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Introduction: Copeptin which is the C-terminal fragment of antidiuretic hormone (ADH), is
a biomarker that has been reported to be increased in various cardiovascular disorders, cerebro-
vascular diseases and associated with prognosis. Patients with obstructive sleep apnea syndrome
(OSAS) have a tendency to develop coronary and cerebral atherosclerotic diseases.
Objectives: The aim of the present study was to study copeptin levels in patients with obstruc-
tive sleep apnea and in a control group in order to determine whether copeptin could be used as
a biomarker predicting the severity of OSAS and possible complications in this group.
Methods: A total of 116 patients with OSAS, diagnosed by polysomnography, and 27 controls
were included in the study. Blood samples were collected after overnight fasting, and copeptin
levels were measured with enzyme-linked immunosorbent assay.

Results: Copeptin levels were significantly higher in the OSAS group compared to control group
(2,1561502; 1,845+500 pg/mL, respectively, P=0.004). Mean copeptin level of the patients hav-
ing apnea-hypopnea index (AHI) =30 was significantly higher than that of the patients having
AHI <30 (2,3924415; 2,017+500 pg/mL, respectively, P<<0.001). A multivariate regression
analysis showed that copeptin level, (hazard ratio: 1.58; 95% confidence interval: 1.09-2.30)
was a predictor of severe OSAS (P=0.016). Copeptin levels showed significant positive correla-
tion with AHI (r=0.32; P<<0.001), desaturation index (r=0.23; P=0.012), arousal index (r=0.24;
P=0.010) and CRP (r=0.26; P=0.011) respectively.

Conclusion: Copeptin levels are high in OSAS patients and copeptin is a potential marker for
identifying patients with a high risk of early cardiovascular complications of OSAS. Copeptin
has modest sensitivity (84%) for discriminating severe OSAS patients who are candidates for
severe cardiovascular complications.
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Introduction
Obstructive sleep apnea syndrome (OSAS) is characterized by repetitive episodes
of upper airway obstruction-related oxygen desaturation and sleep fragmentation.'
Oxygen desaturation-associated apneic episodes, negative intrathoracic pressure,
arousals augmented by upper airway collapse, and repetitive episodes of activation of
the sympathetic nervous system might lead to abnormal humoral, neural, metabolic,
thrombotic, and inflammatory responses, and when activated, these pathways contribute
to cardiovascular mortality.? The well-known gold standard for diagnosis of OSAS is
polysomnography, but polysomnography has several important limitations, including
cost, limited availability, and need for cooperation on the part of the patient. In addition to
helping confirm a diagnosis of OSAS, elevated biochemical or inflammatory biomarker
levels might also define an increased risk of cardiovascular disease in OSAS.?
Studies have shown that copeptin is a good predictor of outcome in patients
with heart failure or acute myocardial infarction, and its value has even been found
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to be superior to that of brain natriuretic peptide.** The
prognostic role of copeptin in lower respiratory tract infec-
tions and chronic obstructive pulmonary disease has also
been studied,®’ and a recent study reported that copeptin
is a potential prognostic marker for short-term mortality
independently and in addition to natriuretic peptide levels
in patients with acute dyspnea.® Copeptin levels may reflect
both the inflammatory cytokine response and the presence of
hemodynamic and osmoregulatory disturbances.” Copeptin
may also be associated with cardiovascular complications in
OSAS patients. The aim of this study was to assess copeptin
levels in patients with OSAS and compare them with levels
in controls.

Materials and methods

Patients

The study population included 116 patients with OSAS
recently diagnosed by polysomnography. Patients having a
personal or family history of psychiatric illness, a history of
alcoholism or substance abuse, or a central nervous system
disorder were excluded.

Polysomnography

All patients underwent overnight polysomnography. All
variables were recorded on a computer system (Alice Sleep-
ware, Philips Respironics, Murrysville, PA, USA). Data
were collected by electroencephalography (F3M2, F4M1,
C3M2, C4M1, O1M2, O2M1), bilateral electro-oculography,
submental electromyography, thoracic and abdominal move-
ments measured by uncalibrated inductive plethysmography,
oxyhemoglobin saturation, airflow through the nose and
mouth recorded by thermistors, electrocardiography, snoring
microphone, and video monitoring using an infrared video
camera. The entire recording was done by an experienced
sleep technician. Polysomnography records were scored in
30-second periods for sleep, breathing, and oxygenation.
Hypopnea was defined as a reduction of >50% in one of three
respiratory signals, ie, the airflow signal, or the respiratory or
abdominal signal of respiratory inductance plethysmography,
with either an associated decrease of =3% in oxygen satura-
tion or arousal. Apnea was defined as complete cessation of
airflow for =10 seconds.' The average number of apneas and
hypopneas per hour of sleep was calculated as the apnea-
hypopnea index (AHI). Patients with an AHI =5 events/
hour were diagnosed as having OSAS. Excessive daytime
sleepiness was identified using the Epworth Sleepiness Scale,
and values over 10 were accepted as a pathological result.!
Arousals were scored according to accepted definitions.!!

Laboratory analysis

Serum copeptin levels were quantified by enzyme-linked
immunosorbent assay using commercially available matched
antibodies (USCN Life Science Inc., Wuhan, People’s
Republic of China). The intra-assay and interassay coeffi-
cients of variation were <<10.0% and <<12.0%, respectively.
The sensitivity was calculated to be 6.1 pg/mL.

Statistical analysis

The Kolmogorov-Smirnov test was used to test for a normal
distribution of continuous variables. Data characterized
by a normal distribution were expressed as the mean *
standard deviation. Parameters without such a distribution
were expressed as the median with range. The Student’s
t-test (normal distribution) or the Mann—Whitney U-test
(non-normal distribution) was used for comparing the two
groups. Analysis of variance (normal distribution) or the
Kruskal-Wallis test (non-normal distribution) was used to
compare more than two groups. Discrete variables were
compared using Fisher’s Exact test. The Spearman test was
used to assess the correlation between variables. Multivari-
ate regression analysis was used as a stepwise descending
method from prognostic factors, with a significance of <0.1
in univariate analysis. Stepwise multivariate linear regres-
sion was also performed to determine the factors indepen-
dently associated with cardiovascular disease. A criterion
of P<<0.05 for entry and P<<0.10 for removal was imposed
in this procedure. P<<0.05 was considered to be statistically
significant.

Results

Clinical baseline characteristics

A total of 116 patients and 27 controls were included in the
study population. The clinical characteristics of the OSAS
and control groups are shown in Table 1. Copeptin levels
were significantly higher in the OSAS group than in the
control group (2,156+502 pg/mL and 1,845+500 pg/mL,
respectively, P=0.004, Figure 1).

Table | Clinical characteristics of the study group

Characteristics OSAS group Control group
(mean = SD) (mean + SD)

Age, years 48+1.04 43+1.25

BMI 33t6 31t6

AHI 30+2.43 3+3.04

Copeptin 2,156+502 1,845+500

Abbreviations: AHI, apnea-hypopnea index; BMI, body mass index; OSAS,
obstructive sleep apnea syndrome.
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Figure | Comparison of copeptin levels between patients with obstructive sleep
apnea and healthy control group.
Abbreviation: OSAS, obstructive sleep apnea syndrome.

Association of copeptin levels with OSAS

severity

Copeptin levels in patients with AHI =30 were significantly
higher than those in patients with AHI <30 (2,392+415 and
2,017+500 pg/mL, respectively, P<<0.001, Figure 2). The
optimal cut-off copeptin value for predicting severe OSAS
was 2,044 pg/mL. The area under the curve of copeptin
for prediction of severe OSAS was 0.736 (95% confidence
interval [CI] 0.647-0.825, P<<0.001, Figure 3). In cases with
copeptin levels >2,044 pg/mL, the specificity and sensitivity
for severe OSAS were 58% (95% CI 0.45-0.69) and 84%
(95% CI 0.69-0.93), respectively. The negative predictive
value of copeptin at a cut-off of 2,044 pg/mL for predicting
severe OSAS was 86% (95% CI 0.72—0.94) and the positive
predictive value of copeptin at a cut-off of 2,044 pg/mL for
severe OSAS was 54% (95% CI 0.41-0.66).
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Figure 2 Comparison of copeptin levels between the patients with apnea-hypopnea
index (AHI) =30 and the patients with AHI <30.
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Figure 3 Receiver operating characteristic curve analysis of copeptin levels in
predicting severe OSAS (the area under the curve of copeptin for prediction of
severe OSAS was 0.736 with the optimal cut-off copeptin level of 2,044 pg/mL;
the specificity and sensitivity for severe OSAS were found as 58% and 84%
respectively).

Abbreviations: OSAS, obstructive sleep apnea syndrome; ROC, receiver operating
characteristic; AUC, area under the curve.

Association and correlation of copeptin

levels with other clinical characteristics

In univariate analysis, a significant association was found
between severe OSAS and age, body mass index, copeptin
level, and C-reactive protein (CRP) level. CRP and copeptin
levels were analyzed from the same blood samples of the
study population. A multivariate regression analysis showed
that the copeptin level (hazard ratio 1.58, 95% CI 1.09-2.30)
was a predictor of severe OSAS (P=0.016). Other potential
predictors for severe OSAS on multivariate regression
analysis are summarized in Table 2. Copeptin levels showed
a significant positive correlation with AHI (»=0.32; P<<0.001,
Figure 4), desaturation index (r=0.23; P=0.012, Figure 5),
arousal index (r=0.24; P=0.010, Figure 6), and CRP level
(=0.26; P=0.011, Figure 7).

Discussion

In the present study, we found an increased level of copeptin
in patients with OSAS when compared with healthy con-
trols. Multivariable logistic regression analysis revealed that
copeptin levels were an independent predictor of severity of

Table 2 Independent predictors of severe OSAS in the study
population

Variables OR 95% CI P-value
Age 1.031 0.981-1.083 0.231
Body mass index 1.065 0.983-1.153 0.121
C-reactive protein 1.28 0.528-3.105 0.584
Copeptin levels >2,044 pg/mL 6.84 2.212-21.162 0.001

Abbreviations: Cl, confidence interval; OR, odds ratio; OSAS, obstructive sleep
apnea syndrome.

Therapeutics and Clinical Risk Management 2015:1 |

submit your manuscript

591

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Cinarka et al Dove

35009 . 3,500 . i

3000{ o S 2 30004 o ° 2o
j ) OQ %go %oo % j ’ R © 05, i o 20
E S o O & o o o E £ o &0 o o
5, 25001 e 5 28007 & % ’

o o

& % o 00009, ° 300‘900 & © 8000 00 °5% ° 9 %20 8 ° o
c 20001 2B 8500,  2000] wH8® oF0 o
-— ] o 0o
§ ¥ g ° ‘§ vgod °  o3w
2 15001 ., g 15004 ofg
3 ° 3 o

1,000 °o 1,000{ ° o

5004 500
0 50 100 150 200 0 20 40 60 80 100

Apnea-hypopnea index

Figure 4 Correlation analysis by Spearman test between copeptin levels and apnea-
hypopnea index (r=0.32; P<<0.001).

OSAS. Copeptin levels had a significant positive correlation
with AHI, desaturation index, arousal index, and CRP level.
Inflammation has been suggested as a potential mechanism
for OSAS. High levels of various biomarkers of inflammation,
such as tumor necrosis factor-alpha, interleukin-6, and CRP,
have been proposed to be associated with OSAS.!>!3 Copeptin
has been reported to be elevated in coronary heart disease and
central nervous system disorders, including acute ischemic
stroke and subarachnoid hemorrhage caused by aneurysm.!+1¢
Higher copeptin levels are reported to be related to a poor out-
come and to poor prognostic factors in patients with coronary
heart disease or chronic stable heart failure.'*!” It is known
that there is an increased risk of ischemic heart disease and
neurological complications in patients with OSAS.!8:1?

We found that copeptin levels were significantly
higher in OSAS patients than in controls, and this could
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Figure 5 Correlation analysis by Spearman test between copeptin levels and
desaturation index (r=0.23; P=0.012).
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Figure 6 Correlation analysis by the Spearman test between copeptin levels and
arousal index (r=0.24; P=0.010).

be particularly important for prediction of the cardiac
and neurological complications of OSAS. Intermittent
obstruction of the upper airway and obstruction-induced
hypoxia seen in OSAS patients is believed to increase car-
diovascular risk by increasing sympathetic activation and
oxidative stress. Oxidative stress and increased sympathetic
activation, namely endogenous stress, lead to release of
antidiuretic hormone.'*2%?! Recurrent episodes of upper
airway obstruction followed by adequate ventilation lead
to multiple hypoxia and reoxygenation periods. These
repetitive episodes are proposed to play a role in hypoxia-
reperfusion injury, which augments endogenous oxidative
stress.?? Release of antidiuretic hormone, and its more stable
metabolite copeptin, may be expected to increase in patients
with OSAS and this endogenous stress. Given that patients
with OSAS already have an increased risk of cardiovascular
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Figure 7 Correlation analysis by the Spearman test between copeptin levels and
C-reactive protein level (r=0.26; P=0.011).
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disease, copeptin might be a useful biomarker to define the
cardiovascular risk level in patients who have not shown
manifestations of cardiovascular disease.

In the present study, we found that copeptin levels were
significantly higher in patients with an AHI =30 than in those
with an AHI <30. We also found a significant positive cor-
relation between copeptin levels, AHI, desaturation index, and
arousal index. The risk of fatal and nonfatal cardiovascular
complications is 2.8 and 3.5 higher, respectively, in OSAS
patients having an AHI >30 when compared with the healthy
population.? Therefore, patients with severe OSAS are likely
to have serious cardiovascular complications. Copeptin
was found as an independent predictor of severe OSAS in
this study, and high levels of copeptin may also be a useful
biomarker of cardiovascular disease in patients with OSAS.
Copeptin may be used to identify a need for early continuous
positive airway pressure (CPAP) treatment and/or to evaluate
the response to CPAP in patients with OSAS. From the point of
view of oxidative stress and increased sympathetic activation,
which leads to increased antidiuretic hormone and ultimately
increased copeptin levels, treatment with CPAP may decrease
copeptin levels in the subgroup with an AHI >30. However,
this approach needs to be addressed in further studies.

Copeptin levels also showed a significant positive cor-
relation (r=0.26; P=0.011) with CRP, which is associated
with inflammation, in our OSAS patients. Inflammation
has an important role in the pathophysiology of OSAS,
particularly in the presence of cardiovascular disease.*
Inflammatory biomarkers, including CRP, interleukin-6,
and tumor necrosis factor-alpha, increase with OSAS.?%
Levels of CRP and interleukin-6 and spontaneous production
of interleukin-6 by monocytes are also decreased by CPAP
in OSAS patients.'?

There is only one study in the literature that found lower
copeptin levels in patients with OSAS,*® although there is
an increased risk for neurological and cardiac diseases in
OSAS patients and copeptin has been found elevated in
these diseases.'* ¢ In this study, receiver operating charac-
teristic curve analysis was used to determine sensitivity and
specificity of copeptin levels for the diagnosis of OSAS,
with an area under the curve of 0.71 (95% CI 0.60—0.82,
P<0.01) for a cut-off value below 0.5 ng/mL, copeptin had
67% sensitivity and 69% specificity for diagnosing OSAS.
Another biomarker known as omentin-1 has also been found
to be significantly decreased in OSAS patients compared with
healthy control controls. In one study, multivariate logistic
regression analysis showed that serum omentin-1 levels were
inversely associated with the presence of OSAS.? Other

potential biomarkers identified in OSAS patients include
P-selectin, adiponectin, leptin, and cystatin-C.>30-2

In the present study, it was found that the optimal
cut-off value for copeptin in predicting severe OSAS was
2,044 pg/mL. The area under the curve for copeptin in the
prediction of severe OSAS was 0.736 (95% CI 0.647-0.825,
P<0.001) with copeptin levels >2,044 pg/mL, and the
specificity and sensitivity for severe OSAS were 58% (95%
CI 0.45-0.69) and 84% (95% CI 0.69-0.93), respectively.
Therefore, copeptin may be used to identify patients with
severe OSAS, and may be particularly important for predic-
tion of future cardiovascular complications.

The main limitation of our study is its small control group.
Although the study included an acceptable number of OSAS
patients from the point of view of power of the study, it could
be considered that the number of controls was too small. A
second limitation could be the lack of investigation for a
circadian rhythm in copeptin levels. However, in contrast
with cortisol, copeptin levels have not demonstrated any
consistent circadian rthythm.*

Conclusion

Copeptin is a potential candidate marker for identifying
patients at high risk of early cardiovascular complications
from OSAS. However, the benefit of such biomarker-driven
strategies still has to be confirmed by large randomized con-
trolled trials. Increased copeptin levels could be related to the
prognosis of OSAS. Copeptin has modest sensitivity (84%)
for discriminating patients with severe OSAS who are candi-
dates for severe cardiovascular complications. Therefore, use
of copeptin as a biomarker to predict the severity of OSAS
and its complications, particularly cardiovascular events, may
be recommended after further studies addressing the role of
copeptin as a biomarker in patients with OSAS.
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