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Serum Neuron-Specific Enolase (NSE) and
Homocysteine Levels
in Obtructive Sleep Apnea Syndrome (OSAS)

Obstriiktif Uyku Apnesi Sendromu (OUAS)’ nda
Serum Noron-Spesifik Enolaz (NSE) ve
Homosistein Diizeyleri

ABSTRACT Objective: Presence of a biochemical marker of cerebral injury would be of great be-
nefit in obstructive sleep apnea syndrome (OSAS) to screen for even small brain damage and to
monitor efficacy of therapy. The aim of this study was to evaluate whether two different parame-
ters in serum, neuron-specific enolase (NSE) and homocysteine, can be used to detect even subtle
levels of cerebral injury in OSAS patients. Material and Methods: We studied 38 patients with OSAS
and 30 control subjects with an apnea-hypopnea index (AHI) less than five events per hour. All
were evaluated by full-night polysomnography, and in the following morning, serum levels of NSE
and homocysteine levels were measured using standard techniques. Results: The AHI in OSAS gro-
up was 39.2 + 13.8 (mean + SD) AH/h. Serum NSE levels were significantly higher in OSAS group
(12.3 +5.0 ng/ml) than in the control group (8.2 + 1.9 ng/ml; p< 0.01). No significant difference was
detected between the groups with regard to serum homocysteine levels (14.1 + 6.3 v 14.6 + 4.8
umol/L; p> 0.05). Conclusion: Elevated serum NSE levels were much more correlated with the se-
verity of OSAS, whereas homocysteine levels were in normal range in these OSAS cases who we-
re otherwise healthy. We believe that there is a need for more sensitive biochemical markers and
methods for detecting small cerebral injury in patients with sleep apnea syndrome.

Key Words: Biological markers; brain 1njuries; homocysteine; phosphopyruvate hydratase;
sleep apnea, obstructive

OZET Amag Obstriiktif uyku apne sendromu (OUAB) ile iliskili olas serebral hasari isaret edebi-
lecek bir biyokimyasal belirte¢ varlig1 tarama ve tedavi etkililiginin monitérizasyonunda faydali
olacaktir. Bu ¢aligmanin amaci serumdaki iki farkli parametre olan néron spesifik enolaz (NSE) ve
homosisteinin OUAS hastalarinda subklinik diizeylerdeki serebral hasarin tespit edilmesine yone-
lik kullanilip kullanilamayacaginin aragtirilmasidir. Gereg ve Yéntemler: OUAS tanili 38 hasta ve
apne-hipopne indeksi (AHI) saatte besden az olan 30 kontrol olgusu caligmaya alindi. Hepsi tiim
gece polisomnografi ile degerlendirildi ve ertesi sabah standart teknikler kullanilarak NSE ve ho-
mosistein serum diizeyleri 6l¢iildii. Bulgular: OUAS grubunda AHI 39.2 + 13.8 (ortalama + SD)
idi. OUAS grubundaki serum NSE diizeyleri (12.3 + 5.0 ng/ml) kontrol grubundan (8.2 + 1.9 ng/ml;
p< 0.01) anlamli olarak yiiksekti. Gruplar arasinda serum homosistein diizeyleri bakimindan an-
laml fark bulunamads (14.1 + 6.3E karsilik 14.6 + 4.8 pmol/L; p> 0.05). Sonug: Serum NSE diizey-
lerindeki artig OUAS siddetiyle ¢ok daha fazla ilgiliyken homosistein diizeyleri eslik eden hastalig:
olmayan olgularda normal araliktaydi. Bu veriler OUAS’]1 olgularda kiigiik serebral hasarin belir-
lenmesine y6nelik daha duyarl biyokimyasal belirteg ve yontemlere ihtiya¢ duyuldugunu diisiin-
dirmistiir.

Anahtar Kelimeler: Biyolojik belirleyiciler; beyin yaralanmalari; homosistein;
fosfopiruvat hidrataz; uyku apnesi, tikayici
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leep-disordered breathing comprises upper

airway resistance syndrome, obstructive sleep

apnea, central apnea and central hypoventi-
lation. Among these disorders, obstructive sleep ap-
nea syndrome (OSAS) has been investigated
extensively for its associations with cardiovascular
complications and thromboembolic events with
consecutive ischemic stroke. Cerebral ischemia is
one of the major risks for patients with OSAS.!

OSAS is a condition characterized by recur-
rent disturbances of breathing during sleep with re-
petitive apneas and hypopneas due to intermittent
narrowing or occlusion of the upper airway. These
respiratory events are accompanied by hypoxia,
arousals from sleep and bursts of sympathetic ner-
vous system activity that trigger surges in blood
pressure and heart rate.? OSAS is also associated
with increased platelet adhesiveness, vascular en-
dothelial dysfunction and early signs of atherosc-
lerosis that put patients at increased risk for
vascular events including stroke.*> Repetitive noc-
turnal hypoxemia, negative intrathoracic pressure,
sympathetic activation and arousals experienced by
OSAS patients are associated with an activation of
a number of neural, humoral, thrombotic, metabo-
lic and inflammatory mechanisms. Increased sym-
pathetic activity with elevated pulse rate, sharp
swings of arterial blood pressure and cerebral blo-
od flow, disturbances in endothelial function, par-
ticularly of nitric oxide synthetase and endothelin
pathways, prothrombotic changes with increased
factor VII clotting activity, increased platelet acti-
vation and aggregation, increased inflammation
with elevated levels of fibrinogen, C-reactive pro-
tein, inflammatory cytokines and adhesion mole-
cules, and increased oxidative stress related to
intermittent hypoxia and normoxia are possible
pathophysiological mechanisms linking OSAS with
stroke.®” They all may be responsible for onset or
rapid progression of stroke during sleep in the pa-
tients with OSAS.

The evidence that OSAS might result in cellu-
lar damage in the central nervous system is note-
worthy. The damage is not seen universally and
may be subclinical, remaining undetected for a
long time before symptoms manifest. The anato-
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mical and functional extend of stroke can be rea-
dily determined through clinical examination and
radiological imaging techniques, but majority of
the brain is intellectually silent and there are inhe-
rent difficulties with the detection of more subtle
forms of cerebral injury.

In recent years, several techniques have been
developed to measure levels of various biochemi-
cal markers to evaluate neuronal injury such as ne-
uron-specific enolase (NSE), creatine kinase BB,
myelin basic protein, glial fibrillary acidic protein,
interleukin-6, transforming factor-f3, and S-10083
protein.® Brain cells contain a number of glycolytic
enzyme enolases, and NSE constitutes 75% of total
enolase subunits. It is predominantly found in ne-
urons where it is located in the cytoplasm and at
low concentrations in neuroendocrine cells. Serum
levels increase following head injury, infarction,
systemic anoxia and various other insults to central
nervous system.” 3

Since the pioneering observation of McCully'*
in infants with inborn errors of metabolism, link-
ing elevated levels of the non-protein, sulfur-con-
taining amino acid homocysteine in the plasma
with vascular diseases, many clinical and epidemi-
ologic studies have shown a clear correlation bet-
ween mildly elevated total blood homocysteine
concentrations and premature coronary artery dis-
ease, peripheral artery diseases, stroke, or venous
thrombosis. When strong associations among
OSAS, cardiovascular morbidity, and homocystei-
ne levels are considered, it might be possible to link
cerebrovascular events with serum homocysteine
level in patients with OSAS.

Therefore, it would be useful to have some ra-
pid and simple blood tests that could indicate bra-
in damage in OSAS patients, in order to establish
the diagnosis and prognosis, and to guide the ther-
apeutic procedures. The aim of this study was to
evaluate whether two different parameters in se-
rum, NSE as a biochemical marker of cerebral in-
jury, and homocysteine as a serologic marker of
increased cerebrovascular risk, could be used to de-
tect even subtle levels of cerebral injury in OSAS
patients without a previous history of neurological
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cerebrovascular event and with normal neurologi-
cal examination.

I MATERIAL AND METHODS

Clinical and laboratory evaluations were conduc-
ted in 68 participants who were referred to the sle-
ep laboratory for an assessment of OSAS. None of
the patients had a definite history of previous neu-
rological events, hypertension and/or cardiac or pe-
ripheral wvascular diseases. Patients who
participated in the study underwent a detailed car-
diac and neurological examination. Patients with a
previously documented or clinically evident brain
infarction, hemorrhage, head trauma, central ner-
vous system (CNS) infection within six months be-
fore admission or with a CNS tumor were excluded
from the study. Hypertensive patients and/or pati-
ents with risk factors for cardiovascular disease
such as high total cholesterol and low density li-
poprotein (LDL) cholesterol, and high triglyceride
levels were also excluded from the study. Body
mass index (BMI) was calculated as weight in kilo-

grams divided by the square of height.

The study was approved by the institutional
Ethics Committee, and study was performed in ac-
cordance with the guidelines of declaration of Hel-
sinki. Before enrollment, all subjects gave their
written informed consent.

SLEEP STUDY

Overnight polysomnography (PSG) was performed
in all patients by a computerized system (Compu-
medics; Australia) and included the following
variables: electrooculogram (two channels), elec-
troencephalogram (four channels), electromyog-
ram of submental muscles (one channel),
electromyogram of the anterior tibialis muscle of
both legs (two channels), electrocardiogram and
airflow (with a nasal cannula). Chest and abdomi-
nal respiratory efforts (two channels) were recor-
ded using inductive plethismography, and arterial
oxyhemoglobin saturation (SaO,: one channel) was
measured using pulse oximetry with a finger probe.
The record were obtained at a paper speed of 10
mm/s, and sleep stages were scored according to the

standard criteria of American Academy of Sleep
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Medicine.” Arousals were scored according to
accepted definitions.'® Apneas were defined as
complete cessation of airflow for *10 seconds. Hy-
popneas were defined as reduction of >50% in one
of three respiratory signals, airflow signal or either
respiratory or abdominal signals of respiratory in-
ductance plethysmography, with an associated >
3% fall in oxygen saturation or an arousal. The ap-
nea-hypopnea index (AHI) was defined as the
number of apneas and hypopneas per hour of'sleep.
Participants with AHI <5 were included in the con-
trol group. Those with AHI 35 were considered as
OSAS patients.

BLOOD PARAMETER ASSAYS

Fasting blood samples were taken from all subjects
between 07:00 AM and 08:00 AM. Blood samples
were immediately sent to the hospital laboratory.
Serum homocysteine levels were measured using
Chromsystems HPLC with Agilent 1100 series flu-
orescence detector. Normal range was considered
as 5-14 pmol/L for homocysteine levels. NSE was
determined by radioimmunassay (RIA) method
using human NSE as a standard and antiserum
raised against human NSE. A NSE level below
12.50 pg 1! was considered as normal.

STATISTICAL ANALYSIS

Means and standard errors of measurement (SEM)
were determined for continuous variables and per-
centage for categorical variables. Differences bet-
ween two groups were analyzed using Man
Whitney-U test. Categorical data were analyzed by
x*> with Fisher Exact Probability test. The correla-
tions were analyzed with Spearman’s correlation
coefficient. All statistical analyses were carried out
using a statistical software (SPSS, version 11.0 for
Windows; SPSS Inc; Chicago, IL). Differences we-
re considered significant at P< 0.05.

I RESULTS

After 67 subjects underwent PSG, 37 were consi-
dered to have OSAS. OSAS was not considered in
30 subjects and they were enrolled as control sub-
jects. The control subjects were age and BMI matc-
hed. The demographic and clinical data of two
groups are presented in Table 1. Serum NSE levels
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were significantly higher in OSAS group when
compared to control group (p= 0.001). No signifi-
cant difference was detected among the groups
with regard to serum homocysteine levels (Table
1). High NSE levels (>12 micromol/liter) were fo-
und in 16 patients (42.1%) in the OSAS group with
severe hypoxemia, and in one patient (33.3%) in
the control group (p< 0.001) (Figure 1). When we
evaluated the correlation between the serum NSE
level and AHI as a severity measure of OSAS, NSE
levels were found positively correlated with the se-
verity of OSAS (r= 0.37, p= 0.02) (Figure 2) and it
was also positively correlated with AHI when al
Isubjects were considered (r=0.44, p< 0.001) (Figu-
re 3). There was no correlation between serum ho-
mocysteine levels and AHI in OSAS or control
groups.

I DISCUSSION

Several epidemiological studies showed that OSAS
had a high frequency in general population with a
prevalence of 2-4%.'7 Nine to 15% of men and 4-
9% of women were estimated to have OSAS bet-
ween 30 and 60 years of age.'® Alterations in
cerebral metabolism, neurological deficits, subtle
neuropsychological dysfunction and memory im-
pairment are frequent in OSAS patients.

TABLE 1: The demographic and clinical data of
study groups.
Median + SD OSAS group  Control group
(min/max) (n=37) (n=230) p value
Age (years) 47 + 8.38 42+ 6.77 0.08
(29/61) (32/62)
BMI (kg/m?) 284£272 282+ 3.15 0.83
(21.8/35.1) (21.8/35.1)
AHI 37+ 11 1.£1.33 0.001
(19/64) (0/4)
NSE (ng/ml) 11.6+5.13 76+ 1.94 0.001
(4/23.3) (4.8/12.8)
Homocysteine (lamol/L) 121+ 6.38 13.1+4.83 0.27
(5.3/33.7) (10/28.5)
Sex: MIF 27110 237 0.47
Smoking (+/-) 22/15 16/14 0.39

OSAS: obstructive sleep apnea syndrome, BMI: body mass index, AHI: apnea-hypop-

nea index, SD: standard deviation
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FIGURE 1: High NSE levels was found highly frequent in OSAS group than
control group.
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FIGURE 2: Simple correlation between serum NSE levels and AHI in OSAS
group (n= 37). NSE levels were positively correlated with AHI in OSAS gro-
up (r=0.37, p=0.02).

Whether the neurocognitive deficits are a pro-
duct of sleep fragmentation and sleepiness or rela-
te more to neural damage due to different
intermittent hypoxia is unclear at the present ti-
me." These deficits may be mediated through ex-
cessive daytime sleepiness associated with sleep
apnea however, even after adequate therapy for
sleep apnea, some neurocognitive deficits such as
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FIGURE 3: Simple correlation between serum NSE levels and AHI in all sub-
jects (n=67). NSE levels were positively correlated with AHI in all subjects (r=
0.44, p< 0.001).

impairment in executive function and manual dex-
terity can still persist. Therefore, it is possible that
the residual deficits may be related to repeated ex-
posure to hypoxia and cerebral hemodynamic per-
turbation causing structural changes in the brain.
The evidence indicating that OSAS might result in
cellular damage in the CNS is noteworthy. Neuro-
pathological, neuropsychological, and metabolic
impairments were detected by neurophysiological
and psychological assessments and neuroimaging.**-
% The damage, however, is not seen universally and
may be subclinical, remaining undetected for a
long time before symptoms manifest. Therefore, a
biochemical marker indicating cerebral injury wo-
uld be of great benefit in OSAS.

Several cerebrospinal fluid (CSF) markers, in-
cluding S-100{3 protein and NSE, may serve as sen-
sitive markers of the extension of brain damage.
NSE is an isomer of the glycolytic enzyme enolase
existing in all neuroendocrine tissues, but its y iso-
form is predominantly neuronal.?® Studies con-
cerning CSF concentrations of S-100f8 protein and
NSE in patients with neurological lesions have in-
dicated a quantitative relationship between the de-
gree of cell damage in the CNS and concentration
of these proteins in CSF.?2 In most studies, these

1888

substances can only be measured in the CSF, there-
fore, potential noninvasive serum biochemical
markers would be of particular value in clinical
practice to screen small diffuse brain damage. Cli-
nically, increased serum levels of NSE have been
found soon after small infarcitions and transient is-

chemic attacks.!>13

In our study, serum NSE levels were signifi-
cantly higher in OSAS group when compared to
the control group, and NSE levels were positively
correlated with the severity of OSAS. Although
these results support NSE as a marker of subtle ce-
rebral injury, they are inconsistent with previous
reports in the literature. Jordan et al. have recently
investigated in NSE, S100B, and beta-trace proteins
as biochemical markers of brain damage in OSAS
patients, and observed no difference between con-
trols and patients.® In another study, Braga et al
measured NSE and S100B in a larger group of pa-
tients with OSAS and they observed that S100B
levels were significantly higher in patients with
OSAS when compared to control subjects, whereas
there was no difference for NSE levels.?® In our
study, subgroup analyses showed that 42.1% of the
patients (16 cases) had severe hypoxemia in addi-
tion to high AHI. Therefore, this may explain our
result since it is consistent with the hypothesis of
hypoxic ischemic encephalopathy. Another
causative factor for high NSE levels in this study
may be the long duration of the disease before its
diagnosis. Ethnicity can also be considered as a risk
factor for sleep-disordered breathing. Thus, we can
consider all these factors for the difference ob-
served between our study and others.

Previous studies suggested that OSAS might be
an important risk factor for stroke. Whether the re-
lation between the syndrome and stroke is inde-
pendent of confounding risk factors, such as
hypertension, hyperlipidemia, diabetes mellitus,
and smoking, is unclear. In a recent study, the in-
cidence of stroke was reported as 3.48% in the pa-
tients with OSAS whereas it was 1.60% in the
control group.® The trend analysis revealed a step-
wise increase in the risk of stroke with the severity
of OSAS and the risk of stroke in the most severe
group (AHI >30) was three times higher than that

Turkiye Klinikleri ] Med Sci 2010;30(6)
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in the controls. Further studies are needed to es-
tablish the true nature and the clinical relevance of
the puzzling relationship between OSAS and stro-
ke.

Mechanisms underlying increased risk of stro-
ke are multifactorial and include reduction in cere-
bral blood flow, altered cerebral autoregulation,
and increased platelet aggregation and plasma fib-
rinogen level. The decrease in arterial blood pres-
sure secondary to more negative intrathoracic
pressure and gradual rise in intracranial pressure
during apnea results in a decrease in cerebral per-
fusion pressure. Those changes in cerebral blood
velocity during apneic episodes and concomitant
alterations of vessel wall tension may lead to chro-
nic strain on the cerebral vessels and formation of
atherosclerosis.?! There are also several hematolo-
gical mechanisms that may contribute to increased
hypercoagulability in patients with OSAS and pre-
dispose patients to ischemic and thrombotic stro-
ke. These include increased blood viscosity, high
fibrinogen concentrations, and increased platelet
aggregation. Erythropoietin production is triggered
by hypoxemia and is thought to adversely affect the
vascular environment through multiple mecha-
nisms. Although the interaction between OSAS
and erythropoietin is somewhat controversial, one
recent study demonstrated that severe apneics, un-
like mild apneics and controls, have a rise in eryt-
hropoietin levels after a few hours of untreated
sleep which then normalizes after sleeping with
CPAP.323 All these mechanisms support a throm-
bosis-prone state in patients with OSAS.

Homocysteine is an intermediate amino acid
in methionine-cysteine metabolism as it represents
a branching point at which it can be remethylated
to methionine or converted to cysteine.** It was de-
scribed by McCully in infants with inborn errors
of metabolism, as an atherogenic compound that
accelerates atherosclerosis.'* Many clinical and epi-
demiological studies confirmed that a mild elevati-
on in total plasma homocysteine confers an
increased risk for peripheral arterial occlusive dis-
ease, coronary artery disease and cerebrovascular

Turkiye Klinikleri ] Med Sci 2010;30(6)

disease, similar to other conventional risk factors
such as hyperlipidemia or smoking.* Assessment
of serum homocysteine in patients with OSAS is
highly relevant, since thromboembolic and hemo-
dynamic events with consecutive ischemic stroke
are possible consequences, and cerebral ischemia is
one of the major risks. Therefore, we also measured
serum homocysteine, which could be a serologic
marker for increased vascular risk. Svatikova and
colleagues showed that homocysteine levels were
not elevated in OSAS subjects.*® Lavie et al. simi-
larly did not find an increase in homocysteine lev-
els in otherwise healthy OSAS subjects, although
they did find increased levels of homocysteine in
OSAS patients with concurrent ischemic heart dis-
ease or hypertension.” In our study, serum homo-
cysteine levels were in normal range both in
patients with OSAS and in the control group. The
strength of the present study is that we avoided se-
veral common pitfalls while including the patients
in the study. Hypertensive patients and/or patients
with risk factors for cardiovascular disease were ex-
cluded whereas age-BMI matched subjects were in-
cluded. The only limitation of our study is that
homocysteine levels was only measured in the
morning hours although there is a marked diurnal
variation in homocysteine levels, with peak levels
occurring late in the evening.

In summary, the present data indicate that se-
rum NSE levels are significantly elevated in OSAS
subjects. As the highest levels were found in seve-
re hypoxemic patients with high AHI, the combi-
ned effect of severe OSAS and severe hypoxemia
might have enhanced the risk of stroke in this po-
pulation. Our results, however, are in disagreement
with a few previous reports in the literature. In vi-
ew of the normal serum levels of homocysteine in
otherwise healthy, OSAS patients we can specula-
te that use of this protein as a marker of brain im-
pairment is limited. Several important questions
still need to be clarified and further investigations
are required, especially in the area of biochemical
markers of small cerebral damage in OSAS patients,
to monitor progression and efficacy of therapy.
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