Table 5—Good Responders, Poor Responders, and
Nonadherents to CPAP Therapy*

Good Poor
Responders  Responders ~ Nonadherents
Variables (n=19) (n=18) (n=18)

MenAvomen, No. 19/0 15/3 15/3
Age, yr 444 + 2.4 451 £ 3.2 63.8 = 2.3§
N C 976 = 48 90.9 + 3.0 94.0 + 6.1
FEV /FVC, % 843+ 1.3 864 + 1.4 79.4 + 1.5§
Pao,, mm Hg 71.0*24 65.3 * 2.7 76.8 = 1.5§
Paco,, mm Hg 488 = 0.6 492 + 0.8 472 * 0.5§
AHI, eventsth 61.6 = 6.5 63.2 * 6.9 512 * 1.7§
Lowest Sa0,, % 63630 539=x29 68.6 = 2.1§
Average Sa0,, % 83818 79.1 = 2.3 90.1 = 0.7§
BMI before therapy, 32.5 % 1.1 424+ 274 26.1 + 1.0§

kg/m?>
BM1I after therapy, 319 1.1t 420= 28t 260=x 11§

kg/m?® .

*Data are presented as mean * SE unless othenwvise indicated.
tp < 0.05 compared with BMI before CPAP therapy.

tp < 0.05 compared with good responders.

§p < 0.05 compared with poor responders.

changes, in hypercapnic patients with OSAS (n = 5),
suggesting that depressed chemoresponsiveness
plays a role independent of obesity in the develop-
ment of CO, retention in some of these patients; and
it may be a response to sleep-disordered breathing.
In the present study, one possible pathomechanism
of hypercapnia in good responders may be upper
airway resistance because in this group BMI was
slightly lower than in poor responders and upper
airway resistance was easily ameliorated after CPAP
therapy. However, daytime Paco, levels in OSAS
patients may be an end product of a complex
conglomerate, influenced by factors such as severity
of sleep apnea; obesity; daytime Pao,; chemosensi-
tivity; respiratory mechanics: respiratory muscle
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Ficurg 5. The responses of Paco, to CPAP therapy. Closed
circle with solid line represents good responder, while open circle
with dashed line represents poor responder.

www.chestjournal.org

strength; metabolic rate; daytime symptoms of sleep-
iness; endocrine modulation; cardiac function; and
face, nose, and cranial bony structure (cephalome-
try). Several undefined pathomechanisms of daytime
hypercapnia may exist in patients with OSAS, whose
Paco, did not decrease after CPAP therapy.

Our study did not focus on the causal relationship
between OSAS and OHS. It has been reported that
OHS can occur without significant OSAS'® (ie, OHS
patients could exhibit nocturnal hypoventilation un-
related to upper airway obstruction).® Forty-three
percent (73 of 168 patients) of our hypercapnic
patients with OSAS satisfied the criteria of OHS,
when obesity was defined as BMI = 30 kg/mz. In
other words, more than half of hypercapnic patients
with OSAS were not obese based on Western crite-
ria. In addition, nocturnal desaturation in our hyper-
capinc patients with OSAS was mostly due to upper
airway obstruction, partly-because the degrees of day-
time hypercapnia and obesity were mild compared with
those of previous reports from Western countries.'-
There may exist some ethnic differences regarding the
characteristics of OHS between Japan and Western
countries. In the present study, logistic regression
analysis showed that BMI could be a predictor of
daytime hypercapnia (p = 0.051), suggesting that
obesity may have partly contributed to the presence
of daytime hypercapnia in our patients. Therefore,
the predictive value of AHI may not be independent
of BMI; rather, BMI could be a modifier.

Our data showed that chronic airflow limitation
was not a prerequisite for the presence of daytime
hypercapnia.® We did not intend to exclude any
patient suspected of COPD in our study, and no
patients showed an FEV,% < 60%. Only 3.5% of
the patients with hypercapnia (6 of 168 patients) had
mild obstructive airflow limitation (FEV,% = 60%
to < 70%). Overlap syndrome (the association of
OSAS with COPD)!® may be rare in the Japanese
population. However, a relationship of obstructive
impairment with hypercapnia in patients with OSAS
cannot be ruled out because our study population was
a convenient sample of patients attending a sleep clinic.

The poor responders to CPAP therapy showed a
decrease of AHI after receiving auto-CPAP therapy,
and their clinical conditions (the degree of daytime
sleepiness decreased) improved, although the levels
of daytime Paco, did not decrease =5 mm Hg.
Current therapeutic options available for hypoventi-
lation syndrome include bilevel pressure support
ventilation with or without supplemental oxygen.20 A
future challenge is to investigate whether poor re-
sponders to CPAP therapy would respond to bilevel
pressure support ventilation.
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Vascular Endothelial Growth Factor in Obstructive
Sleep Apnea Syndrome

Koichiro TATSUMI, Nobuhiro TANABE, Yuichi TAKIGUCHI
and Takayuki KURIYAMA

ABSTRACT

Background: Repeated hypoxemia upregulates vascular endothelial growth factor (VEGF)
production. It has been reported that blood levels of VEGF are elevated in patients with obstruc-
tive sleep apnea syndrome (OSAS), and that VEGF elevation correlates with the degree of noc-
turnal hypoxia and apnea-hypopnea index (AHI). Serum VEGF includes that released by activat-
ed platelets during the in vitro clotting process. In vitro experiments have shown that VEGF is
released by platelets even if not stimulated by hypoxia. It is possible that serum VEGF derives
entirely from platelets activated during the in vitro clotting process. Therefore, the relationship
between serum and plasma VEGF is unclear in patients with OSAS.

Objective: In the present study, we compared serum and plasma VEGF levels in patients with
OSAS to examine whether both serum and plasma VEGF levels could be used as the marker of
repeated intermittent nocturnal hypoxemic insults. In addition, the levels of hypoxemia, partly
reflected by mean SpO: values during sleep, as well as the number of hypoxemic episodes, part-
ly reflected by AHI, may influence the blood levels of VEGF. Therefore, we examined which of
two variables, mean SpQO: or AHI, play a major role in determining the blood levels of VEGF.

Methods: The study population consisted of 181 consecutive men clinically suspected to have
OSAS, who were examined by polysomnography (PSG). We measured blood levels of VEGF in
143 patients with OSAS and 38 patients with non-OSAS. Serum and plasma VEGF 121 levels in
patients with OSAS were measured in duplicate by a colorimetric enzyme-linked immunosor-
bent assay. The analytical sensitivity of this assay was assessed by measuring serially diluted
recombinant human VEGF 121 ranging from 0 to 1,000 pg/ml.

Results: The mean serum and plasma VEGF levels were 101 =5 and 72 =4 pg/ml, respective-
ly. The serum levels of VEGF were significantly higher than plasma levels of VEGF (P<0.01).
Linear regression analysis showed that serum VEGF concentrations significantly correlated with
plasma VEGF concentrations (r=0.82, P<<0.01). The concentration of serum VEGF decreased
linearly as a function of mean SpQ: (r=— 0.49, P<0.01), although a large between-patients’
variability in serum VEGF concentrations existed to sleep mean SpO: levels. They increased lin-
early as a function of AHI (r =0.32, P<0.01) or BMI (r=0.31, P<0.01), and decreased as a func-
tion of PaQ: (r=—0.21, P=< 0.01). Multiple regression analysis identified the sleep average
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SpO: (P=10.0001), but not PaO: (P=0.74), AHI (P=0.36) or BMI (P=0.32), as the only signifi-

cant predictor of serum VEGF levels.

Conclusions: Serum and plasma VEGF levels correlated with each other and that serum

VEGEF levels were 1.4 times higher than those in plasma in OSAS patients. The levels of hypox-

emia may play an important role in the production of VEGF. It is plausible that a certain degree

of repeated hypoxemia is required to produce VEGF.

INTRODUCTION

Hypoxia is known to be the major stimulant that
upregulates vascular endothelial growth factor
(VEGF) synthesis by controlling hypoxia-inducible fac-
tor-1 (HIF-1) gene transcription and mRNA stabiliza-
tion, while intermittent hypoxia is also found to up-
regulate HIF-1 expression.” Recent studies have
shown that blood levels of VEGF are elevated in
patients with obstructive sleep apnea syndrome
(OSAS), and that VEGF elevation correlates with the
degree of nocturnal hypoxia and apnea-hypopnea
index (AHI),” although no study has directly demon-
strated the upregulation of HIF-1 in OSAS.

Serum VEGF may include that released by activated
platelets during the in vitro clotting process. In vitro
experiments have shown that VEGF is released by
platelets even if not stimulated by hypoxia.® It is there-
fore possible that serum VEGF derives entirely from
platelets activated during the in vitro clotting process.
Therefore, the relationship between serum and plasma
VEGF is unclear in patients with OSAS.

In the present study, we compared serum and plas-
ma VEGF levels in patients with OSAS to examine
whether both serum and plasma VEGF levels could be
used as the marker of repeated intermittent nocturnal
hypoxemic insults. In addition, the levels of hypox-
emia, partly reflected by mean SpO: values during
sleep, as well as the number of hypoxemic episodes,
partly reflected by AHI, may influence the blood levels
of VEGF. Therefore, we examined which of two vari-
ables, mean SpO: or AHI, play a major role in deter-
mining the blood levels of VEGF.

METHODS

Subjects
The study population consisted of 181 consecutive

men clinically suspected to have OSAS, who were
examined by polysomnography (PSG) from July 2003
to June 2004. The patients were recruited from the
sleep clinic where they had been referred for investi-
gation for snoring or possible OSAS. Presenting symp-
toms were either snoring or daytime sleepiness or
both.

None of the patients had heart failure or other respi-
ratory problems, such as COPD, at the time of PSG.
The diagnosis of OSAS was established on the basis of
clinical and polysomnographic criteria. AHI was calcu-
lated as the mean number of events per hour of sleep-
disordered breathing. In addition to clinical symptoms,
an AHI of more than 5 events per hour was also used
as an OSAS diagndsis criterion.

Polysomnography

Polysomnography (PSG) (Compumedics, Mel-
bourne, Australia) was performed between 9:00 P.M.
and 6:00 A.M. PSG records were staged manually
according to standard criteria.” Respiratory events
were scored according to AASM criteria®: apnea was
defined as complete cessation of airflow lasting 10 sec-
onds or more; hypopnea was defined as either a > 50%
reduction in airflow for 10 seconds or more or a less
than 50%, but discernible, reduction in airflow accom-
panied either by a decrease in oxyhemoglobin satura-
tion of >3% or an arousal. Severity of OSAS was
determined by the AHI and mean and lowest oxygen
saturation (SpO:) during sleep (mean SpO: and lowest
SpOs).

Measurements of blood VEGF

Venous blood in patients with OSAS was obtained in
the fasting state at 7 A.M. after overnight PSG. Serum
and plasma VEGF 121 levels in patients with OSAS
were measured in duplicate by a colorimetric enzyme-
linked immunosorbent assay with slight modifications

of a chemiluminescence enzyme immunoassay previ-

— 90 —

139



ously described by Hanatani et al.” The analytical sen-
sitivity of this assay was assessed by measuring serial-
ly diluted recombinant human VEGF 121 ranging from
0 to 1,000 pg/ml. The intra- and inter-assay coefficients
of variation were both less than 10% throughout the
range.

The study protocol was approved by the Research
Ethics Committee of Chiba University School of Medi-
cine, and all patients gave their informed consent prior
to the study.

Statistics

The results are expressed as mean values * standard
errors (SEM). Univariate linear regression analysis
was applied to examine the relationship between
serum and plasma VEGF levels, as well as that
between serum VEGF levels and the severity of OSAS.
The patients were distributed into 5 groups according
to their AHI (-5, 5-20, 20-40, 40-60, 60-) and their
mean SpO: (-80, 8085, 85-90, 90-95, 95-). Analysis of
variance was used to compare the levels of VEGF
among the groups. This was followed by a post hoc

Bonferroni’'s multiple-comparison test. Multiple regres-
sion analysis was applied to predict serum VEGF lev-
els using mean SpO:, lowest SpO:, Pa0: during wake-
fulness, BMI and age as potential predictors. The level

of statistical significance was set at P <<0.05.
RESULTS

Patient characteristics

They were first divided into two groups according to
their AHI (AHI >5: n= 143, and AHI <5: n=38).
Then, we divided the patients into 5 groups according
to their mean SpQ: (Table 1). The mean age of the 5
groups was similar, while BMI was higher in the 4
groups with a mean SpO: <95% compared with the
group with a mean SpO: > 95%. The awake PaO: level
was lower in the 4 groups with a mean SpO: <95%
compared with the group with a mean SpO: > 95%,
while the awake PaCO: level was higher in the group
with SpO: <80% compared with the group with a
mean SpO: > 95%. AHI was higher and the lowest SpO:

level was lower in the 4 groups with a mean SpO:

Table 1 Anthropometric, blood gas and sleep study data of OSAS patients distributed according to the levels of

mean SpO: during sleep.

Mean SpO: (%) <80 80< <85 85< <90 90< <9% 95 <
@m=12) m=13) (n=25) (n=175) (n=56)
Age (y1) 128 £ 29 459 + 2.9 53.7 + 2.1 503 + 1.7 514 + 1.8
BMI (kg/m?) 36.9 + 2.0* 32.1 + 1.2* 294 + 0.7* 285 + 2.1* 25.0 + 0.5
Pa0. (mmHg) 74.7 + 2.8 74.6 £ 2.1* 795 + 2.0* 85.1 + L.1* 90.1 + 1.6
PaCO. (mmHg) 44.5 + 1.6* 43.0 + 1.0 419 + 0.7 413 + 04 421+ 05
AHI (events/hr) 81.1 + 83 62.8 + 4.8 476 + 34 285 + 2.1 6.4+ 1.0
Lowest SpO: (%) 55.6 + 1.9 61.2 + 2.1 65.3 4+ 1.2 75.3 + 0.8 85.2 + 0.9
Serum VEGF (pg/ml) 199 + 28* 136 + 26* 105 + 10* 98 + 7* 78+ 7

Data are presented as mean values + SE. BMI=body mass index; Lowest SpO.=the lowest value of SpO during sleep

(%). * P<0.05 versus those with mean SpQ, = 95%.

Table 2 Anthropometric, blood gas and sleep study data of OSAS patients distributed according to their AHI.

AHI <5 5< <20 20 < <40 0< <60 60 <
(n=38) (n=42) (n=34) (m=41) (n=26)

Age (y1) 484 + 22 56.1 2.3 533 * 2.0 489 + 21 435 * 2.0
BMI (kg/m?) 25.6 + 0.6 27.9 + 038 28.3 & 0.6* 285 + 0.6* 33.7 + 1.3*
Pa0. (mmHg) 89.4 + 1.9 86.3 + 1.7 86.2 + 1.4 819+ 15" 76.0 + 2.3*
PaCO. (mmHg) 41.6 + 0.6 415 + 0.6 411+ 05 42.0 + 0.6 433 + 0.8
Mean SpO: (%) 96.3 + 0.2 94.2 + 0.3* 90.9 + 0.5 88.0 + 0.* 825 + 1.3*
Lowest SpO: (%) 87.2 + 0.9 78.8 + 1.4* 717 + 1.6* 68.7 + 1.5* 64.6 + 1.7*
Serum VEGF (pg/ml) 84 + 12 80 + 7 10349 124 + 12* 153 + 13*

Data are presented as mean values == SE. BMI=body mass index; Mean SpQ.= mean value of SpO: during sleep (%);
Lowest SpO.= the lowest value of SpO: during sleep (%). * P <0.05 versus those with AHI<5.
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< 95% compared with the group with a mean SpQ: >
95%. Thus, patients with more severe hypoxia during
sleep had a higher BMI, lower PaO: and higher AHI.
Serum VEGF level was higher in the 4 groups with a
mean SpQO: <95% compared with the group with a
mean SpQO: > 95%.

Next, we divided the patients into 4 groups of OSAS
and one of non-OSAS according to their AHI (Table 2).
The mean SpO: was > 95% in all 38 non-OSAS patients
(AHI <5). There were no significant differences in age
among the 5 groups, while BMI was higher in the 3
groups with an AHI > 20 compared with the group
with an AHI <5 (non-OSAHS). The PaQ. value was
lower in 2 groups with an AHI > 40 compared with the
non-OSAS patients, while all 5 groups had a similar
PaCO: level. The mean and lowest SpO: in patients
with OSAS (AHI > 5) were lower than those in non-
OSAS patients. The serum VEGF level was higher in
the 4 groups with an AHI >40 compared with the
group of non-OSAS patients.

Serum versus plasma VEGF in OSAS

The mean serum and plasma VEGF levels were
101 +5 and 72+ 4 pg/ml, respectively. The serum lev-
els of VEGF were significantly higher than plasma lev-
els of VEGF (P <0.01). Linear regression analysis
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Fig. 1 Serum versus plasma levels of vascular endothe-

lial growth factor (VEGF) in patients with
obstructive sleep apnea-hypopnea syndrome.
Each circle represents one patient, and the
dashed regression line represents the relation-
ship between these two variables. A significant
positive correlation was observed between
these two variables.

showed that serum VEGF concentrations significantly
correlated with plasma VEGF concentrations (r =0.82,
P<0.01) (Fig. 1).

Serum VEGF levels in OSAS

The concentration of serum VEGF decreased linear-
ly as a function of mean SpO: (r=—0.49, P<0.01),
although a large between-patients’ variability in serum
VEGF concentrations existed to sleep mean SpO: lev-
els'” (Fig. 2). They increased linearly as a function of
AHI (r=0.32, P<0.01) or BMI (r=0.31, P<0.01), and
decreased as a function of PaO. (r=—0.21, P=
<0.01). They did not correlate with PaCO: (r=0.02,
P=NS) or age (r=0.08, P=NS). However, multiple
regression analysis identified the sleep average SpO:
(P=10.0001), but not PaO: (P=0.74), AHI (P=0.36) or
BMI (P=0.32), as the only significant predictor of

serum VEGF levels.
DISCUSSION

In the present study we confirmed previous findings
that the blood levels of VEGF correlated negatively
with the degree of nocturnal oxygen desaturation in
OSAS patients.” This negative correlation between
blood levels of VEGF and mean SpO: suggested that
the most likely trigger of VEGF production or release
in patients with OSAS is hypoxia, although numerous
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Fig. 2 Serum levels of vascular endothelial growth fac-

tor (VEGF) in patients with obstructive sleep
apnea-hypopnea syndrome distributed by their
mean SpQO. during sleep. Each circle represents
one patient, and the dashed regression line rep-
resents the relationship between these two vari-
ables. A significant negative correlation was
observed between these two variables.
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factors may influence blood VEGF levels."”

The levels of hypoxia/hypoxemia at which VEGF
production is stimulated in vivo could not be deter-
mined in this study, although previous clinical studies
have suggested that the degree of hypoxemia plays an
important role in determining the blood levels of
VEGF,> and expression of the VEGF gene is mainly
stimulated by hypoxia through mediation of HIF-1."”

The blood levels of VEGF correlated negatively with
the degree of nocturnal oxygen desaturation and posi-
tively with AHI. However, the role or clinical signifi-
cance of blood levels of VEGF in OSAS has not been
determined as yet. Whether enhanced VEGF produc-
tion in severely hypoxemic patients with OSAS consti-
tutes an adaptive mechanism to counterbalance the
emergence of cardiovascular disease, or plays an
important role in the pathogenesis of vascular-related
diseases, including atherosclerosis of the coronary
arteries and vascular dysfunction, remains unclear.

Serum and plasma VEGF levels correlated with each
other and serum VEGF levels were 1.4 times higher
than those in plasma in OSAS patients. This finding
suggested that increased serum VEGF levels may part-
ly reflect platelet activation and subsequent release of
VEGF in OSAS patients, although the exact source of
blood VEGF has not.been clearly defined. In addition,
this also suggested that serum VEGF may not derive
entirely from platelets activated during the in vitro
clotting process. Both serum and plasma VEGF levels
could be used as markers of repeated intermittent noc-
turnal hypoxemic insults, resulting in increased hypox-
ia-sensitive upregulation of the protein production.

Both mean SpO: values during sleep and AHI related
to the blood levels of VEGF in this study. However,
multiple regression analysis identified the sleep aver-
age SpO», but not AHI, as the only significant predictor
of VEGF levels. This suggested that the levels of
hypoxemia may play an important role in the produc-
tion of VEGF, although repeated hypoxemia is a strong
stimulus of HIF-1." Thus, it is plausible that a certain
degree of repeated hypoxemia is required to produce
VEGF.

In conclusion, repeated hypoxemia could be a
strong stimulus of VEGF production in patients with

OSAS. Both serum and plasma levels of VEGF are
upregulated by apnea-related intermittent hypoxemia
in patients with OSAS.
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Effect of nCPAP therapy on heart rate in patients
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Summary

Background: Elevated heart rate (HR) is a risk factor
for cardiovascular disease. The effects of obstructive
sleep apnoea-hypopnoea syndrome (OSAHS) on HR
are controversial.

Aim: To investigate the effect of nasal continuous
positive airway pressure (nCPAP) therapy on HR in
QOSAHS patients.

Methods: Sixty-two OSAHS patients under-
went  24-h  electrocardiographic  recording,
both before and 3 or 4 days after instigation
of nCPAP.

Results: After nCPAP was started, HR signifi-
cantly decreased (meanxSD 71.84+10.6 vs.
67.5x9.4bpm, p<0.0001), both in the daytime
(0600-2200h, 76.3+12.2 vs. 72.24+10.2bpm,

p<0.0001) and at nighttime (2200-0600h,
64.5%9.1 vs. 60.0+£8.9bpm, p<0.0001). HR
was significantly reduced in both periods in the
44 patients with hypertension and/or diabetes
mellitus, but only during the night-time in the 18
with neither condition. Before nCPAP treatment,
HR was positively correlated with percentage
time of arterial O, saturation <90% during sleep
{p=0.008) and with the apnoea-hypopnoea index
during sleep (p=0.003). In 15 patients undergoing
HR for 2 days before starting nCPAP, the mean HRs
for the two periods were similar (p=0.95).
Discussion: nCPAP therapy appears to decrease
HR in OSAHS patients, and may thereby reduce
their risk of cardiovascular disease.

Introduction

Approximately 9% of women and 24% of men have
>5 episodes of obstructive sleep apnoea and
hypopnoea per hour, and approximately 4% of
women and 9% of men have >15 episodes per
hour.! Obstructive sleep apnoea (OSA) is an
independent risk factor for systemic hypertension,

and may be a risk factor for myocardial infarction -

and stroke.? Nasal continuous positive airway
pressure (NCPAP) therapy in patients with OSA
reduced their blood pressure, the frequency of
arrhythmia, and the risk of cardiovascular events.?®

Elevated heart rate is an important risk factor
for cardiovascular disease.” In several large-scale
cohort studies, such as the CASTEL and Framingham

studies, individuals with an elevated heart rate
had a poorer cardiovascular prognosis.®'! There
have been several reports on the results of spectral
analysis of RR interval wvariability in OSA
patients,'>'® but few on the heart rate of
OSA patients. The results on the effect of nCPAP
therapy on the heart rate of OSA patients are
controversial, because there are characteristic
patterns of bradycardia and tachycardia during
sleep in OSA patients.>'21471€ |t is thus uncertain
whether nCPAP therapy changes the heart rate of
OSA patients throughout the day. Recently, Ziegler
et al."” reported that CPAP treatment lowered the
daytime heart rate in OSA patients (p<0.05),
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but not the night-time heart rate. However, the
number of patients in their study was small (20
patients vs. 18 controls), and they did not analyse
the effect of CPAP treatment on the heart rate of
OSA patients with clinical conditions such as
hypertension and diabetes mellitus.'” In addition,
they measured the heart rate every 15 or 30 min.
To investigate the effect of OSA with hypoxaemia,
we measured the heart rate in obstructive sleep
apnoea-hypopnoea syndrome (OSAHS) patients
throughout the day before and after nCPAP
treatment.

Adiponectin is a recently discovered 247-amino-
acid peptide,'® whose plasma adiponectin concen-
tration is reportedly lower in patients with
cardiovascular disease than in normal subjects,’®
and significantly negatively correlated with heart
rate.?’ To elucidate the risk of OSA patients for
cardiovascular disease, it is important to investigate
the change in heart rate over 24h. In addition,
it seems clinically easier to understand the effect of
nCPAP therapy on heart rate rather than on
frequency ratio. We hypothesized that obstructive
sleep apnoea with hypoxaemia has a significant
effect on the heart rate of patients throughout the
day, and that nCPAP therapy improves the heart
rate. To test the hypothesis, we measured the heart
rate in OSAHS patients throughout the day before
and the day after nCPAP treatment. We also
measured the plasma adiponectin concentration in
these patients, to investigate the relationship
between plasma adiponectin and heart rate.

Methods
Subjects

We studied 62 patients with OSAHS who were

candidates for nCPAP therapy® (60 male, 2 female).
Their mean+SD age was 53.5%12.1 vyears,
mean 5D apnoea-hypopnoea index (AH!) was
48.3+15.7 events/h, and mean£SD body mass
index (BMI) was 27.7 +4.1 kg/m?. Subjects were
selected from a group of 69 consecutive OSA
patients who had completed a sleep study
and Holter monitoring. Seven patients were
excluded from the study because of insufficient
polysomnograph or Holter monitor data (e.g. an
electrode had been off). The two women were both
post-menopausal. The diagnosis of the obstructive
sleep apnoea-hypopnoea syndrome (OSAHS)
was established based on clinical symptoms and
an AHI of >5 events/h on polysomnography.?'-2
In Japan, an AHl of >20 eventsth is used as
a selection criterion for nCPAP treatment.
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Table 1 Characteristics of patients with obstructive
sleep apnoea-hypopnoea syndrome

Patients

Total 62
Hypertension patients 38

Taking calcium inhibitor 34

Taking ACE inhibitor 6

Taking angiotensin Il receptor antagonist 11

Taking alpha-blocker 10

Taking beta-blocker 10

Taking diuretic 6

Taking nitrous drug 2
Diabetes mellitus patients 13
Hyperlipidaemia patients E3
Age (years) 53.5+12.1
Apnoea-hypopnoea index (events/h) 48.3115.7
Body mass index (kg/m?) 27.7+4.1

Data are numbers or means+SD. ACE, angiotensin-
converting enzyme.

Mean £SD ejection fraction {determined by the
Teichholz method on two-dimensional echocardio-
graphy) was 69.04+7.6% (range 55.0-82.8%).
None of the 62 patients showed signs of congestive
heart failure.

Of the 62 patients, 38 had hypertension, and 13
had diabetes mellitus. The medications that the
patients were taking for hypertension are summar-
ized in Table 1. The drug regimens of the patients
were not changed during the interval from 1 month
before the first polysomnography recording to after
completion of the second polysomnography
recording.

To investigate the possibility of significant
changes in heart rate between the two Holter ECG
measurements, 15 patients were randomly selected
from the 62. These 15 patients underwent Holter
monitor recording for 2 days before nCPAP therapy
was started. Their age, AHI, body mass index,
and anti-hypertensive drug medications did not
significantly differ from the respective values for
the whole group of 62 before nCPAP therapy

_was started (Table 1). In addition, the age, AHI,

and body mass index of the 15 patients did not differ
significantly from the respective values for the
remaining 47 patients.

The study was approved by the medical ethics
committee of our hospital, and all patients provided
informed consent.

Polysomnography

Polysomnography was done before nCPAP therapy,
and then again on the first night of nCPAP therapy.
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The interval between the two polysomnographic
recordings was one week. Both nCPAP therapy and
second polysomnography were started at 2200h,
and finished at 0600h. Blood pressure was
measured, and a blood sample obtained, at 0700 h.
The blood sample was obtained immediately after
blood pressure measurement. Polysomnography was
done using standard methods.?? The total sleep time,
AHI, lowest arterial O, saturation, and percentage
time of arterial O, saturation <90% during sleep were
calculated in each patient.

Measurement of heart rate and other
parameters, and nCPAP treatment

Electrocardiographic recording using a Holter
monitor over an approximately 24-h (24.1+1.3h)
period was done in all 62 patients before nCPAP
therapy was started and 3 or 4 days after nCPAP
therapy was started. In each patient, the interval
between the two Holter monitor recordings was one
week. In all patients, polysomnography was per-
formed on a Monday and Holter monitor recording
was performed on the following Wednesday or
Thursday, both before and after nCPAP therapy was
started. After the first polysomnography, the patient
remained in the hospital until completion of the
first Holter monitor recording, after which they
returned home. On the following Monday, the
patient came to our hospital for the first night of
nCPAP therapy and the second polysomnographic
recording. The patient remained in the hospital
until after the second Holter monitor recording,
which was on a Wednesday or Thursday with
nCPAP therapy. The 15 control OSA patients from
among the 62 patients underwent Holter monitor
recording for two consecutive days instead of for
one day.

Preliminary education or habituation for nCPAP
therapy was performed for approximately 30min
in the daytime before the first night of nCPAP
treatment. Manual CPAP titrations were performed
throughout the night for OSAHS patients on the first
night of nCPAP therapy. The mean pressure of nasal
CPAP therapy was 9.6x2.7cm H,O. All of the
patients tolerated nCPAP treatment well during the
study. We measured blood pressure in the supine
position, before and after each polysomnography,
in the morning and in the evening.

Diabetes mellitus and heart rate are known
to be closely related. Eight patients had already
been diagnosed with diabetes mellitus at another
hospital. A 75g oral glucose tolerance test (OGTT)
was administered to the remaining 54 patients
before nCPAP treatment. A patient was defined as
having diabetes if their plasma glucose
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concentration 2h after glucose load was
>200mg/dl, or if their fasting plasma glucose
concentration was 126 mg/dl.**

Determination of plasma adiponectin

We measured plasma adiponectin level before
nCPAP therapy was started in the 19 patients most
recently enrolled in the study, using a commercially
available enzyme-linked immunosorbent assay kit
{Otsuka Pharmaceuticals, Tokyo, Japan). The intra-
and inter-assay coefficients of variation were 4.06%
and 4.69%, respectively.

Data analysis

We analysed the electrocardiographic data and
calculated the mean heart rate during each one-
hour interval (expressed as bpm). Then, we com-
pared the heart rate before nCPAP therapy was
started and the heart rate after nCPAP therapy
was started. Data were expressed as means = SD.
Data were analysed by a non-parametric method.
The heart rates during each 1-h interval were
compared between the first and second Holter
monitor recordings using Wilcoxon signed rank
test. Comparisons of heart rate and other parameters
between the whole group of 62 patients and the
control subgroup of 15 used the Mann-Whitney
U test and the x* test. Statistical analyses used
StatView software for Windows (Version 5.0;
Abacus Concepts). A p value <0.05 was considered
significant.

Results

Effects of nCPAP on sleep apnoea

Polysomnography was performed before nCPAP
therapy was started and again on the first night of
nCPAP therapy. In the 62 patients with OSAHS,
nCPAP therapy reversed the sleep apnoea, with
improvements (before vs. after) in AHI (48.3+£15.7
vs. 3.6 4.6 events/h, p<0.0001), mean arterial
O, saturation (94.8%+2.1% vs. 96.5% £ 1.4%,
p<0.0001), lowest arterial O, saturation
67.7%%13.2% vs. 85.7%%10.0%, p<0.0001),
and percentage time of arterial O, saturation <90%
(24.2% £17.7% vs. 0.7% +£1.7%, p<0.0001).

Heart rate before and after nCPAP

Holter monitor recording was done before nCPAP
therapy was started and again 3 or 4 days after
nCPAP therapy was started. nCPAP therapy signifi-
cantly reduced mean heart rate over the 24-h
interval (from 1300h to 1300 h the following day)
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Figure 1. a Comparison of the heart rate over a 24-h interval before nCPAP therapy was started and 3 or 4 days after nCPAP
therapy was started, in 62 OSAHS patients. b Comparison of the heart rate during the first 24-h interval and the second 24-h
interval before nCPAP therapy was started, in 15 OSAHS patients.

Table 2 Reduction in heart rate after nCPAP therapy was started, according to clinical conditions, and at different

times of day
n Time period Before After p

All 62 Daytime 76.3+£12.2 71.84£10.2 <0.0001
Night-time 64.5+9.1 60.0::8.9 <0.0001
Through the day 71.8+10.6 67.5+£9.4 <0.0001

Hypertension, no diabetes 31 Daytime 739+11.8 70.44£109 0.003
Night-time 63.34+93 58.5+89 <0.0001
Through the day 69.8+10.7 65.9+9.9 0.001

Diabetes, no hypertension 6 Daytime 7794150 70.7+10.5 0.027
Night-time 68.5+84 61.4+£10.5 0.027
Through the day 7424121 67.0+10.4 0.027

Both diabetes and hypertension 7 Daytime 77.3+£11.2 70.5+9.2 0.028
Night-time 65.4+75 61.14+11.0 0.13
Through the day 72.7+9.4 67.0+9.7 0.028

Neither diabetes nor hypertension 18 Daytime 79.6+£125 76.418.5 0.058
Night-time 65.1£96 61.6+7.9 0.004
Through the day 74.0+£10.7 70.8+7.7 0.014

Data are means + SD. Daytime, 0600-2200 h. Night-time, 2200-0600 h. Through the day, 0600 h to 0600 h the next day.

(71.84£10.6 vs. 67.5+£9.4 bpm, n=62, p<0.0001)
{Figure 1a).

We also compared heart rates before and after
nCPAP therapy for the daytime (0600 h to 2200 h)
and in the night-time (2200 h to 0600 h). Both were
significantly reduced (daytime 76.3+12.2 wvs.
72.2+10.2bpm, n=62, p<0.0001; night-time
64.5+9.1 vs. 60.0+8.9bpm, n=62, p<0.0001)
(Table 2). However, there was no significant
difference in heart rate before and after nCPAP
treatment (66.4 +9.3 vs. 65.8 = 10.7 bpm, p=0.65)

among the 10 OSAHS patients who were receiving’

a beta-blocker.
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nCPAP therapy reduced heart rate over the 24-h
interval in 50 of the 62 patients (Figure 1a).
Figure 2a shows the heart rate for each 1-h interval
after nCPAP therapy was started, compared with
during the respective interval before nCPAP
therapy. In the 62 patients, nCPAP therapy did not
significantly affect time of waking, nor the time of
going to bed.

Heart rate and the severity of OSAHS

In the 62 patients, before nCPAP therapy, heart rate
over the 24-h period (beats/min) was positively
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Figure 2. a Heart rates before and after nCPAP therapy was started at 1-h intervals in 62 OSAHS patients. b Heart rates
during the first 24-h interval and the second 24-h interval before nCPAP therapy was started, at 1-h intervals, in 15 OSAHS

patients. *p<0.05, Tp<0.01, p<0.001.

correlated with AHI during sleep (r=0.38,
p=0.003). It was also positively correlated with
the percentage time of arterial O, saturation <90%
during sleep (r=0.34, p=0.008). The degree of the
reduction in heart rate after nCPAP therapy was
positively correlated with the degree of the decrease
in AHI during sleep (r=0.32, p=0.015). lt was also
positively correlated with the degree of the decrease
in percentage time of arterial O, saturation <90%
during sleep (r=0.56, p<0.0001).

Among the 15 patients whose heart rate was
measured for 2 days before nCPAP treatment, heart
rates did not differ significantly between the first
{1300 h to 1300 h the next day) and the second 24-h
interval (69.3+10.8 vs. 69.7 £10.4bpm, p=0.95)
(Figures 1b and 2b). This result was unaltered
{70.54+£10.8 vs. 70.8+10.2bpm, p=0.81) if the
two patients {of the 15) who were receiving a beta-
blocker were excluded from the analysis.

Heart rate response to nCPAP
according to clinical condition

Table 2 shows heart rates before and after nCPAP
therapy was started, according to clinical condition
{(with or without diabetes mellitus or hypertension),
during the daytime, night-time, and throughout
the day.

Blood pressure and arrhythmia

Blood pressure was measured before and after
each polysomnography, in the morning (0700 h)
and evening (2100h). The two evening measure-
ments did not differ significantly (118 9/80 £ 8 vs.
117 £12/77 £9mmHg). However, the morning
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measurement after nCPAP therapy was started was
significantly lower than that before nCPAP therapy
was started (Table 3).

Ventricular premature contraction (VPC), and
supraventricular premature contraction (SVPC) after
nCPAP therapy did not significantly differ from
the respective parameters before nCPAP therapy
was started (Table 3).

Heart rate and plasma adiponectin level

Adiponectin levels were determined for the last
19 patients enrolled. Plasma adiponectin  was
negatively correlated with heart rate (over 24h)
before nCPAP therapy was started (r=-0.51,
p=0.032) (Figure 3), but not correlated with AHI
nor with the percentage time of arterial O, satura-
tion <90% during sleep. There was no significant
difference in plasma adiponectin level before
nCPAP therapy and that after 3 or 4 days of
nCPAP therapy {5.78 £4.78 vs. 533+4.18 mg/l,
p=0.09). There was also no significant difference
between the degree of the change in heart rate and
the degree of the change in plasma adiponectin
level, before and 3 days after nCPAP therapy was
started (r=0.24, p=0.32). Of the 19 patients in
whom the adiponectin level was measured, only
one was receiving a beta-blocker. Among the
remaining 18 patients, there remained a significant
correlation between heart rate and plasma adipo-
nectin level (p=0.016, r=—0.58).

Discussion

In our patients with OSAHS, AHI and percentage
time of arterial O, saturation <90% during sleep
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Table 3 Changes in blood pressure and arrhythmia in OSAHS patients before and after starting nCPAP therapy

Before After p
Systolic blood pressure in the morning (mmHg) 130.0£15.6 117.8+16.4 0.0018
Diastolic blood pressure in the morning (mmHg) 87.6+10.2 77.0+£10.2 0.0003
Supraventricular premature contraction, beats/h {through the day) 13423 1.6+4.0 0.55
Supraventricular premature contraction, beats/h (daytime) 331104 1.8+44 0.06
Supraventricular premature contraction, beats/h (night-time) 20144 17440 0.21
Ventricular premature contraction, heats/h (through the day) 6.3+£36.5 3.34+13.1 0.64
Ventricular premature contraction, beats/h (daytime) 1.3+43 1.2£3.5 0.24
Ventricular premature contraction, beats/h (night-time) 45+24.6 25194 0.83

Blood pressure was measured in the supine position, before and after each polysomnography, in the morning and in the

evening. Data are means +SD.
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Figure 3. Relationship between heart rate and plasma
adiponectin level before nCPAP therapy was started.

were significantly correlated with heart rate through-
out the day, and the improvements in AHI and
desaturation during sleep resulting from nCPAP
therapy significantly reduced the heart rate. There
was also a significant relationship between heart
rate and plasma adiponectin level before nCPAP
therapy.

Spectral analysis of heart rate variability is
frequently used as a non-invasive means of assess-
ing cardiac autonomic function,?>?® with the
power of the high-frequency band (0.15-0.4 Hz)
widely accepted as a measure of parasympathetic
activity.”> The ratio of low-frequency (0.04 to
0.15 Hz) power to high-frequency power (LHR) has
been suggested by some researchers to represent
sympathetic modulation of heart rate.?® Several
studies have reported the results of spectral analysis
of RR interval variability in OSAHS patients, which
showed an increase in low frequency power,
a decrease in high frequency power and an increase
in the ratio of low to high frequency power,
compared with the respective values in normal
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controls.'?13%7 However, there have only been
a few reports on the heart rate of OSAHS patients.
Many previous studies have reported no differ-
ence in the heart rate between patients with OSAHS
and normal controls, and no difference in the heart
rate among sleep apnoea patients before and
with nCPAP treatment.'?'* These results may have
been obtained due to the characteristic pattern of
bradycardia and tachycardia during sleep in sleep
apnoea patients. In addition, the time interval over
which the heart rate was recorded in previous
studies was relatively short. It was reported that in
OSAHS patients with overt congestive heart failure,
nCPAP therapy significantly reduced the heart rate
at one point in the morning.'® In this study, AHI
with hypoxaemia had a significant effect on the
heart rate of the OSAHS patients without heart
failure throughout a day. In a previous study, nCPAP
therapy reduced the blood pressure not only during
sleep, but also while the OSAHS patient was
awake.>?® As to the mechanism by which nCPAP
therapy reduces blood pressure, it has been pro-
posed that hypoxaemia in addition to OSA during
sleep may contribute to elevation of the blood
pressure during waking hours.2%3° Somers et al.*'3?
suggested that OSAHS patients have high
sympathetic nerve activity, which may also con-
tribute to elevation of heart rate in OSAHS patients.
Measuring the heart rate every 15 or 30min,
Ziegler et al.'’ reported that nCPAP treatment
lowered daytime heart rate (p<0.05) and that this
effect differed significantly from that of placebo
CPAP; nCPAP treatment also lowered the night-time
heart rate but not significantly differently from
placebo.'” In their report, the placebo nCPAP
treatment was associated with a 23% drop in
respiratory disturbance index (RDI), which may
have affected the decrease in night-time heart rate.
Based on the results of the present study,
hypoxaemia with AHI during sleep may contribute
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to elevation of the heart rate of OSAHS patients, not
only during sleep but also during waking hours.

In this study, nCPAP therapy significantly reduced
the mean heart rate throughout the day, regardless of
the presence of diabetes mellitus or hypertension
(Table 2), suggesting a possible improvement
cardiovascular prognosis. In the OSAHS patients
who had neither diabetes mellitus nor hypertension,
there was no significant difference in daytime heart
rates before and after nCPAP therapy (Table 2). Thus
although our results may have been affected by the
small number of subjects, nCPAP therapy may
reduce the daytime heart rate to a greater extent in
OSAHS patients with cardiovascular risk factors
than in those without. Recently, Gami et al. studied
cases of sudden death from cardiac causes and
the time of death, and reported that people with
obstructive sleep apnoea showed a peak in sudden
death from cardiac causes during sleeping hours,>?
Since elevated heart rate is an important risk
factor for cardiovascular diseases, our report
supports their findings that OSAHS patients are
more likely to die due to cardiovascular disease
while they are asleep.

It was recently reported that young men with
high-normal blood pressure have a faster heart rate
and lower serum adiponectin level than young
men with normal blood pressure.?® In addition,
hypoadiponectinaemia may be associated with
cardiovascular disease in humans.'? In the present
study, OSAHS patients with a higher heart rate also
had a lower plasma adiponectin level, suggesting
that adiponectin level might also regulate heart rate,
in addition to AH! and hypoxaemia. A high heart
rate combined with low adiponectin level might be
a poor prognostic factor in OSAHS patients.>*
Because of the small number of patients in this
study, further studies are warranted on plasma
adiponectin levels and heart rate of OSAHS patients
over a long period of time after nCPAP therapy
is started.

The total number of heart beats was measured
during a 24-h interval, 3 to 4 days after nCPAP
therapy was started. We had ascertained that the
nCPAP mask was fitted properly on the patient
more than twice during the night of the second
Holter monitor recording. All patients had returned
to their homes after the first polysomnography
and Holter monitor recording, and after 2 or 3
days they came to our hospital for the second
polysomnography and Holter monitor recording;
in each patient, the number of days between the
first polysomnography and the start of the first
Holter monitor recording, and the number of days
between the second polysomnography and the
second Holter monitor recording were the same.
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Therefore, it seems likely that length of stay in the
hospital prior to the start of Holter monitor recording
did not affect the heart rate trends in this study.
Although various pharmacological agents can affect
the heart rate, the OSAHS patients in this study were
receiving the same medical regimen, which con-
sisted of antihypertensive agents in 34 patients and
oral drugs for diabetes in five, beginning 1 month
before the start of this study and throughout the
study. Taking these drugs thus seems unlikely to
affect the nCPAP therapy-induced changes in heart
rate in this study.

We could not perform a randomized control trial
by offering sham CPAP treatment. All patients in
Japan are under the government insurance system,
making it difficult for us to administer sham CPAP
treatment to severe QOSA patients in this trial.
To minimize this limitation and to investigate the
possibility of significant changes in heart rates
between Holter ECG measurements before nCPAP
treatment, we measured Holter ECG over two days
for 15 of the 62 patients before nCPAP was started.
These 15 were matched in age, BMI, AHI and anti-
hypertensive medications to the overall group of
62 patients, and also matched to the remaining 47.
The difference in heart rates between two measure-
ments in the 15 patients was small.

Although this study has limitations, it suggests
that OSAHS patients have an elevated heart rate
and low plasma adiponectin before treatment, and
that nCPAP therapy significantly reduces daytime
heart rate in these patients. This implies that nCPAP
therapy reduces the risk of patients with OSAHS
for cardiovascular disease by lowering the heart
rate, especially in those with hypertension or
diabetes mellitus.
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Abstract

Objective To clarify the prevalence and clinical characteristics of obesity-hypoventilation syndrome (OHS)
in a large number of patients with moderate to severe obstructive sleep apnea syndrome (OSAS).
Methods Subjects comprised 611 patients with OSAS registered from 7 sleep centers and clinics and ana-
lyzed according to the definitions of the Respiratory Failure Research Group of the Japanese Ministry of
Health and Welfare. Baseline characteristics, polysomnographic data during sleep, laboratory blood examina-
tions, excessive daytime sleepiness, pulmonary functions, and arterial blood gases were compared between
. OHS and non-OHS patients. Determinants of daytime hypercapnia were also examined in OHS patients.
Results OHS was identified in 55 of the 611 patients with OSAS (9%). OHS patients were younger, heav-
ier, and more somnolent than non-OHS paticnts and displayed more severe OSAS, liver dysfunctions, higher
total cholesterol, and impaired pulmonary function. However, these differences were resolved except for pul-
monary function after correction for obesity. Daytime hypercapnia was associated with impaired pulmonary
function. Percent vital capacity (%VC) was most closely correlated with PaCO: in OHS.
Conclusion OHS patients display numerous abnormalities due to obesity compared with non-OHS patients.
Impaired pulmonary function, particularly %VC, may play an important role in the development of daytime
hypercapnia independent of obesity in OHS patients.

Key words: obesity-hypoventilation syndrome, obstructive sleep apnea syndrome, daytime hypercapnia, obe-
sity, pulmonary functions
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display repeated upper airway obstruction during sleep, OHS

Introduction

Obesity-hypoventilation syndrome (OHS) (1) was origi-
nally described in 1955 in patients with obesity, daytime hy-
percapnia and hypoxemia, polycythemia, hypersomnolence
and right ventricular failure. This syndrome gained attention
among general physicians as the“Pickwickian syndrome”de-
scribed by Burwell et al (2). Since most patients with OHS

has been considered as the most severe type of obstructive
sleep apnea syndrome (OSAS), although a small number of
patients with OHS do not experience sleep apnea (3). The
Respiratory Failure Research Group set up by the Japanese
Ministry of Health and Welfare (4) recently published a
definition of OHS using the following criteria: 1) extreme
obesity (body mass index (BMD=30 kg/m’); 2) excessive
daytime sleepiness; 3) chronic daytime hypercapnia (arterial
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carbon dioxide tension (PaCQO;)=45 mmHg); and 4) severe
OSAS (apnea-hypopnea index (AHI)=30/h or severe oxy-
gen desaturation). As patients with OHS reportedly display a
worse prognosis than typical patients with OSAS (5) and
use more health-care resources (6), understanding the clini-
cal charactenistics of OHS is important for general physi-
cians. The present study therefore aimed to collect a large
number of patients with OSAS in whom diagnosis was con-
firmed by polysomnography (PSG) from 7 sleep centers and
clinics in Japan. The prevalence and clinical characteristics
of OHS were then analyzed.

Patients and Methods

Patients who were diagnosed with OSAS by PSG and for
whom nasal continuous positive airway pressure (CPAP)
treatment was indicated in 7 sleep clinics and centers from
2000 to 2001 were registered in this study. Criteria for pa-
tient registration were: moderate to severe sleep apnea (AHI
>20/h); and nasal CPAP treatment.

A full night of PSG with continuous recordings of elec-
troencephalogram (EEG), electrooculogram (EOG), submen-
tal electromyogram (EMG), electrocardiogram (ECG), air-
flow at the nose and mouth (by thermister recording), move-
ment of the rib cage and abdomen (inductance plethysmog-
raphy), and oxyhemoglobin saturation (SaQ.) was performed
in all patients. Analysis and interpretation of PSG data were
performed using standard techniques (7). Apnea was defined
as cessation of airflow at the nose and mouth lasting =10 s.
Hypopnea was defined as decreased airflow, rib cage excur-
sions, or abdominal excursions>50% associated with oxygen
desaturation of =4% below the preceding baseline value
(8). AHI was calculated as the number of apnea and hy-
popnea episcdes per hour of sleep. Mean and minimum
Sa0, values were also calculated from PSG data. Baseline
clinical characteristics and laboratory blood examination
data were also collected.

Conventional spirometry was measured using a Chestak
auto-spirometer (Chest Co., Tokyo, Japan). Percent predicted
values were obtained from the literature. Arterial blood sam-
ples were drawn from a radial artery with the patient awake
and supine. Arterial blood samples were analyzed using an
ABL3000 auto-analyzer (Radiometer Co., Tokyo, Japan).
Hypercapnia was defined as PaCO:>45 mmHg.

Subjective sleepiness was assessed using the Epworth
sleepiness scale (ESS) (9), a well-validated 8-item self-
completed questionnaire. Patients were asked to score the
likelihood of falling asleep in 8 different situations with dif-
ferent levels of stimulation.

Among the registered patients, those who underwent pul-
monary function testing and arterial blood gas analysis were
sclected for this study. Subjects were divided into OHS and
non-OHS patiients according to the outlined criteria and
baseline characteristics, PSG data, laboratory examination
data, pulmonary functions and blood gas data were com-
pared. To correct for the effects of obesity, differences in

Table 1. Baseline Characteristics in Subjects
Number 611

Sex (M:F) 568:43

Age (years) 48 £11

BMI (kg/m?) 2915

AH] (episodes/b) 52 426
Arousal index (episodes/h) 48 425
Mecan Sa0; (%) 90 £6
Minimum $30; (%) 67114

PaO, (mmHg) 79 17
PaCO; (mmHg) 41 6

pH 7.359 10.071
ESS 10 £5

Abbreviations: BMI, body mass index; AHI, apnea-hypopnea index; ESS, Epworth

sleepiness scale, ranging from 0 (lcast sleepy) to 24 (most sleepy).

variables between OSAS patients with OHS and those with
BMI>30 kg/m’ were also compared.

All patients provided written informed consent to partici-
pate in this study.

Statistical analysis

Results are presented as mean =xstandard deviation (SD).
Group differences were assessed using unpaired t tests.
Pearson linear correlations were also determined between
certain variables. Corrclations between PaCO: and anthro-
pometric, respiratory and polysomnographic variables were
determined by stepwise multiple regression analysis using
Statview version 4.0 statistical software (Macintosh, Aba-
cauus Concepts, Inc). Each variable was entered into multi-
ple regression analysis if F value was>4. Values of p<0.05
were considered statistically significant.

Results

A total of 611 patients (568 men, 43 women) from 7
sleep centers and clinics underwent pulmonary function test-
ing, arterial blood gas analysis, and PSG, and were included
in this study. Baseline characteristics and PSG data are
shown in Table 1. Mean age was 48+1 years and mean BMI
was 2945 kg/m’. Although PSG data revcaled that subjects
had severc OSAS (mean AHI, 52+26/h), daytime blood gas
analyses were within normal limits. OHS was present in 55
of the 611 patients with OSAS (9%). OHS patients were
significantly younger and heavier than non-OHS patients
and displayed more severe OSAS and more somnolence
than non-OHS patients (Table 2). On laboratory blood ex-
aminations, hematocrit, GOT, GPT, Al-P, and total choles-
terol were all significantly higher in OHS patients than in
non-OHS patients. On pulmonary function testing, percent
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Table 2. Baseline Characteristics, Polysomnographic Data
and Laboratory Blood Examinations

OHS non-OHS p
Number 55 556
Sex (M:F) 50:5 518:38
Age (years) 42110 51113 0.001
BMI (kg/m?) 3716 2714 0.001
AHI (episodes/h) 72422 50 £26 0.0001
Mean Sa0; (%) 8617 90 £5 0.0001
Minimum Sa0; (%) 59 £10 68 115 0.0001
ESS 1214 1015 0.013
Hct (%) 46 14 4513 0.028
RBC (/ul) 386 £259 351 £352 NS
WBC (/ul)) 4233 £3772 3669 3677 NS
GOT (IUA) 3818 29 120 0.023
GPT (1UN1) 64 141 421436 0.009
LDH (1UA) 194 £76 206 81 NS
AL-P(TUM 252473 196 170 0.009
GGTP (IUN) 65 175 59 167 NS
TC (mg/dl) 224 345 209 £38 0.034
TG (mg/dl) 218+138 204 £160 NS
FBS (mg/dl) 109 443 111 £33 NS

Abbreviations: OHS, obesity-hypoventilation syndrome; BMI, body mass index; AHI,
apnea-hypopnea index; ESS, Epworth sleepiness scale; Het, hematocrit; RBC, red blood
cell; WBC, white blood cell; GOT, glutamic oxaloacetic transaminase; GPT,

glutamic  pyruvic  tansaminase; LDH, lactate  dehydrogenase; AL-P,

alkaline  phosphatase; GGTP,  y-glutamyl  transpeptidase; TC,  total

cholesterol; TG, triglyceride; FBS, fasting blood sugar

vital capacity (%VC), forced expiratory volume in one sec-
ond/forced vital capacity (FEV,,%) and PaQ. were all sig-
nificantly lower and PaCO; was significantly higher in OHS
patients than in non-OHS patients (Table 3).

To correct for any effects of obesity, OSAS patients with
OHS were compared to markedly obese OSAS patients
(BMI =30 kg/m’) without hypercapnia (n=117). As shown
in Table 4, no significant differences in characteristics were
observed between groups except for pulmonary function and
blood gases.

As daytime hypercapnia represents a key feature of OHS,
correlations between PaCO: and other variables were exam-
ined to determine factors underlying development of hyper-
capnia in OHS patients. ESS, %VC, FEV.,% and PaO. were
all significantly correlated with PaCO: (Table 5). In particu-
lar, %VC exhibited the closest correlation with PaCO,
(r=-0.455, p<0.0009). Although multiple stepwise regression
analysis in OHS patients showed mean Sa0: and %VC as
independent variables for predicting daytime PaCO:, the cor-
rclation was relatively weak (R’=0.224, p=0.0052). Relation-

Table 3. Pulmonary Functions and Blood Gas Analysis

OHS non-OHS P
Number 55 556
%VC (%) 102 £17 108 £17 0.024
FEVo% (%) 769 8048 0.037
PsO; (mmHg) 7418 80417 0.005
PaCO; (mmHg) 48 +3 4116 0.0001
pH 7.38 +0.01 7.35 10.07 NS

Abbreviations: VC, vital capacity; FEV,¢%, forced expiratory volume in

one second/forced vital capacity

Table 4. Comparisons between OHS and Mark-
edly Obese OSAS

OHS 0SAS p
Number 55 17
Age (years) 42 £10 46 412 NS
BMI (kg/m®) 3616 3443 NS
AHI (episodes/h) 72422 70 £25 N§
Mean Sa0; (%) 86 £7 8617 NS
Minimum Sa0; (%) 59 £10 61115 NS
ESS 1214 1245 NS
Het (%) 46 14 4182 NS
GOT (1un) 38 £18 40 £28 NS
GPT (1UM) 64 141 67 £53 NS
Al-P (UM 252473 204 164 NS
TC (mg/d) 224 345 211 £46 NS
%VC (%) 102 £17 106 14 0.046
FEV10% (%) 76 19 7918 0.049
PO, (mmHg) 74 18 76115 NS
PaCO, (mmHg) 4843 4142 0.001
pH 7.38 £0.01 7.40 10,02 0.001

ships between PaCO: and other variables were also investi-
gated in daytime hypercapnic patients, who comprised 126
of the 611 cases. PaCO, was significantly correlated with
ESS, %VC, FEV,,%, PaO., and pH. Stepwise multiple re-
gression analysis was performed to identify factors contrib-
uting to increased PaCO; in hypercapnic patients. The re-
sults showed that PaCO. was significantly influenced by
ESS, %VC, and FEV,,%. Incorporation of these 3 variables
into the model accounted for 47% of the total variance of
PaCO: in hypercapnic patients (R’=0.477, p<0.0001).
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