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Abstract Obstructive sleep apnea syndrome (OSAS) is
considered a sleep-related respiratory disorder, characterized
by repetitive episodes of complete (apnea) or partial (hypo-
pnea) obstruction of airflow in the upper airway (UA) dur-
ing sleep. The pathophysiology of upper airway obstruction
in OSAS is multifactorial, leading to a chronic recurrent
state of intermittent hypoxemia and reoxygenation during
sleep, maintaining a state of oxidative stress, which seems to
be the key to the pathophysiological manifestations of
OSAS, and is associated with the development of a number
of high morbidity–mortality systematic complications, such
as obesity, type 2 diabetes, metabolic syndrome, and

cardiovascular and neuropsychological diseases. This study
is an open, cross-sectional, and comparative clinical trial,
whose general objective was to assess the correlation be-
tween OSAS severity, oxidative stress markers, and the
presence of affective symptoms (depressive and anxious)
in OSAS patients. We studied 38 adult males, who had been
diagnosed with OSAS by overnight polysomnography, be-
tween 18 and 60 years of age, divided into three groups:
group 1—10 individuals with mild OSAS (AHI between 5
and 14.9/h), group 2—13 individuals with moderate OSAS
(AHI between 15 and 30/h), and group 3—15 individuals
with severe OSAS (AHI >30/h). All individuals were
evaluated for level of subjective sleepiness using the
Epworth Sleepiness Scale, for depressive and anxiety
symptoms by the Hamilton Depression (HAM-D) and
Anxiety (HAM-A) Scales, and for parameters of the
oxidative stress state, measuring superoxide radical and
serum nitrates and nitrites levels. There was a progres-
sive and significant increase in the state of oxidative
stress (p<0.05), in the total score of depressive symp-
toms (p00.001) and in the overall score of anxiety
symptoms (p00.004) directly proportional to the severity
of apnea when comparing the mild group to the severe
group. Positive correlations were identified between su-
peroxide production and the apnea–hypopnea index
(AHI) (r00.48), Epworth sleepiness score (r00.36), and
Hamilton depression score (HAM-D) (r00.40); between
serum nitrates and nitrites levels and SO2 min (r00.44);
and between the AHI and the HAM-D (r00.51) score
and HAM-A (r00.40) score. Negative correlations were
observed between the AHI and serum nitrates and nitrites
levels (r0−0.42), between superoxide production and
SO2 min (r0−0.31), between serum nitrates and nitrites
levels and HAM-D (r0−0.50) and HAM-A (−0.42)
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scores, and between SO2 min and HAM-D (r0−0.48)
and HAM-A (r0−0.40) scores. According to the results
of this study, we can conclude that (1) individuals with
OSAS show an increase in the production of superoxide
radical and a decrease in serum nitrates and nitrites
levels, which are objective signs of a state of oxidative
stress. (2) The more severe the OSAS, the more frag-
mented the sleep and the greater the nocturnal hypox-
emia, the more severe is the oxidative stress state and the
greater is the incidence of daytime symptoms, especially
sleepiness and depressive and anxiety symptoms. Future
studies might explore the investigation of oxidative stress
parameters as an alternative approach to anticipate symp-
toms, measure prognosis, and monitor OSAS progression
or treatment response.

Keywords Obstructive sleep apnea . Oxidative stress . Nitric
oxide . Depression . Anxiety

Introduction

Obstructive sleep apnea syndrome (OSAS) is considered a
sleep-related breathing disorder, according to the latest In-
ternational Classification of Sleep Disorders 2005. This
syndrome is characterized by repetitive episodes of com-
plete (apnea) or partial (hypopnea) upper airway obstruction
during sleep, partially or totally impairing the passage of
nasal airflow and oral, and lasted for 10 s or more, in the
presence of respiratory effort (ASDA 1992; AASM 1999;
CIDS 2005).

The severity of OSAS is determined by the total number
of apnea or hypopnea per hour of sleep. It is considered
abnormal apnea/hypopnea index (AHI) greater than or equal
to five respiratory events per hour of sleep at level of oxygen
desaturation measured by nocturnal polysomnography, and
the degree of daytime sleepiness associated (ASDA 1992;
AASM 1999; CIDS 2005).

In adults, the prevalence is around 2 % of women and
4 % of men, while the overall prevalence ranges from 0.3 %
to 5 % (Lindberg and Gislason 2000; Young et al. 2002;
Stradling and Davies 2004).

Multiple mechanisms appear to be involved in the
pathophysiology that correlates OSAS (Lindberg and
Gislason 2000; Fogel et al. 2004): obesity and metabolic
syndrome, including structural and mechanical changes
such as narrowing of the level of the upper airway by fat
deposition in soft tissues; systemic inflammatory and
metabolic disorders, such as resistance to insulin and
development of type 2 diabetes; increased serum triglycerides
and cholesterol; leptin resistance and hyperleptinemia; and
increased ghrelin and cytokines (interleukins and tumor
necrosis factor—TNF), among others, associatedwith visceral

fat metabolically active, causing depression of the mechanisms
of ventilatory control during sleep (Fogel et al. 2004; Shimura
et al. 2005; Vgontzas et al. 2005; Trakada et al. 2007).

As daytime symptoms associated with OSAS, we might
find variable degrees of drowsiness, fatigue, and daytime
sleepiness. These and other daytime symptoms tend to ex-
press themselves as intellectuals and mood disorders, and
may bring a negative impact on quality of life of patients
with OSAS, impairing its ability to maintain employment,
with low-income household chores or work requiring mem-
ory, trial, concentration, attention and skill, and personality
changes, aggression, irritability, anxiety, and depression
(Pape 1995; Redline and Tishler 2000; Sforza et al. 2002;
Al-Barak et al. 2003; Stradling and Davies 2004; Ryan and
Bradley 2005; Shimura et al. 2005; Vgontzas et al. 2005;
Mccall et al. 2006; Peterson and Benca 2006; Marin and
Carrizo 2007).

Obstructive Sleep Apnea and Oxidative Stress

The condition of chronic intermittent hypoxia (CIH) and
reoxygenation in OSAS promotes the status of oxidative
stress by generation of oxygen free radicals, particularly
superoxide (O2

−), and highly reactive nitrogen with poten-
tial toxic effects on the vessel walls and body's cells. These
reactive oxygen species (ROS) react with nucleic acids,
lipids, and proteins, and reduce levels of anti-oxidants and
nitric oxide (NO), a powerful vasodilator, causing endothe-
lial damage and vasoconstriction, increasing the risk of
developing atherosclerosis, and heart and vascular diseases
(Pape 1995). The state of oxidative stress can be evaluated
scientifically in several ways, including the analysis of
superoxide production (RAS) and nitric oxide (NO), this
through the dosage of serum nitrite and nitrate. Besides its
important role as systemic vasodilator, NO is closely related
to various systems of neurotransmission and neuromodula-
tion involved in regulating many physiological functions
such as the inflammatory response, circadian rhythms,
sleep–wake cycle, memory processing, synaptic plasticity,
and gastrointestinal motility. As mentioned before, the
situation of CIH generating the oxidative stress status
will lead to increased ROS and therefore the superoxide
(RAS), and the reduction of nitric oxide (NO), which can be
considered markers of clinical status (Pape 1995; McCord
2000; Shamsuzzaman et al. 2003; Ozkan et al. 2008).

Obstructive Sleep Apnea and Neuropsychological
Disorders

Cognitive deterioration and depressive or anxious symptoms
may be early symptoms and are often not valued in the
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statement of investigation for OSAS. In humans with OSAS,
CIH and fragmentation of sleep architecture associated
with impairments in several domains of neuropsychological
functions were more commonly observed abnormalities in
executive functions and attention, as well as depression,
anxiety, irritability, aggressiveness, hyperactivity, and
changes in personality (Bardwell et al. 2007; Sforza et al.
2002; (Ohayon 2003); Mccall et al. 2006; Peterson and Benca
2006; Shen et al. 2006).

It seems difficult to assess how depression is a conse-
quence of primary OSAS or secondary symptoms of OSAS
themselves or due to comorbidities associated with OSAS
such as obesity, diabetes, and hypertension (Bardwell et al.
2001; Sforza et al. 2002; Ohayon 2003; Mccall et al. 2006;
Peterson and Benca 2006; Shen et al. 2006).

The study of symptoms associated with mood disorder
may indicate the clinical suspicion for a specific disease, in
the case of OSAS, depressive symptoms that are associated
with difficulties in sleep, fatigue, and daytime sleepiness,
suggesting the diagnosis. One must be careful in the evalu-
ation method to avoid confusing the effects of poor sleep
quality and daytime sleepiness with changes in mood. The
correlation between depression and OSAS has been de-
scribed in previous studies that showed improvement in
depressive symptoms with treatment of OSAS using contin-
uous positive airway pressure (CPAP) (Bardwell et al. 2001;
Deldin et al. 2006; Shen et al. 2006).

We believe that effective diagnosis and treatment of
OSAS aims to improve objective and subjective quality
of life, and accident prevention and the emergence of
serious comorbidities. Thus, the sleep study and the
investigation of symptoms often hidden or neglected, as
usually the mood disorders, can be of great benefit to the
affected individuals.

Our present goal was to investigate the correlation
between the severity of OSAS, oxidative stress, and
depressive symptoms and anxiety in patients with
OSAS.

Methods

Sample and Inclusion Criteria

Thirty-eight male adults were enrolled with age range
between 18 and 60 years old. They were divided into
three groups according to the severity of OSAS:

(a) Group 1: 10 subjects with mild OSAS (AHI between 5
and 14.9/h)

(b) Group 2: 13 subjects with moderate OSAS (AHI
between 15 and 30/h)

(c) Group 3: 15 individuals with severe OSAS (AHI >30/h)

Exclusion Criteria

To prevent other medical conditions that increase oxidative
stress, inflammatory status, and risk of mood disorders,
causing interference and potential error, we excluded from
the study the following subjects:

& Diagnosed with type I or II diabetes, cardiovascular
disease, inflammatory disease or acute or chronic infec-
tions (in the last 4 weeks before performing the evalua-
tions in this study), central sleep apnea or Cheyne–
Stokes respiration, chronic obstructive pulmonary dis-
ease or asthma, smoking, thyroid disease, chronic kid-
ney disease, autoimmune diseases, neurological or
genetic;

& Use of corticosteroids or anti-inflammatory drugs,
antibiotics, and β-agonists or blockers, or having
been treated for OSAS.

& Females, to avoid subjects with higher chance to present
mood swings due to cyclic hormonal changes.

Anthropometric Measurements

Weight (kg) and height (m) were measured in all volunteers
in order to also calculate body mass index (BMI).

Laboratory Study of Sleep: Polysomnography

The measured parameters were as follows: EEG with
monopolar central and occipital derivations (C3, C4, O1,
O2), electro-oculogram of left and right eye, electrocardio-
gram (ECG), electromyogram of pretibial and submandibu-
lar muscles, thoracic and abdominal respiratory effort
(plethysmography), peripheral oxygen saturation (SpO2)
by pulse oximetry, digital transcutaneous airflow, and na-
sal/oral thermistor recorded by, besides the recording of
snoring (microphone).

The analysis of sleep stages was performed manually
at intervals of 30 s according to the criteria of
Rechtschaffen and Kales (1968). Apneas and hypopneas
were considered with a minimum duration of 10 s. Ap-
nea/hypopnea index (AHI) is obtained by dividing the
total number of respiratory events by the total sleep time
(events per hour), being used as diagnostic criteria of
OSAS (AHI >5), and to stratify their severity: AHI
>5/h considered as diagnostic of OSAS. As to the se-
verity: mild if AHI >5–15/h, moderate if between AHI
>15 and 30/h, and severe OSAS or severe degree if AHI
>30/h. Oxygen desaturation during sleep was defined as
a drop of basal saturation >3 %. The arousals were
defined as abrupt change in EEG frequency greater than
3 s and the index of arousals considered the number of
arousals per hour of sleep.
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Our volunteers completed a questionnaire, which we call
"sleep questionnaire”, to investigate signs and symptoms
related to sleep, including filing the Epworth Sleepiness
Scale (ESS)—ANNEX 1 in order to determine the degree
of subjective sleepiness. The scale scores range from 0 to 3
points for each situation (00never, 10slight chance, 20
moderate chance, 30high chance). The total score ranges
from 0 to 24, scores 8–110mild sleepiness, 12–150
moderate sleepiness, and from 160severe drowsiness.

Parameters to Evaluate the Oxidative Stress

Peripheral venous blood samples were obtained by ve-
nipuncture in fasting in the morning hours. As the half
life of nitrites and nitrates (NO derivatives) is 4–7 h,
the measurement of those elements upon awakening
reflects NO production during the night, during which
the apneic patients have recurrent episodes of hypoxia/
reoxygenation. The assessment of oxidative stress was
performed by measuring superoxide radical (RAS) with
spectrophotometric methods, and estimating the produc-
tion of serum nitric oxide (NO) measured indirectly by
determination of serum nitrite and nitrate, using a quan-
titative colorimetric assay based on the Griess reaction
(Ding et al. 1988).

In the present study, triplicate 50-μl aliquots of cell
culture supernatants were incubated with 50 μl of freshly
prepared Griess reagent (1 % sulfanilamide, 0.1 % naphthyl-
ethylene diamide dihydrochloride, and 5 % o-phosphoric
acid) at room temperature for 10 min. The absorbance
of the azochromophore was measured at 550 nm (Bel
Photonics 1105; Tecnal, Piracicaba/SP, Brazil). The NO
concentration was determined using sodium nitrite as a
standard (0–100 μM). All samples were assayed against
a blank comprising complete RPMI-1640 incubated for
24 h in the same plates as the samples, but in the
absence of cells. All reagents were purchased from
Sigma-Aldrich. The results were expressed in micro-
moles of NO per 5×105 cells.

Assessment of Anxious and Depressive Symptoms

Depressive symptoms and/or anxiety were assessed using
the Hamilton Rating Scale for Depression (HAM-D) and
Anxiety (HAM-A)—APPENDIX 3 and 4. The assessment
was based on interviews and information from other sources
such as family members. Hamilton scale for anxiety is
known as HAM-A (Hamilton Anxiety Scale) and HARS
(Hamilton Anxiety Rating Scale).

The HAM-A is widely used and studies have shown
its reliability by the capacity of assessment of anxiety
symptoms rather consistently, and similarly that for the
HAM-D.

Statistical Analysis

For verification of inter- and intra-group quantitative varia-
bles, we used the parametric ANOVA test for variance anal-
ysis and Tukey's post-test analysis of the differences between
the categories, with confidence interval of 95 %. To evaluate
the non-parametric data qualitative non-normal distribution,
the Kruskal–Wallis (KW) test was first used followed by
multiple comparison procedure byDunn's paired test (bilateral).
The results were presented as mean, standard deviation, and
maximum and minimum values. The p value <0.05 was
considered statistically significant and the correlation’s degree
was measured using Pearson correlation coefficient, repre-
sented by r in values between −1 and 1.

Results

Results of General Data and Anthropometric Study of Sleep

Table 1 shows characteristics of the patients analyzed. There
were no significant differences among the three groups of
mild, moderate, and severe apnea, according to age and
body mass index, which confirms the homogeneity of the
sample. The apnea–hypopnea index was used to classify
patients into three groups according to the latest CIDS-
2005: mild, moderate, and severe apnea. We noticed a trend
of progressive correlation in between weight, body mass
index (BMI), and neck circumference when comparing the
groups regarding the degree of apnea (AHI).

Variables were studied in the sleep questionnaire completed
by volunteers on the night of PSG with questions relating to
sleep or symptoms daytime members: the most frequently
reported clinical claim for the realization examination in the
three groups was snoring, occurring in 77 % to 90 % of cases.
With regard to sleep architecture, these variables were increased
latencies of NREM and REM for all groups, although no
significant difference between groups, and sleep fragmentation
in all groups, with the arousal index (ARI) showing higher
mean proportional to the severity of OSAS with a statistically
significant difference (p00.0001)—mild OSAS08/h, moder-
ate024/h, and serious OSAS and mean IMD047/h.

Results of the Assessment of Depressive and Anxiety
Symptoms

In a study of the percentages (Table 2), there was a progres-
sive increase in cases with scores compatible with mild
depressive syndrome (HAM-D between 7 and 17 points)
for all groups of OSAS and depressive syndrome with
moderate (HAM-D between 18 and 24 points) for moderate
and severe OSAS groups. None of the three apneic groups
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had scores consistent with severe depression (HAM-D total
score over 25 points).

Table 3 presents the percentages of patients with anxiety
symptoms according to severity by the total score of HAM-A
scale in the three apneic groups classified according to the
severity of OSAS. In all apneic groups, we detected the
presence of anxiety symptoms in a different percentage of
patients, with progressive increase in the severity of anxiety
symptoms proportional to the severity of OSAS. In the group
with mild apnea, only 3 % of the total score was consistent
with mild anxiety (HAM-A total score of 7–17 points). In the
groups with moderate and severe apnea, scores were detected
to be compatible withmoderate anxiety in 15% and 33%, and
severe anxiety in 8 % and 13 %, respectively.

Results of the Evaluation of Markers for Oxidative Stress

There was a progressive increase of the average levels of RAS
directly proportional to the severity of OSAS, while the mean
levels of NO were decreasing in inverse proportion to the

severity of OSAS. These findings were statistically significant
(p<0.05) and differences in values were significant between
the groups of mild compared to apneic groups of moderate or
severe apnea. Graphical representations of these variations in
the levels of nitrites and nitrates serum (NO) and superoxide
production (RAS) of the three groups with voluntary apnea
are shown in figures below.

In Fig. 1, we found levels of nitrite and nitrate (NO) in
three experimental groups and observed an increasingly
smaller with increasing severity OSAS (p00.002).

In Fig. 2, we observed the production of RAS in the three
experimental groups and observed a progressive increase in
the levels of RAS compared groups in relation to OSAS
severity (p00.00001), with significant difference values
between groups mild and moderate or severe.

Study of Correlations

Correlations study using Pearson’s coefficient is presented
in Table 4.

Table 1 Characterization
of experimental groups Mild OSAS Moderate OSAS Severe OSAS

(AHI05–15/h) (AHI >15–30/h) (AHI >30/h)

Number of subjects 10 13 15

Age (years) 47±12 41±8 47±10

(24–60) (27–54) (26–60)

Height (m) 1.73±0.08 1.73±0.04 1.72±0.09

(1.68–1.90) (1.65–1.80) (1.54–1.87)

Weight (kg) 85±16 85±13 98±19

(65–108.5) (64–100) (78–141)

BMI (kg/m2) 28±4 28±4 33.5±6

(23–34) (21–33) (25–44)

CC (cm) 40±3 42±4 44±4

(37–44) (37–48) (39–51)

AHI (events per hour) 8±3 19±3 53±18

(5–13) (15.3–25) (31–89)

Epworth score 8±3 10±5 10±5

(2–13) (3–19) (4–20)

Table 2 Percentage of patients with depressive symptoms in accordance
with the severity with the total score of Hamilton Rating Scale for
Depression—apneic groups classified by IAH

Mild OSAS
(n010)

Moderate OSAS
(n013)

Severe OSAS
(n015)

Mild HAM-D 10 % 69 % 73 %

Moderate HAM-D 0 % 8 % 13 %

Severe HAM-D 0 % 0 % 0 %

OSAS obstructive sleep apnea syndrome sleep, HAM-D Hamilton
Rating Scale for depression

Table 3 Percentage of patients with anxiety symptoms according to
severity with the total score of the Hamilton Anxiety Scale (HAM-A)
for groups classified by AHI apnea

Mild OSAS
(n010)

Moderate OSAS
(n013)

Severe OSAS
(n015)

Mild HAM-A 3 % 38 % 33 %

Moderate HAM-A 0 % 15 % 33 %

Severe HAM-A 0 % 8 % 13 %

OSAS obstructive sleep apnea syndrome sleep, HAM-A Hamilton
Anxiety Scale
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A moderate negative correlation was found, revealing
that a higher severity of OSAS is associated with lower
levels of nitric oxide (NO) (Fig. 3).

A moderate positive correlation was detected, revealing
higher severity of OSAS associated with higher levels of
superoxide radical, indicating oxidative stress (Fig. 4). A
similar correlation was found between a higher severity
of OSAS and higher scores of depression and anxiety
(Figs. 5 and 6).

Discussion

Studying the variables of the PSG, in all groups (mild,
moderate, and severe) there was compromise of parameters
that highlight the quality of sleep. Sleep is usually frag-
mented and inefficient, with reduction in total sleep time,
besides the increase in NREM and REM latency, and in-
crease of the average of arousals. Moreover, sleep architec-
ture was impaired in all groups, with an imbalance in the
percentage distribution of sleep stages, with increasing time
in shallow sleep and reduced delta time in deep sleep and
REM sleep.

Also, the study of nocturnal oximetry in these patients
showed average levels of O2 saturation inversely propor-
tional to the degree of apnea, which was statistically
significant.

Some of these changes described in the polysomno-
graphic OSAS, such as an increase in wakefulness time
and number of awakenings, time reduction in delta sleep,
and total sleep time abnormalities, are shared by individuals
with depression (Deldin et al. 2006).

Our results regarding the evaluation of depressive and
anxiety symptoms in apneic groups showed increasing
average values of total scores for the HAM-D directly
proportional to the severity of OSAS, the difference
being statistically significant when comparing the groups
with mild apnea and groups moderate or severe. The
mean HAM-D scores for moderate and severe OSAS

Fig. 1 Serum nitrite and nitrate levels (μg/ml) in patients with OSAS
according to severity of disease, with respective standard deviations

Fig. 2 Superoxide radical production level in patients with OSAS
according to severity of disease

Table 4 Correlations study using Pearson’s coefficient

Correlation Average Standard deviation

NO×AHI −0.42 0.17

RAS×AHI +0.48 0.23

NO×SpO2 min +0.44 0.20

RAS×SpO2 min −0.31 0.09

Epworth×NO −0.20 0.04

Epworth×RAS +0.36 0.13

Idade×HD +0.08 0.01

Idade×HA +0.07 0.01

IMC×HD +0.13 0.02

IMC×HA +0.18 0.03

AHI×HD +0.51 0.26

AHI×HA +0.44 0.19

NO×HD −0.50 0.25

NO×HA −0.42 0.18

RAS×HD +0.40 0.16

RAS×HA +0.24 0.06

HA×SpO2 min −0.40 0.16

HD×SpO2 min −0.48 0.23

Correlation: r≥0.70high; r>0.3 and <0.70moderate; r>0 until 0.30 low

NO nitric oxide, RAS superoxide radical, AHI apnea–hypopnea index,
IMC body mass index, HD Hamilton depression score, HA Hamilton
Anxiety Score

N
O

 (
µ

g
/m

l)
 

AHI (events/hours)

Fig. 3 Correlation: AHI and NO in AOS patients. r0−0.42 and
standard deviation00.17

J Mol Neurosci (2012) 47:300–310 305



groups characterize mild depressive syndrome, with
higher expression of the sub-items: depressed mood,
psychic anxiety, and initial insomnia.

There was a growing percentage directly proportional to
the severity of apnea in HAM-D scores consistent with mild
depressive syndrome for the three apnea groups, and cases
of HAM-D scores consistent with moderate depressive syn-
drome only in groups moderate and severe apnea.

As for the study of anxiety symptoms, the mean HAM-A
were directly proportional to increasing severity of apnea,
with significant difference between groups of mild and
severe OSAS. For all three groups were the highest averages
for the sub-items of psychological symptoms such as
anxiety psychic insomnia, anxious mood, tension, and
intellectual difficulty.

Somatic symptoms scored with lower averages than the
psychological symptoms, and the most relevant symptoms
were muscle pains and the SNA. But the sub-items that
showed significant differences between groups just too mild
and severe OSAS were psychological symptoms (anxious
mood and tension) and somatic symptoms (gastrointestinal,
genitourinary, and SNA). As for the HAM-D study, the
percentages of HAM-A score were compatible with mild,
moderate, or severe anxiety, and were increasing in direct
proportion to the degree of apnea, especially when com-
pared to mild OSAS group and moderate or severe, with no
cases of anxiety scores consistent with moderate or severe to
mild apnea group. We found no correlation between age and
HAM-D scores and HAM-A.

We found a weak positive correlation between depressive
and anxiety symptoms and BMI, between levels of RAS and
anxious symptoms, as well as weak negative correlation
between the levels of RAS and SpO2 min, and between
the scores of Epworth Sleepiness and NO levels.

Correlations of greater significance, of moderate value,
were positive for RAS levels versus AHI levels, RAS versus
HAM-D score, AHI scores versus HAM-D and HAM-A,
scores of Epworth versus RAS levels, and NO levels versus
SpO2 min. There were negative correlations between NO
levels versus AHI, SpO2 min versus HAM-A scores and
HAM-D scores, and between levels of NO versus HAM-D
scores and HAM-A scores.

These results suggest the correlation between the greater
degree of apnea, higher blood oxygen desaturation, and
the severity of oxidative stress status as well as increased
daytime sleepiness and a higher presence of depressive
or anxiety symptoms.

Depressive and anxiety symptoms have been described
as more frequent in OSAS patients than in the general
population, focusing on depression in 7 % to 56 % of apneic
patients (Sforza et al. 2002; Al-Barak et al. 2003). For some
authors, the depression scores were higher in more severe
cases on the AHI and nocturnal hypoxemia (Bardwell et al.
2007). Other authors found no direct correlation between
this severity of apnea and hypoxemia night as a potential
risk factor for depression, mood disorders, or personality
disorders (Bardwell et al. 2001; McMahon et al. 2003;
Deldin et al. 2006; Shen et al. 2006).

Thus, it is difficult to determine how these psychopatho-
logical symptoms are due to the severity of OSAS or spe-
cific symptoms such as drowsiness and decreased alertness
or daytime fatigue, lack of energy or sleepiness, the primary
psychiatric disorder or due to association of various clinical
conditions comorbid with OSAS, such as obesity, diabetes
and hypertension, leading to situations of disability and loss
of overall health and diminished quality of life, or even due
to chronic use of psychotropic drugs (Sforza et al. 2002;
Hagen and Black 2008).

Various efforts have been made to try to clarify the origin
of fatigue and daytime sleepiness in depressed patients with
sleep disorders such as OSAS, but the results are conflicting,

R
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n
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o
l/m

l)
 

AHI (events/hours)

Fig. 4 Correlation: AHI and superoxide radical (RAS) in AOS
patients. r0+0.48

Total score by Hamilton – Depression scale (HAM - D)

A
H
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Fig. 5 Correlation: AHI and total score by HAM-D scale in AOS
patients. r0+0.513
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Total  score by Hamilton – Anxiety  scale  (HAM-A)

Fig. 6 Correlation: AHI and total score by HAM-A scale in AOS
patients. r0+0.439

306 J Mol Neurosci (2012) 47:300–310



although there is suggestion that fatigue is more related to
depression than to severity of OSAS, as has been observed
in the improvement in fatigue with treatment of depression
regardless of the treatment of OSAS (Bardwell et al. 2001).
The ideal would be to optimize the treatment of both comor-
bid conditions, improving the symptoms in a reciprocal
manner (Brunello et al. 1999; Kawahara et al. 2005).

Assuming that the loss of life in the daytime activities
is crucial to the emergence of psychopathology, some
hypotheses can explain that daytime sleepiness affects
the psychological profile of patients with OSAS. Daytime
symptoms of OSAS such as excessive daytime sleepiness is
one of the most common daytime symptoms of OSAS, and
decreased alertness, fatigue, or lack of energy can be
severe enough to incapacitate the individual in their
executive functioning in work and social activities, and
compromise their perception of functional and emotional
well-being, leading to mood and personality disorders
(Sforza et al. 2002; Glebocka et al. 2006).

Anyway, it is very important to investigate and treat
symptoms, and some authors have suggested that fatigue,
chronic inability to initiate and maintain sleep, and insomnia
increase the risk of suicide (Mccall et al. 2006; Chelappa
and Araujo 2007). Patients with symptoms related to mood
disorders that initially presented to the sleep specialist
should be evaluated for possible diagnosis of depression/
anxiety, or not associated with sleep disorders, and the risk
of suicide so they can be treated appropriately.

In our study, the production of NO and RAS in subjects
with OSAS showed moderate correlation, negative and posi-
tive, respectively, with the AHI, strengthening the role of the
events of hypoxia reoxygenation on oxidative stress, directly
linking the severity of both OSAS and oxidative stress.

There is a negative correlation between AHI and NO
production in individuals with OSAS, a relationship which
remained even after adjustments were made in relation to
BMI, which confirms that OSAS causes changes in the
synthesis of nitric oxide, independent of obesity (Ip et al.
2000; Mehra and Redline 2008). The increased synthesis of
RAS in OSAS correlated with the reduction in NO levels
and with possible changes in the homeostasis of vaso-
motor tone with consequent endothelial injury (Khalid
and Ashraf 1993).

Our study showed moderate correlations of direct cor-
relation between the severity of OSAS, depression, and
anxiety scores and the severity of oxidative stress, and
between oxidative stress and severity of subjective sleep-
iness, psychological distress, and O2 desaturation. There-
fore, we believe there is evidence, although our sample is
small, that there is a cycle of interactions and feedback
between the OSAS, the state of oxidative stress, and the
onset of psychopathological symptoms of depression and
anxiety in these individuals.

In our sample, the average pattern of oxidative stress in
moderate OSAS is very similar to severe OSAS, and both
are far different from mild OSAS. This encourages us to
propose that there is a threshold in the triggering of oxida-
tive stress metabolism and symptoms, and it seems to be the
frontier between mild and moderate OSAS, with moderate
and severe OSAS being part of the same process of consol-
idated oxidative stress.

Thus, although we respect the formal classification of
OSAS based on the number of apnea/hypopnea per hour,
we may also state another classification in two groups (mild
and severe) of severity based on the oxidative stress profile.
So, patients with AHI >15 would be considered moderate
OSAS in the former classification but severe OSAS
considering the oxidative profile.

However, the interaction between OSAS and mood
seems to be reciprocal and complex, with probable common
neurobiological mechanisms in the development of these
clinical states. Studies have shown that sleep deprivation
and chronic intermittent hypoxia lead to prejudice in the
functions of the prefrontal cortex, in hippocampal neuro-
genesis, and neuronal injury, probably mediated by cellular
oxidative stress and HPA axis activation, participating in the
pathophysiology of memory disorders, attention, and mood
in humans (Khalid and Ashraf 1993; Nester et al. 2002;
Buckley and Schatzberg 2005; Peterson and Benca 2006;
Mehra and Redline 2008). Similarly, functional neuroimag-
ing studies by MRI or PET (positron emission tomography)
scan in patients with OSA and patients with major depres-
sion showed abnormalities in the activation of the prefrontal
cortex (Jones and Harrison 2001; Germain et al. 2004;
Verstraeten and Cluydts 2004).

Neuroendocrine dysregulation, in particular the hyper-
activation of the HPA axis associated with elevations of
corticotropin-releasing hormone (CRH) and cortisol, has
been recognized as having an important role in the genesis
of mood disorders and is also closely involved in the path-
ophysiology of chronic oxidative stress resulting in OSAS
(Jones and Harrison 2001; Tafet et al. 2001; Yee et al. 2004;
Peterson and Benca 2006; Tsao et al. 2006; Trakada et al.
2007). Also, the chronic inflammatory condition occurring
in OSAS, with the elevation of cytokines such as interleukin
6 (IL-6) and tumor necrosis factor alpha (TNF-α), has been
associated with excessive daytime sleepiness and fatigue
levels plasma and correlated positively with the degree of
apnea and nocturnal hypoxemia independent of the occur-
rence of obesity (O’Brien et al. 2004; Vgontzas et al. 2005;
Kasasbeh et al. 2006; Trakada et al. 2007; Mehra and
Redline 2008).

Studies correlate inflammatory cytokines and mood
disorders, especially major depression, showing increased
serum levels of TNF-α and / or interleukins IL-1β, IL-6,
IL-8 in depressed patients. Increased serum IL-6 leads to
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reduction of plasma tryptophan, and promotes the activa-
tion of the HPA, with increased cortisol, reflecting both
the reduction of central neurotransmission of serotonin, a
neurotransmitter important in regulating sleep and mood
disorders predisposing to these spheres (Maes 1993;
Song et al. 1998; Wichers and Maes 2002; O’Brien et
al. 2004; Krystal 2006; Tsao et al. 2006).

Thus, activation of the HPA system, with elevated serum
cortisol and corticotropin, and the inflammatory system,
with elevated serum IL-6 and TNF-alpha, among other sub-
stances, in the presence of a state of oxidative stress, chronic
inflammation, are closely interconnected and possibly in-
volved in the neurobiological link between OSAS and
symptoms of depression and anxiety.

There may be individual variability in response to
fragmentation/chronic sleep deprivation determining the
predominant phenotype of excessive sleepiness and/or
daytime fatigue, depression, carelessness, and more or
less predisposed to mood disorders, but OSASmay contribute
to exacerbate the condition predisposed to a particular
individual (Shen et al. 2006). Psychiatric symptoms of
depression and anxiety in patients with OSAS lead to
lower tolerance to CPAP and were predictors of poor
adherence to this treatment, impacting negatively on
treatment outcome (McMahon et al. 2003; Kawahara et
al. 2005). Moreover, treatment of OSAS may improve or
prevent symptoms of depression and anxiety (Derderian
et al. 1998; Engleman et al. 2005; Deldin et al. 2006).

Thus, it seems elementary to diagnose and treat depres-
sive and anxiety states in patients with OSAS, contributing
positively in the therapeutic results of both clinical
conditions.

Several great studies have already displayed evidence
of increased oxidative stress in OSAS in plasma (Barceló
et al. 2000; Christou et al. 2003; Lavie et al. 2004), urine
(Yamauchi et al. 2005), and exhaled air (Carpagnano et
al. 2003; Petrosyan et al. 2008). Moreover, treatment
with nCPAP has already been shown to attenuate oxida-
tive stress (Barceló et al. 2000; Carpagnano et al. 2003;
Lavie et al. 2004; Itzhaki et al. 2007).

Additional reports referred to the association of depres-
sion and anxiety to OSAS (Guglielmi et al. 2011), and the
idea that nCPAP might improve mood alterations is already
known (Saunamäki and Jehkonen 2007). However, we think
that the main contribution of our work is to link and
combine the three parts (OSAS, oxidative stress, and
neuropsychiatric symptoms, such as depression and anxiety).
There are not many studies with a similar approach as far as
we know.

We need to be cautious about our findings, and no
causality link can be determined now. Additional studies
with nCPAP intervention must be performed to address
this question. We also cannot exclude the possibility of

limitations in our study due to methodological bias. The
use of questionnaires and scales can introduce bias in the
estimation of subjective symptoms, but objective data
from polysomnography and examination of the laboratory
study served to support and consider our argument.

We must state that there are many parameters in daily life
which can interfere with the account for depression and
anxiety. Just to enumerate, we can say that food quality,
sports practicing, family status, occupational status, and
health status, of course, may directly or indirectly change
the evaluation of such neuropsychiatric symptoms. In this
specific study, we could have added to the article profile
the application of the Pittsburgh Sleep Quality Index
(Buysse et al. 1989) or other scores in order to also
consider the quality of sleep.

Nevertheless, the Epworth score is also a reliable and
worldwide applied tool with success in the characterization
of patients with sleep disorders. Besides, although the
specific conclusion of Epworth score translates the daily
sleepiness, it is a confident proof of sleep quality.

Another point raised is that the duration of OSAS could
account for some of the correlations evaluated in this work
(Petrosyan et al. 2008). The definition of OSAS depends on
an apneic episode of at least 10 s. Surely, the oxidative stress
markers and organic consequences are dependent on time of
exposure to hypoxic states. The whole time can be achieved
by prolonged episodes of apnea or by the sum of shorter
periods of apnea with a higher frequency. The usual classi-
fication uses as standard parameter the frequency of apneic/
hypopneic periods in an hour. However, less episodes with
larger time of apnea would also count. That is a valid
concept which we did not apply in our work due to limits
of valid protocols. Doubtlessly, it is worthy to stratify these
patients not only by frequency but by duration of each
apnea, and it will be the target for future discussions.

Conclusion

OSAS patients complain of daytime symptoms, with pre-
dominance of sleepiness, and nocturnal symptoms, with
prevalence of snoring, nightmares, and insomnia. They
showed increased superoxide production and decreased lev-
els of serum nitrite and nitrate, objective signs of a state of
oxidative stress. The greater the severity of OSAS, the more
serious was the state of oxidative stress and the higher the
incidence of daytime symptoms, particularly sleepiness, and
depressive and anxiety symptoms.

With increasing global prevalence of obesity and other
risk factors for OSAS in the general population, investigat-
ing and treating OSAS and possible mutual interaction of
comorbidities such as depression and anxiety disorders is an
attitude of great clinical value. This allows preventing the
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perpetuation of the vicious cycle of feedback and choice of
these clinical situations aware of therapeutic measures that
can benefit and not harm the development of both pictures.

Future studies might explore the investigation of oxida-
tive stress parameters as an alternative approach to antici-
pate symptoms, measure prognosis, and monitor OSAS
progression or treatment response.
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