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Effects of Obstructive Sleep Apnea Syndrome on
Serum Aminotransferase Levels in Obese Patients

Kazuo Chin, MD, PhD, Takaya Nakamura*, MD, PhD, Kenichi Takahashi, MD,
Kensuke Sumi, MD, Yoshihiro Ogawa, MD, PhD, Hiroaki Masuzakit, MD, PhD,
Shigeo Muro, MD, PhD, Noboru Hattori, MD, PhD, Hisako Matsumotoi, MD, PhD,
Akio Niimi, MD, PhD, Tsutomu Chiba, MD, PhD, Kazuwa Nakao, MD, PhD,
Michiaki Mishima, MD, PhD, Motoharu Ohi, MD, PhD, Takashi Nakamura$, MD, PhD

PURPOSE: Obesity has been associated with obstructive sleep
apnea and hepatic steatosis. We investigated the effects of ob-
structive sleep apnea and treatment with nasal continuous pos-
itive airway pressure (CPAP) on serum aminotransferase levels
in obese patients.

METHODS: We studied 40 obese men with obstructive sleep
apnea syndrome. None had hepatitis B antigen or C antibody,
autoimmune disease, or an excessive intake of alcohol. Serum
levels of aspartate aminotransferase, alanine aminotransferase,
triglyceride, glucose, insulin, and leptin were determined in the
afternoon and in the morning immediately after sleep, before
and after nasal CPAP treatment.

RESULTS: Aminotransferase levels were abnormal in 35%
(n = 14) of patients. Before treatment, mean (* SD) aspartate
aminotransferase levels were higher in the morning than in the

previous afternoon (presleep, 34 £ 20 IU/L; postsleep, 39 * 28
IU/L; P = 0.006). The overnight mean increases in aminotrans-
ferase levels were less marked after the first night of nasal CPAP
treatment (aspartate aminotransferase: from6 + 11JU/Lto2 *
6 IU/L, P = 0.0003; alanine aminotransferase: from 5 + 9 IU/L
to 2 += 6 IU/L, P = 0.006). Leptin levels (n = 23) decreased
significantly after treatment (P = 0.0002), whereas insulin re-
sistance (calculated by the homeostasis model assessment
method) and triglyceride levels were unchanged. Improve-
ments in aspartate and alanine aminotransferase levels were
maintained after 1 and 6 months of nasal CPAP treatment.
CONCLUSION: Nasal CPAP therapy may have beneficial ef-
fects on'serum aminotransferase abnormalities in obese pa-
tients who have obstructive sleep apnea. Am J Med. 2003;114:
370-376. ©2003 by Excerpta Medica Inc.

besity is an important risk factor for obstructive
sleep apnea (1). One quarter of middle-aged
men have more than five episodes of apnea or
hypopnea per hour of sleep (1). Obstructive sleep apnea
affects abdominal visceral fat accumulation (2,3), serum
leptin levels (2-5), and insulin resistance (6,7), which in-
crease the risk of developing obesity-related disorders.
Both obesity and obstructive sleep apnea are also associ-
ated with hypertension, myocardial infarction, and
stroke (8-12).
Obesity has been linked to hepatic steatosis (fatty liv-
er), which occurs in about 90% of patients with unex-
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plained chronic elevations in serum aminotransferase
levels (13). Hepatic steatosis is common in many indus-
trialized countries (14), with almost a quarter of adults
having excessive fat accumulation in the liver (15,16). Itis
also a significant risk factor for serious liver disease (17),
which may contribute to obesity-related morbidity and
mortality. At least 20% of patients with hepatic steatosis
develop cirrhosis, half of whom die of liver-related causes
within a decade of diagnosis, making liver disease the
second leading cause of death in these patients (17). He-
patic steatosis is also associated with hyperinsulinemic
insulin resistance in humans (18,19) and in various ani-
mal models (20-22), raising the possibility that enhanc-
ing insulin sensitivity may reduce hepatic fat deposition.

Since obstructive sleep apnea leads to insulin resistance
(6,7) and visceral fat accumulation (2,3) and increases
serum leptin levels (2-5), it may also affect hepatic func-
tion (14). Indeed, hepatocytes from fatty livers have in-
creased sensitivity to anoxia (23), and frequent hypoxic
episodes in patients with obstructive sleep apnea syn-
drome could hinder hepatic function.

We hypothesized that obstructive sleep apnea syn-
drome with hypoxemia leads to hepatic dysfunction. We
investigated the prevalence of aminotransferase abnor-
malities and the effects of obstructive sleep apnea and
nasal continuous positive airway pressure (CPAP) ther-
apy in patients with obstructive sleep apnea.

0002-9343/03/$—see front matter
doi:10.1016/50002-9343(02)01570-X
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METHODS

Subjects

We studied 44 consecutive patients (41 men, 3 women;
mean [+ SD] age, 47 = 12 years) with obstructive sleep
apnea syndrome who were determined by polysomnog-
raphy and clinical symptoms to be candidates for nasal
CPAP treatment (2). Polysomnography was performed
in the hospital before CPAP treatment and on the first
night of CPAP therapy 1 week later. All patients were
obese by Japanese criteria (body mass index >25 kg/ m?).
We could not obtain blood from 2 patients, and samples
from 2 other patients had hemolyzed, leaving 40 patients
in the study. All patients were hepatitis B antigen and
hepatitis C antibody negative, and none had clinical evi-
dence of autoimmune disease. The medical ethics com-
mittee approved the study, and all patients provided in-
formed consent.

Study Protocol

Blood samples were drawn at 3:30 p™ after a 3-hour fast
(afternoon samples) and at 8:15 aM (morning samples)
after polysomnography, before and after CPAP treatment
(24). All patients had the same light meal without alcohol
at 6:00 pM before polysomnography, and they did not eat
or drink from 8:00 pm until 8:15 am the following day.
Serum aminotransferase and triglyceride levels were
measured using commercial kits. The change in amino-
transferase values from afternoon to morning was calcu-
lated. A 75-g oral glucose tolerance test was performed
beéfore CPAP treatment. Blood samples were collected at
0, 30, 60, 90, 120, and 180 minutes for determination of
glucose and insulin levels. Fasting glucose levels greater
than 126 mg/dL or glucose levels greater than 200 mg/dL
at 120 minutes after 75-g oral glucose administration in-
dicated diabetes. Abnormal glucose tolerance was diag-
nosed if the fasting glucose level was below 126 mg/dL
and the glucose level exceeded 200 mg/dL at any time
during the glucose tolerance test, except at 120 minutes.
Plasma glucose levels were assayed using the glucose ox-
idase method, and insulin was assayed using a double
antibody radioimmunoassay. We used the homeostasis
model assessment method to measure insulin resistance
([glucose {mg/dL} X insulin {ug/ml}]/405) (25). Serum
leptin levels at 8:15 aM were determined using a radioim-
munoassay with an intra-assay coefficient of variation of
5.3% (n = 10) and an interassay coefficient of variation of
5.9% (n = 10) (26). Serum leptin levels were measured in
only 23 of the 40 patients because this measurement was
started midway through the study. Abdominal subcuta-
neous and visceral fat deposition was assessed in 38 pa-
tients by computed tomographic scan before CPAP treat-
ment (2). Hypertension was defined as an arterial pres-
sure greater than 140/90 mm Hg or the use of
antihypertensive therapy. Serum aminotransferase and

triglyceride levels were also measured after 1 and 6
months of CPAP treatment.

Statistical Analysis

The Mann-Whitney U test was used to compare patients
who had abnormal aspartate aminotransferase levels with
those who had normal levels. Differences between two
intervals were compared with the Wilcoxon signed rank
test. Differences among three intervals were compared
using the Friedman test; when there was a significant dif-
ference, intergroup differences were evaluated by the
Wilcoxon signed rank test. Proportions were compared
with the chi-squared test. Spearman rank correlation co-
efficients were calculated to analyze correlations between
two parameters. StatView software for Macintosh, ver-
sion 5.0 (Berkeley, California) was used. A P value <0.05
was considered significant.

RESULTS

Patients were middle-aged men with minimal use of al-
cohol (Table 1). All but 1 patient ingested less than 30 g/d
of alcohol; that patient ingested 50 g/d. There was no past
history of alcohol ingestion greater than 30 g/d. The ratio
of the levels of alanine to aspartate aminotransferase was
>1 in 35 (88%) of the 40 patients, whereas the ratio of
visceral to subcutaneous was >0.4 (the criterion for vis-
ceral obesity) in 37 (97%) of the 38 patients in whom it
was measured. Eleven patients had noninsulin-depen-
dent diabetes mellitus, and 11 had abnormal glucose tol-
erance. Twenty-nine patients had hypertension, includ-
ing 10 who had been taking antihypertensive drugs for
several months. Medication use was not changed during
the study. —

Short-term Effects of Nasal CPAP Treatment
Before CPAP treatment, aspartate aminotransferase lev-
els increased significantly after sleep compared with the
previous afternoon (Table 2 ; P = 0.006). The amount of
increase in aminotransferase levels from afternoon to the
next morning declined significantly after the first fasting
night of CPAP therapy (Table 2). The overnight change
correlated significantly with morning aminotransferase
values before CPAP treatment (Figure 1).

Of the 40 patients, 14 (35%) had abnormal (> 1.5 times
the upper limit of normal) aspartate aminotransferase
levels (=49 IU/L). Aminotransferase levels in these 14
patients increased significantly overnight, and these
changes were significantly greater than those in the re-
maining 26 patients whose aspartate aminotransferase
values were normal and who otherwise had similar clini-
cal characteristics (Table 3). However, insulin resistance
was greater in the group with elevated aminotransferase
levels (Table 3). Indeed, insulin resistance correlated sig-
nificantly with aminotransferase levels before CPAP
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Table 1. Baseline Characteristics of 40 Patients with Obstructive Sleep Apnea Syndrome and
Effects of Nasal Continuous Positive Airway Pressure Treatment

Variable

After 1 Night

Before CPAP of CPAP PValue
Mean * SD
Age (year) 47 * 12
Body mass index (kg/m?) 31£4
Visceral fat accumulation (¢cm?) 217 £ 73
Subcutaneous fat accumulation (cm?) 232 £+ 99
Visceral fat/subcutaneous fat ratio 1.1 0.6
Alcohol intake (g/d) 21213
Apnea-hypopnea index (number/hour) 57 £ 19 4*5 <(0.0001
Lowest arterial O, saturation (%) 61 * 16 87 *6 <0.0001
Arterial O, saturation <90% (% of time) 33+17 1x3 <0.0001

CPAP = continuous positive airway pressure.

treatment (aspartate aminotransferase: r = 0.51, P =
0.002; alanine aminotransferase: r = 0.70, P = 0.0001).
The overnight increase in aminotransferase levels among
those with elevated aminotransferase levels improved
significantly after the first night of CPAP treatment (Fig-
ure 2).

Serum leptin levels decreased significantly after the
first night of CPAP treatment, while the changes in the
serum triglyceride and insulin levels were not significant
(Table 2).

Effects after 1 and 6 Months of Nasal CPAP

Treatment
After 1 month of CPAP treatment, 34 of the 40 patients
returned for evaluation. Their measured compliance with

CPAP, using a built-in clock, was 4.3 = 1.4 hours per day.
Aspartate aminotransferase levels (Figure 3) and body
mass index (30.1 * 4.4 kg/m*t0 29.2 = 4.1 kg/m*, P =
0.0006) had decreased significantly; however, indexes of
insulin resistance did not change significantly (3.4 * 2.2
to 2.8 * 1.4, P = 0.24). The 21 patients whose body mass
index declined by =1 kg/m? had significant decreases in
aspartate aminotransferase levels (35 = 23 IU/L to 27 £
12 1U/mL, P = 0.03; body mass index: 29.1 + 3.0 kg/m*to
28.9 = 3.1 kg/m?, P = 0.27) and significant decreases in
serum triglyceride levels (221 = 107 mg/dL to 179 * 123
mg/dL, P = 0.01). Leptin levels also decreased (33 + 12
ng/mLto 23 * 12 ng/mL, P = 0.02) among the 8 patients
in whom they were available. The improvement in ami-

Table 2. Effects of Nasal Continuous Positive Airway Pressure in 40 Patients with Obstructive

Sleep Apnea Syndrome*
After 1 Night
Variable Before CPAP of CPAP* P Value
Mean * SD

Afternoon aspartate aminotransferase (IU/L) 34 20 32+20 0.29
Morning aspartate aminotransferase (IU/L) 39 =28 3424 0.0006
Afternoon alanine aminotransferase (IU/L) 61 =53 61 * 48 0.95
Morning alanine aminotransferase (IU/L) 66 = 60 62 = 51 0.55
Afternoon triglyceride (mg/dL) 256 * 149 260 * 185 0.40
Morning triglyceride (mg/dL) 216 * 103 206 * 128 0.24
Increase in aspartate aminotransferase from 6*11 2%6 0.0003

afternoon to morning (IU/L)
Increase in aspartate aminotransferase from 5+9 2*6 0.006

afternoon to morning (TU/L)
Afternoon insulin (ug/mL) 49 =35 45 * 35 0.47
Morning insulin (pg/mL) 12 %6 12£5 0.85
Insulin resistence” 34%22 32+ 1.6 0.33
Morning leptin (ng/mL)* 22+13 17 + 10 0.0002

* Afternoon values obtained on the afternoon before CPAP.

¥ See Methods.
* Obtained in 23 patients.
CPAP = continuous positive airway pressure.
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Figure 1. Correlations between serum aspartate aminotransferase (A) and alanine aminotransferase (B) levels in the morning and
increase from afternoon to the next morning.

notransferase levels was sustained for 6 months (Figure 3; aminotransferase levels, and that aminotransferase levels
n = 26). correlated significantly with insulin resistance. Results
from a single night of nasal CPAP treatment, as well as
DISCUSSION from other report.s (3-5,23), suggest that recurrent apnea

and hypopnea with hypoxemia may aggravate hepatic
We found that about one third of obese patients with  dysfunction in these patients, as manifest by release of
moderate or severe obstructive sleep apnea had abnormal  aspartate aminotransferase, a well-established marker of

Table 3. Comparison of Patients by Aspartate Aminotransferase Level

Aspartate Aspartate
Aminotransferase Aminotransferase
=49 IU/L =33 1U/L
Variable (n = 14) (n = 26) PValue

Age (years) 45 £ 12 49 = 12 0.30
Body mass index (kg/m?) 31+3 315 0.95
Apnea-hypopnea index (number/hour) 58 + 16 56 * 20 0.75
Apnea-hypopnea index after nasal CPAP 49 * 6.0 34*42 0.34

(number/hour)
Lowest arterial O, saturation (%) 62+ 15 61+ 16 0.80
Arterial O, saturation <90% (% of time) 30+ 16 34+ 18 0.65
Visceral fat accumulation (cm?) 235 + 80 206 + 68* 0.25
Subcutaneous fat accumulation (¢cm?) 211 = 60 243 *+ 115* 0.34
Morning trigtyceride (mg/dL) 216 * 109 216 * 101 1.0
Morning aspartate aminotransferase (IU/L) 70 * 27 235 <0.0001
Morning alanine aminotransferase (IU/L) 126 * 66 34 =18 <0.0001
Increase in aspartate aminotransferase from 14 * 15 1+3 <0.0001

afternoon to morning (IU/L)
Increase in alanine aminotransferase from 13 + 11 1+4 <0.0001

afternoon to morning (IU/L)
Morning insulin (pg/mL) 15x7 I1£5 0.065
Insulin resistance’ 50*26 26+ 1.3 0.003
Morning leptin (ng/mL)* 21 * 16* 22+ 14 0.77

* Obtained in 23 patients (8 with abnormal aspartate aminotransferase levels).
CPAP = continuous postitive airway pressure.
T See Methods.
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Figure 2. Increase in aspartate and alanine aminotransferase levels from afternoon to the next morning in patients with obstructive
sleep apnea syndrome whose aspartate aminotransferase values were =49 IU/L (n = 14), without and after the first day of nasal
continuous positive airway pressure (CPAP) treatment. Bars indicate mean levels with 95% confidence intervals.

hepatocellular injury after ischemia and reperfusion (27).
Hepatocytes from fatty livers may have greater sensitivity
to hypoxia (23). However, we did not perform liver biop-
sies and thus could not show an association between he-
patic steatosis or steatohepatitis and sleep apnea with hy-
poxemia. ' : : :

Among patients with unexplained elevations in serum
aminotransferase levels, 90% have some degree of steato-
sis (13), which is also common in patients with obesity,
especially visceral obesity (28,29), hyperinsulinemia,
insulin resistance (18,19), diabetes (18), and ratios of
alanine to aspartate aminotransferase levels that are
=1 (30). We found that insulin resistance correlated sig-
nificantly with morning aminotransferase levels before
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nasal CPAP treatment, and that insulin resistance was
greater in patients with abnormal aminotransferase
levels.

Leptin, a circulating hormone that is expressed in adi-
pose tissue (31-34), induces a complex response affecting
control of body weight and energy expenditure (31). Hy-
perleptinemia increases hepatic triglyceride content and
may contribute to hepatic steatosis in obese patients (35).
As we found, serum leptin levels are high in patients with
obstructive sleep apnea syndrome (3,4) and decrease
considerably after nasal CPAP treatment (2,4). The re-
sults of a single night of nasal CPAP treatment in our
study (Table 2) suggest that leptin resistance may im-
prove before insulin resistance (6,7).

P =0.001
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P=0.003
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Figure 3. Levels of aspartate and alanine aminotransferase in patients with obstructive sleep apnea syndrome before (n = 34), after
1 month (n = 34) of, and after 6 months (n = 26) of nasal continuous positive airway pressure (CPAP) treatment (circles). Bars

indicate mean levels with 95% confidence intervals.
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Aspartate aminotransferase levels are subject to small
intraday variations (36,37). However, based on 7685
blood samples from adult men, this intraday variance is
only about 0.2% (37), much smaller than the approxi-
mately 15% overnight increase that we observed in men
with obstructive sleep apnea.

Obesity increases the risk of sleep-disordered breath-
ing. For example, an increase of 1 SD in any measure of
body habitus is associated with a threefold increase in the
risk of an apnea-hypopnea score of five or greater (1), and
more than half of obese men may have some degree of
sleep apnea. Conversely, 80% of patients with nonalco-
holic hepatic steatosis are obese (38). Thus, a substantial
proportion of obese patients may have both obstructive
sleep apnea and hepatic steatosis, and clinicians should
suspect sleep apnea in obese patients with abnormal se-
rum aminotransferase levels.
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Nasal Continuous Positive Airway Pressure
Improves Quality of Life in Obesity
Hypoventilation Syndrome

Wataru Hida, M.D., Ph.D.,2 Shinichi Okabe, M.D.,3

Koichiro Tatsumi, M.D.,* Hiroshi Kimura, M.D.,5Tsuneto Akasiba, M.D.,s

Kazuo Chin, M.D.,” Motoharu Ohi, M.D.,8 Hideaki Nakayama, M.D.,°
Makoto Satoh, M.D.,° and Takayuki Kuriyama, M.D.4

ABSTRACT

We studied the quality of life of obesity hypoventilation syndrome (OHS)
by comparing it with age- and body mass index-matched patients without hypo-
ventilation and age-matched obstructive sleep apnea (OSA) patients with body
mass index (BMI) under 30, and the efficacy of nasal continuous positive airway
pressure (CPAP) therapy for 3 to 6 months on the quality of life in these patients.
Prospectively recruited patients from six sleep laboratories in Japan were admin-
istered assessments of the general health status by the Short-Form 36 Health
Survey (SF-36) and subjective sleepiness by the Epworth Sleepiness Scale (ESS).
Compared with matched healthy subjects, OHS and OSA patients not yet treated
had worse results on the ESS scores and the SF-36 subscales for physical func-
tioning, role limitations due to physical problems, general health perception, en-
ergy/vitality, role limitations due to emotional problems, and social functioning.
The ESS scores of OHS patients were worse than those of the OSA groups in-
cluding the age- and BMI-matched OSA patients. In the SF-36 subscales of
OHS patients, only the subscale of social functioning showed worse results com-
pared with that of BMI-matched OSA patients. After 3 to 6 months of treat-
ment, ESS scores and these SF-36 subscales in all three patient groups improved
to the normal level. These results suggested that the quality of life of OHS before
nasal CPAP was significantly impaired and that nasal CPAP for OHS improved
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the quality of life associated with-the improvement of daytime sleepiness to the

level of the other OSA patients.

KEYWORDS: Sleep apnea, hypercapnia, excessive daytime sleepiness -

Obesity hypoventilation syndrome (OHS)
is characterized by daytime hypercapnia, daytime
hypoxemia, obesity, and sleep-disordered breathing.
The severe type of OHS is frequently associated
with right heart failure and has a poor prognosis.
The most typical cases are called Pickwickian syn-
drome.! Although OHS has various clinical defini-
tions,? a Japanese respiratory failure research group
recently proposed the following: persistent hyper-
capnia (PaCO, > 45 torr on arterial blood gas analy-
sis), remarkable obesity (body mass index (BMI)
> 30), the presence of daytime excessive sleepiness,
and higher severity in sleep-disordered breathing
(apnea/hypopnea index > 40 and/or remarkable oxy-
gen desaturation).3 It has béen reported that apneic

episodes are usually terminated by arousals and that’

the recurrent arousals from sleep cause neurophysi-
ological problems such as daytime excessive sleepi-
ness and poor quality of life in sleep apnea syn-
drome.*? It is expected that the quality of life in
OHS patients, who tend to belong to the most se-
vere group in large populations of sleep apnea syn-
drome patients, will show worse results compared

with common obstructive sleep apnea syndrome -

(OSA) patients without hypoventilation. However,
there are no studies concerning the quality of life in
OHS patients. Furthermore, although it has been
reported that nasal continuous positive airway pres-
sure (CPAP), which is a major treatment for patients
with OSA, improves sleep-disordered breathing,0
excessive daytime sleepiness,!12 cognitive function,!!
mood,!213 inspiratory effort sensation,'* and daily
activity!s-17 in OSA, little is known about the effect
of nasal CPAP on the quality of life in OHS.

In the present study, we characterized the -

quality of life of OHS patients by comparing it
with dge- and BMI-matched patients without hy-
poventilation and age-matched OSA patients under

BMI = 30. Furthern{ore, we studied thc‘efﬁca_cy of.
nasal CPAP therapy for 3 to 6 months on the qual-
ity of life.

METHODS
Subjects

Newly régistéred patients with OSA from the years
1999 to 2001 were prospectively recruited from six

“sleep centers of schools of medicine and private

sleep centers and divided into three groups: OHS,
age- and BMI-matched OSA patients without hy-
percapnia (for the present study defined as obese

- OSA), and age-matched OSA patients under BMI

= 30 (defined as nonobese OSA). All patients were
diagnosed using polysomnography during the time

-they spent in each laboratory. Each subject gave in-

formed consent to the protocol, which was approved
by the Human Research Committee of each insti-
tute. Patients with hypoventilation due to chest wall
deformity, chronic obstructive pulmonary disease,

- or hypothyroidism were excluded.

Protocol

Subjects performed pulmonary function tests and
were assessed by questionnaires concerning general
health and daytime sleepiness before treatment. Vital
capacity (VC) and forced expiratory volume in one
second (FEV,) were measured with a rolling-seal
spirometer. Blood gas tension analysis including ar-
terial oxygen tension (PaO,) and arterial carbon di-
oxide tension (PaCO,) was also done with a blood
gas analyzer. The health-related quality of life and
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subjective daytime sleepiness were assessed by the
Medical Outcome Survey Short Form (SF-36)!8 and
the Epworth Sleepiness Scale (ESS),19 respectively.

The SF-36 is widely used to measure health
status. The Japanese version of SF-36 was developed
by Fukuhara and colleagues and the validity of this
SF-36 was reported.20 The SF-36 is composed of
self-completed questionnaires of items that measure
eight multi-item domains of health as follows: phys-
ical functioning (PE) with 10 items, role limitations
due to physical problems (RP) with four ‘items,
bodily pain (BP) with two items, general health per-
ception (GH) with five items, energy/ vitality (VT)
with four items, role limitations due to emotional
problems (RE) with three items, social functioning
(SF) with two items, and mental health (MH) with
five items. Each domain is transformed onto a score
from 0 (worst possible health) to 100 (best possible
health). .

The ESS is composed of questionnaires on
eight different situations with different levels of
stimulation concerning the symptoms of daytime
sleepiness, resulting in a final score of 0 to 24.19

We also recruited age-matched control sub-
jects who were free from snoring and daytime sleep-
iness and obtained control scores using SF-36 and
ESS. All recruited OSA patients were given nasal
CPAP for the purpose of the study. At 3 to 6 months
after nasal CPAP, subjects again underwent SF-36
and ESS assessment.

Overnight Sleep Sthdy and Nasal
CPAP Titration

An overnight sleep study was carried out for all pa-
tients in a darkened quiet room using standard
polysomnographic equipment. Briefly,  electroen-
cephalography (C4/A1, C3/A2), electro-oculography,
submental electromyography and electrocardiogra-
phy with surface electrodes, airflow at the nose and
mouth with thermistors, respiratory movements of
the rib cage and abdomen with inductive plethys-
mography, and percutaneous arterial oxygen satu-

ration with a finger pulse oximeter (SpO,) were si-
multaneously measured. All variables were recorded
on a computer and the analysis was performed by
standard techniques in each institute. Apnea is de-
fined as a cessation of airflow lasting 10 seconds or
more, while hypopnea is defined as a more than
50% reduction in airflow for 10 seconds or more,
associated with a decline in SpO, of more than 3%
from the preceding value. The apnea-hypopnea
index (AHI) was calculated according to the defi-
nition of Guilleminault and associates.?! Sleep stages
were determined according to international stan-
dard criteria.22

Nasal CPAP titration was performed under
standard polysomnography on the day following the
diagnostic polysomnography using a commercial
CPAP device. The optimal CPAP level was deter-
mined as the pressure required to abolish apnea and
to maintain Sa0, > 90% during sleep. Nasal CPAP
therapy was continued using the optimal CPAP
pressure in each subject.

Statistical Analysis

All data were expressed as means * standard devia-
tion (SD). For comparison of data among the groups,
two-way analysis of variance (ANOVA) was done
and, if significant, data between two groups were
compared by unpaired ¢ test. The parameters before
and after nasal CPAP were compared by paired ¢
test. A two-tailed p value < 0.05 was considered
significant.

RESULTS

Characteristics of Subjects and
Patients with OSA

For the present study, 26 patients with OHS, 38 obese
OSA patients, and 48 nonobese OSA patients were
recruited. Furthermore, 35 normal age-matched sub-
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Table 1 Physical and Respiratory Variables of OHS,

Obese OSA and Nonobese OSA

OHS Obese OSA Nonobese OSA
n (M/F) 26 (25/1) 44 (39/5) 48 (45/3)
Age {yr} 44,4 =93 446 £ 13.3 487 1.0
BMI 36.4 +88** 360x72j 259x28
VC (L) 3.8+ 11** 3.7 £ 0.6j) 39x06
%VC (%) 99.9 + 18.9* 99.8 + 16.3] 1073 £ 134
FEV, (L} 3.0+08 3.0+0.8 3.0+06
%FEV, (%) 93.0*154 92.0+170 98.0x 1.7
Pa0, (torr) 711 =83##** 783 +9.1j 815+108
PaCO, {torr) 48.0 + 2.3##** 416 =28 418+ 43
AHI {/hr} 670 £ 23.7** 56.1 = 22.8jj 45.6 250
Mean SpO, 84.2 + 73** 863+ 74jj 916x44
(%)
ESS 146 + 4.9#** 125 *46jj 106=x38

BMII, body mass index; VC, slow vital capacity; %VC, VC for pre-
dicted value; FEV,, forced expiratory in one second; %FEV

FEV, for predxcted value; PaQ,, arterial oxygen tension; PaéO
arterlal carbon dioxide tensmn AHI, apnea- hypopnea index; Eﬁs
Epworth Sleepiness Scale. *, jp < 0.05, **, jj p < 0.01; signifi-
cantly different from nonobese OSA. #p< 0. 05, ##p < 0.01,
significantly different from obese OSA.

jects (M/F = 33/2, 45 + 11 years old, BMI = 23.9 =
3.3) were recruited for assessment of SF-36 and ESS.
The characteristics of the initially recruited

patients are shown in Table 1. There were no signifi-
cant differences in FEV, and %FEV, among OHS,

obese OSA, and nonobese OSA patients. In the

comparison between the two obese groups (OHS
and obese OSA) and nonobese OSA, BMI and AHI
in the two obese groups were greater than the cor-
responding parameters of the nonobese OSA. VC,
%VC, PaO, and mean SpO, in two obese groups
were smaller than the corresponding parameters of
the nonobese OSA. In the comparison between OHS
and obese OSA, VC, %VC, FEV,, and %FEV, did
not differ, but PaO, in OHS and PaCO, in OHS
patients were smaller and greater, respectively, than
the corresponding parameters in obese OSA patients.

Eight domains of the pretreatment SF-36 lev-
els of three patient groups and normal subjects are
shown in Figure 1. The six domains aside from those
for bodily pain and mental health were significantly
* different. In the comparisons between each patient

group and the normal group, GH, VT, RE, and SF
domains in each patient group were smaller than the
corresponding domains in the normal group. RF and
RP in OHS and obese OSA patients were smaller
than those in the normal group, but RF and RP in
nonobese OSA patients were not different from each
domain of the normal group. In the comparison
among patient groups, PF, GH, and SF domains in
those with OHS were smaller than the correspond-
ing domains in nonobese OSA patients, and PF and
RP in obese OSA patients were smaller than those
in nonobese OSA subjects. In the comparison be-
tween OHS and obese OSA patients, only the SF
domain was smaller in those with OHS than in
obese OSA patients.

The ESS before and after nasal CPAP in
three OSA groups is shown in Figure 2. Pretreat-
ment ESS scores were significantly different among
the four groups and were largest in OHS patients.

The domains before and after nasal CPAP
in each patient group are shown in Table 2 and
Figure 3. In OHS, all the domains except for BP
were significantly improved to the normal level. In
obese OSA patients, all domains were significantly
improved to the normal level. In nonobese OSA,
the domains except for BP and RE were signifi-
cantly improved to the normal level.

The ESS after nasal CPAP in the three
groups also improved to the normal level as shown
in Figure 2. The relationships between improve-
ments of ESS (AESS) and each SF-36 score in all
patients are shown in Table 3. The correlation coef-
ficients between AESS and APF, ARP, ASF, or
AMH were not higher but were significant.

DISCUSSION

This study prospectively examined the quality of
life before and after nasal CPAP in OHS, obese
OSA, and nonobese OSA patients. We observed
that (1) the pretreatment ESS scores of the three
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Figure 1 Eight domains of pretreatment SF-36 in patients with obesity hypoventilation syndrome (OHS), obese pa-

tients without hypoventilation (obese OSA), patients without moderate or severe obesity (nonobese OSA) and normal
subjects. *, p < 0.05; **, p < 0.01, significant difference between two groups.
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Figure 2 ESS before (black bars) and after (white bars) nasal CPAP in OHS, obese OSA and nonobese OSA. The last
white bar on the right shows the ESS in normal group.

OSA groups were greater than those of the normal
group, and the pretreatment ESS levels in OHS
patients were largest in the three OSA groups; (2)
the ESS in the three OSA groups returned to nor-
mal levels after treatment; (3) the pretreatment SF-
36 scores of the three patient groups were lower than
those of the normal group; (4) the SF domain of
OHS patients showed a significant decrease com-
pared with that of obese OSA patients without hy-
percapnia; and (5) the SF-36 scores in OHS patients
improved to a normal leyei after nasal CPAP, simi-
lar to the two other OSA groups.

OHS is classified into three grades? by PaCO,
and PaO,: severe OHS shows severe hypercapnia
(PaCO, > 60 mmHg) and hypoxemia (Pa0O,.< 60
mmHg), moderate OHS shows moderate hypercap-
nia (PaCO, = 51 to 60 mmHg) and hypoxemia
(PaO, = 60 to 70 mmHg); and mild OHS shows
mild hypercapnia (PaCO, = 46 to 50 mmHg) with-
out hypoxemia. The present OHS patients were clas-
sified as having mild or moderate OHS. .

The difference between OHS and obese OSA
was determined by the presence of daytime hypo-

non—.obese OSA Normal

ventilation. The reason for this difference between
the two groups is not clear. Since the ventilatory
function shown by VC and FEV, was not different
between these two groups, the hypoventilation in the
OHS group cannot be explained by a mechanical
impairment of the respiratory system. However, if
OHS patients have impaired chemosensitivity to
hypercapnia, the hypoventilation while awake may
be explained by this impairment in the ventilatory
reponse to hypercapnia. Previously, we observed that
OSA patients with chronic hypercapnia had a lower
ventilatory response to hypercapnia, which was im-
proved to a normal level after niasal CPAP23 In the
present study, although we did not examine the
chemosensitivity, we speculate that the hypercapnic
ventilatory response in OHS patients may be lower
than that in obese OSA patients, as reported by
previous investigators.24-26

Recently, it was reported that obese hyper-
capnic patients had higher fasting serum leptin lev-
els than eucapnic patients, and serum leptin was a
better predictor than body fat for the presence of
hypercapnia.?” Furthermore, leptin prevented res-
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Table 2 Values of Domains of SF-36 in OHS, Obese
OSA and Nonobese OSA before and after Nasal
CPAP Treatment

Domain Before Nasal CPAP After Nasal CPAP
OHS

PF 80.4 £ 18.3 873 115 < 0.05
RP 73.1 £ 33.1 88.6 = 274 < 0.05
BP 75.3 £ 26.2 78.3 243 NS
GH 454 + 16.8 60.6 + 16.3 <0.01
VT 53.3 £ 18.7 72.1 £18.0 < 0.01
RE 70.5 = 33.2 93.0 = 23.1 < 0.05
SF 617 = 22.1 90.2 + 176 < 0.01
MH 64.8 + 18.4 80.0 = 176 <0.01
Obese OSA

PF 819 + 14.6 88.7 + 114 < 0.0
RP 68.1 = 40.2 91.0 £ 21.3 <0.01
BP 71.2 =+ 30.2 84.9 + 18.4 < 0.01
GH 50.0 = 19.1 62.2 + 18.1 < 0.01
vT 52.4 + 238 72.0 148 <0.01
RE 69.1 £ 404 89.6 = 264 < 0.01
SF 75.1 + 237 914 = 14.4 < 0.01
MH 64.0 £ 209 776 = 171 < 0.01
Nonobese OSA

PF 90.7 = 101 92.1 £93 NS
RP 81.4 = 30.3 92.2 + 20.7 < 0.01
BP 74.2 + 26.6 84.0 £18.3 <0.00
GH 522 * 164 64.0+14.0 < 0.01
VT 54.4 + 252 70.8 £ 177 < 0.01
RE 80.4 =328 86.8.x 28.1 NS

SF 76.1 = 23.9 88.6 + 16.3 <0.0
MH 65.9 + 21.7 76.4 +15.2 < 0.01

CPAR continuous positive airway pressure; OHS, obesity hy-
poventilation syndrome; SF-36, Short Form of the Medical Out-
comes Survey Questionnaire; PF, physical function; RP, role limi-
tations due to physical problems; BR bodily pain; GH, general
health perception; VT, energy/vitality; SF, social functioning; MH,
mental health; NS, not significant.

piratory depression.?8 These papers suggested that
the pathogenesis of hypoventilation in OHS was due
to a deficiency of the central nervous system leptin
level, which could be responsible for the hypoven-
tilation in OHS.27.28

We observed an impaired health status as-
sessed by SF-36 in the OSA patients, particularly
in the OHS patients recruited in the presént study.
Why do patients with OSA have depressed health

status while awake? First, daytime sleepiness in our
patients may have been partly responsible for the
impairment of the general health status. This pos-
sibility would be supported by the present finding
that the excessive daytime sleepiness assessed by
ESS was reversible after nasal CPAP and that the
relationship between the improvements of ESS and
the domains of SF-36 after nasal CPAP was signif-
icant, although the correlation coefficient was not
large. The improvements in daytime sleepiness after
nasal CPAP may produce an increase in daytime
activity and greater alertness, leading to improve-
ments in job performance. Even in normal sub-
jects, sleep fragmentation can cause daytime sleepi-
ness and impair their mood.?’

The alternative possibility is that increased
opioid activity in OSA may depress the health sta-
tus. After nasal CPAP treatment the opioid activity
is decreased,3® which could explain the recovery-of
the health status.

Previous investigators have observed that SF-
36 correlated more closely with ESS in OSA pa-
tients.”3! In the present study, the relationship be-
tween ESS and each domain of SF-36 before nasal
CPAP was not significant (data not shown). This was
not surprising. The basal health status may be affected
by many factors apart from sleepiness such as age, sex,
social status, occupation, coexisting diseases, and so
on. Interestingly, the improvements of some domains
of SF-36 had correlations with improvements of the
ESS score, although the correlation coefficients were
not very large. The improvement of the general health
status by nasal CPAP would be partly influenced by
improvements of daytime sleepiness.

We observed that the health status in OHS
was lower than that in obese OSA patients without
hypercapnia in terms of the SF domain. OHS pa-
tients may not be able to have good communication
with other persons. The reason for this reduction in
social activity in OHS is unclear. However, as the
OHS group had a remarkable decrease of ESS,
which might mean severe sleepiness, it is reasonable
to speculate that OHS had a decrease in daytime
activity because of excessive daytime sleepiness.
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