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Abstract

Purpose Although obstructive sleep apnea syndrome
(OSAS) is known to be an important risk factor for car-
diovascular diseases, the mechanism behind this associa-
tion has not been fully elucidated. Transendothelial
migration of monocytes mediated by adhesion molecules is
a crucial step in the pathogenesis of atherosclerosis. We
investigated the effect of hypoxic stress on plasma adipo-
nectin and tumor necrosis factor-oo (TNF-a) levels and
whether adiponectin and TNF-o modulate adhesion mole-
cules in patients with OSAS.

Methods In 22 patients, plasma adiponectin and TNF-a
levels and serum concentrations of soluble intercellular
adhesion molecule-1 (SICAM-1) were determined early in
the morning after polysomnography and after nasal con-
tinuous positive airway pressure (nCPAP) treatment.
Results Plasma adiponectin levels were inversely corre-
lated with the apnea—hypopnea index (AHI) (r = —0.582,
p <0.005) and % time in SpO, <90 % (r = —0.539,
p < 0.01) but not with the body mass index (BMI). TNF-a
levels were positively correlated with the AHI (r = 0.462,
p < 0.05) and BMI (r = 0.452, p < 0.05). Serum sICAM-
1 levels were inversely correlated with plasma adiponectin
levels (r = —0.476, p < 0.05) but not with TNF-a levels.
Although plasma TNF-a levels decreased after overnight
nCPAP treatment (p < 0.05), plasma adiponectin levels
increased after long-term nCPAP (3 months) treatment
(p < 0.02) in ten patients.
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Conclusions Our findings suggest that reduced adipo-
nectin and elevated TNF-a levels in plasma are associated
with OSAS-induced hypoxic stress. Decreased adiponectin
levels are associated with SICAM-1 levels.

Keywords Adiponectin - Atherosclerosis - Nasal
continuous positive airway pressure - Obstructive sleep
apnea syndrome - Soluble intercellular adhesion
molecule-1 - Tumor necrosis factor-o

Introduction

Obesity is common in patients with obstructive sleep apnea
syndrome (OSAS). A relationship between the severity of
OSAS and body mass index (BMI) and, in particular,
increased visceral fat, has been documented [1]. In recent
years, it has been clarified that adipocytes express many
genes that encode secretory proteins. Obese individuals
have been shown to have low plasma levels of adiponectin,
a secretory protein encoded by the adipose most abundant
gene transcript-1 (apM1) [2, 3].

Although OSAS is associated with the development of
atherosclerosis [4] and is an important risk factor for car-
diovascular events [5], the mechanism behind this associ-
ation has not been fully elucidated. Transendothelial
migration of monocytes is considered a crucial step in the
pathogenesis of atherosclerosis [6, 7]. Adhesion molecules,
including intercellular adhesion molecule-1 (ICAM-1),
mediate the initial binding of monocytes to the endothe-
lium and their transendothelial migration [6]. Increased
concentration of plasma sICAM-1 is a risk factor for car-
diovascular events [8]. Adiponectin exerts anti-athero-
sclerotic effect by suppressing tumor necrosis factor
(TNF)-a-dependent expression of adhesion molecules on

@ Springer



290

Lung (2014) 192:289-295

vascular endothelial cells in vitro, and reduced plasma
adiponectin levels are associated with coronary artery
disease [9]. In contrast, TNF-o facilitates atherosclerosis by
causing vascular endothelial cells to express adhesion
molecules [10]. Several previous studies have suggested
that OSAS is associated with an increase in the circulating
levels of adhesion molecules [11-13]. However, it has not
been investigated whether they are modulated by adipo-
nectin and TNF-a.

In the present study, we hypothesized that hypoxic stress
in patients with OSAS may affect plasma levels of adipo-
nectin and TNF-o, resulting in elevated levels of circulat-
ing adhesion molecules and that this phenomenon may be
responsible for cardiovascular events in patients with
OSAS. To test this hypothesis, we determined plasma
levels of adiponectin and TNF-a before and after nasal
continuous positive airway pressure (nCPAP) treatment
and investigated the relationship between these parameters
and serum concentrations of soluble ICAM-1 (sSICAM-1).

Materials and Methods

Twenty-two OSAS male patients with an apnea—hypopnea
index (AHI) of 5 or above as assessed by overnight poly-
somnography (PSG) were recruited from the patients to be
referred to our hospital for suspected sleep apnea. None of
the patients had a history of cardiovascular, pulmonary, or
metabolic diseases. PSG was performed using a comput-
erized polysomnogram system (Alice 4; Respironics;
Pittsburgh, PA, USA) for two consecutive nights. Apnea
was defined as cessation of airflow or a decrease in airflow
to less than 20 % of the baseline value for more than 10 s,
and hypopnea was defined as a discernible decrease in
airflow to less than 50 % of the baseline value associated
with a fall in oxygen saturation of 4 % or more from
baseline. Desaturation during sleep was assessed in terms
of the time in relation to the total sleep time with SpO,
<90% (% time in SpO, <90%) and lowest SpO,. All
subjects successfully underwent CPAP titration during the
second night under PSG.

Blood samples were collected at 6:30 AM before breakfast
both after PSG and after nCPAP titration. Plasma samples
were immediately separated and stored at —80 °C until ana-
lysis. Plasma adiponectin levels were determined by the
Human Adiponectin RIA Kit (LINCO Research Inc., St.
Charles, MO, USA), while plasma TNF-a levels were mea-
sured using the Human TNF-a ELISA Kit (Quantikine, R&D
Systems Inc., Minneapolis, MN, USA). Serum sICAM-1
levels were determined by the Human sSICAM-1 ELISA Kit
(Chemicon International Inc., Temecula, CA, USA).

In ten patients who gave informed consent to participate
in a follow-up study, plasma adiponectin levels after long-
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term nCPAP (3 months) treatment were determined.
Compliance with the treatment was measured using the
built-in data stores of the CPAP device (REMstar® Auto,
Philips Respironics; Murrysville, PA, USA). The study was
approved by the medical ethical committee of the Nara
Medical University, and informed consent was obtained
from all subjects.

Statistical Analysis

Values obtained were expressed as mean =+ standard
deviation (SD). Pearson’s correlation coefficients for
polysomnographic data, adiponectin, TNF-a, and SICAM-1
were calculated. Plasma adiponectin levels were logarith-
mically transformed by calculating its natural logarithm (In
adiponectin) for use in a correlation analysis. A multivar-
iate linear regression model was used to test the influence
of AHI, BMI, and age on adiponectin, TNF-o, and SICAM-
1 levels. Pre- and post-nCPAP treatment comparisons were
evaluated using the paired ¢ test. The level of statistical
significance for each test was set at p value <0.05.

Results
Patient Characteristics

The mean BMI was 30.4 + 9.6 kg/m”. During resting supine
breathing, mean PaO, and PaCO, levels were 80.9 4+ 13.8 and
44.1 £ 5.2 Torr, respectively (Table 1).

Polysomnographic Data

Polysomnographic data obtained before and after CPAP
titration are shown in Table 2. Apnea and desaturation
during sleep significantly improved following CPAP titra-
tion. The mean AHI decreased from 47.7 & 25.4 to
73 £5.2, the Ilowest SpO, from 749 4+ 83 to

Table 1 Characteristics of the patients with obstructive sleep apnea
syndrome

Variables Value
Number 22
Male/female 22/0

Age (years) 48.1 £ 155
Height (cm) 167.5 + 84
Weight (kg) 86.7 + 324
BMI (kg/m?) 304 +9.6
PaO, (Torr) 80.9 + 13.8
PaCO, (Torr) 441 £ 52

Values are presented as mean £ SD
BMI body mass index
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Relationship Between Plasma Adiponectin and TNF-o
Levels and BMI

The mean values of plasma adiponectin and TNF-a levels
were 14 + 12.8 ng/ml and 2.37 + 1.01 pg/ml, respec-
tively. There was a significant correlation between the BMI
and plasma TNF-a levels but not between the BMI and log-
transformed plasma adiponectin levels (Table 3).

Relationship Between Plasma Adiponectin and TNF-o
Levels and Polysomnographic Findings

The relationship between plasma adiponectin and TNF-o
levels and polysomnographic findings is shown in Table 3.
Plasma adiponectin levels were inversely correlated and
TNF-a levels positively correlated with the AHI. Plasma
adiponectin levels correlated significantly with % time in
SpO, <90% and the arousal index but not with the lowest
SpO,. No significant correlation was observed between

Table 2 Polysomnographic data at baseline and after overnight nasal
continuous positive airway pressure treatment

Variables Baseline nCPAP

Total sleep time (min)  359.9 + 64 (165.0-481.5) 375.3 £ 59.5
Arousal index 41.7 £+ 22.2 (10.9-88.3) 142 £ 5.7*
AHI 47.7 £ 254 (11.1-97.4) 7.3 £ 5.2%*
Lowest SpO, (%) 74.9 £ 8.3 (62-92) 91.7 £ 5.2%*
% time in SpO, 20.3 + 22.2 (0.4-72) 1+ 2%

<90 %

Values are presented as mean £ SD (range)
AHI apnea-hypopnea index, nCPAP nasal continuous positive airway
pressure

* p <0.001, ** p <0.0001 for the differences between values at
baseline and after nCPAP treatment

Table 3 Correlation coefficients of the body mass index and sleep
parameters with plasma adiponectin and TNF-o levels

Variables In adiponectin TNF-a
BMI (kg/m?) —0.409 0.452%
AHI —0.582%#* 0.462*
Lowest SpO, (%) 0.186 —0.132
% time in SpO, <90 % —0.539%* 0.361
Arousal index —0.504* 0.427

Values are Pearson’s correlation coefficients

In adiponectin plasma adiponectin levels logarithmically transformed
by calculating its natural logarithm, BMI body mass index, AHI
apnea—hypopnea index

*p <0.05, ** p <0.01, ** p < 0.005

plasma TNF-a levels and % time in SpO, <90 % and the
lowest SpO, (Table 3). Multiple linear regression analysis
showed a significant relationship between AHI and
adiponectin (p < 0.005) and TNF-a (p < 0.05) levels in
both BMI and age adjusted model.

Relationship Between Serum sICAM-1 Levels
and Nocturnal Hypoxemia and Plasma Levels
of Adiponectin and TNF-a

Mean serum sICAM-1 levels were 322 £+ 157.8 ng/ml, and
they correlated significantly with the AHI and % time in
SpO, <90 % (Fig. 1). Moreover, they correlated signifi-
cantly with the lowest SpO, (r = —0.645, p < 0.001) and
arousal index (r = —0.458, p < 0.05). Multiple linear
regression analysis showed a significant relationship
between AHI and sICAM-1 levels (p < 0.01) in both BMI
and age adjusted model. SICAM-1 levels were inversely
correlated with plasma adiponectin but not with TNF-a
levels (Fig. 2).

Plasma Adiponectin and TNF-o Levels and Serum
SICAM-1 Levels After nCPAP Treatment

Plasma adiponectin and TNF-a levels and serum sICAM-1
levels were determined after the overnight nCPAP treat-
ment. There was no significant difference between plasma
adiponectin levels before and after treatment (14.6 + 14
vs. 12.2 £ 11.9 pg/ml) and serum sICAM-1 levels also
were unchanged (296.8 £ 132.3 vs. 252.6 &+ 140.2 ng/ml).
On the other hand, plasma TNF-a levels significantly
decreased (2.42 £ 1.05 vs. 1.95 &+ 1.09 pg/ml, p < 0.05)
as shown in Fig. 3.

In ten patients, plasma adiponectin levels were also
determined after 3 months of nCPAP treatment. The mean
values of baseline BMI and AHI were 31.3 + 4.5 kg/m?
and 63.7 = 14.9, respectively. The ten patients showed
good compliance during 3 months of nCPAP treatment.
Plasma adiponectin levels significantly increased
(4.5 £23 vs. 6.8 &£ 2.1 pg/ml, p < 0.02) with no signifi-
cant changes in the BMI (Fig. 3).

Discussion

The present study showed a weak inverse correlation
between plasma adiponectin levels and the BMI in patients
with OSAS, similar to that observed in healthy individuals.
However, the correlation between adiponectin levels and
AHI was stronger in patients with OSAS. In addition,
plasma adiponectin levels significantly increased after
long-term nCPAP treatment, which suggests that OSAS-
induced hypoxic stress may suppress the secretion of
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adiponectin. We also found that SICAM-1 levels correlated
significantly with the AHI and % time in SpO, <90 %.
Furthermore, they were inversely correlated with plasma
adiponectin levels but not with TNF-a levels.
Adiponectin exerts antiatherosclerotic effect by inhibit-
ing the proliferation of the vascular smooth muscle cells
and binding to collagen I, III, and V in the vascular intima
which might be involved in the repair process of athero-
sclerotic change. Plasma adiponectin has been reported to
suppress the expression of E-selectin, ICAM-1, and vas-
cular cell adhesion molecule-1 on the vascular endothelial
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cells [9]. Therefore, a reduced adiponectin level may
contribute to the pathogenesis of atherosclerosis and
become a risk factor for cardiovascular events. Clinically, a
reduced adiponectin level is associated with cardiovascular
events [9, 14].

Circulating adiponectin levels in patients with OSAS
have not been unequivocally determined so far. Lower
adiponectin levels [15—18] and comparable or higher levels
[19-22] compared with control subjects without OSAS and
with similar BMI have been documented. Moreover, the
relationship between nocturnal hypoxia evaluated by the
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AHI and adiponectin levels in patients with OSAS also is
controversial [15, 16, 23]. We found that plasma adipo-
nectin levels were significantly correlated with the severity
of nocturnal hypoxia but not with the BMI. Furthermore,
plasma adiponectin levels were significantly increased after
3 months of nCPAP treatment which is in line with several
previous studies [24]. These data suggest that reduced
adiponectin levels are associated with hypoxic stress dur-
ing sleep in patients with OSAS. Indeed, recent studies
have demonstrated that the mRNA degradation of adipo-
nectin is accelerated under hypoxia compared with nor-
moxia [17, 25]. Consequently, reduced adiponectin levels
associated with hypoxic stress may explain, in part, the
development of atherosclerosis in patients with OSAS.
TNF-a is an inflammatory cytokine, which is regulated
by nuclear factor-kB (NF-xB), a master regulator of
inflammatory gene expression. We have previously repor-
ted monocyte NF-xB activation in patients with OSAS
[26]. TNF-o contributes to atherogenesis [6] and its cir-
culating levels are correlated with cardiovascular risk [27].
In the present study, we found a significant positive cor-
relation between plasma TNF-a levels and the AHI, which
is in line with several previous studies [28, 29]. This may
suggest that hypoxic stress can facilitate the production of
TNF-o and that elevated TNF-a levels play an important
role in the development of atherosclerosis in OSAS.
Previous studies have provided evidence that athero-
sclerosis is related to inflammatory processes involving
adhesion molecules [6, 8, 9]. In particular, transendothelial
migration of monocytes induced by adhesion molecules is
a crucial step in the pathogenesis of atherosclerosis. The
circulating levels of soluble adhesion molecules are ele-
vated in patients with OSAS [11] and are reduced by
nCPAP treatment [30, 31]. We found that SICAM-1 levels
significantly correlated not only with the severity of noc-
turnal hypoxia but also with adiponectin levels in this
patient group. TNF-a activates NF-kB by phosphorylation
of IkB-o and facilitates the transcription of adhesion
molecule genes in the vascular endothelial cells. On the
other hand, adiponectin inhibits the activation of NF-kB by
suppressing the phosphorylation of IkB-o and subsequent
gene transcription [32]. Therefore, decreased adiponectin
levels related to hypoxic stress during sleep appear to
facilitate atherosclerosis by increased expression of adhe-
sion molecules on the vascular endothelial cells in patients
with OSAS. However, we did not observe any correlation
between TNF-a and sSICAM-1 levels in the present study,
which suggests that SICAM-1 levels are modulated mainly
by adiponectin. Furthermore, adiponectin may suppress the
production of TNF-a. Indeed, it was demonstrated that
adiponectin knockout mice showed high levels of TNF-a
mRNA in the adipose tissue and high plasma TNF-a levels,

which could be reversed by virus-mediated adiponectin
expression [33].

The effect of nCPAP treatment on the circulating levels
of adiponectin and SICAM-1 has not been fully elucidated.
It was documented that reduced adiponectin levels during
sleep were attenuated by overnight CPAP treatment in
severe OSAS [17]. After 12 months of nCPAP treatment, a
significant decrease in plasma sICAM-1 levels was repor-
ted [31]. In the present study, no significant effect of
overnight nCPAP treatment on the circulating levels of
adiponectin and sICAM-1 was observed, while plasma
TNF-a levels significantly reduced after the treatment.
Although the reason for this discrepancy is unclear, a
possible explanation would be the marked difference
between baseline plasma concentrations of adiponectin and
TNF-0, remarkably short half-life (approximately
6—7 min) of TNF-o [34] and immediate variation in plasma
TNF-o levels under hypoxic stress in patients with OSAS
[35]. In addition, a previous study demonstrated that eta-
nercept, a TNF-ao antagonist, did not decrease adiponectin
levels [36]. This suggests that adiponectin is produced and
secreted independently of TNF-o. The effect of long-term
nCPAP treatment on an increase in plasma adiponectin
levels without significant changes in BMI was prominent.
Further studies are needed to elucidate the mechanism
underlying this phenomenon.

Our study has several limitations. First, because it did
not include a control group, the baseline values of adipo-
nectin, SICAM-1, and TNF-o are difficult to interpret.
Second, we enrolled a small number of patients with
OSAS, especially those undergoing nCPAP treatment.
Therefore, a future study with a larger number of subjects
is required to validate our findings.

In conclusion, our findings suggest that both reduced
adiponectin and elevated TNF-o in plasma are associated
with OSAS-induced hypoxic stress. Decreased adiponectin
levels are associated with elevated SICAM-1 levels. The
effect of nCPAP treatment on adiponectin levels seems to
be of clinical importance for preventing cardiovascular
events in patients with OSAS.
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