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Abstract

Objectives: Obstructive sleep apnea syndrome (OSA) results in oxygen desaturation and arousal from sleep. Free oxygen radicals are
highly reactive molecules, which can be produced by the OSA phenomenon known as hypoxia/reoxygenation. Hypoxic conditions, such as
OSA, may also result in transient depletion of cellular reductants, which constitute a main line of antioxidant defense. Both apneas and
hypopneas usually end in arousal, where reoxygenation causes the production of reactive oxygen species (free radicals). Living organisms
have developed complex antioxidant systems to counteract reactive oxygen species and to reduce their damage. We evaluated the antioxidant
capacity in serum from OSA patients and healthy people in order to confirm the hypothesis that there is a relationship between oxidative
stress and OSA.

Materials and methods: A physician interviewed 25 participants, determining age, smoking habits and symptoms such as excessive
daytime sleepiness and snoring. Physical examination and polysomnography were performed during patients’ hospitalization. Antioxidant
capacity was measured in blood samples by Trolox Equivalent Antioxidant Capacity assay.

Results: Seventeen out of 25 subjects had an apnea/hypopnea index (AHI) greater than 10 (OSA group). The measurement of antioxidant
capacity did not differ between the OSA patients and our healthy sample (of 25 subjects, seven with an AHI less than 10). Furthermore,
patients with severe OSA (AHI >20, N = 14) had linearly negative correlation between antioxidant capacity in their blood samples and AHI
(R=—0.551, P =0.041).

Conclusions: Reduced antioxidant capacity in serum is an index of excessive oxidative stress. Patients with severe OSA have reduced

values of antioxidant capacity.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

Obstructive sleep apnea syndrome (OSA) is a condition
characterized by repetitive obstruction of the upper airway
often resulting in oxygen desaturation and arousal from
sleep [1]. OSA is linked to oxidative stress in the respiratory
system due to a phenomenon known as hypoxia/reoxygena-
tion: cyclical alterations of arterial oxygen saturation are
observed, with oxygen desaturation developing in response
to apneas followed by resumption of oxygen saturation
during hyperventilation [2].

Repeated apneas and hypopneas are followed by
reoxygenation in a patient with sleep apnea syndrome,
such that hypoxic conditions may be present for 50% of a
night. Both apneas and hypopneas usually end in arousal
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(caused by gradually increased effort against an occluded
upper airway), during which reoxygenation causes the
production of reactive oxygen species (free radicals).
Microsomal radical generation is maximal under hypoxic
conditions, which may also be associated with loss of
cellular energy metabolites, and hence reductants that
defend against radical fluxes. Hypoxic conditions may
also result in transient depletion of cellular reductants,
which constitute a main line of antioxidant defense. Thus,
hypoxia/reoxygenation could be expected to enhance
oxidative stress [2].

Free oxygen radicals are also thought to contribute to the
development of cardiovascular disease [3,4]. OSA is
associated with cardiovascular morbidity such as arterial
hypertension, coronary artery disease and cerebrovascular
disease [5].

Living organisms have developed complex antioxidant
systems to counteract reactive oxygen species and to reduce
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their damage [6]. The processes are both enzymatic and
non-enzymatic [7]. Several methods have been developed
and used to measure the total antioxidant capacities of
various biological samples. All methods measure the
inhibition of an artificially generated oxidative process by
antioxidants in plasma or serum [§—10].

The purpose of our study was to evaluate the antioxidant
capacity in serum from OSA patients and our healthy
sample in order to confirm the link between oxidative stress
and OSA.

2. Materials and methods

A physician interviewed 25 subjects, determining age,
smoking habits and symptoms such as excessive daytime
sleepiness and snoring. Physical examination and poly-
somnography were performed during patients’ hospitaliz-
ation in the University Hospital of Larissa.
Electroencephalogram, electrooculogram and electromyo-
gram of the submandibular and pretibial muscles were
simultaneously recorded. Ventilatory airflow at the nose and
mouth was registered with thermistors. Breathing move-
ments of the chest and abdomen were monitored by
inductive plethysmography. Arterial oxygen saturation
(Sapz) was measured transcutaneously by pulse oximetry
at the fingertip and an electrocardiogram was obtained. All
data were registered on a computerized polysomnograph
with capability for analog registration (Alice 4 Diagnostic
Device OBS/G7829, Respironics). Analysis of sleep stages
was performed manually at 30 s intervals, according to the
criteria of Rechtschaffen and Kales [11].

An obstructive apnea was diagnosed if complete
cessation of oronasal flow occurred in the presence of
thoracoabdominal breathing movements. If neither oronasal
flow nor breathing efforts of the chest and abdomen could be
detected, a central apnea was scored. Hypopnea was defined
as a reduction of the respiratory amplitude by greater than
50% with regard to the preceding effort signals. If a clear
amplitude reduction of a validated measure of breathing
during sleep did not reach the above criterion, other criteria
for hypopnea were considered: association of amplitude
reduction with either an oxygen desaturation of >3% or an
arousal [1].

All apneas and hypopneas were required to have a
duration of at least 10 s. The apnea/hypopnea index (AHI)
was obtained by dividing events into the total sleep time. An
AHI of more than 10/hours was considered OSA.

Peripheral venous blood samples were obtained at 08:00
h following the night a diagnostic study was performed. The
blood samples were centrifuged at 3500 rev./min for 5 min
and the serum was immediately stored at —70 °C until
measurement of antioxidant capacity by TEAC assay. The
TEAC (Trolox Equivalent Antioxidant Capacity) assay was
reported first by Miller et al. [12,13] and then modified by
Re et al. [14]. This assay is based on the inhibition by

antioxidants of the absorbance of the radical cation of 2,2-
azinobis (3-ethylbenzothiazoline 6-sulfonate) (ABTS),
which has a characteristic long-wavelength absorption
spectrum showing maxima at 660, 734 and 820 nm. The
ABTS radical in the original version of the method, which
has been commercialized by Randox Laboratories Ltd.
(Crumlin, Co. Antrim, UK), is formed by the incubation and
interaction of ABTS with the ferrymyoglobin radical
species, generated by the activation of metmyoglobin with
H,0,. This original TEAC assay measures the ability of a
compound in reducing the ABTS radicals (Fig. I).
Antioxidants present in subjects’ serum samples inhibit
the reaction and develop a blue-green color, which, in the
test that we used, can be detected at 600 nm. The degree of
inhibition is proportional to the concentration of antiox-
idants in the subjects’ samples. The values were expressed
as mmol/l, equivalent Trolox (a synthetic proportion of
vitamin E).

All data were analyzed by SPSS. For comparisons
between OSA patients and healthy people the r-test was
employed. The Pearson correlation coefficient (R test) was
used for the correlation between values of antioxidant
capacity and AHI.

3. Results

All participants had a mean age of 51.5 = 1.9 years.
Seventeen out of 25 people had an AHI greater than 10
(OSA group), while seven had an AHI of 10 or less (our
healthy group). Table 1 shows patient characteristics. There
were no statistically significant differences in age, height,
weight or body mass index. In addition, smokers and ex-
smokers among patients with OSA were eight and eight,
respectively, with a mean value in pack X years (PYS) of
47.6. The similar values for our healthy group were three
smokers and two ex-smokers, with 41.8 PYS. The
peripheral white blood cells were within the normal range

HX-Fe* + H,0,
(metmyoglobin) (hydrogen peroxide)
*X — [Fe*=0] + ABTS®

(ferrylmyoglobin)

/

Reaction inhibited
so less ABTS™
produced

No antioxidants
present

Antioxidants
Present

ABTS™ + HX-Fe™
(Blue-green radical cation
measured at 600 nm)

Fig. 1. The TEAC (Trolox Equivalent Antioxidant Capacity) assay (Randox
Laboratories Ltd.; Crumlin, Co. Antrim, UK). This original TEAC assay
measures the ability of a compound in reducing ABTS radical.
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Table 1
Patient characteristics of the OSA group and the healthy group

OSA group Healthy group
N 17 8
Female/male 1/16 4/4
Age (years) 519 £ 84 509 £ 11.8
Height (cm) 1772 =7.7 166.2 = 11.7
Weight (kg) 107.1 =22 97.6 =225
BMI 34 +£62 354 = 10.2
Total sleep time (min) 386.8 £ 95.7 421.5 = 60.3
Perimeter of neck (cm) 43.06 = 2.76 4094 = 2.14
AHI* 44.1 = 23.1 43+3
Sap, <90 (%)* 43.8 = 32.1 12£43
Mean Sag, (%)* 87359 929 =32
Lowest Sag; (%)* 69.8 £ 12.5 83.2 = 13.1
Antioxidant capacity (mmol/l, Trolox Equivalent) 221 £0.6 1.97 £0.52
Antioxidant capacity >2 (mmol/l, Trolox Equivalent) 10 3

Antioxidant capacity <1.5 (mmol/l, Trolox Equivalent)

1 1

AHI, apnea/hypopnea index; BMI, body mass index; Sap,, nocturnal oxygen saturation. Values are means = SEM. *P < 0.05.

for all patients. The measurement of antioxidant capacity
did not differ between the OSA patients (mean value 2.21
mmol/l) and our healthy sample (mean value 1.97 mmol/l).
Ten out of 17 OSA patients had antioxidant capacity greater
than 2 mmol/l, while three out of seven healthy people had a
value greater than 2. In addition, one OSA patient had
antioxidant capacity of less than 1.5 mmol/l, while one
healthy person had a value less than 1.5.

Table 1 shows that our patients with OSA had moderate
to severe sleep-disordered breathing, with marked nocturnal
oxygen desaturation and disturbed sleep architecture.

Patients with severe OSA (AHI >20, N = 14) had
linearly negative correlation between antioxidant capacity
in their blood samples and AHI (R = — 0.551, P = 0.041)
(Fig. 2). The correlation was stronger for more severe
syndrome (AHI >30, N =12, P=0.016, R = — 0.676;
AHI >40, N = 10, P = 0.027, R = — 0.692). Patients with
severe OSA also had linearly negative correlation between
antioxidant capacity in their blood samples and number of
desaturations/hour (AHI >30, N =12, P =0.024,
R = —0.643).

4. Discussion

Antioxidant capacity, measured in peripheral blood
samples, was not different between OSA patients and the
healthy group. Patients with severe OSA syndrome had less
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Fig. 2. Negative relationship between severe OSA and antioxidant capacity.

antioxidant capacity, indicating the presence of systemic
oxidative stress. Free oxygen radicals have been implicated
in the pathogenesis of cardiovascular disorders. OSA is
associated with increased cardiovascular morbidity and
mortality. Nasal continuos positive airway pressure
(nCPAP) therapy has been shown to have beneficial effects
on long-term survival of patients with OSA [15]. Thus,
CPAP therapy can prevent hypoxia/reoxygenation and the
resulting consequences.

Richard Schulz et al. found that among subjects with
untreated OSA the release of superoxide radical (O3 ) from
circulating neutrophils was markedly enhanced when
compared with control subjects [16]. The underlying
mechanism of oxidative respiratory burst is not known. It
is believed that the hypoxia/reoxygenation phenomenon
plays a key role in the OSA pathophysiology [2]. Recently,
our research group also found increased values of reactive
oxygen metabolites (by d-ROM test) in blood samples of
OSA patients, indicating the important role of oxidative
stress in OSA (unpublished data).

Living organisms have developed complex antioxidant
systems to counteract reactive species and to reduce their
damage. These antioxidant systems include enzymes such
as superoxide dismutase, catalase, and glutathione peroxi-
dase, macromolecules such as albumin, ceruloplsmin and
ferritin, and an array of small molecules, including ascorbic
acid, a-tocopherol, 3-carotene, ubiquinol-10, reduced glu-
tathione methionine, uric acid and bilirubin [6]. Intracellular
antioxidants and membrane radical scavengers protect
parenchymal cells, especially in the lungs. In addition, the
fluid lining the epithelial surface contains a catalase-like
antioxidant that protects the epithelial cells from oxidants.
This protective mechanism took place in the pathogenesis of
emphysema [17].

The patients with severe OSA syndrome had reduced
antioxidant capacity. A possible explanation is that
microsomal radical generation is maximal under hypoxic
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conditions. Hypoxic conditions may also result in transient
depletion of cellular reductants, which constitute a main line
of antioxidant defense [18,19].

The plasma antioxidant concentration in TEAC assay is
an index of antioxidant status, but may not necessarily
reflect concentration in target tissue (lungs), where oxi-
dative stress is greater [20]. Hence, it would be wise to use
antioxidant capacity status with caution. However, it could
be used as a marker of oxidative stress, which probably
participates in the pathogenesis for cardiovascular morbid-
ity among OSA patients. Recent study has also shown that
cardiovascular abnormalities in OSA patients can be
explained by the severe hypoxia-elevated values of vascular
endothelial growth factor (VEGF) [21].

Furthermore, some lifestyle activities such as smoking
and excessive exercise have effects on serum antioxidant
status. The production of reactive intermediates increases
during exhaustive exercise, while regular exercise increases
antioxidant defenses [22]. Nia et al. demonstrated that
serum antioxidant capacity measured by TEAC assay was
slightly higher in smokers compared to non-smokers [23].
We did not find such a difference among smokers, ex-
smokers and non-smokers in our study. Furthermore, no
participant referred to recent consumption of antioxidant-
rich food or drink that might have caused transient increases
in serum antioxidant concentrations [24,25].

In conclusion, reduced antioxidant capacity in serum is
an index of excessive oxidative stress. Antioxidant status is
an indicator of redox homeostasis and is under strong
genetic control, especially among smokers [26]. Patients
with severe OSA have reduced values of antioxidant
capacity. Hence, imbalance between oxidative stress and
antioxidant status may play an important role in the
pathophysiological relationship in OSA patients between
hypoxia and cardiovascular disease.
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