazu Nakamura, Takashi Shimamoto,
Minoru Iida, and Yoshio Komachi, Osaka Medical Center
for Health Science and Promotion, Osaka; Shinichi Sato,
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Tanigawa, Isao Saito, Susumu Sakurai, and Shinichi
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Differences in Breathing Patterning During
Wakefulness in Patients With Mixed
Apnea-Dominant vs Obstructive-Dominant
Sleep Apnea

Motoo Yamauchi, MD, PhD; Shinji Tamaki, MD, PhD; Masanori Yoshikaiwa, MD, PhD;
Yoshinobu Ohnishi, MD, PhD; Hiroshi Nakano, MD, PhD; Frank |. Jacono, MD;
Renneth A. Loparo, PhD; Kingman P. Strohl, MD; and Hiroshi Kimura, MD, PhD, FCCP

Background: Mixed apneas share hoth central and obstructive components and are often treated
as if they are obstructive events. The hypothesis is that patients with obstructive sleep apnea syn-
drome (OSAS) who exhibit a majority of mixed apneas will differ in ventilatory control from those
with predominantly obstructive apneas during wakefulness; moreover, this difference could affect
nasal continuous positive airway pressure (CPAP) adherence.

Methods: In a retrospectively derived case-control study, 5 min of respiratory inductance plethys-
mography signals during wakefulness prior to sleep onsct were extracted from a diagnostic poly-
somnogram in these groups: (1) mixed apnea-dominant OSAS (mix-OSAS) (n = 36), (2) obstructive
apnea-dominant OSAS (pure-OSAS) (n =20), (3) central apnca-dominant sleep apnea syndrome
(pure-CSAS) (n = 6), and (4) control subjeets (n = 10). Breathing patterning was compared between
the groups using the coefficient of variation (CV) for breath-to-breath inspiration time (Ty),
expiration time (Te), Tt + Te (Ttot), and tidal volume, and an information theory-based metric of
signal pattern variability (sample entropy). Subsequent CPAY adherence over 12 months was
determined in OSAS groups.

Results: Breath-to-breath CV parameters and sample entropy in the mix-OSAS group were signifi-
cantly greater as compared with the pure-OSAS and control groups. In a subanalysis, CV and
sample entropy were similar in the mix-OSAS and the pure-CSAS groups. CPAP adherence was
significantly poorer in mix-OSAS compared with pure-OSAS.

Conclusions: During wakefulness, both breath patterning and sample entropy in mix-OSAS are
similar to pure-CSAS and more variable than in pure-OSAS. In addition, CPAY adherence was
decreased in patients with mix-OSAS, which may he related to basic differences in respiratory
control. CHEST 2011; 140(1):54-61

Abbreviations: AHI = apnea-hypopnea index; CompSAS = complex sleep apnea syndrome; CPAP = continuous
positive airway pressure; CV = coefficient of variation; EMG = electromyogram; ESS = Epworth sleepiness scale;
mix-OSAS = mixed apnea-dominant obstructive sleep apnea syndrome; OSA = ohstructive sleep apnea; OSAS = ohstructive
sleep apnea syndrome; pure-CSAS = central apnea-dominant sleep apnea syndrome; pure-OSAS = ohstructive apnea-
dominant obstructive sleep apnea syndrome; RIP = respiratory inductance plethysmography; Te = expiration time;
Tr = inspiration time; Ttot = inspiration time + expiration time

Obstmctive sleep apnea syndrome (OSAS) is a
major public health problem with a prevalence
estimated at approximately 4% of adults in both
Western and Asian countries.!? Nasal continuous
positive airway pressure (CPAP) therapy for OSAS
has been the most effective and widely used treat-
ment.>s However, approximately 25% to 50% of
patients with OSA will either refuse to try or will not

54

tolerate CPAP therapy.5 Furthermore, some patients
do not respond to CPAP treatment, either without
symptom improvements or without reductions in
overall respiratory events. Finally, central apneas can
emerge with initiation of CPAP therapy, a condition
that has been called “complex sleep apnea.” Taken
together, these facts indicate significant variability of
the OSAS phenotype.
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Mixed apneas are characterized by a relative lack of
respiratory effort during the initial event period fol-
lowed by efforts against an occluded upper airway.
According to the American Academy of Sleep Medi-
cine Task Force in 1999, mixed apneas are pathophys-
iologically considered to be a part of obstructive
apneas.® Thus, patients whose apneas are mostly mixed
receive the clinical diagnosis of OSAS, even though
respiratory events in these patients may be primarily
central as opposed to obstructive. This may contrib-
ute to the fact that some patients with OSAS do not
show benelfit from CPAP therapy.

In this study, we hypothesized that even belore
sleep onset there would be a [undamental differ-
ence in the breathing pattern between patients with
mixed apnea-dominant OSAS (mix-OSAS) and those
with obstructive apnea-dominant OSAS (pure-OSAS);
moreover, this difference may affect CPAP accep-
tance and compliance. To examine these hypotheses,
the breathing pattern during wakefulness was analyzed
using conventional (linear) analysis of tidal volume and
frequency, as well as nonlinear analysis of the respira-
tory signal, an approach that does not depend on
breath identification. In addition, subsequent CPAP
compliance was compared hetween OSAS groups.

MATERIALS AND METHODS

Subjects

Subjects were selected from 987 patients referred to a sleep
laboratory with suspected sleep-disordered breathing who under-
went diagnostic polysomnography between 2003 and 2008. The
research database held values for the total number of apneas
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THE BorToM LiNng
How does this work advance the field?

Patients with mostly mixed apneas are diagnosed with and
treated for obstructive sleep apnea syndrome. More irregu-
lar breathing during wakefulness and poor adherence to
continuous positive airway pressure in patients with primar-
ily mixed apneas identifies clinically important variability in
the obstructive sleep apnea syndrome phenotype.

What are the clinical implications?

Patients with mixed apneas may have fimdamental differences

in respiratory control, which manifest as increased breathing

pattern variability during wakefulness. An assessment of
resting hreathing pattern variability during wakefulness may
be able toidentily these patients who are less likely to adhere
to subsequent continuons positive airway pressure therapy.

according to the each type (ohstructive, central, and mixed) for
each patient and measures of sleep latency, length, and state.
Torty-four patients with mix-OSAS (4.4% of the sample) were
identified and compared with patients with pure-OSAS (n=20)
and control subjects (n=10) randomly extracted [rom the same
database. A group with central apnea-dominant sleep apnea syn-
drome (pure-CSAS) (n =7) was also identified. Data were col-
lected on the Epworth sleepiness scale (285), medical history,
and current medications.

Inclusion Criteria

Mix-OSAS was defined as an apnea-hypopnea index (AHI) >20,
in which the number of mixed apneas during the diagnostic stady
was >30% of the total number of apneic events. Pure-QSAS
was defined by an AHI>>20 in a patient in whom all of the apneas
were obstructive apneas. The definition of pure-CSAS was a cen-
tral apnea index > 5, where the total number of centrul apneas
was greater than the number of obstructive apneas, or the pres-
ence of Cheyne-Stokes respiration. Patients with AIII < 5 were
defined as control subjects.

Analysis of the Respiratory Signal

Approximately 5 min of stable respiratory signal data before
sleep onset were extracted from the diagnostic polysomnography.
Respiratory signals were generated by the sum of chest and
abdominal signals using respiratory inductance plethysmography
(RIP). The stable respiratory signal was identified vsing the respi-
ratory signal itself as well as electromyogram (EMG) (chin and
limb) to detect any body movements. When the amplitude of the
EMG signal was high, that part of the signal was considered to he
during movement and inappropriate for analysis. In the analytic
phase of the study, investigators were blinded to the group assign-
ment, and each 5-min record of respiratory signal during EEG
staging of wakefulness was analyzed for breath-to-breath inspira-
tion time (T1), expiration time (TE), Tt + Te (Ttot), and tidal vol-
ume. To assess breathing irregnlarily, the coefficient of variation
{CV) ([SD/mean] X 100) for each parameter was calculated.

Sample entropy is calculated from the same data sample
(RIP-sum signals) but is not dependent on information of tidal vol-
ume or {requency per se. Rather, it is a statistical measure of the
predictability or regularity of the data set and is defined as the loga-
rithm of the difference between the probability that a vector X is
within a chosen distance r in m-dimensional space and the prob-
ability that the vector X is within the same chosen distance r in
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m + 1-dimensional space.® The probability densities_are nor-
mally estimated using the method suggested by Grassherger and
Procaccia!® In the present study, sample entropy of the raw respira-
tory signal (sampled at 10 ITz) was caleulated using standard param-
eters (m =2 and r= 0.2 X SD).? This information theory-based
wetric rcfleets linear and noulinear determinants of temporal pat-
tern variability with high values denoting less sell-similarity and
greater complexity. Comparisans of sample entropy of the original
time series were made with the sample entropy of surrogate duta
sets (n=19) to provide a statistical comparison between the sur-
rogate data sets as well as to provide a means for comparing results
of analyzing surrogate data and surrogate and original data through
computational algorithms. Surrogate data were computed using
the iterated amplitude-adjusted Fourier transform by moving the
data into the frequency domain for adjustment and then back into
the time domain while ensuring that both the frequency distribu-
tion (power spectrum/uutocorrelation function) and the amplitude
distribution are maintained.!"2 Sample entropy was computed over
multiple ime delays from unity up to one cycle length. Values
were averaged across time lags excluding those with high linear
correlations as defined by the first minimum of the mutual infor-
mation function. Average sample entropy (excluding small lags)
was reported for the surrogate and original data for each group.

Sleep Study

Data acquisition started from 9:00 pM and continued until
6:00 AM on the following morning,. Polysomnography was per-
formed using a polygraph system (EEG7414; Nihon Kohden;
Tokyo, Japan). EEG (C3-A2, C4-Al), bilateral electrooculogram,
submental EMG, ECG, and hilateral anterior tibial EMG were
recorded, Airflow was monitored nsing an oronasal thermal sensor
and/or nasal air pressure transducer. Thoracic and abdominal
respiratory movements were monitored using RIP (Respitmce;
Ambulatory Monitoring Inc; Ardsley, New York). Oxyhemoglohin
saturation and pulse rate were monitored using pulse oximetry with a
finger probe (OLV-3100; Nikon Kohden). All the signals were digi-
tized and stored on a personal computer. Apneas were defined as
an episade of complete airflow cessation measured from the ther-
mal sensor lasting > 10 s, Hypopneas were defined by 2 30% reduc-
tion in amplitude of the RIP-sum signal lasting > 10 s with =3%
oxygen desaturation. AIIl was caleulated as the average numher
of apnea-hypopnea events per hour over the total sleep period.

Continuous Positive Ainway Pressurc

Patients who had an AHI > 20 and any symptoms related to
OSAS were initiated on nasal CPAP (REMstar Anto; Respironics;
Pittshurgh, Pennsylvania, or GoodKnight 420E; Tyco Mallinckrodt;
Plaisir, France) with auto-titrating mode. All patients treated with
CPAP visited our sleep laboratory every month, and CPAP com-
pliance was monitored every month using data extracted from
the memory of the CPAP equipment for at least 12 months. At the
monthly visit to the laboratory, CPAP settings, including pressure
range or CPAP mode (auto or fix mode), were modified by an expert
physician if it was necessary. Eventually, most of the patients used
CPAP with auto-titrating mode during the follow-up period. Good
CPAP compliance was defined by use in >75% of days with >4 h
usage each night; otherwise, it was considered to be poor com-
pliance. CPAP acceptance was defined by whether a patient
refuses CPAP within 1 month after CPAP administration.

Statistical Analysis

The differences in age, sleep-disordered parameters, and CV
values between three groups {mix-OSAS, pure-OSAS, and control
subjects) were detected by one-way analysis of variance. When
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the analysis of variance was significant, probing of differences
within the model was done by ¢ tests of estimated marginal
means (simple main effects) with adjustments for multiple
comparisons made via the Bonferroni correction. The difference
in categorical variables between the three groups and the differ-
ence in CPADP acceptance and compliance were detected hy
x? test for independence. For the subanalysis, comparison hetween
pure-CSAS and mix-OSAS was done hy ¢ test. Differences with
P<.05 were considered significant. All results were expressed as
means £ SD. Statistical analysis was done with SPSS, version 10.0
for Windows software {(SPSS Tnc; Chicago, Tllinois).

Resurts
Subject Characteristics

Among 44 patients with mix-OSAS, eight were
excluded from the analysis because sufficient respira-
tory signal data could not be extracted because of noise;
thus, 36 patients with mix-OSAS were enrolled in the
study. Table 1 shows subject characteristics for each
group. Significant differences in ESS were not observed.
There were significant differences in age, AHI, and
BMI hetween the three groups; however, a post hoc
test did not indicate significant differences between
mix-OSAS and pure-OSAS groups. In addition, four
subjects suffered from arrhythmias, including chronic
atrial Rbrillation (n = 3) and atrioventricular block
(n=1), in the mix-OSAS group. Another two patientsin
the mix-OSAS group had a past history of cerebral
infarction. In contrast, no patients had a history of
arthythmias or cerebral infarction in the pure-OSAS
and control groups. The use of medications for hyper-
tension, hyperlipidemia, and diabetes mellitus were
similar between groups. No patients were using opi-
oid or hypnotic medications.

Table 1—Subject Characteristics

Control
Mix-OSAS Purc-OSAS  Subjects
Characteristic (n=236) {n=20) (n=10) PVahe
Age,y 568+130 409+119 425+96 <.01
AHI, per h 658178 59.1*158 32x13 <.001
ESS 11.2+48 117270 8.0+x3.8 NS
BMI, kg/m? 282+38 27740 24437 <05
Arrllythmia 4/36 (11.1) 020 (0) 0710 (0) NS
Hypertension 15/36 (41.7)  7/20 (35) 2/10 (20) NS
Hyperlipidemia 8/36(22.2) 3R0(15)  1/10(10) NS
Dinbetes mellitns 6/36 (16.7)  2/20 (10) 1/10 (10) NS
Past h!slory of 2/36 (5.6) 0/20(0) 0/10 (0) NS
cerebral
infarction

Data are shown as mean % SD or No. (%). AHI = apnca-hypopnea
index; ESS = Epworth Sleepiness Seale; mix-OSAS = mixed apnea-
dominant obstructive sleep apnea syndrome; NS = not significant;
pure-OSAS = ohstructive apnea-dominant ohstructive sleep apnea
syndrome.

sSignificant dillerence (rom mix-OSAS, P<.01,

Significant difference from mix-OSAS, P<.08.
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Breathing Irregularity During
Rest Before Sleep Onset

Figure 1 shows examples of RTP-sum signals during
wakelulness for two subjects with mix-OSAS and two
subjects with pure-OSAS. These tracings highlight
the more irregular hreathing pattern prior to sleep
onset in mix-OSAS as compared with pure-OSAS.
The average interval between the end of the extracted
respiratory signal and sleep onset time in mix-OSAS,
pure-OSAS, and control subjects was 10.0 +18.2,
7.5%7.1, and 18.5 + 32.8 min, respectively (data are
not shown). This suggests that the irregularity of the
extracted respiratory signal was not affected by drowsi-
ness or an oscillation to sleep state. The CV values for
T1, TE, and Ttot in patients with mix-OSAS were sig-
nificantly higher than in pure-OSAS and control sub-
jects (T1: 31.5+18.8, 14.5£10.2, 15.9*7.5; TE:
41.9+£23.5,18.5£8.1,19.5 £6.0; Ttot: 29.7 % 16.6,
13.0* 6.5, 14.3 £ 6.0, respectively). Moreover, the CV
of tidal volume in the mix-OSAS group was signifi-
cantly higher than in pure-OSAS and control groups
(37.013.3,18.8+ 8.6, 23.1 + 10.4, respectively) (Fig 2).
Sample entropy for the respiratory signal in the
mix-OSAS group was greater than that in both the
pure-OSAS and control groups (1.42+0.15, 1.20+0.16,
1.19+0.25, respectively). These findings sufzgest that
there is greater complexity, less predictability, and
thus greater variability in the mix-OSAS group as com-
pared with hoth the control and pure-OSAS groups.
However, this difference between groups remained
when sample entropy of surrogate data were mea-
sured, suggesting that this difference may come from
linear determinants of pattern variahility in these two

groups (Fig 3).

mix-0SAS

CPAP Acceptance and Compliance

In the mix-OSAS group (n = 36), all patients were
treated with CPAP; however, one subject’s data for
CPAP usage were not recorded. Excluding this subject,
only 17 out of 35 patients with mix-OSAS (48.6%) had
acceptable compliance and acceptance. On the other
hand, in the pure-OSAS group (n = 20), three patients
chose other treatments, including oral appliance,
lateral positional sleep, and weight loss, rather than
CPAP; thus 17 patients were treated with CPAP. One
subject’s data for CPAT usage were not recorded. Thus,
16 patients with pure-OSAS were eligible for analysis
of CPAP compliance. Among them, 13 patients (81%)
had a good compliance and acceptance, whereas only
three patients refused or could not tolerate CPAP
within 1 month (Table 2). The main reasons for poor
CPAP acceptance and compliance were an uncom-
fortable feeling with CPAP and having a sensation of
it being hard to breathe and fall asleep. Some reported
removing CPAP without awareness during sleep.
Also, none of the three patients who refused or conld
not tolerate CPAP treatment felt any improvement in
symptoms such as excessive daytime sleepiness, morn-
ing headache, and sleep quality.

Comparison of Mix-OSAS and Pure-CSAS Groups

Among subjects with pure-CSAS, six patients were
suitable for the analysis, as one patient did not have a
sufficient length of stable respiratory signal for the
analysis. The central apnea index for the pure-CSAS
group was 15.3 +12.1. Their age and BMI were
64.7%10.2 years and 25.3 + 2.4, respectively, which
were similar to the mix-OSAS group. Moreover, the

Patient A A\ AAANAANMA AMAAMNANMANAMAAANNAAA~AAAANNANNAAANANAAAAN

Patient B VWAMWAMAMAMMAMNANAANAAMAMMMAMAAAAN AANAMARAAANAANAAA M

i

purc-OSAS

Patient C  SNVANANAANNANASAANANANNNANAANNANAANAANANAAAANAAANAANAAA N

Patient D AMVMAMANMAAANNAAANNANAAAMANAAAANANAAAAANANANNAANAANNAANMAANAANAN

patients with mix-OSAS and two patients wit

30sec

FIGURE L. Respiratory inductance plethysmogmphy (RIP)-sum tracings prior to sleep onset in two
pure-OSAS. Respiratory Eattems are more irregular

in mix-OSAS as compared with pure-OSAS. mix-OSAS = mixed apnea-

ominant obstructive sleep

apnea syndrome; pure-OSAS = ohstructive apnea-dominant obstructive sleep apnea syndrome.

www.cheastpubs.org

CHEST/140/1 7 JULY, 2011 57

Downloaded from chestjournallchestpubs.org at Nara Medical University on July 5, 2011
© 2011 American College of Chest Physicians



A& T g QIR

[
facts i {RA% prre-CHE AR
B pe i peBnl
% Bl
i
wl
f
Comirrd iSRS pare-DISAS
- Teod P00 o< 0.1
L -
bl q
4f

i SN Wow———
et o AESAS puare DEAS
< {0 s (04
il Widoms r . #
" I
B
i
b
ol wain CISAE prarnLIGAR

Freune 2. Coelficiesis of varkation (OV) fe breatleto-heeath
respiratory sarialles during resting beeatllng before sleap oatet.
Walnes wre mean = 800 A, To. B, Te. &, Teor, U, Tidal volome
Hasting breathing doring wakelulness wae more trregulas in
patients with mie-O5A5 than in Lhose with pore-D5AS and
control suhjects as expressed by higher OV walues in all respi-
ratary wirtehles Te = eapieation tmey TV = fnspiation thme;

&8

p e as R

e

.
.
L penms
:
#

@

20 g ,”

T

Cormtal

TGS pra-LEaS

Frogm 3 Sempla m&i‘m?y vathuses for original dutis set (hlack dar)
sl surrggatie daka set {gry Tac). Valuis are mepn £ 51 Ses
Fignen } Ingendl far expansion of abbrevialions,

CV of Tr, TE, Ttot, and Hdal volume in pure-CSAS
were 4B E£65,338292, 239270, nnd 346 £ 85,
respectively, which were similar to the values for the
mix-08AS group. In addition, the sample entropy of
the pore-CSAS group was 1.34 & 0.17 bils, which was
comparable to that oliserved in the mix-0SAS group
{P=24). However, the sample entropy of the smro-
gate datn were 1.46 %020 bits in the pure-CSAS
group, which was lower than that ohserved in the
mix-OSAS group (P<.05). Taken tagethor, these
data suggest that the overall complesity and variahil-
ity of %ﬁi breathing pattern is similar between the
pure-CSAS and the mix-08AS gronps, but that there
are some differences in linear determinants of pat-
tern variahility.

Discussion

The present study suggests breathing frregularity
during wakeluluess, as quantified by bath linewr and
nonlinenr metries, is greater in patients with mix-0SAS
as compared with patients with pure-O8AS and con-
trol subjects. Additianally, a secondary comparison
indicated that breathing trregularity in patients with
mix-OSAS is similar to those with pure-CSAS. This
linding suggests an intrinsic pathophysiolagy in the
respiratory control system for breathing rhythm and
depth in patients with miz-0SAS, Furthermore, this
instability of breathing at rest might have some pre-
dictive importance in regard to CFAT acceptance and
campliance, ns there was significantly poarer CPAP
adherence in the mix-05AS group as compared with
the pure-OSAS group.

Breathing irregularity during wakelulness s assoel-
ated with genetic diseases such as Rett syndrome, .45
with certain environments such as high altitude, ™7

Trot= Ti+Te. Sex Figure 1 legend for expansion of other
rbbrevintiong,

Qelgirnd Pogasrch
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Table 2—CPAP Compliance and Acceptance

Mix-OSAS Purc-OSAS
CPAP Usage (n=35) (n=16) PValue
Goad compliance 17 13 . <.0
Poor compliance 16 1 <.m
Poor acceptance 2 2 NS

CPAP = continuous positive airway pressure. See Table 1 legend for
expansion of other abbreviations.

“One patient was excluded [rom the analysis because of loss of CPAP
compliance data.

Four patients were excluded from the analysis hecause three paticnts
were given other treatments and one patient’s CPAP data were lost.

with treatment with opioid medications, 15 and with
medical conditions including heart failure% and
cerebral infarction.®* These phenomena reflect par-
ticular [eatures of the respiratory control system
involving respiratory rhythm generation and/or cen-
tral and peripheral chemoreception. In the present
study, we ohserved greater respiratory variability
(as measured by CV of respiratory intervals) in the mix-
OSAS group as compared with the pure-OSAS and
control groups. This increase in breathing pattern
variability was observed during a period of wakeful-
ness, when it is rare for scoreable apnea and/or hypo-
pnea events to occur. This finding suggests that the
central respiratory control system in patients with
mix-OSAS is dilferent from those with pure-OSAS.
To further investigate this difference, we quantified
the morphology of the breathing pattern using sam-
ple entropy. This analysis identified a greater com-
plexity and less predictability in the mixed group as
compared with the control and obstructive groups. Il
this increased variability in the mixed group were due
to nonlinear relationships in the data, we would expect
that differences in sample entropy to be lost when
looking at the surrogates. However, since these dif-
ferences between the mixed and control and obstruc-
tive groups persisted on analysis of the surrogates, we
concluded that the variability differences between
the groups were primarily due to linear (stochastic)
relationships in the data. The presence of these dif-
ferences in the awake breathing patterns in these
patients further supports the idea that there are fun-
damental differences in the respiratory control sys-
tem in patients with mix-OSAS.

The pathogenesis for obstructive sleep apnea has
been the focus of much study across the world. Ana-
tomic features are key, but the neuromuscular control
system also contributes to the pathogenesis of upper
airway obstruction.®? In this regard, OSA is already
a fairly complex disease. Moreover, it has been pro-
posed that the interaction of respiratory output to the
upper airway and diaphragm may determine the
expression of apnea types, such as central and obstruc-

www.chestpubs.org

tive. Thus, individuals may manifest apneas with both
obstructive and central components. The relative pro-
portion of these components would depend on indi-
vidual factors, which may be genetic or secondary to
a medical condition. Taken together with our findings,
we speculate that mixed apneas are closer to central
apneas than to obstructive apneas. Although one can
score each apnea as a mixed or obstructive apnea, the
diagnosis must be OSAS because in the current
American Academy of Sleep Medicine definition set
a mixed apnea is considered as an obstructive apnea,?
and “mixed sleep apnea syndrome” has not heen
defined. The present findings also suggest that vari-
ability in the OSAS phenotype may be one reason for
the variability in CPAP treatment effectiveness for
this group.

Poor CPAP compliance in the mix-OSAS group
compared with the pure-OSAS group suggests that
just opening the upper airway with a pressure splint
is not always effective in patients with mix-OSAS.
Among 36 patients with mix-OSAS, none had nasal
disease; however, four patients had arrhythmias
including chronic atrial fibrillation and two patients
had a past history of cerebral infarction. As arrhyth-
mias as well as cerebral infarction could affect respi-
ration, the analyses were also performed in a subgroup
excluding the six patients with these conditions, Flow-
ever, the significant differences in CV values between
the mix-OSAS and pure-OSAS groups remained,
suggesting that the presence of the arrhythmias and
past history of cerebral infarction might be a surro-
gate marker and not necessarily the main reason for
the respiratory irregularity observed in the mix-OSAS
group.

Complex sleep apnea syndrome (CompSAS) is a
novel category of sleep-disordered breathing that
describes patients with obstructive apneas who develop
frequent central apneas or Cheyne-Stokes respiration
after successful application of CPAP2 It has been
demonstrated that spectral analysis of ECG-based
cardiopulmonary coupling distinguishes pure obstruc-
tive apnea from central or complex sleep apnea.®
Moreover, patients with CompSAS show poor CPAP
adherence.® Our study focused on mix-OSAS breath-
ing detected during diagnostic PSG (before CPAP
application). Although mixed-OSAS is distinct from
CompSAS, similarities to CompSAS are relevant to
our findings. Our study indicates that breath-to-breath
analysis of breathing during wakefulness, which may
be easier than spectral analysis of ECG-based cardio-
pulmonary coupling during sleep, might be able to
not only distinguish mixed apnea dominant from
pure obstructive sleep apnea but also predict CPAP
adherence.

There are several potential limitations of the pres-
ent work. First, arterial blood gas analysis was not

CHEST /140/1/ JULY, 2011 50

Downloaded from chestjournal.chestpubs.org at Nara Medical University on July 5, 2011
© 2011 American College of Chest Physicians



performed. Thus, a possible effect of hypccapnia on the
irregular breathing during wakefulness in mix-OSAS
or in those with central apneas cannot be excluded.
However, if such a difference were present it would
be another reason to suggest that the root cause for
breathing irregularity is diflerent. Second, repeat
polysomnography with CPAP was not performed at
follow-up. Of note, three patients with mix-OSAS had
relatively high AHT (roughly around 10.0) during rou-
tine CPAP use as documented in the adherence report
generated by CPAP equipment and obtained from
CPAP memory. Thus, it is possible that patients
with mix-OSA may be more likely to develop CPAP-
emergent central apneas. Third, this was a retrospec-
tive clinical sample. Given the 4% to 5% prevalence
of mix-OSAS, it would be difficult to do a prospective
study to examine this issue. However, we point out
that the recordings were extracted before a sleep
study, and the matching to other groups was randomly
done and analyzed in the same manner. In this regard
there may be a bias that the recordings were acquired
before sleep. Although all records were scored for
state (in this case wakefulness using standard criteria)
by investigators blinded to the group assignment,
there may be dillerences in cortical control of breath-
ing in patients with mix-OSAS and central apneas as
compared with those with purely obstructive events.
Whether the structure of breathing is also different at
other times of the day during quiet wakefulness would
need to be studied separately.

In summary, we conclude that irregular breathing
during wakefulness and poor adherence to CPAP
in the mix-OSAS group suggest distinct features of
mix-OSAS as compared with pure-OSAS and con-
trol subjects. Mixed apneas may be part of central
apneas rather than obstructive apneas, and specific
or additional treatment using CPAP may be needed
to treat patients with mixed apnca-dominant sleep
apnea. Furthermore, an assessment of resting breath-
ing pattern variability during wakefulness might be
not only a window to explore the central respiratory
control system but also a new tool to distinguish clini-
cally important OSAS phenotypes.
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