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Association of Sleep-Disordered Breathing and Ventricular

Arrhythmias in Patients Without Heart Failure

Yuki Koshino, MD*"*, Makoto Satoh, MD, PhD®, Yasuko Katayose, MDP, Kyo Yasuda, MD, PhD",

Takeshi Tanigawa, MD, PhD¢, Noriyuki Takeyasu, MD, PhD?, Shigeyuki Watanabe, MD, PhD?,

Iwao Yamaguchi, MD, PhD?, and Kazutaka Aonuma, MD, PhD?

The prevalence and characteristics of sleep-disordered breathing (SDB) in patients with
ventricular arrhythmias, such as premature ventricular complexes and ventricular tachy-
cardia, are unknown. Therefore, this study was conducted to evaluate the prevalence of
SDB in patients with severe ventricular arrhythmias and normal left ventricular (LV)
function. Thirty-five patients (63% men, mean age 57.4 = 13.8 years) underwent a sleep
study. All patients had ventricular tachycardia or frequent premature ventricular com-
plexes (=300/hour) and had been referred to the cardiology department for medication,
catheter ablation therapy, or the implantation of a cardioverter-defibrillator. Patients with
heart failure with LV ejection fractions <50% were excluded; in the remaining patients, the
mean LV ejection fraction was 63.9 + 8.0%. Twenty-one patients (60%) had SDB with
apnea-hypopnea indexes =5/hour, and the average apnea-hypopnea index was 22.7 +
17.9/hour. Twelve patients (34%) had moderate to severe SDB, with an average apnea-
hypopnea index of 33.6 x 16.6/hour. Central dominant sleep apnea was evident in 3
patients with SDB. The average age and body mass index were significantly higher in
patients with SDB than in those without SDB (age 62.0 = 12.8 vs 50.6 = 12.7 years, body
mass index 26.3 % 4.0 vs 21.2 * 2.0 kg/m?). In conclusion, this study found a high prevalence

of SDB in patients with ventricular arrhythmias and normal LV function.

© 2008 Elsevier

Inc. All rights reserved. (Am J Cardiol 2008;xx:xxx)

Some previously reported studies that analyzed the occur-
rence of sleep-disordered breathing (SDB) with ventricular
arrhythmias involved only patients with heart failure.’-3 In
patients with heart failure, ventricular arrhythmias occur
frequently not only because of SDB but also because of
cardiac dysfunction itself, resulting in sympathetic nerve
activity.* Other studies have reported a high occurrence of
ventricular arrhythmias in patients with SDB.5:¢ We tested
the hypothesis that patients with ventricular arrhythmias are
more likely to have SDB even without heart failure. We
studied 35 patients with ventricular arrhythmias who did not
have major co-morbid disorders that could contribute to
sleep disruption or desaturation. This study examined the
prevalence and severity of SDB in patients having ventric-
ular arrhythmias without heart failure.

Methods

Study population: We prospectively studied consecu-
tive patients referred to the Cardiology Department of
Tsukuba University Hospital, Tsukuba, Japan, from Decem-

Departments of “Cardiology and "Sleep Medicine, Institute of Clinical
Medicine, and “Department of Public Health, Institute of Social and En-
vironmental Medicine, Graduate School of Comprehensive Human Sci-
ences, University of Tsukuba, Tsukuba, Japan. Manuscript received Au-
gust 7, 2007; revised manuscript received and accepted October 25, 2007.

This study was supported in part by Research Grant for Cardiovascular
Disease 17C-5 from the Ministry of Health, Labor and Welfare, Tokyo, Japan.

*Corresponding author: Tel: 81-29-853-3143; fax: 81-29-853-3143.

E-mail address: y-koshino@umin.ac.jp (Y. Koshino).

0002-9149/08/$ - see front matter © 2008 Elsevier Inc. All rights reserved.

doi: 10.1016/j.amjcard.2007.10.056

ber 2005 and September 2007 who had ventricular tachy-
cardia (VT) or frequent premature ventricular complexes
(PVCs). Patients were referred for the following reasons: (1)
the need for medication to control VT or frequent PVCs, (2)
electrophysiologic study or catheter ablation therapy for VT
or frequent PVCs, or (3) the implantation of a cardioverter-
defibrillator for VT. Patients were excluded from enroll-
ment if they had any of the following conditions: a left
ventricular ejection fraction <50% by echocardiography,
primary severe valvular heart disease, obstructive lung dis-
ease, pharyngeal disease, renal disorders, clinical signs of
central or peripheral nervous system impairment, or history
of stroke. Thirty-five patients (63% men, mean age 57 * 14
years, mean ejection fraction 64 * 8%) met the entry
criteria. The initial assessment included routine blood tests,
12-lead electrocardiography, and echocardiography. Hyper-
tension was defined as the presence of =1 of the following
conditions: systolic blood pressure at rest =135 mm Hg,
diastolic blood pressure at rest =80 mm Hg, or treatment
with antihypertensive medication. Hyperlipidemia was de-
fined as total cholesterol =220 mg/d! or low-density li-
poprotein =150 mg/dl, the use of lipid-lowering therapy, or
a documented diagnosis of hyperlipidemia. Diagnoses of
diabetes mellitus and other prevalent chronic diseases were
recorded according to clinical histories and the use of spe-
cific medications, as revealed by review of the patients’
charts.

Written informed consent was obtained from all subjects,
and the study protocol was approved by the ethics commit-
tee of the University of Tsukuba.

www.AJConline.org
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Figure 1. Frequency distribution of AHI in S/hour- to 15/hour-unit intervals
in 35 patients with ventricular arrhythmias. Fourteen patients (40%)
showed no evidence of SDB, whereas 21 patients (60%) had SDB with
AHIs =5/hour.

Arrhythmia analysis: Isolated and grouped ventricular
ectopic activities were analyzed. VT was defined as =3
consecutive PVCs at a rate > 100 beats/min. Frequent PVCs
were defined as >300 PVCs/hour on 24-hour Holter elec-
trocardiography. Day-night patterns of ventricular arrhyth-
mias were evaluated by 24-hour Holter electrocardiography
or bedside monitoring records in the hospital. Day was
defined as 6 am to 9 pm and night as 9 pM t0 6 aM.

Polysomnography: Sleep evaluations of all 35 subjects
were conducted by a sleep specialist at the Tsukuba Uni-
versity Hospital sleep disorder center. All subjects had un-
dergone standard sleep studies, which were performed by
monitoring of electroencephalography, electro-oculography,
electromyography, electrocardiography, thoracoabdominal ex-
cursions, pulse oximetry, and naso-oral airflow with an Al-
ice 4 (Respironics, Pittsburgh, Pennsylvania).

Apnea was defined as the cessation of inspiration for
=10 seconds. All such events were counted irrespective of
the degree of oxygen desaturation or presence of arousal.
Obstructive apnea was defined as the absence of airflow in
the presence of rib cage and/or abdominal excursions. Cen-
tral apnea was defined as the absence of rib cage and
abdominal excursions with the absence of airflow. Hypop-
nea was defined as a reduction in airflow of =30% with a
decrease in oxygen saturation (SaO,) of =4% for =10
seconds in the presence of thoracoabdominal ventilatory
efforts. The apnea-hypopnea index (AHI) was calculated as
the sum of apneic and hypopneic events per hour of sleep.”
The diagnosis of central sleep apnea required an AHI =5/
hour, with =50% of the events determined to be central
rather than obstructive. We used an AHI of 5/hour as the
threshold. Mild SDB was defined as S/hour =AHI <15/
hour, moderate SDB was defined as 15 =<AHI <30/hour,
and severe SDB was defined as AHI =30/hour.

Epworth sleepiness scale (ESS): The ESS is a fre-
quently used, 8-item, self-administered subjective measure
of sleepiness. A subject rates, on a scale of 0 to 3, the
likelihood that he or she will doze off or fall asleep during
8 different situations commonly encountered in daily life.
Scores are tallied across the 8 items to compute an ESS
score; an ESS score =11 is considered indicative of sub-
Jective sleepiness. This scale has previously shown a high
level of internal consistency among its 8 items, high test-
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retest reliability, and the ability to distinguish patients with
excessive daytime sleepiness from normal subjects.

Statistical analysis: Results are expressed as mean = SD.
Comparisons of continuous variables between groups were
made with unpaired Student’s ¢ tests when appropriate and
otherwise with the Mann-Whitney test. Categorical vari-
ables were compared using Fisher’s exact test or the chi-
square test, depending on which was more appropriate. A p
value <0.05 was considered significant.

Results

The frequency distribution of the AHI in 5/hour- to 15/hour-
unit intervals for the 35 patients with ventricular arrhythmia
is depicted in Figure 1. Twenty-one of 35 patients (60%)
had SDB, with mild SDB noted in 26% of patients (mean
AHI 8.2 = 2.5/hour), moderate SDB in 14% (mean AHI
21.8 = 3.7/hour), and severe SDB in 20% (mean AHI
45.5 *= 16.0/hour).

The clinical characteristics of the 2 groups are listed in
Table 1. The gender difference between patients with and
without SDB was not statistically significant. Patients with
SDB were older than those without SDB, and their body
mass indexes (BMIs) and waist circumferences were signif-
icantly higher than those of patients without SDB. No sta-
tistical differences were noted in rates of obesity (BMI =30
kg/m?), hypertension, diabetes mellitus, hyperlipidemia,
and cardiac disease between the 2 groups. The mean ESS
score was <11 in the 2 groups and was not statistically
different between the 2 groups.

There was no difference in the type of ventricular ar-
rhythmias and the day-night pattern of the arrhythmias be-
tween the groups, as listed in Table 2. The results of the
sleep study are listed in Table 3. Comparison of patients
with and without SDB showed that those with SDB had
significantly increased arousal indexes and percentage SaO,
<90% and significantly decreased mean and lowest SaO,.

The clinical characteristics of the 12 patients with mod-
erate to severe SDB are listed in Table 4. Three of these
patients had predominantly central sleep apnea (mean cen-
tral apnea AHI 17.0 * 6.6/hour). Three patients had ven-
tricular arrhythmia occurring during night rather than day.

Discussion

The novel findings of the present study are that approxi-
mately 60% of patients with ventricular arrhythmias had
SDB. This is the first report to show a strong association
between SDB and ventricular arrhythmias in patients with-
out heart failure. Among such patients, mild SDB was
diagnosed in 26% and moderate to severe SDB in 34%. To
our knowledge, no data are available regarding the preva-
lence of SDB in patients with ventricular arrhythmias oc-
curring without heart failure, although several previous
studies showed a relation between SDB and ventricular
arrhythmia complicated by heart failure.'-> Because im-
paired heart function increases sympathetic activity, result-
ing in ventricular arrhythmia,* heart failure is thought to
exacerbate ventricular arrhythmia. However, the contribu-
tion of SDB to sympathetic activity in patients with ven-
tricular arrhythmia and normal cardiac function has not
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Table 1
Patient characteristics
Variable SDB p Value
Yes No
(n=21) (n=14)
Age (yrs) 62+ 13 5113 0.01
Men 15 (71%) 7 (50%) 0.4
BMI (kg/m?) 263 £40 212290 0.0003
No. with BMI =30 kg/m? 4 (19%) 0 (0%) 0.1
Waist circumference (cm) 91 £ 12 78+ 8 0.003
Systolic blood pressure (mm Hg) 122 + 12 118 =13 0.2
Diastolic blood pressure (mm Hg) 69 = 10 66 = 10 0.2
Heart rate (beats/min) 64 + 10 69 = 11 0.09
Echocardiographic characteristics
Left ventricular ejection fraction (%) 64.0 = 82 63.6 £ 8.0 0.4
Mitral valve E/A ratio 09 04 (n = 19)* “1.2x05(m = 13)* 0.09
Deceleration time (ms) 253 + 62 225 + 38 0.09
Cardiovascular disease risk factors
Hypertension 6 (29%) 2 (14%) 0.4
Diabetes mellitus 1 (5%) 0 (0%) 1
Hyperlipidemia 2 (10%) 2 (14%) 1
=20 pack-year smoking history 10 (48%) 6 (43%) 0.9
Cardiac disease manifestations
Mpyocardial infarction 3(14%) 2 (14%) 1
Angina pectoris 3(14%) 1 (7%) 0.6
Atrial fibrillation 4 (19%) | (7%) 0.6
Medications at discharge
Amiodarone 4 (19%) 2 (14%) i
B blockers 10 (48%) 4 (29%) 0.3
Disopyramide 0 (0%) 1 (7%) 04
Pyridine hydrochloride 1 (5%) 0 (0%) 1
Mexiletine hydrochloride 1 (5%) 0 (0%) i
Sotalol hydrochloride 1 (5%) 0 (0%) i
ESS score 7.1 =36 6.0 4.5 0.2
No. with ESS score =11 6 (29%) 2 (14%) 0.4
* Mitral valve A-wave velocity could not be measured in 2 of the patients with SDB and | patient without SDB because of chronic atrial fibrillation.
Table 2 Table 3
Relation between ventricular arrhythmias and sleep-disordered breathing Polysomnographic characteristics in 30 ventricular arrhythmia patients
Variable SDB p Value with or without sleep-disordered breathing
Variable SDB
Yes No
(n =21) (n=14) Yes No
- . (n =21 (n = 14)
Type of ventricular arrhythmia
PVCs =300/hour 16 (76%) 10 (71%) 0.9 AHI (n/h) 227179 1.3+ 1.0
Couplet 3 (10%) 1 (7%) 0.6 Central apnea (n/h) 33+6.2 03+04
vT 19 (91%) 14 (100%) 0.5 Obstructive apnea (n/h) 75 %97 02+04
Day-night pattern of ventricular Arousal index (n/h) 26.8 = 12.0 123 6.1
arrhythmia Nocturnal SaO, (n = 18)* (n = 14)
Day >night 12 (57%) 7 (50%) 0.7 Mean Sa0, (%) 93 + 3 96 =2
Day = night 6 (29%) 5 (36%) 0.7 Lowest Sa0, (%) 81 =9 893
Day <night 3 (14%) 2 (14%) 1 Percentage SaO, <90% 9+ 16 0

* Sa0, could not be detected in 3 patients with SDB because of frequent

been extensively discussed. In this study, all participants
had clinically severe ventricular arrhythmias without heart
failure.

Interestingly, there was no difference either in ESS score
or the number of patients with ESS scores =11. This result
showed that patients had no symptoms of daytime sleepi-
ness even with SDB. Among subjects participating in the
Sleep Heart Health Study (SHHS), although there was a
strong association of AHI with self-reported sleepiness,
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PVCs with bigeminal cycle through most of the night. Therefore, these
patients were excluded from SaO, calculations.

most subjects with AHIs =5/hour did not report excessive
sleepiness,® indicating that self-report measures may under-
estimate the severity of sleepiness in the setting of hyper-
somnolence.

Another novel finding of this study involved BMI in the
patients with SDB; our patients had a mean BMI of 26.3 *



Table 4

Demographics, left ventricular ejection fractions, and disordered breathing events in patients with ventricular arrhythmia with moderate to severe sleep-disordered breathing

Percentage
Sa0, <90%

Lowest
Sa0, (%)

AHI (n/h) Central Obstructive Arousal Mean
Apnea (n/h) Sa0, (%)

ESS

Day-Night Pattern

Left Ventricular
Ejection Fraction (%)

BMI (kg/m?)

Gender

Age (yrs)

Patient

Index (n/h)

Apnea (n/h)

of Arrhythmias

54
75
87
75
85

89
88
95
95
94

60
18
30

64
24
31
33
28

8
12
S
6
6

89
89
94
94

31

23

12

58

18
19
19
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69
62

28.7
26.8
25.5
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75
78
78

10
11*
12

* 8a0, in patient 11 could not be detected precisely because of frequent PVCs.

4.0 kg/m”, with 19% having BMIs =30 kg/m>. Compared
with previous reports®'! from Western nations, data from
patients with SDB in the present study revealed lower BMIs
and a low rate of obesity. One report estimated the preva-
lence of obstructive sleep apnea in an Asian population.'?
Kim et al'? reported that the prevalence of SDB in Korea
was 27% in men and 16% and women, and the mean BMI
was 26.5 * 2.9 kg/m? in men and 26.9 * 4.1 kg/m” in
women. These are provocative results because obesity, a
strong risk factor for SDB, is prevalent in white populations
but is relatively uncommon in Asian countries.

In addition, 3 of the patients with SDB experienced
ventricular arrhythmia more often at night than during the
day, suggesting that conditions associated with SDB may

.- lead to ventricular arrhythmias. Gami et al'* reported that
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patients with SDB have a peak in sudden death from cardiac
causes during the sleeping hours, which contrasts strikingly
with the nadir of sudden death from cardiac causes during
this period in subjects without SDB. In the present study, 1
of the patients without SDB was also found to have ven-
tricular arrhythmia more often at night than during the day.
This patient had an arousal index of 28.1/hour and an AHI
of 18.1/hour when we estimated hypopnea as the occurrence
of a =50% reduction in airflow lasting =10 seconds with an
arousal. Interestingly, PVCs in this patient stopped synchro-
nizing with arousal. No previous report has shown a relation
between nocturnally occurring PVCs and arousal. This find-
ing suggests that not only arterial desaturation but also
arousal may be related to the occurrence of ventricular
arrhythmias.

Previous studies have shown a relation between repeti-
tive intermittent hypoxia and ventricular arrhythmias.!3-1¢
Alexander'” reported that at high altitude, normal elderly
subjects experienced increased heart rate and greater fre-
quency of PVCs and VT when arterial Sa0O, reached 70%.
Shepard et al'® reported that in patients with SDB with Sa0O,
<60%, a significant increase in PVC frequency was de-
tected with decreasing SaO,. In patients with SDB, they
suggested that repetitive obstructions to normal breathing
during sleep induce hypoxemia and hypercapnia, which
(acting through the chemoreflexes) elicit increased sympa-
thetic activity that induces ventricular arrhythmias.

Altered cardiovascular variability affects predominantly
patients with moderate to severe sleep apnea.'®->* In pa-
tients with SDB, ventilation and blood pressure increase
substantially during hypoxic breathing. Peripheral chemo-
receptors, which primarily respond to blood oxygen, are
detected with high sensitivity in SDB. In patients with SDB,
the chemoreflex appears to be a potent mechanism for
sympathetic activation, overriding the combined restraining
influences of increased blood pressure and increased venti-
lation. Enhanced chemoreflex sensitivity in SDB may ex-
plain the exaggerated sympathetic response during hypox-
emic episodes, resulting in autonomic activity—dependent
arrhythmias.?#-26

Our study had several limitations. First, because of tech-
nical limitations, SaO, monitoring results of the patients
with frequent PVCs were excluded because these data were
thought to be underestimated. However, hypopnea could be
analyzed by the occurrence of a 250% reduction in airflow
lasting =10 seconds with an arousal. Second, the diagnosis
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of sleep apnea was provided by a study based on a single
night in a sleep laboratory. However, this is the standard
procedure followed for the diagnosis of sleep apnea in the
clinical setting. Third, there was no control group. However,
compared with the previous epidemiologic studies,!2t3 the
prevalence of SDB was revealed to be significantly high in
this study.
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Abstract Information on obstructive sleep apnea-hypo-
pnea syndrome (OSAHS) in Japan has been limited. The
purposes of this clinical study were to evaluate the
demographic characteristics of Japanese OSAHS patients
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and to assess how demographic factors are associated with
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underwent polysomnographic evaluation between January
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Prefecture, Japan. Data consisted of apnea—hypopnea index
(AHI) and demographic characteristics, including sex, age,
and body-mass index, for statistical analysis. Levels of
obesity were classified according to the WHO criteria. The
male-to-female patient ratio for OSAHS was 4.6, and male
patients presented more severe OSAHS than female
patients. High AHI and a high proportion of moderate to
serious OSAHS (AHI>15) were found among the patients
in their 30s, as well as female patients in their 70s and male
patients in their 80s. The AHI and the proportion of
moderate-to-serious OSAHS (AHI>15) were greater in
patients classified as underweight than in normal weight
patients. In conclusion, there is a higher male predominance
in the prevalence of OSAHS, and in both sexes, the results
suggest different pathophysiological mechanisms of deteri-
orating OSAHS between adults under age 55 and adults
55 years or over. In addition, underweight patients exhibit
more severe OSAHS than normal weight patients.

Keywords Apnea-hypopnea index - Body-mass index -
Demographic characteristics - Japanese - Obstructive sleep
apnea—hypopnea syndrome - Polysomnography

Introduction

Obstructive sleep apnea-hypopnea syndrome (OSAHS) is
a disorder characterized by repeated apneas and/or hypo-
pneas and is known to increase the risk of hypertension,
cardiovascular diseases, stroke, and mortality [1-4]. Wak-
ing after apnea or hypopnea disrupts the quality of sleep at
night. Chronic sleep disturbance causes daytime sleepiness
and decreased concentration associated with increased risk
of motor-vehicle accidents [5, 6] and occupational accidents
[7]. For these reasons, OSAHS is an issue of great concern
in both clinical medicine and public health.

The severity of OSAHS is an important aspect of the
disorder. The apnea-hypopnea index (AHI) reflects the
severity of OSAHS. A person with AHI greater than or equal
to 5 is diagnosed as having OSAHS, and a patient with AHI
of 15 or over is considered to have a disorder associated with
significant morbidities and should be treated with continuous
positive airway pressure or surgery [8].
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Epidemiologic studies have found obesity to be a critical
factor associated with the development or severity of OSAHS
[2]. While most previous studies had been conducted in
white populations, a few studies of Asian populations have
suggested that the contribution of obesity to OSAHS may
differ between whites and Asians [9], indicating the need for
further epidemiologic and chnical research.

The aims of this clinical study were to examine the
demographic characteristics of Japanese OSAHS patients
and to assess how demographic factors, including sex, age,
and body-mass index (BMI), are associated with severity of
OSAHS.

Materials and methods
Patients

We targeted a total of 4,561 patients who were suspected
to suffer from SAHS and underwent polysomnographic
evaluation between January 2000 and December 2004 at
11 hospitals in Niigata Prefecture (population, 2.5
million), Japan. The 11 hospitals were the only hospitals
in which polysomnography was available in Niigata
Prefecture, a geographically defined area [10], and
consequently almost all suspected SAHS patients in
Niigata Prefecture were examined during the study period.
Many of the 4,561 patients were referred to the selected
hospitals from other hospitals and clinics in Niigata
Prefecture. Of the 4,561 patients suspected of having
SAHS, 3,788 were diagnosed with the sleep-disordered
breathing with a comprehensive polysomnographic exam-
ination. Of the 3,788 SAHS patients, 60 patients were
diagnosed with central SAHS (CSAHS), which is
distinguished from OSAHS by a different pathophysio-
logical mechanism, and excluded from the study. Of the
3,728 OSAHS patients, 50 patients under the age of 16,
18 patients whose age was unknown, and an abnormally
undersized patient, were also excluded for the same

reason. Ultimately, 3,659 OSAHS patients aged 16 and

over were statistically analyzed for the study. The
protocol for this study was approved by the Ethics
Committee of Niigata University School of Medicine.

Diagnostic procedure

All patients underwent overnight polysomnographic evalu-
ation (Sandman, Nellcor Puritan Bennett, Ottawa, Ontario,
Canada, in four hospitals; Somnostar Pro, SensorMedics,
Yorba Linda, CA, USA, in four hospitals; Somnostar
Alpha, SensorMedics, Yorba Linda, CA, USA, in three
hospitals; E series, Compumedics, Abbotsford, Victoria,
Australia, in one hospital), which included electroenceph-
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alogram (EEQG), electromyogram, electrooculogram, elec-
trocardiogram, airflow by oronasal thermistor, chest and
abdominal wall movements, oxygen saturation (SaO,) by
pulse oximeter, snoring sounds by tracheal microphone,
and body position. Patients were examined by a trained
clinical technologist at each hospital using a standardized
procedure. Sensors were attached to a patient before going
to sleep at each hospital, and real-time data were collected
overnight until the patient awoke in the moming. Using the
Chicago Criteria [11], apnea was defined as the complete
absence of oronasal airflow for at least 10s, and hypopnea
was defined as a <50% decrease in oronasal airflow
accompanied by a 3% fall in SaO, from baseline or an
EEG arousal from sleep. Sleep-disordered breathing was
assessed with the AHI, and lowest SaO, levels and
cumulative percentage of sleep time with an SaO, level
less than 90% (CT90%). A person with an AHI greater than
or equal to 5 is generally diagnosed as having OSAHS.
Patients with 5<AHI<15, 15<AHI<30, and AHI greater
than or equal to 30 were classified as having mild,
moderate, and serious OSAHS, respectively. Polysomno-
graphic data of all patients obtained from each hospital
were collected and entered in the database used for this
study.

Other information

Information on sex, age, height, and weight was added to
the database from patient medical charts. BMI was
calculated by dividing weight (kilograms) by the square
of height (square meters) for each patient. Levels of obesity
were classified according to the WHO criteria [12] as
follows: “underweight”, BMI<18.5; “normal weight”,
18.5<BMI<25; “preobese”, 25<BMI<30; class [, 30<
BMI<35; class 1, 35<BMI<40; and class I1I, BMI>40.
We further divided “normal weight” into “lower normal
weight”, 18.5<BMI<21.75, and “upper normal weight”,
21.75<BMI<25, because too many (56%) OSAHS
patients were classified as normal weight.

Statistical methods

Means and standard deviations were used to characterize
continuous variables. AHI scores were skewed to higher
values, and thus they were logarithmically transformed for
statistical tests. Sex was coded as a dichotomous variable
with “0” for male and “1” for female. Student 7 tests were
performed to test for statistically significant differences
between the mean values of two groups. The chi-square test
was used to test independence of categorical data. Multiple
linear regression analysis was used to test associations
between log-transformed AHI as an outcome variable and
predictor variables, including sex, age (a continuous

variable), and BMI (a continuous variable). Statistical tests

were performed using the SAS statistical package (release
8.02, SAS Institute, Cary, NC, USA). P-values of less than
0.05 were considered to be statistically significant.

Results

Demographic characteristics and AHI by sex are shown in
Table 1. Male patients were significantly younger and had
significantly higher average values in height, weight, and
log-transformed AHI than female patients. The male-to-
female patient ratio was 4.6. The database was incomplete,
with some missing values for height, weight, and BMI.
AHI ranged from 5 to 158 events per hour. Mean values of
lowest Sa0, and CT90% were 77.3% (SD 12.9, median
81.0) and 16.0% (SD 24.9, median 4.0), respectively. Mean
values of apnea and hypopnea episodes were 25.7 events
per hour (SD 24.7, median 16.6) and 8.6 events per hour
(SD 9.0, median 6.4), respectively.

Distributions of patients’ age by sex are shown in Fig. I.
The mode of the distributions was the 50- to 59-year age
group in both sexes. The age distribution of females tended
to shift to the right, and there were fewer female patients
under 50 years of age than those aged 50 years or over. The
percent frequency distributions of male and female patients

Table 1 Characteristics of 3,659 patients (>16 years of age) with obstructive sleep apnea—hyponea syndrome (OSAHS)

Male patients

Female patients

n Mean (SD) n Mean (SD)
Age (years) 3,000 51.8 (13.5) 659 57.4 (12.8)
Height (cm) 2,811 168.0 (7.0) 611 153.0 (7.0)
Weight (kg) 2,805 75.6 (15.1) 612 63.0 (14.6)
Body-mass index (kg/m®) 2,803 26.7 (4.5) 610 26.9 (5.9)
Apnea-hypopnea index (events/hour) 3,000 36.1 (25.1) 659 27.0 (23.9)

Median 30.0 Median 18.8

Male patients were significantly younger (£<0.0001) and had significantly higher average values in height, weight, and log-transformed AHI than

female patients (P<0.0001)
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Fig. 1 Distributions of patients’
age by sex. The mode of the
distributions was the 50- to 59-
year age group in both sexes.
The percent frequency distribu-
tions of male and female
patients were significantly dif-
ferent (\?>=126.0, df=8,
P<0.0001)

were significantly different (x*=126.0, df=8, P<0.0001).
Distributions of patients’ BMI by sex are shown in Fig. 2.
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Fig. 2 Distributions of patients’
body-mass index (BMI) by sex.
Obesity was evaluated based on
the WHO classification of BMI
(underweight, <18.5; lower nor-
mal, 18.5<BMI<22.25; upper
normal, 22.25<BMI<25; pre-
obese, 25<BMI<30; class I,
30<BMI<35; class 11, 35<BMI
<40; and class I1I, BMI>40).
The mode of the distributions
was in the “preobese” group in
both sexes
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The numbers of OSAHS patients diagnosed at each of
the three levels of AHI by sex are shown in Table 2. An
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Table 2 Number of patients with obstructive sleep apnea—hypopnea syndrome according to levels of apnea—hypopnea index (AHI) by sex

Sex 5<AHI<I5 15<AHI<30 30<AHI Total Proportion of 15<AHI (%)
Male 757 740 1,503 3,000 74.8
Female 277 184 198 659 58.0

x° =103.2, df=2, P<0.0001

AHI greater than or equal to 15 was found in 74.8% of
male patients, in 58.0% of female patients, and in 71.8% of
patients overall. The percent frequency of patients with
AHI greater than or equal to 30 was higher in males than in
females, whereas the proportion of patients with AHI less
than 15 was significantly lower for males than females
(x*=103.2, df=2, P<0.0001). Absolute numbers of
OSAHS patients grouped according to the three levels of
AHI and age group by sex are shown in Table 3. The
proportion of patients with AHI greater than or equal to 15
tended to be lower in the 16- to 19-year age group (60.0%)
than the other age groups (70.9-100%) among male
patients (x2=37.6, df=16, P=0.0017), and lower in the
16- to 19-year age group (20.0%) and 80- to 89-year age
group (25.0%) than the other age groups (40.9—69.9%)
among female patients (x*=26.5, df=14, P=0.0223). The
frequency of moderate-to-serious OSAHS (AHI>15) did
not increase with increasing years of age. The numbers of
OSAHS patients according to the three levels of AHI and
obese class by sex are shown in Table 4. The proportion of

Table 3 Number of patients with obstructive sleep apnea-hypopnea
syndrome according to levels of apnea—hypopnea index (AHI) and
age group by sex

Age 5< 15< 30< Proportion of
group AHI<15 AHI<30 AHI 15<AHI (%)
Male (x?=37.6, df=16, P=0.0017)
16-19 6 5 4 60.0
20-29 40 30 9 71.2
30-39 99 87 254 775
40-49 168 155 354 75.2
50-59 235 209 363 70.9
60-69 143 165 294 76.2
70-79 63 80 151 78.6
80-89 3 8 14 88.0
>90 0 1 0 100.0
Female (x*=26.5, df=14, P=0.0223)
16-19 4 1 0 20.0
20-29 13 3 6 40.9
30-39 13 12 16 68.3
40-49 29 19 18 56.1
50-59 107 53 52 49.5
6069 74 61 67 63.4
70-79 31 34 38 69.9
80-89 6 1 1 25.0
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patients with AHI greater than or equal to 15 increased with
higher obese class with the exception of the “underweight”
group for both male and female patients.

Associations between demographic variables and AHI as
a continuous variable were analyzed. Mean values of log-
transformed AHI according to age groups were plotted by
sex in Fig. 3. In both sexes, separate peaks in the log-
transformed AHI occurred before and after the 50- to 59-
year age group. Among males, these peaks occurred in the
30- to 39- and 80- to 89-year age groups, and peaks
appeared among female patients in the 30- to 39- and 70- to
79-year age groups. Mean values of log-transformed AHI
according to obese class were plotted by sex in Fig. 4.
Beginning with the “upper normal” group, the log-trans-
formed AH! increased as obese class rose in both sexes.
Multiple linear regression analysis showed that sex
(8=0.394, R>=0.035, P<0.0001), age (3=0.00509,
R?=0.003, P<0.0001), and BMI (8=0.0662, R*=0.138,
P<0.0001) were independently associated with the log-
transformed AHI.

Because two peaks of the log-transformed AHI were
seen before and after the 50- to 59-year age group (Fig. 3),
we supposed that patients above and below 55 years of age
might have different pathophysiological mechanisms and
thus chose to analyze the relative contributions of sex, age,
and BMI to the log-transformed AHI for the two groups
separately. The results of multiple linear regression analysis
are shown in Table 5. The R? value of BMI for this was 2.6
times larger than that for patients’ age 55 years and over.

Discussion

This study revealed interesting demographic findings in
relation to AHI. We found two peaks in the log-transformed
AHI and in the proportion of moderate-to-serious OSAHS
(AHI>15) associated with age. These findings suggest that
different pathophysiological mechanisms may be at work in
patients under and over 55 years of age. Obesity is known
to be an important causal factor of OSAHS [2]. Our data
showed that the contribution of BMI to AHI was lower in
older patients than in younger patients, suggesting that
OSAHS in the elderly may be associated less with BMI and
more with other unknown factors as compared with
younger populations. Tishler et al. [13] similarly found that
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Table 4 Number of patients
with obstructive sleep
apnea—hypopnea syndrome
according to levels of

apnea—hypopnea index (AHI)
and obese class (WHO
classification) by sex

Obese class S5<AHI<I5 15<AHI<30 30<AHI Proportion of
15<AHI (%)
Male (x*=309.6, df=12, P<0.0001)
Underweight (BMI<18.5) 82 65 97 66.4
Lower normal (18.5<BMI<21.75) 90 70 52 57.5
Upper normal (21.75<BMI<25) 271 250 279 66.1
Preobese (25<BMI<30) 261 284 688 78.2
Class [ (30<BMI<35) 41 57 273 88.9
Class Il (35<BMI1<40) 12 12 75 87.9
Class 111 (40<BMI) 0 1 40 100.0
Female (x*=75.6, df=12, P<0.0001)
Underweight (BMI<18.5) 29 18 23 58.6
- Lower normal (18.5<BMI<22.25) 49 31 - 8 443
Upper normal (22.25<BMI<25) 74 39 29 479
Preobese (25<BMI<30) 90 54 58 55.4
Class I (30<BMI<35) 28 30 42 72.0
Class [1 (35<BMI<40) 4 8 25 89.2
Class III (40<BMI) 2 4 12 88.9

the effects of BMI on the incidence of sleep-disordered
breathing diminish with increasing age.

In this study, we propose a few hypotheses on factors
that might explain OSAHS in elderly people. First,
coexisting central apnea’hypopnea may contribute to
OSAHS as some patients diagnosed with OSAHS by
polysomnography have central and mixed apnea/hypopnea
events. Bixler et al. [14] showed that central events are
observed exclusively in middle-aged and elderly people
(reflecting a normal aging process). When we compared the

proportion of patients with 10% or more nonobstructive
events in polysomnographic data, patients 55 years and
older had a signiﬁcahtly higher proportion (P=0.0022) than
those less than 55 years (36.4 vs 31.6%, data not shown in
the “Results” section). Therefore, latent central apnea/
hypopnea may influence the severity of OSAHS in the
elderly. Secondly, a relative increase in mouth breathing to
nasal breathing in the elderly may contribute to progression
of OSAHS. Gleeson et al. [15] reported that an age-related
decrease in nasal ventilation due to nasal obstruction was
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Fig. 4 Mean values of log-
transformed apnea—hypopnea
index (AHI, events/hour) in
obese classes were plotted by
sex. Obesity was evaluated us-
ing the WHO classifications for
BMI (underweight, <18.5; lower
normal, 18.5<BMI<22.25; up-
per normal, 22.25<BMI1<25;
preobese, 25<BMI<30; class I,
30<BMI<35; class I, 35<
BMI<40; and class HI, BMI>
40). The log-transformed AHI
rises as obese class becomes
higher beginning from the upper
normal group in both sexes
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associated with apneic episodes during sleep. Finally,
Worsnop et al. [16] reported that falls in ventilation and
activities of upper airway muscle functions and a rise in
upper airway resistance during a transition from wakefulness
to sleep are greater in older men than in younger men, and
these age-related changes in upper airway physiology may
be possible candidates for the “unknown” factor associated
with OSAHS in the elderly. Further research is necessary to
isolate factors contributing to OSAHS in the elderly.
Asians are generally slimmer than North American and
European whites, and Asian OSAHS patients are reported
to be less obese than white patients [17]. Nevertheless, our
data showed that BMI remained a leading factor associated

Table 5 The results of multiple linear regression analysis in patients
above and below 55 years of age with the log-transformed apnea—
hypopnea index (AHI) as the dependent variable

Independent Regression Standard R? P-value
variable coefficient error

Patients <55 years

Sex —0.484 0.053 0.035 <0.0001
Age 0.00373 0.00201 0.001 0.0633
BMI 0.0706 0.0034 0.182 <0.0001
Patients >55 years

Sex —0.315 0.041 0.034 <0.0001
Age 0.0108 0.0026 0.008 0.0340
BMI 0.0560 0.0045 0.071 0.0196

Lower  Upper preobese Class| Class!l Class lll
normal normal

Obese class

with high AHL. We also showed that the “underweight”
group had higher AHI and a higher proportion of moderate-
to-serious OSAHS (AHI>15) patients of both sexes than
the normal weight groups. This finding may be unique to
Asian OSAHS patients, as nonobese Asian patients have
been reported to exhibit relative narrowing of the upper
airway due to craniofacial bony structure and the soft tissue
of the naso- and oro-pharynx, which may be associated
with the development of OSAHS [18, 19].

Among the demographic variables analyzed in this
study, BMI can be lowered through lifestyle change, which
in turn has the potential of lowering the AHI of OSAHS
patients. A recent cohort study observed that weight loss in
sleep-disordered patients decreased their AHI [20]. Our
data suggest that weight loss could deerease the proportion
of OSAHS patients with AHI greater than or equal to 15 in
any obese-class group, with the exception of “underweight”
and “normal weight” groups.

It is also known that OSAHS patients are predominantly
male. In this study, the male-to-female patient ratio was
4.6:1, and male patients experienced more severe OSAHS
than female patients, i.e., the proportion of OSAHS patients
with AHI of 15 or above was significantly higher in males
(74.8%) than in females (58.0%). Previous studies reported
male-to-female patient ratios of 8:1 or more in clinic
populations, and lower ratios of 2-3:1 in community
samples [21-23], suggesting that there may be a disparity
between clinic and community populations. The true male-
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to-female patient ratio in the Japanese population may be
lower than that obtained in this study, although accurate
techniques were used to diagnose patients with OSAHS.

The age distribution of male OSAHS patients approximat-
ed a normal distribution with a mode of 50-59 years, yet most
(80%) female patients were 50 years of age or older. This
finding has been reported by several researchers. Young et al.
[24] reported that changes in sex hormone economy during
the menopausal transition increased incidence of sleep-
disordered breathing in perimenopausal women. Shahar et
al. [25] found that the incidence of sleep-disordered
breathing in postmenopausal women who received hormone
replacement therapy (HRT) was half of that in postmeno-
pausal women who did not receive HRT. These data suggest
that decreased estrogen levels may explain the increase of
OSAHS patients among postmenopausal women.

A strength of this study was the use of full polysomno-
graphic examination as the standard diagnostic tool of
OSAHS. Moreover, we identified almost all OSAHS cases
within a geographically defined area. Therefore, the
subjects in this study were correctly classified, and
selection bias was minimized. However, some limitations
were observed in the study. First, we were not able to
collect data for all OSAHS patients in Niigata Prefecture
because there may have been patients with OSAHS who
did not visit hospitals or clinics during the study period.
For example, given the disparity between clinic and
community populations, we may have underestimated
female OSAHS patients and thus may have overestimated
the male-to-female ratio. In addition, elderly OSAHS
patients are less likely to wvisit hospitals or clinics, and
thus we may have missed more elderly OSAHS patients as
compared with younger patients. In our data, there were
fewer elderly OSAHS patients compared to middle-aged
patients even when a distribution of the population of
Niigata Prefecture is taken into account. We calculated the
period prevalence of OSAHS for males in their 30s, 40s,
50s, 60s, 70s, and 80s that would be calculated as 294,
423, 435, 412, 262, and 66 /100,000, respectively,
although the prevalence of OSAHS has been reported to
be similar between the middle-aged and the elderly ones in
population-based studies [2]. This problem is a major
limitation of the clinical study. There were also limitations
in diagnostic procedure, which could lead to misclassifi-
cation in the case definition. We used thermistors instead
of nasal pressure transducers for polysomnography, and
quality control over multiple centers was difficult to
achieve. Finally, this study did not evaluate risk factors
other than the specified demographic characteristics for
OSAHS. Well-designed, population-based epidemiologic
studies are needed to address these limitations.

Based on this study of 3,659 Japanese OSAHS patients,
we conclude that: (1) the male-to-female patient ratio was
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4.6:1, (2) different pathophysiological mechanisms of
developing OSAHS are active in adults under 55 years as
compared with adults 55 years and older, and (3)OSAHS in
this population is more severe in underweight patients than
in normal weight patients.
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