I HMIFEEROFITICEHYT 2 —EFE




PEHRA i S HEREA
Vascular endothelial growth factor in obstructive Jpn J Clin Physiol

Tatsumi K, et al.

sleep apnea syndrome.

36: 89-94, 2006.

Tatsumi K, et al.

Obstructive sleep apnea syndrome is associated
with some components of metabolic syndrome.

Chest
131: 1387-92, 2007

Tatsumi K, et al.

Decreased lipoprotein lipase in obstructive sleep
apnea syndrome.

Circ
J71:1293-1298, 2007

Tatsumi K, et al.

Daytime hypercapnia in obstructive sleep apnea
syndrome.

Chest
132:1832-1838, 2007

Falls in blood pressure in patients with obstructive

Journal of Hypertension

Chin K, et al. sleep apnoea after long-term nasal continuous 24: 2091-2099, 2006
positive airway pressure treatment.
Chin K. et al Effect of nCPAP therapy on heart rate in patients |Quarterly Journal of Medicine
’ ’ with obstructive sleep apnoea-hypopnoea. 99: 545-553, 2006
Chin K. et al Clinical characteristics of obesity-hypoventilation Inter Med
’ ' syndrome in Japan: a Multi-center study. 2006; 45:1121-1125
Plasma thioredoxin, a novel oxidative stress '
Chin K. et al marker, in patients with obstructive sleep apnea Antioxidants & Redox
’ ' before and after nasal continuous positive airway | Signaling 10: 205-216, 2008
pressure.
Acylated ghrelin level in patients with obstructive
Chin K, et al. sleep apnoea before and after nasal CPAP Respirology (in press)
treatment.
Sleep-disordered breathing in the usual lifestyle
Chin K, et al. setting as detected with home monitoring in a Sleep (in press)
Japanese male working population.
Chin K. et al Noninvasive ventilation for pediatric patients J Thoracic Cardiovascular
’ ) under 1 year of age after cardiac surgery. Surgery 134: 260-261, 2007
Demographic characteristics of 3659 Japanese
Sato M. et al patients with obstructive sleep apnea-hypopnea Sleep and Breathing
’ ’ syndrome diagnosed by full polysomnography: 11:93-101, 2007
associations with apnea-hypopnea index.
Assgmatnon of sleep—dl'sorde.red bregthmg and Am J Cardiol
Sato M, et al. ventricular arrhythmias in patients without heart ) .
. 101:2008 (in press)
failure.
First experience of using new adaptive servo-
ventilation device for Cheyne-Stokes respiration : .
. . . Circulation J
Narui K, et al. with central sleep apnea among Japanese patients

with congestive heart failure — Report of 4 clinical
cases -

70:1148-1154, 2006

117




I
ol
5%
i
R
D
i

Il WEFERRR O T[T - hl i




Original Research

SLEEP MEDICINE

Obstructive Sleep Apnea Syndrome Is
Associated With Some Components of
Metabolic Syndrome*

Masakazu Kono, MD; Koichiro Tatsumi, MD, FCCP; Toshiji Saibara, MD;

Akira Nakamura, MD; Nobuhiro Tanabe, MD, FCCP;
Yuichi Takiguchi, MD, FCCP; and Takayuki Kuriyama, MD, FCCP

Background: Obesity, hypertension, dyslipidemia, and hyperglycemia are prevalent in obstructive sleep
apnea syndrome (OSAS). Metabolic syndrome, however, is defined by visceral fat obesity plus at least two
of these factors. However, whether OSAS contributes to the development of metabolic syndrome has not
been defined. We investigated whether the components of metabolic syndrome were associated with
OSAS in nonobese patients.

Methods: We investigated the occurrence of hypertension, dyslipidemia, and hyperglycemia in 42 men
with OSAS and 52 men without OSAS matched for age, body mass index (BMI), and visceral fat
accumulation.

Results: Although serum levels of triglycerides, high-density lipoprotein cholesterol, and diastolic BP did
not differ significantly between the two groups, fasting blood glucose (111 * 6 mg/dL vs 93 * 3 mg/dL)
[mean * SE] and the percentage of hypertensive patients (45% vs 15%) were significantly higher in the
group with OSAS. In addition, a significantly higher percentage of patients with OSAS (19% vs 4%) had at
least two of the following: hypertension, hyperglycemia, and dyslipidemia. Logistic regression analysis
showed that the apnea-hypopnea index value was the predictor of number of metabolic syndrome
parameters such as hypertension, hyperglycemia, and dyslipidemia, while BMI and lowest arterial oxygen
saturation during sleep did not.

Conclusion: Independent of visceral fat obesity, OSAS was associated with hypertension, dyslipidemia, and
hyperglycemia. It is possible that OSAS may predispose even nonobese patients to the development of
metabolic syndrome. (CHEST 2007; 131:1387-1392)

Key words: atherosclerosis; hypertension; hypoxia; insulin resistance; sleep apnea
Abbreviations: AHI = apnea-hypopnea index; BMI = body mass index; FPG = fasting plasma ghicose; HDL-C = high-density

lipoprotein  cholesterol; HOMA-R = homeostasis model assessment method; OSAS = obstictive sleep apnea syndrome;
Sa0, = wrterial oxygen saturation; SFA = subcutaneous fat accumulation; TC = total cholesterol; VFA = visceral fat acermulation

T he group of patients with multiple risk factors for
cardiovascular diseases related to arteriosclerotic
plaques has been highlighted. This group includes
those with metabolic syndrome, which has been
defined by multiple organizations.'-3 In the patho-
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genesis of metabolic syndrome, insulin resistance
and visceral obesity seem to be key factors.'-3 The
criteria defining metabolic syndrome include visceral
obesity because studies*® have revealed that visceral
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fat produces a great amount of cytokines and hor-
mones such as tumor necrosis factor-a, interleu-
kin-6, and leptin, which may be associated with the
development of atherosclerosis. Insulin resistance is
thought to play a part in the pathogenesis of meta-
bolic syndrome, although the precise relationship
between insulin resistance and visceral obesity has
not been defined.®

Obstructive sleep apnea syndrome (OSAS) is a
prevalent disorder particularly among middle-aged,
obese men. Several features of OSAS suggest that
sleep apnea is a manifestation of metabolic syn-
drome.™ Indeed, there is a strong association of
OSAS with obesity, male gender, hypertension,*!!
and diabetes,®!2 which are also found .in patients
with metabolic syndrome. Visceral fat accumulation
(VFA) correlates with the severity of OSAS' and is
a key factor for the development of metabolic syn-
drome.}-3

Although obesity, hypertension, and diabetes are
frequently present in patients with OSAS, whether
OSAS directly contributes to the development of
metabolic syndrome has not been defined. OSAS
may be associated with a number of cardiovascular
risk factors such as hypertension,!*!! insulin resis-
tance,>!2 and dyslipidemia'#15 independent of obe-
sity. The purpose of this study was to investigate
whether some components (hypertension, hypergly-
cemia, and dyslipidemia) of metabolic syndrome
were present in nonobese patients with OSAS. Only
men were enrolled into the study because of avoid-
ing the confounding effects of gender and insuffi-
cient number of women (approximately one eighth
of men) for statistical analysis.

MATERIALS AND METHODS

Subjects

From April 2002 to March 2006, 1,205 consecutive male
patients with clinical symptoms of sleep apnea were examined by
polysommography and classified into two groups by their apnea-
hypopnea index (AHIL) [AHI =5/h, n=1153; AHI <5/h,
n = 52]. Presenting symptoms were either snoring or daytime
sleepiness or both. The subjects were all Japanese.

The diagnostic criteria for metabolic syndrome in Japan'®
include a VFA = 100 cm?. First, we selected patients with a body
mass index (BMI) = 30 kg/m? for both groups. When matching
patients with and withont OSAS for BMI, VFA tends to be higher
in those with OSAS. Therefore, we selected patients with OSAS
whose VFA was < 90 cm? and patients without OSAS whose VFA
was < 100 em?. In the end, we selected 42 patients with OSAS
and 52 without OSAS, matched for age, BMI, and VFA,

None of the patients had heart failure or other respiratory
problems such as COPD at the time of polysommnography. They
were asked to complete a questionnaire on sleep symptoms,
medical history, and medications. OSAS was established on the
basis of clinical and polysomnography criteria. AH1 was calcu-
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lated as the sun of sleep-disordered breathing. In addition to
clinical symptoms, an AHI > 5/h was also used as a selection
criterion of OSAS.

Pulmonary function tests were performed to determine FVC
and FEV, using & standard spirometer (Fudac-60; Fukuda
Denshi; Tokyo, Japan). Patients with obstructive airway disease
(FEV,/FVC < 70%) were excluded. Arterial blood for the anal-
ysis of gases during room air breathing was drawn with the
patient in the supine position, and Pao, and Paco, were
measured in a blood gas analyzer (Model ABL3000; Radiometer;
Tokyo, Jupan). The study protocol was approved by the Research
Ethics Committee of Chiba University School of Medicine, and
all patients gave their informed consent prior to the study.

Polysomnography

Polysomnography (P Series Sleep Systemn; Compumedics; Mel-
bourne, Australia) was performed overnight between 9:00 pm and
6:00 aM. Polysomnography consisted of continuous polygraphic
recording from surface leads for EEG, electrooculography, elec-
tromyography, ECG, thermistors for nasal and oral airflow,
thoracic and abdominal impedance belts for respiratory effort,
pulse oximetry for oxyhemoglobin level, and tracheal microphone
for snoring and sensor to assess changing of the position during
sleep. Polysomnography records were staged manually according
to standard criteria.'>'s The severity of OSAS was determined by
the AHI and mean and lowest arterial oxygen saturation (Sa0,)
during sleep.

On the morning after the sleep study, BP was measured twice
on waking up between 7:00 AM and 8:00 am with the subjects in
the seated position after a 5-min rest. Venous blood was obtained
in the fasting state at 7:00 aMm after polysomnography to measure
triglycerides, total cholesterol (TC), high-density lipoprotein
cholesterol (HDL-C), fasting plasma glucose (FPG), and fasting
insulin. Insulin resistance was estimated nsing the homeostasis
model assessment method (HOMA-R) and calculated with the
following formula: fasting serum insulin (WU/ml) X FPG (mg/
dL.)/405.

R(I(/ir)logi(; Assessnient

VFA and subcutaneous fat accumulation (SFA) were assessed
by CT (TSX-101A/4E; Toshiba; Tokyo, Japan) and commercially
available software (Fat Scan; N2 System; Ashiva, Japan) for
personal computer. The areas of SFA and VFA were measured in
a single cross-sectional scan at the level of the umbilicus. A CT
range of — 150 to — 50 Hounslield units was used to encompass all
fat. VFA was measured by drawing a line within the muscular wall
surrounding the abdominal cavity. The area after subtraction of
the VFA from the total fat area was defined as SFA,'® and the
visceral/subcutaneous fat ratio was calculated (Fig 1).

Definition of the Metabolic Abnormalities

The definition of metabolic abnormalities was based on the
published criteria of metabolic syndrome for the Japanese pop-
ulation.'s Dyslipidemia was defined as serum triglycerides = 150
mg/dL, and/or HDL-C =40 mg/dL; hypertension as either
systolic BP = 130 mm Hg and/or diastolic BP = 85 mm Hg; and
hyperglycemia as FPG = 110 mg/dL. Patients with a previous
diagnosis of dyslipidemia, hypertension, or diabetes mellitus, and
were receiving drugs for any of these conditions were also
included in this category.

Statistical Analysis

Results are expressed as mean * SE. All clinical parameters
are summarized by descriptive statistics. Continuous clinical
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FiGcurge 1. CT scan at the level of the wbilicus. First, the total
fat area was calculated. Second, the intraperitoneul space (VFA)
was defined by tracing its contour on t]h(, scan image. Third,
subtraction of the VFA area from the total ldt area was defined as
the SFA. In this patient, VFA was 61.7 cm?® and SFA was 52.9
em?

parameters in patients with and without OSAS were compzu‘e(l
using Mann-Whitney test, and categorical parameters using x>
test. Logistic regression analysis was applied to predict the
number of metabolic syndrome paraineters such as hypertension,
hyperglycemia, and dyslipidemia nsing the values of AHI, lowest
Sa0, during sleep, and BMI as potential predictors; p < 0.03 was
considered statistically significant.

REsuLTS

Table 1 summarizes the characteristics of the
subjects. Two patients each in both groups were
receiving antihypertensive drugs. Three patients in
the OSAS group and two patients in the non-OSAS
group had diabetes; of them, two patients in the
OSAS group and one patient in the non-OSAS group
were receiving an oral hypoglycemic agent, while the
others were receiving diet therapy.

Systolic BP was higher in the OSAS group, while
diastolic BP did not differ between the two groups.
However, the percentage of hypertensive patients
was significantly higher in the OSAS group (45% vs
15%; p < 0.01) [Table 2].

No significant differences were observed between
the two groups regarding serum levels of triglycer-
ides, TC, or HDL-C. However, the percentage of
patients with dyslipidemia (serum triglycerides
= 150 mg/dL and/or HDL-C =40 mg/dL) was
significantly higher in the OSAS group (48% vs 25%;
p < 0.05) [Table 2].

FPG was higher in the OSAS group, and the
percentage of subjects with hyperglycemia (FPG
= 110 mg/dL) was also significantly higher in the
OSAS group (33% vs 10%; p <0.01) [Table 2].
The calculated HOMA-R was significantly higher in
the OSAS group as well (p < 0.05) [Table 2].

Nineteen percent of patients in the OSAS group,
compared with only 4% in the non-OSAS group, had
at least two of the following: hypertension, hypergly-
cemia, and dyslipidemia (Table 2). Logistic regres-
sion analysis showed that AHI value was the predic-
tor (p =0.0001) of the number of metabolic
syndrome parameters such as hypertension, hyper-
glycemia and dyslipidemia, while BMI (p = 0.10)
and lowest Sao, during sleep (p = 0.85) did not.

DiscussIioN

This cross-sectional analysis involved a selected
group of male patients with and without OSAS
matched for age, BMI, and VFA. Since they were
matched for abdominal obesity, we compared them
for the other components of metabolic syndrome.
The main finding of this study was that 19% of the
men with OSAS, compared with only 4% of those
without it, had at least two of the following: hyper-

Table 1—Characteristics of Patients With and Without OSAS*

Characteristics OSAS (n = 42)

Non-OSAS (n = 52) p Value

Male/female gender 42/0
Age, yr 5.8+ 24
BMI, kg/m? 22706
VFA, em? 62032
SFA, cm? 824 =70
Visceral/subcutaneons fat ratio 0.89 = 0.05
AHI, /h 322+ 3.1
Average Sa0,, % 944 * 0.4
Lowest Sa0,, % 81913
Vital capacity, % ol predicted 1079 £ 3.3
FEV,, % of predicted 83114
Pao,, mm Hg 882+ 15
Paco,, mm Hg 430 =06

52/0 NS
46.5 + 2.2 NS
23904 NS
58438 NS
928 £ 88 NS
0.76 £ 0.05 < 0.05

2402 <0.01
96.3 £ 0.2 <0.01
8§74 £07 <0.01

1043 £27 NS
852=x12 NS
88.6 £ 1.7 NS
42905 NS

*Data are presented as mean = SE. NS = not significant.
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Table 2—Metabolic Characteristics of Patients With and Without OSAS*

Characteristics OSAS (n = 42) Non-OSAS (n = 52) p Value
Systolic BP, mm Hg 131 =3 125 + 1 < 0.05
Diastolic BP, mm Hg Tx2 77 x 1 NS
Subjects with lligh BP 19/42 (45.2) 8/52 (15.4) < 0.01
Serum triglycerides (range), mg/dL} 126 (35-271) 117 (40-244) NS
Serum TC, mg/dL 182 £ 5 189 = 4 NS
Serum HDL-C, mg/dL 50+ 2 35 *+2 NS
Subjects with dyslipidemia 20/42 (47.6) 13/52 (25.0) < 0.05
FPG, mg(lL 111 = 6 93+ 3 < 0.05
Subjects with hyperglycemia 14/42 (33.3) 5/52 (9.6) < 0.01
HOMA-R 37+x04 25x02 < 0.05
Subjects with at least two of the following: §/42 (19.0) 2/52 (3.8%) < 0.05

hypertension, hyperglycemia, and dyslipidemia

*Data are presented as mean * SE or No./total (%) unless otherwise indicated. See Table 1 for expansion of abbreviation.

tData are presented as median (range).

tension, hyperglycemia, and dyslipidemia. It is pos-
sible that even in nonobese OSAS subjects might be
predisposed to metabolic syndrome. In addition, the
logistic regression analysis, in which AHI value was
the predictor of number of metabolic syndrome
parameters such as hypertension, hyperglycemia,
and dyslipidemia, while BMI and lowest Sao, during
sleep were not, may support our results.

Obesity and VFA are known to be risk factors for
the development of OSAS.!320 Especially, VFA in-
creases the risk for obesity-related disorders such as
vascular-related diseases.!=* OSAS itself is a risk for
VFA,!3 which increases insulin resistance,512 an im-
portant factor involved in the pathogenesis of meta-
bolic syndrome. In an abdominal CT scan, a VFA
> 100 cm® is a diagnostic feature of metabolic
syndrome.'-*16 The subjects with OSAS in the
present study did not meet this criterion of metabolic
syndrome, since the VFA (62.0 = 3.2 cm?) was < 90
em?®. If OSAS was a risk factor for metabolic syn-
drome, any factor related to the pathophysiology of
OSAS, such as intermittent hypoxia, increased oxy-
gen-radical production, and membrane lipid peroxi-
dation, would contribute to the development of
metabolic syndrome.

Hypoxia is known to increase hypoxia-inducible
factor 1 gene transcription and messenger RNA
stabilization, while intermittent hypoxia also up-
regulates hypoxia-inducible factor 1 expression.2! In
experimental animals, intermittent hypoxia resulted
in an increase of FPG and serum leptin levels.
Microarray messenger RNA analysis of adipose tis-
sue revealed that leptin was the only up-regulated
gene affecting glucose uptake.22 Leptin may play an
important role in mitigating the metabolic distur-
bances that accompany intermittent hypoxia.

Obesity, especially the presence of VFA, could
worsen metabolic abnormalities such as insulin re-
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sistance; while insulin resistance, a putative back-
ground of the metabolic syndrome, could be associ-
ated with OSAS %2 Since continuous positive airway
pressure treatment improves insulin sensitivity in
patients with OSAS within a few days before any
possible changes in body weight or lifestyle, OSAS
itself appears to predispose to insulin resistance.>?
The severity of OSAS may affect insulin resistance to
a greater extent in nonobese patients with OSAS.2?
These results indicate that OSAS per se may be
associated with insulin resistance, although concom-
itant obesity or VFA are predominant risk factors for
insulin resistance. Increased production of tumor
necrosis factor-a®* and increased sympathetic
drive2>26 may partly explain changes of glucose
homeostasis in OSAS. In the present study, both
FPG and calculated HOMA-R were higher in the
OSAS group. Thus, intermittent hypoxia is likely to
aggravate the insulin resistance associated with sig-
nificant VFA in patients with OSAS.

This study confirmed the association of OSAS with
hypertension,'®!! even though the subjects of the
present study were not obese. The percentage of
subjects with a systolic BP = 130 mm Hg and/or a
diastolic BP = 85 mm Hg was significantly higher in
the OSAS group. OSAS may contribute to hyperten-
sion in obese individuals through increased sympa-
thetic activation,>26 leptin, aldosterone, fatty acids
and oxidative stress, and insulin resistance.2” Insulin
resistance predisposes patients with OSAS to hyper-
tension, although several factors can lead to hyper-
tension regardless of obesity.

The percentage of subjects who met the criteria of
dyslipidemia (serum triglycerides = 150 mg/dL
and/or HDL-C = 40 mg/dL) was significantly higher
in the OSAS group. Disorders of lipid metabolism

-are known to play a part in atherosclerotic changes of

vascular walls. The association between OSAS and
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lipid metabolism was addressed in the Sleep Heart
Health Study.!> However, serum triglycerides, TC,
and HDL-C did not differ significantly between the
OSAS and non-OSAS groups in this study, suggest-
ing that the severity of intermittent hypoxia (lowest
Sao,, 81.9*13% in the OSAS group, vs
87.4 % 0.7% in the non-OSAS group) may not have
been too severe to affect lipid metabolism.

OSAS may be independently associated with an
increased prevalence of metabolic syndrome, al-
though subjects with OSAS in previous studies™
were more obese compared with control subjects.
In previous research? regarding the prevalence of
metabolic syndrome in Japanese patients with
OSAS, it was found that metabolic syndrome was
more common in patients with OSAS than in
control subjects (50% vs 22%). Our present sub-
jects were not obese according to the standard for
white people, and did not meet the criteria of the
metabolic syndrome. However, the percentage of
subjects with high FBG levels or hypertension was
significantly higher in the OSAS group. In addi-
tion, the percentage of patients presenting at least
two metabolic abnormalities was also significantly
higher in the OSAS group. These results suggest
that even nonobese patients with OSAS may be
prone to metabolic syndrome.

This was a cross-sectional descriptive study and
did not provide direct evidence that patients with

a small number of patients.
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Decreased Lipoprotein Lipase in Obstructive
Sleep Apnea Syndrome

Ken lesato, MD; Koichiro Tatsumi, MD; Toshiji Saibara, MD*;
Akira Nakamura, MD; Jiro Terada, MD; Yuji Tada, MD;
Seiichiro Sakao, MD; Nobuhiro Tanabe, MD;

Yuichi Takiguchi, MD; Takayuki Kuriyama, MD

Background Lipoprotein lipase (LPL) might play a major role in lipid metabolism by hydrolyzing triglyceride-
rich lipoproteins. Decreased LPL activity can trigger carly inflammatory responses central to atherosclerosis.
However, whether repeated apnea-related hypoxemia influences lipid metabolism in patients with obstructive
sleep apnea syndrome (OSAS) remain undefined. This investigation determined whether circulating LPL was
influenced by repeated apnea-related hypoxemia, and the effect of nasal continuous positive airway pressure
(CPAP) therapy on LPL concentrations in OSAS patients.

Methods and Results  The participants of the study were 155 men with OSAS and 39 men without OSAS. Cir-
culating LPL concentrations decreased with the severity of OSAS. They correlated negatively with serum
triglyceride, and the lincar regression lines between LPL concentrations and triglyceride in OSAS patients were
shifted downward compared with those in non-OSAS patients, suggesting that any pathophysiological factor
might decrease LPL activity in OSAS patients. Some OSAS patients were subjected to CPAP therapy for 3
months. CPAP therapy increased LPL concentrations and decreased C-reactive protein (CRP) concentrations.
Conclusions  The present study suggests that repeated apnea-related hypoxemia might affect lipid metabolism
and augment inflammatory responses, and CPAP therapy could be cffective o decrease inflammatory responses

and ameliorate hpid metabolism in patients with OSAS.

(Cire J2007; 712 1293~ 1298)

Key Words: Atherosclerosis: Inflammation: Lipid metabolism; Sleep apnea

proteins provoke lipid accumulation in the artery
wall, triggering carly inflammatory responses central
to atherosclerosis! Lipoprotein lipase (LPL) might play a
major role in lipid metabolism by hydrolyzing TG-rich
lipoproteins and releasing fany acids? Peroxisome prolif-
erators-activated receptor (PPAR)- might be activated by
fauty acids 10 induce the transcription of genes involved in
the oxidation of fauty acids. Then, LPL could act on circu-
lating lipoproteins o generate PPAR-x ligands. PPAR-x
activation might exert cardiovascular protective effects in
hypertension or other forms of cardiovascular disease?
There is a continuous dissociation of LPL from the endo-
thelium to blood? Therefore, blood levels of LPL might be
assoctated with the pathogenesis of cardiovascular dis-
cases? including the complications of obstructive sleep
apnea syndrome (OSAS). However, the roles of LPL in
inflammatory responses, atherosclerosis and cardiovascular
complications in patients with OSAS remain undefined,
Assuming thal the pathophysiology of OSAS manifests a
systemic inflammatory response, repeated hypoxemia and
recovery 1o normoxemia could affect LPL activity.

Incrcased concentrations of triglyceride (TG)-rich lipo-
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Serum levels of TG and body mass index (BMI) have
been reported o correlate negatively with the blood concen-
trations of LPL37 We hypothesized that the pathophysio-
fogical conditions, related to the severity of OSAS, might
affect the blood concentrations of LPL¥3 The purpose of
the present study was to examine whether the blood concen-
trations of LPL are influenced by repeated apnea-related
hypoxemia in patients with OSAS and to determine whether
nasal continuous positive airway pressure (CPAP) therapy
ameliorate the levels of LPL.

Methods

Subjects

A consecutive male population with clinical symptloms
of sleep apnea (n=260), who were examined by polysom-
nography (PSG) from August 2003 to October 2004, was
first divided into 2 groups according to their apnea-hypop-
nea index (AHI) (AHI 25: n=214, AHI <5: n=46). The
paticnts were recruited from the sleep clinic where they had
been referred for further investigation regarding snoring or
possible OSAS. Presenting symptoms were either snoring or
daytime sleepiness or both. The subjects were all Japanese,
and no other ethnic group was included to avoid the cffects
of ethnic difference.

Patients with heart failure, or other respiratory problems,
including chronic obstructive pulmonary discase were ex-
cluded from the study. Subjects with kidney discase and
hormonal disease were also excluded. Subjects on medica-
tion known to affect insulin action, including the treatments
{or diabetes mellitus, or plasma lipoprotein concentrations,
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Table 1 Clinical Characteristics of OSAS and Non-OSAS Patients
OSAS Non-0SAS )
(n=155)  (n=g9) P value
Age (vears) 49811 477822 AS
GFVC 968415 963826 NS
FEV1.0% 83.0£0.7  85.8%0.9 <0.03
PaQ: (mmHgj 87.2%1.1 91.9+1.3 <0.0/
PuCO: {mmHyg) 42,3504 42.540.5 NS
BMI (kg/u) 289404  25.640.6 <00/
VFA/SFA 0.9780.02  1.0430.04 NS
VA (cm?) 19416 13459 <0.0}
SFA (cni) 20710 146£]2 NS
AHI {evenis/it) 36.782.1 1.8+0.2 <0.01
Mean Sa0: (%) 90.0£0.5  96.110.3 <0.01
Lensvest SaO: (%) 77.781.0  88.740.3 <0.01
Triglveerides (mg/dl) 201%6 163%12 <{.01
Totat cholesterof (mg/dl) 203+3 20046 NS
HDL-C {mgldl) 43+1 513 <0).01
FPG (mg/dl} 116%2 105%3 <0.0
Tusulin (/) 11.6£0.4 7.650.3 <{.01
HOMA index J.4+0.1 2.080.2 <0.04
LPL (ng/mi} 43103 384443 <0.01
CRP fug/ml} 1.325%115 72i%11% <001

Villues are means £ SEM.

OSAS. obstructive sleep apnea svudvome: BMI, body mass index; VFA, vis-
ceral far aceumuplation; SFA. subcutaneous far accumulaiion: AHIL apnea-
Inpopnea index: mean SaOz, mean value of SaQ: during sleep {%); fowest
Saldz, the lnwest value of Sa(r during sleep (%) HDL-C. high-densirn
lipoprotein-chelestol: FPG, fusting plasmu glucose: HOMA. homeosiasis
mndel ussessment: LPL, lipoprotein lipase; CRE, C-reactive protein.

including antihypertensive drugs and the treatments for
hyperlipidemia were also excluded. The subjects without
medication for diabetes mellitus, hypertension and hyper-
lipidemia, were included in the current study. They were
asked to complete a questionnaire on sleep symptoms,
medical history and medications. OSAS was ¢stablished on
the basis of clinical and polysomnographic criteria. AHI
was calculated as the summary measurement of sleep-dis-
ordered breathing. In addition to clinical symptoms, an AHI
of more than 5 events per hour was also used as a selection
criterion of OSAS. In the end we obtained 135 patients
with OSAS and 39 without OSAS.

The study protocol was approved by the Research Ethics
Committee of Chiba University School of Medicine, and
all patients gave their informed consent before study com-
mencement.

PSG

Overnight PSG (Compumedics, Melbourne, Australia)
was performed between 21.00-06.00. The PSG consisted
of continuous polygraphic recording from surface leads for
clectroencephalography, clectrooculography, clectromyo-
graphy, electrocardiography, thermistors for nasal and oral
airflow, thoracic and abdominal impedance belts for respira-
tory effort, pulse oximetry for oxyhemoglobin concentra-
tion, tracheal microphone for snoring and sensor for the
position during sleep. PSG records were staged manually
according to standard criteria®? Severity of OSAS was de-
termined by the AHI and lowest oxygen saturation (Sa()2)
during sleep (fowest Sa02).

Laboratory Tests

Venous blood was obtained in the fasting state at 07.00
after overnight PSG to measure TG, total cholesterol (TC),
high-density lipoprotein cholesterol (HDL-C), fasting
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plasma glucose (FPG), serum insulin, high-sensitivity C-
reactive protein (CRP) and LPL. Pre-heparin serum LPL
mass was measured by a sandwich enzyme-linked immu-
nosorbent assay (Daiichi Pure Chemicals, Tokyo, Japan)
with a specific-monoclonal antibody against bovine milk
LPL3-7 Insulin resistance was estimated using the homeo-
stasis model assessment ratio (HOMA-R) [fasting serum
insulin (mU/L)x FPG (mmol/L)/22.5).

Radiological Assessment

Visceral fat accumulation (VFA) and subcutancous fat
accumulation (SFA) were assessed by computed tomogra-
phy (CT) (TSX-101A/4E Toshiba, Tokyo) and the commer-
cially available software Fat Scan (N2 System, Co L,
Ashiya, Japan), for personal computers. The areas of SFA
and VFA were measured in a single cross-sectional scan
at the level of the umbilicus. A CT range of ~150 to ~50
Hounsficld units was used to encompass all fat. VFA was
measured by drawing a line within the muscular wall sur-
rounding the abdominal cavity. The arca alter subiraction
of the VFA from the total fat area was defined as SFA and
the VFA/SFA ratio was calculated!9

CPAP Treatment

The effects of CPAP were examined in a group ol treat-
ment-tolerated  consecutive OSAS patients, who were
examined by PSG from April 2004 1o October 2004.
Thirty-six OSAS patients with an AHI of 20 evenis/h could
tolerate CPAP treatment, and were successfully treated for
3 months. CPAP titration was performed with the AutoSet®
(ResMed. Sydney, Australia), and treatmeni was continued
with AutoSet®. Adequate CPAP tolerance was considered
when the system counter indicated that the patient was
using the device for at least 4 h at night during at least 70%
of the follow-up nights. Three months after the initiation of
CPAP therapy, venous blood was obtained in the fasting
state at 08.00 to measure concentrations of CRP and LPL.

Statistics

The results were expressed as mean values + standard
errors. The Mann-Whitney U-test was used to compare
age, BMI, serum parameters. sleep parameters and CT
parameters between patients with and without OSAS. Pro-
portions were compared by the chi-squared test. Linear
regression analysis was performed to examine the associa-
tion between 2 parameters. Analysis of covariance was used
o compare the influence of BMI, TG, HDL-C, FPG, VFA,
SFA and CRP on LPL concentrations-between OSAS and
non-0OSAS patients with post hoc test as Bonferroni/Dunn.
The significance of differences before and after CPAP ther-
apy was determined by Student's t-test and p-values less
than 0.05 were considered 1o be statistically significant.

Results

Clinical Characteristics of OSAS Patients

Baseline characteristics of the study population are
shown in Table 1. None of the patients had obstructive
airway discase (FEV1.0/FVC <70%). FEVi0% and PaOn
were higher in the non-OSAS group, whereas %FVC and
PaCO2 did not differ between the 2 groups. BMI, VFA and
SFA were higher in the OSAS group, although V/S ratio
did not differ significantly between OSAS and non-OSAS
patients. Mean and lowest SaQOz2 during sleep were signifi-
cantly lower, and AHI was higher in the OSAS group.

Circtlation Journal Vol 71, August 2007
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Figl. Serum concentrations of lipoprotein lipase (LPL) in patients

with mild. moderate and severe obstructive sleep apnea syndrome
(OSAS). LPL concentrations in severe OSAS group are significantly
lower compared with those in mild and moderate OSAS group. Values
are mean xstandard errors.
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Fig2. Relationship between scrum concentrations of triglycerides
(TG) and Hipoprotein lipase (LPL) in patients with obstructive sleep
apnea syndrome (OSAS) and non-OSAS. The solid and dashed
regression lines describe the relationship between serum LPL concen-
trations and TG in OSAS and non-OSAS patients, respectively. The
regression fine between serum concentrations of LPL and TG was
located downward in patients with OSAS compared with that in
paticnts with non-OSAS (p<0.0001 by analysis of covariance).

Serum TG, FPG, insulin. CRP and HOMA-R were higher,
whereas HDL-C and LPL were lower in the OSAS group,
although TC was similar in the 2 groups.

LPL in OSAS Patients

OSAS patients had lower LPL concentrations than non-
OSAS patients. OSAS patients were divided based on their
AHI values into those with severe OSAS (n=67, AHI >40).
those with moderate OSAS (n=44, AHL: 15-40) and those
with mild OSAS (n=44, AHI: 5-14.9). This system was
chosen because leaving 3 groups of about the same size
usually maximizes the statistical power of any comparison,
LPL concentrations were lower in severe OSAS group
compared with those in moderate or mild OSAS group.
Moderate OSAS group had lower LPL concentrations than
non-OSAS group. No significant dilference was observed
in LPL concentrations between mild OSAS and non-0OSAS

Cirulation Journal Vol 71, Angust 2007
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Fig3. Relationship between visceral fat area (VFA) and serum

concentrations of lipoprotein lipase (LPL) in patients with obstructive
sleep apnea syndrome (OSAS) and non-OSAS. The solid and dashed
regression lines describe the relationship between serum LPL concen-
trations and VFA in OSAS and non-OSAS patients, respectively. The
regression line between serum concentrations of LPL and VFA was
located downward in paticnts with OSAS compared with that in
patients with non-OSAS (p<0.0001 by analysis of covariance).
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Figd. Relationship between serum concentrations of lipoprotein
lipase (L.PL) and C-reactive protein {CRP) in patients with obstructive
sleep apnca syndrome {OSAS) and non-QSAS. The solid and dashed
regression lines describe the refationship between serum LPL concen-
trations and CRP in OSAS and non-0SAS patients, respectively.

group (Figl). LPL concentrations negatively correlated
with AHI in whole SAS group (r=0.32, p<0.01). These sug-
gest that LPL concentrations decrease especially in patients
with frequent episodes of apnea.

LPL concentrations negatively correlated with BMI,
VFA, SFA, TG, insulin and HOMA-R in OSAS patients.
Circulating LPL concentrations positively correlated with
HDL-C. OSAS patients had lower LPL concentrations than
non-OSAS patients (Table 1) even when compared relative
to TG, VFA, SFA and BMI. For example, the lincar regres-
sion line between LPL concentrations and TG in OSAS
patients was shifted downward compared with that in non-
OSAS patients (p<0.01) (Fig2). Likewise, the lincar regres-
sion lines between LPL concentrations and VFA (Fig3),
SFA and BMI in OSAS patients were shifted downward
compared with those in non-OSAS patients {p<0.01),
suggesting that any pathophysiological factor might
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Fig5. Relationship between average Sa0O2 during sleep and serum

concentrations of lipoprotein lipase (LPL} in patients with obstructive
sleep apnea syndrome (OSAS) and non-OSAS. The solid and dashed
regression lines describe the relationship between serum LPL concen-
trations and average Sa02 during sleep in OSAS and non-OSAS
patients, respectively.

decrease LPL activity in OSAS patients.

LPL concentrations correlated negatively with CRP in
both OSAS and non-QSAS patients (Fig 4}, suggesting that
decreased LPL activity might be associated with systemic
inflammatory responses,

LPL concentrations correlated positively with average
Sa02 during sleep in OSAS patients (Fig 5). suggesting that
LPL activity might decrease with apnea-related repeated
hypoxemia,

The Tactors which influence the LPL concentrations in
OSAS patients were examined. A significant correlation
was observed between serum LPL concentrations and sleep
average Sa0z, sleep lowest SaO2, AHL, BMI, VFA, SFA,
TG, HDL-C, insulin, HOMA-R or CRP (Table2), indicat-
ing that any metabolic or inflammatory factor might influ-
ence the serum concentrations of LPL.

Next, multiple regression analysis was performed to pre-
dict the LPL concentrations. using the values of TG, amount
of VFA, BMI, HOMA-R, the average SaO2 during sleep
and AHI as potential predictors. The results of multiple
regression analysis showed that the primary factors influ-
encing LPL concentrations were TG (p<0.0001), the aver-
age Sa02 during sleep (p=0.003) and amount of VFA (p=
0.037). whercas AHI (p=0.062), HOMA-R (p=0.34) and

{ng/ml}
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Table 2 Correlation Coefficients of Severa) Parumeters With the
Concentrations of Serum LPL
P OSAS  Non-0SAS Total

Variables {n=155) (n=39) {n=194)
BMI 0.41% 0.48% 0.30*
VIA .46* 0.37% 0.44*
SFA 0.31% 0.58% 0.28%
AHI 0.25% 0.04 h48%
Steep average S60: 0.42% 0.23 0.39*
Sleep lowest Sul): 0.24% 0.12 G.37*
Triglveerides 0.53= 0.12 0.37¢
HDL-C 0.460% 0.12 0.37%
FPG 0.06 0.14 0.18
Insulin 0.28* 0.19 .30+
HOMA-R 1.23% .20 0.29%
CRP 0.46% 0.12 0.37%

*p< (.03, :

HOMA-R. HOMA rativ, Other abbreviativms see in Tuble 1.

BMI (p=0.97) did not significantly affect LPL concentra-
tons.

Effect of CPAP Therapy on CRP and LPL Concentrations

In 36 paticnts with moderate 1o severe OSAS, BMI did
not change significantly during the 3 months of CPAP ther-
apy. Treatment with CPAP significantly decreased AHI
(57.5£3.9 o 1.420.1. p<0.01) and increased sleep lowest
Sa02 (70.5x1.8 10 91.5£04, p<0.01). In addition, CPAP
significantly decreased the concentrations of CRP (1.774%
278 10 999£210, p<0.01). and increased the concentrations
of LPL (44.4£2.0 10 49.1£2.2, p<0.01) (Fig6).

Discussion

The purpose of the present study was (o investigate
whether repeated apnes-related hypoxemia influences lipid
metabolism, thereby systemic inflammatory responses in
paticnts with OSAS. Increased concentrations of TG-rich
lipoproteins as a result of decreased LPL activity might
eventuate in lipid accumulation in the arteries wall, irigger-
ing carly nflammatory responses and thereby the occur-
rence of cardiovascular discases in OSAS.

In the present study circulating LPL concentrations were
lower and CRP concentrations were higher in OSAS pa-
tients compared with those in non-OSAS patients, and LPL
concentrations were lower in severe than in mild OSAS

Fig6. Effccts of nasal continuous positive airway
pressure (CPAP) on blood concentrations of high-
sensitivity C-reactive protein (CRP) and lipoprotein
tipase (LPL) in patients with obstructive sleep apnea
syndrome (OSAS) (n=36). CRP decreased and LPL
increased 3 months after treatment with nasal CPAP.

CRP {ng/mi) LPL
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group. In addition, nasal CPAP therapy increased LPL and
decreased CRP concentrations in OSAS patients. These
results suggest that repeated apnea-related hypoxemia
might affect lipid metabolism and augment inflammatory
responses, although direct link between LPL activity and
systemic inflammatory responses has not been determined.

Inflammatory responses play important roles in athero-
sclerosistt and CRP is a non-specific marker of inflamma-
tion!2-13 Circulating concentrations of CRP are clevated in
patients with OSAS! as a result of OSAS itself and con-
comitant diseases, such as obesity and hyperlipidemial®
Circulating concentrations of CRP represent a strong inde-
pendent predictor of the risk of suffering a myocardial
infarction. stroke or vascular death in persons without overt
signs or symptoms of a cardiovascular disease!? The inverse
relationship between circulating LPL concentrations and
CRP suggests that decreased LPL activity might accentuate
vascular inflammatory responses, or that vascular inflam-
matory responses could decrcase LPL concentrations in
patients with OSAS. However, the cause and effect rela-
tionship between circulating LPL concentrations and CRP
has not been clearly defined.

LPL plays a central role in lipoprotein metabolism by
hydrolyzing both dictary and endogenous TG2 The nega-
tive correlation of blood LPL concentrations with TG con-
centrations and positive correlation with HDL-C concen-
trations arc essentially consistent with previous studies$- 16
Although the meaning and mechanisms of these relation-
ships have not been clarified, these relationships suggest
that circulating concentrations of LPL reflect to some
extent the amount of LPL activity?7

OSAS patients are frequently associated with obesity,
and OSAS and obesity might synergistically contribute 10
the development of cardiovascular complications, such as
hypertension and ischemic heurt disease. In the present
study. LPL concentrations were lower in OSAS patients
compared with those in non-OSAS paticnts. In addition.
circulating LPL concentrations correlated negatively with
BMI, VFA and SFA, und the lincar regression line between
LPL concentrations and BMI in OSAS patients was shifted
downwaurd compared with that in non-OSAS patients, sug-
gesting that any pathophysiological factor might decrease
LPL concentrations in OSAS patients. One plausible expla-
nation is the atherogenic effects of hypoxia through de-
creased LPL activity in patients with OSAS!7 Hypoxia
modulates the expression of several endothelial gencs,
including those for vascular endothelial growth factor and
endothelin!®20 Therefore, it might be that repeated apnea-
related hypoxemia is one of the causes 1o decrease LPL con-
centrations. It has been clurified that intermittent hypoxia
influence the pathogenesis of atherosclerosis rather than
sustained hypoxia?! That AHI was related to LPL concen-
trations might suggest that repeated apnea-related desatura-
tion is an important determinant ol LPL concentrations.

One important mechanism by which OSAS might pro-
mote cardiovascular discases is intermittent hypoxia, in
which patients are subjected 1o repeated episodes of brief
oxygen desaturation, followed by reoxygenation?223 Such
cycles of hypoxia/reoxygenation might result in the genera-
tion of reactive oxygen specics. Reactive oxygen specics
and redox events are also involved in the regulation of sig-
nal transduction for oxygen-sensing mechanisms2+2% and
could be involved in the regulation of the LPL production,
although the mechanisms of decreased LPL concentrations
in OSAS paticnts have not been determined in the present
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study. Serum LPL mass might have significant relationships
with insulin resistance?® In the present study, HOMA-R,
one of the markers representing insulin resistance, was
higher in OSAS patients and LPL concentrations negatively
correlated with HOMA-R, suggesting that insulin resis-
tance might be partly associated with blood LPL concentra-
tions. However, the multiple regression analysis showed
that the primary factors influencing LPL concentrations
were TG, the average SaOz2 during sleep and amount of
VFA, whereas HOMA-R did not significantly affect LPL
concentrations.

A limitation of the present study is that no women were
included. The balance between the LPL activity of visceral
adipocytes and that of less pathogenic subcutaneous fat de-
posits has a major influence on the development of visceral
obesity, and appears to be favorably influenced by restora-
tion of sex hormones in both men and women?? suggesting
that gender might influence LPL activity. Therefore, in the
present study, only men were recruited to avoid the con-
founding effects of gender on LPL concentrations, although
LPL concentrations might not be affected by aging and
genderd In addition, the subjects were limited to Japanese
male in the present study, and therefore the results of this
study might not be extrapolated to other groups of OSAS
patients.

Three months of treatment with CPAP reduced CRP and
increased LPL concentrations in patients with OSAS., con-
{irming that CPAP therapy ameliorates infTammatory
responses!+23 A limitation of the present study was that we
did not measure the time course of CRP and LPL changes
during the usage of CPAP. Whether the reliel of hypoxemia
for a relatively short term affects LPL or CPR production
or release has not been defined. Another limitation of this
study was that the effects of CPAP on CRP and LPL levels
were not examined according to a randomized, placebo-
controlled design because of the difficulties of placebo
CPAP measurements.

In conclusion, we found that decreased LPL concentra-
tions could be associated with inflammatory responses in
patients with OSAS. Increased concentrations of TG-rich
lipoproteins as a result of decreased LPL activity might
result in lipid accumulation in arteries wall, triggering early
inflammatory responses and thereby the occurrence of car-
diovascular discases in OSAS. Three months of CPAP ther-
apy may be cffective o decrease inflammatory responses.
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Background: The pathogenesis of daytime hypercapnia (Paco, =45 mm Hg) may be directly
linked to the existence of obstructive sleep apnea syndrome (OSAS) per se, although only some
patients with OSAS exhibit daytime hypercapnia.

Objective: To investigate the prevalence of daytime hypercapnia in patients with OSAS; the
association of daytime hypercapnia and obesity, obstructive airflow limitation, restrictive lung
impairment, and severity of sleep apnea; and the response to continuous positive airway pressure
(CPAP) therapy in a subset of subjects.

Methods: The study involved 1,227 patients with OSAS who visited a sleep clinic and were
examined using polysomnography. As for the response to CPAP therapy, the patients were
considered good responders if their daytime Paco, decreased = 5 mm Hg and poor responders
if it decreased < 5 mm Hg.

Results: Fourteen percent (168 of 1,227 patients) exhibited daytime hypercapnia. These patients had
significantly higher body mass index (BMI) and apnea-hypopnea index (AHI) values compared with
normocapnic patients, while percentage of predicted vital capacity (%VC) and FEV,/FVC ratio did
not differ between the two groups. Logistic regression analysis showed that only AHI was a predictor
of daytime hypercapnia (p < 0.0001), while BMI (p = 0.051) and %VC (p = 0.062) were borderline
predictors of daytime hypercapnia. Daytime hypercapnia was corrected in some patients (51%, 19 of
37 patients) with severe OSAS after 3 months of CPAP therapy.

Conclusion: The pathogenesis of daytime hypercapnia may be directly linked to sleep apnea in a
subgroup of patients with OSAS. (CHEST 2007; 132:1832-1838)

Key words: continious positive airway pressure; hypercapnia; hypoventilation; obesity; sleep apnea

Abbreviations: AHI = apnea-hypopnea index; BMI = body mass index; CPAP = continuous positive airway pressure;
FEV,% = FEV/FVC ratio; OSA = obstructive sleep apnea; OSAS = obstructive sleep apnea syndrome; OHS = obesity
hypoventilation syndrome; P(A-a)O, = alveolar-arterial oxygen pressure difference; Sa0, = arterial oxygen saturation;
%VC = percentage of predicted vital capacity

bstructive sleep apnea (OSA) is characterized by association of OSAS with hypercapnia.” However, in

Ointermittent closure of the pharyngeal airway
during sleep, resulting in episodic hypoxemia and
sleep disruption. To date, no single pathophysiologic
mechanism has been identified. It is possible that the
cause of OSA is multifactorial. Some patients with
OSA syndrome (OSAS) exhibit daytime hypercapnia.
The prevalence of daytime hypercapnia in these
patients varies from 11 to 43% according to previous
reports.’-3 Mechanical impairment of the respiratory
system due to obesity>® and COPD?# are known
causes of daytime hypercapnia in patients with
OSAS. It is generally accepted that there is no direct

1832

these patients daytime Paco, may be an end product
of complex factors including severity of sleep apnea;
obesity; daytime Pao,; chemosensitivity; respiratory

For editorial comment see page 1729

mechanics, including chronic airflow lmitation; re-
spiratory muscle strength; metabolic rate; daytime
symptoms of sleepiness; endocrine modulation; cardiac
function; face, nose, and cranial bony structure (ceph-
alometry); and others. Thus, daytime hypercapnia may
exist without obesity and/or airflow limitation.
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The hypothesis of the present study was that the
levels of daytime Paco, in patients with OSAS are
partly influenced by the degree of OSAS, as ex-
pressed by the apnea-hypopnea index (AHI). Since
continuous positive airway pressure (CPAP) therapy
can reverse CO, retention in some patients with
hypercapnic OSAS,® the pathogenesis of daytime
hypercapnia may be directly linked to the existence
of OSAS per se, although only some patients with
OSAS exhibit daytime hypercapnia.

The prevalence of OSAS in Asian countries has
recently been reported®-'*; however, no such epide-
miologic studies have been performed in Japan.
Obesity appears to be a common and important risk
factor for sleep-disordered breathing in previous
studies done in Western countries. However, the
evaluation of daytime hypercapnia in patients with
OSAS has been limited in Asian countries.!2 Ethnic
differences between Asian and Western populations
might influence the pathogenesis of OSAS, which
might limit the relevance of this study, but at the
same time emphasize the heterogeneity of OSAS.
Therefore, the aim of the present study was first to
assess the prevalence of daytime hypercapnia in a
large group of patients who visited a sleep clinic;
then to evaluate a possible association between
daytime hypercapnia and obesity, obstructive airflow
limitation, restrictive lung impairment, and severity
of sleep apnea; and finally to examine the response to
CPAP therapy in a subgroup of patients.

MATERIALS AND METHODS

Subjects

The subjects of this study were 1,407 consecutive patients with
clinical symptoms of sleep apnea who sought treatment from
January 2002 to December 2005 and were examined using
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polysommography. The patients were recruited from the sleep
clinic where they had been referred for further investigation
regarding snoring or possible OSAS. Presenting symptoms were
either snoring or daytime sleepiness or both. The subjects were
all Japanese.

Patients who exhibited Cheyne-Stokes breathing with central
sleep apnea (n=4), those receiving cardiac drugs (digitalis and
B-blockers) due to heart failure (1 = 2), and patients with restrictive
diseases such as kyphoscoliosis (n = 2) and diffuse interstitial fibrosis
(n = 2) were excluded from this study. OSAS was established on the
basis of clinical and polysomnographic criteria. AHI was calculated
as the sam of sleep-disordered breathing events. In addition to
clinical symptoms, an AHI > 5 events per hour was also used as a
selection criterion of OSAS. The patients (n = 1,399) were distrib-
uted into two groups according to AHI (AHI = 5/, n = 1,227; AHI
< 5/h, n = 172}, Patients with hypercapnic OSAS who satisfied the
criteria of obesity hypoventilation syndrome (OHS) were included in
this study if their body mass index (BMI) was = 30 kg/m®, which
indicated obesity.

Pulmonary function tests were performed to determine vital
capacity, FEV,, and FVC using a standard spirometer (Fudac-60;
Fukuda Denshi; Tokyo, Japan). Arterial blood was drawn with the
patient resting in the supine position between 9:00 AM and
10:00 am the morning after the sleep study to measure Pao, and
Paco, during room air breathing in a blood gas analyzer (Model
ABL555; Radiometer; Tokyo, Japan). The supine position was
selected when arterial blood was obtained because polysomnog-
raphy was started with the patient in that position. Hypercapnia
was defined as Paco, =45 mm Hg, and normocapnia was
defined as Paco, <45 min Hg. The ideal alveolar gas equation
was used to calculate alveolar Po, so that the alveolar-arterial
oxygen pressure difference (P[A-a]O,) could be calculated. The
study protocol was approved by the Research Ethics Committee
of Chiba University School of Medicine, and all patients gave
their informed consent prior to the study.

Polysomnography

Overnight polysomnography (P Series or E Series Polygrapher;
Compuedics; Melbourne, Australia) was performed between
9:00 Py and 6:00 aM. Polysomnnography consisted of continuous
polvgraphic recording from surface leads for EEG; electroocu-
lography; electromyography; ECG; thermistors for nasal and oral
airllow; thoracic and abdominal impedance belts for respiratory
effort; pulse oximetry for oxyhemoglobin level; tracheal micro-
phone for snoring; and sensor for the position during sleep.
Respiratory events were basically scored according to American
Academy of Sleep Medicine criteria: apnea was defined as
complete cessation of airflow lasting = 10 s; hypopnea was
defined as a = 50% reduction of airflow from baseline for 10 s
that was associated with an oxygen desaturation > 3% or an
arousal. Polysommnograms were staged manually according to
standard criteria.'>!* Severity of OSAS was determined based on
the AHI, and lowest and average values of arterial oxygen
saturation (Sa0,) during sleep.

CPAP Treatment

Arterial blood gas analysis was re-evaluated 3 months after the
initiation of CPAP therapy (AutoSet; ResMed; Sydney, Australia).
The subjects were consecutive hypercapnic OSAS  patients
(n = 55) examined using polysomnography from January to
December 2005 with AHI values > 40/h. Thirty-seven patients
could tolerate CPAP treatinent and were successfully treated for
3 months with CPAP. CPAP tolerance was considered adequate
when the system counter indicated that the patient was using the
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device for at least 4 h at night during at least 70% of the follow-up
nights. Nonadherence to CPAP therapy was observed in 18
patients.

Statistical Analysis

The results are expressed as mean * SE. All clinical parame-
ters are sumnmarized by descriptive statistics. The Mann-Whitney
U test was used to compare age, BMI, pulmonary functions, and
sleep parameters between two groups of patients. Proporﬁons
were compared using the x” test. Linear regression analysis was
performed to examine the association between two parameters.
The patients were distributed into five groups according to BMI
(18.5 to 25 kg/in?, 25 to 30 kg/in?, 30 to 35 kg/m?, 35 to 40 kg/m?,
and > 40 kg/m?), percentage of predicted vital capacity (%VC)
[70%, 70 to 80%, 80 to 90%, 90 to 100%, and > 100%];
FEV /FVC ratio (FEV,%) [< 60%, 60 to 70%, 70 to 80%, 80 to
90%, and > 90%]; and AHI (5 to 15/h, 15 to 30/h, 30 to 45/h, 45
to 60/h, and > 60/h). Groups 1 to 4 were defined according to
AHI levels. Levels of BMI were classified according to World
Health Organization criteria.' Analysis of variance was used to
compare levels among the groups. This was followed by a post
hoc Bonferroni multiple-comparison test. Logistic regression
analysis was applied to predict daytime hypercapnia using the
category classification of BMIL, %VC, FEV,%, and AHI as
potential predictors. AHI was a parameter for the degree of sleep
apnea, BMI for obesity, %VC for obesity-related impairment of
lung function, and FEV,% for obstructive impairment of lung
function; p values < 0.05 were considered statistically signilicant.

RESULTS
Patients With OSAS vs Without OSAS

The male to female ratio in patients with OSAS
was approximately 8, while it was approximately 3
in non-OSAS patients (p < 0.01, x~ test). Mean
age was higher in the OSAS group. FEV,% and
Pao, values were lower, while BMI and P(A-a)O,
values were higher in the OSAS group. Paco,
values were not statistically different between two
groups (Table 1).

Table 1—Characteristics of Patients With OSAS
vs Without OSAS*
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FIGURE 1. Distribution of Fatients according to Paco,. Open and
closed bar show patients without and with hypercapnia, respectively.

Patients With Hypercapnia vs Normocapnia

Fourteen percent (168 of 1,227 patients) of those
with OSAS showed daytime hypercapnia (Paco,
= 45 mm Hg) [Fig 1]. Fourteen percent of men and
8% of women (no significant difference in gender)
exhibited daytime hypercapnia. %VC was slightly
lower in hypercapnic patients compared with normo-
capnic patients, while FEV,% was similar between
the two groups. Pao, was significantly lower in
hypercapnic patients. P(A-a)O, values were similar
between the two groups. BMI and AHI were signif-
icantly higher in hypercapnic patients (Table 2).

Predictive Factors for Daytime Hypercapnia

Age and gender distribution differed between the
OSAS group and the non-OSAS group (Table 1).
However, no gender difference in Paco, levels was
observed in either group. In addition, no significant

Table 2—Characteristics of Patients With Hypercapnia
vs Normocapnia*

Paco, <45 mmm  Paco, = 45 mun

AHI AHI

Variables =5h(n=1227) <5h(u=172) p Value
MenAvomen, No. 1,091/136 130/42 < 0.01
Age, yr 499 + 0.8 453+ 1.1 < 0.01
TNC 100.7 = 0.5 100.2 = 1.5 NS
FEV, % 823 0.2 845 £ 0.5 < 0.01
Pao,, mmn Hg 80.8 £0.3 8§7.8 £ 0.7 < 0.01
Paco,, mm Hg 41.3 0.1 40.8 £ 02 NS
P(A-a)O,, mm Hg 111 =07 176 = 0.3 < 0.0]
AHI, events/h 42.0 = 0.8 22+0.1 < 0.01
Lowest Sao,, % 745 £ 0.3 884 + 0.4 < 0.0l
Average 5a0,, % 90.9 0.2 96.5 + 0.1 < 0.01
BMI, kgm2 286 0.2 25.0+ 0.4 < 0.01

Variables Hg (n = 1,059) Hg (n = 168) p Value
Men/women, No. 935/124 156/12 NS
Age. yr 50.0 + 0.4 493 * 1.0 NS
AV 100.8 = 0.5 975 * L5 < 0.05
FEV,/FVC, % §29 *+ 02 8§25+ 0.5 NS
Pa0,, mm Hg $1.9 £ 0.3 739 £08 <0.01
Paco,, mm Hg 404 *+ 0.1 474 = 0.2 < 0.01
P(A-2)Oy, mm Hg 17.7 £ 0.4 6.9 + 0.7 NS
AHI, events/h 393x0.8 588 = 2.0 < 0.01
Lowest Sa0,, % 75.6 * 0.3 675+ 1.0 < 0.01
Average Sao,, % 915 0.2 86.9 + 0.6 < 0.01
BMI, kg/m2 28.2 £ 0.2 31.1 = 0.6 < 0.0l

*Data are presented as mean = SE unless otherwise indicated.
NS = not significant.
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#*Data are presented as mean = SE unless otherwise indicated. See
Table 1 for expansion of abbreviation.
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FIGURE 2. Prevalence of daytime hypercapnia in patients with

OSAS dmtubutcd according to AHL.

correlation was observed between age and Paco,
levels in patients with OSAS.

Hypoxemia (Pao,) is a predictive factor for day-
time hypercapnia when alveolar hypoventilation is
the main cause of hypercapnia. In the present
population, alveolar Po, was a definite predictive
factor for hypercapnia because P(A-a)O, values were
similar in the two groups. Therefore, the predictive
values of BMI, FEV,%, %VC, and/or AHI for
daytime hypercapnia were examined. Univariate
analysis showed that Paco, significantly correlated
with AHI, BMI, and %VC, while Paco, did not
correlate with FEV,%. The prevalence of daytime
hypercapnia differed according to BMI, %VC, and
AHI (Fig 2) but not according to FEV,%. The
logistic regression analysis for prediction of daytime
hypercapnia showed thdt only AHI values were
predictors for the presence of ddytlmc hypercapnia,
while BMI and %VC were borderline predictors and
FEV,% was not a predictor (Table 3).

Table 3—Univariate Analysis of Paco, Values and
Multivariate Analysis of Potential Predictors of
Daytime Hypercapnia (Paco, = 45 mm Hg)*

Univariate Multivariate
' l[ Relative Risk
Variables rValue pValue p Value (95% CI)
AHI, events/h 0.21 < 0.0001 < 0.0001
5to 15 1.00
15 to 30 4.72 (1.59-14.01)
30 to 45 11.74 (4.08-33.77)
45 to 60 10.27 (3.53-29.56)
> 60 16.26 (5.69-46.4)
BMI 0.16 < 0.0001 0.051
LAY —0.06 0.03 0.062
FEV,% 0.03 0.38 0.558

*CI = confidence interval.

www.chestjournal.org

Because only AHI values were predictive for the
presence of daytime hypercapnia, anthropometric,
blood gas, and sleep study data were analyzed in
patients with OSAS distributed according to AHI
(Table 4). Paco, in group 5 was the highest
(p < 0.05) among the five groups. Paco, in group 4
was significantly higher than that in group 1 (Fig 3).
BMI in group 5 was the highest (p < 0.05) among
the five groups. BMI in group 4 was significantly
(p < 0.05) higher than that in groups I and II, and
BMI in group 3 was significantly (p < 0.05) higher
than that in group 1 (Fig 4).

In the present study, we used logistic regression
analysis to predict daytime hypercapnia. However,
when we used multiple regression analysis, the results
were similar to those obtained using AHI as the only
statistically significant variable to predict hypercapnia.

Responses of Paco, to CPAP Therapy

Based on the response of Paco, to CPAP therapy,
patients were distributed into good responders
(n = 19) showing a decrease of Paco, by 5 mm Hg;
poor responders (n = 18) showing a decrease of <5
mm Hg after 3 months on CPAP therapy; and
nonadherents (n = 18) [Table 5]. Sex distribution,
age, pulmonary function (%VC, FEV,%), arterial
blood gas analyses (Pao,, Paco,), and AHI did not
differ significantly between good and poor respond-
ers. BMI was lower in good responders than in poor
responders. The degree of sleep desaturation was
more severe in poor responders than in good re-
sponders. BMI decreased significantly after 3
months of CPAP therapy in good and poor respond-
ers (p < 0.03). Nonadherents to CPAP therapy were
older, not obese, and had milder degree of hyper-
capnia and sleep apnea (Table 5).

DISCUSSION

The present study showed that 13.7% (168 of
1,227 patients) of a relative large group of patients
with OSAS examined using polysomnography had
daytime hypercapnia. Patients with daytime hyper-
capnia had significantly higher BMI and AHI, and
lower Pao, and %VC values compared with normo-
capnic patients, while FEV, % did not differ between
the two groups. Logistic regression analysis showed
that only AHI was a predictor of daytime hypercap-
nia, although this index was not independent of BML.
Obesity partly contributed to the presence of day-
time hypercapnia in our patients, suggesting that
BMI acts as a modifier. In some patients with OSAS,
daytime hypercapnia responded to CPAP therapy for
3 months. These data suggest that the pathogenesis
of daytime hypercapnia might be directly linked to
OSAS per se in a subset of patients with OSAS.
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Table 4—Anthropometric, Blood Gas, and Sleep Study Data of OSAS Patients Distributed According to AHI*

Group I, AHI Group 2, AHI

Group 3, AHI Group 4, AHI Group 5, AHI

=35 to < 15/h =15 to < 30/h =30 to < 45/h = 45 to < 60/h = 60/h
Variables (n =222 {n = 268) (n = 221) (n = 218) (n = 298)
MenAvomen, No. 184/38 229/39 207/14 204/14 267/31
Age, yr 50.6 £ 0.9 508 £ 0.8 516 £08 509+ 0.9 46.6 £ 0.7t
DNC, % 1074 = 1.1 106.6 = 1.1 1074+12 106.0 + 1.3 101.7 = 1.0%
FEV,%, % 835 =04 82704 81904 8§26+ 04 8§3.1+03
Pao,, mm Hg 86.2 =+ 0.6 825 * 0.61 81.8 = 0.61 80.1 = 0.7t 74.8 + 0.6t
Paco,, mm Hg 404 + 0.2 40.7 £ 0.2 41.2 £0.3 41.4 + 0.3 426 + 0.2t
P(A-2)O,, mm Hg 13306 16.5 £ 0.6t 16.6 + 0.6% 18.2 = 0.71 22,0 = 0.61
BMI, kg/m2 255+ 0.3 27.1 £ 0.3 27.6 = 0.3t 28.6 = 0.41 32.9 = 0.4t

*Data are presented as mean * SE unless othenvise indicated.
tp < 0.05 vs group 1.

The pathogenesis of OSAS and/or hypoventilation
(daytime hypercapnia) may differ between Western
and Asian populations including Japan because dif-
ferent genetic factors may contribute to the devel-
opment of these disorders.'® In the present study,
mean AHI in the normocapnic and hypercapnic
OSAS groups was 28.2/h and 31.1/h, respectively,
which was lower than that found in previous re-
ports'=% from Western countries. In addition, the
level of hypercapnia was relatively mild (mean, 47.4
mm Hg) in our cohort, and the proportion of patients
with a Paco, =50 mm Hg was only 13.7% (23 of
168 hypercapnic patients) [Fig 5]. Therefore, it is
unclear whether the results of this study could be
explored to white patients.

Daytime hypercapnia was corrected in approxi-
mately half of our patients treated with CPAP. A
limitation of this result was that the patients who
tolerated this therapy were not representative of the
entire hypercapnic OSAS group because their AHI

*
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FIGURE 3. Paco, values in patients with OSAS distributed
according to AHIL. *p < 0.05 vs every other group. tp < 0.05 vs
group 1.
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and BMI values were higher than those observed in
the whole group of hypercapnic patients. Another
limitation was that we did not measure the time
course of Paco, changes during the usage of auto-
CPAP. However, our result was similar to that
reported by Rapoport et al,® who found that four
patients became eucapnic within 2 weeks of CPAP
therapy, while four others remained hypercapnic,
although the subjects were morbid obese. Rapoport
et al® proposed that two separate mechanisms exist
for hypercapnia in OSAS. The pathogenetic mecha-
nisms of daytime hypercapnia in patients with OSAS
who responded to CPAP therapy may be a balance
between ventilation while awake and hypoventilation
due to repetitive sleep apnea; thus, the effects of
sleep apnea on daytime hypercapnia could be abol-
ished by CPAP therapy. Han et al'” reported that
Paco, had fallen to <45 mm Hg and hypoxic and
hypercapnic chemosensitivity had increased 4 to 6
weeks after CPAP therapy, without body weight
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FIGURE 4. BMI in patients with OSAS distributed according to
AHI. *p < 0.05 vs every other group. tp < 0.05 vs groups 1 and 2.
§p < 0.05 vs group 1.
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