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Abstract The aim of this study was to evaluate the effect
of obstructive sleep apnea syndrome on the cognitive
performance of young and middle-aged patients. Patients
were divided into two groups, one consisting of 30 patients
less than 50 years of age and the other consisting of 28
patients 50 years and over. Normal subjects were similarly
divided into two groups, composed of 17 younger and 24
older controls. Patients and controls were examined with
all-night polysomnography and subsequently underwent
cognitive testing via attention–alertness tests. Comparing
young to middle-aged patients, there were statistically
significant differences in cognitive performance, especially
in attention tests. Younger patients’ cognitive performance
was similar to their age-matched controls, while middle-
aged patients showed cognitive decline in comparison with
their age-matched controls. Although we studied only two
age groups using 50 years of age as a cut-off, we could
demonstrate that cognitive deterioration of untreated sleep
apnea patients is age dependent, and several factors may
contribute to this effect including brain hypoxia, sleep

fragmentation, or comorbidities. Aging patients with sleep
apnea demonstrate cognitive decline, while younger
patients with the same disease severity are (somehow) able
to compensate for this effect.
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Introduction

Many manuscripts on the topic of sleep apnea syndrome
begin with the following statement: “Four percent of adult
men and 2% of adult women in general population random
samples meet the clinical and polysomnographic criteria for
the diagnosis of sleep apnea syndrome.” Until 1993, when
Young et al. [1] wrote this article, sleep apnea prevalence
was underestimated, and the syndrome was often misdiag-
nosed. Today, obstructive sleep apnea syndrome (OSAS) is
a well-recognized disease entity with precise diagnostic
criteria and well-described consequences.

It is quite difficult to identify when the syndrome begins
and to determine the number of years a patient has been
suffering from sleep apnea before a diagnosis is made.
General population studies [2] would be required to detect
the presence of early stage OSAS. The best we can do in
daily clinical practice is to estimate the duration of disease
by taking a detailed medical history. In general, patients
seek medical help only when sleep apnea symptoms
become severe enough to cause deterioration of normal
daytime activities, or alternately when a bed partner
recognizes the problem. Cognitive deterioration is one of
the first signs leading a patient to seek help, and although
cognitive decline might be a reversible phenomenon, other
consequences may not be.
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Many studies have investigated the cognitive conse-
quences of untreated sleep apnea like excessive daytime
sleepiness, impaired driving performance, decreased alert-
ness, and attention deficits [3–8]. The vast majority of these
studies have examined parameters that affect daily symp-
toms such as body mass index (BMI) [9], arousals, apnea
hypopnea index (AHI) [10], minimum oxyhemoglobin
saturation (minSaO2), mean oxyhemoglobin saturation
(meanSaO2), minutes of oxyhemoglobin saturation below
90% per total sleep time (T<90%), etc. Among them, age is
a parameter that has been studied thoroughly. Using sleep
disorders clinic criteria (AHI>10 and daytime symptoms),
the prevalence of sleep apnea changes with age increasing
from 1% in young subjects to almost 5% in the middle-aged
individuals [11]. When only laboratory criteria are used, the
prevalence tends to increase monotonically with age [12].
Combining the observations above, sleep apnea seems to
have an age-related severity with a peak at 55 years and
age-dependent prevalence with a peak at 70 years [12, 13].

While severity, mortality, and cognitive performance of
OSAS are well described in middle-aged [12, 14, 15] and
elderly patients [16–18], there are not enough data to cover
the transition from young to middle age. This study’s
objective was to compare the daily consequences of OSAS
in young and middle-aged individuals.

Materials and methods

Subjects

The study population consisted of patients with suspected
sleep apnea syndrome, seen in an outpatient sleep clinic.
Between October 2003 and June 2005, we approached 119
OSA patients and 81 healthy individuals to voluntarily
participate in the study. Thirty four patients and 15 controls
were excluded from the study according to the exclusion
criteria listed below, and 27 patients and 25 controls
declined to participate. Fifty-eight consecutive OSA
patients and 41 controls were finally enrolled. Patients
and controls were matched for age, ethnicity, gender,
intelligence quotient (IQ), and years of education. Controls
were questioned on medical issues/psychiatric illnesses and
drug abuse. Inclusion criterion was the polysomnographic
diagnosis of severe OSAS (AHI≥30). Mild and moderate
OSAS patients were excluded from the study to examine
the major impact of sleep apnea on cognitive function.
Other exclusion criteria were: subjects under medication
(hypnotics, antidepressants, benzodiazepines) that could
interfere with sleep and cognitive efficiency, those with
depressive manifestations, cerebral insult, neurological
disease, hypothyroidism, narcolepsy and daytime impair-
ment of respiratory function (PO2<8 kPa and/or PCO2>

6 kPa), alcohol or drug abuse, patients received no
education, learning disabilities, age >65 years, insufficient
total sleep time (<240 min), or no rapid eye movement
(REM) sleep.

The mean age of our participants was near the age of
50 years. This age cut-off, which has been used in several
similar studies [1–3, 12, 15, 19, 20], represented a dividing
line to create a young age (30 patients, range 32 to 49 years)
and a middle-aged patient group (28 patients, range 50 to
65 years). Controls were also divided with the same age
criterion into two groups of 17 young and 24 older controls,
respectively.

Study procedures

All patients and control subjects underwent a full-night
diagnostic polysomnography (Embla, Flaga ht. Medical
Devices, Iceland) with recordings of electroencephalogram
(C4/A1, C3/A2), electrooculogram, chin electromyogram,
electrocardiogram, oral and nasal flow (measured with
thermistors), abdominal and thoracic movements (inductive
plethysmography bands), oxyhemoglobin saturation, and
snoring. For evaluation of subjective daytime sleepiness, all
subjects answered the Epworth Sleepiness Scale (ESS)
questionnaire [21]. The ethics committee of our institution
approved the study, and all study patients and controls gave
informed consent before their enrolment.

Cognitive evaluation took place on the day after the
diagnosis of sleep apnea was made and before the second
night of C-PAP titration. The cognitive functions evaluated
included intellectual efficiency with Raven Progressive
Matrices (RPM) IQ test, and attention–reaction time to
visual and audio stimuli. Most of the attention tests are
impaired in OSAS, and a single test could have under-
estimated impaired attention in some patients [3]. For that
reason, we estimated attention with three different tests:
selective attention (SA), permanent (or sustained) attention
(PA), and target detection (TD) [22].

In our study, every patient and healthy individual
underwent an attention/alertness battery test based on the
Vienna Test System [22–24]. Cognitive testing was pre-
sented on a computer screen. After a tutorial lesson and a
practice trial for each test, the final evaluation was
performed.

Reaction time test to visual (RT-V) or acoustic (RT-A)
stimuli

The subject places the forefinger on a detector, and when a
colored flashlight appears in the center of the screen, the
subject has to move the forefinger from the detector and
push a matched-color button 10 cm ahead in the fastest
possible way. Then the subject places the forefinger on the
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detector again, until the next flashlight appears. The series
of flashlights are presented in a random way, and therefore,
vary across trials minimizing the learning effect. The
number of flashlights is 50, and the test lasts for
approximately 15 min. Two parameters are recorded:

The period of time between the flash light and the
moment the subject takes the forefinger away from the
detector.
The period of time the subject takes to move the
forefinger away from the detector and push the button
ahead.

The sum of the two recorded times is called “reaction
time to visual stimuli.” Reaction time test to acoustic
stimuli is performed in a similar way, the only difference
being that the flashlight is replaced by a sound presented to
the subject via headphones. High and low frequency sounds
are presented for 1 s and in random order so the subject has
to push the predetermined high or low frequency buttons
placed 10 cm ahead of the detector. The number of sounds
is 30, and the test lasts for 8 min.

The results of the above tasks represented alertness.

SA test

The program presents four geometrical shapes on the top of
a computer screen arranged in a horizontal row and asks
from the subject to compare these shapes with a geomet-
rical shape shown at the bottom of the screen. With every
correct answer or after a fixed time interval, the next task
follows automatically. At the beginning of the test, there is
a maximum fixed time interval of 15 s between tasks. This
gets shorter as the test continues and approaches a total
time of 10 s, while the difficulty to find the right match
increases (with more complex geometrical shapes). The
number of tasks administrated is 80, and the duration of the
test is approximately 20 min.

SA was also evaluated with TD test, where patients must
identify within a presented picture specific predetermined
objects and shapes [4].

PA test

This procedure is designed to examine the ability to
perform multiple-choice reactions to quickly changing
stimuli. The subject has to match several color figures
presented on the computer screen with the corresponding
color buttons on a keyboard, react to acoustic signs of high
or low frequency by pushing predetermined corresponding
buttons, and press foot pedals when the figure of a foot
pedal appears on the screen. From the beginning to the end
of the test, the period of time the subject has to match the
figures and acoustic sign is progressively shortened. The

total number of presented figures and sounds is 150, and
the duration of the test is approximately 30 min.

Four parameters are recorded in both SA and PA tests:

Percentile of right answers
Percentile of wrong answers
Percentile of missed tasks
The total time spent for the completion of the test

According to the results of the tests, the subject is
classified in a percentile of preexisting normal values of
age-matched controls. Baseline data exist in adult pop-
ulations from Europe and South Africa with different
social-economic and educational levels, and with an age
distribution of 18 to 65 years old [24].

Patients and control subjects were also evaluated
according to intelligence with RPM test [25–27]. This
widely applied nonverbal test evaluates the abstract–
analytic reasoning of the subject using 60 items presented
in five sets of increasing difficulty.

Data management and statistical analysis

We used SPSS statistical program (version 14) as a tool for
our statistical analysis. Analysis of the collected data
consisted of descriptive statistics followed by a simple t
test (or Mann–Whitney test when normality failed) for sleep
parameters and cognitive results. Most of our data did not
follow a Gaussian distribution and failed normality tests;
therefore, despite medium sample sizes, we performed
nonparametric tests in most of the cases. We recognize that
Mann–Whitney and other nonparametric tests work very
well with large samples (more than 100), but they also can
be a useful tool with medium-sized samples (around 30 in
every group).

Before citing a number of tables and p values, we must
explain the concept of our correlations between various
parameters and different individual groups. We compared
independent factors (polysomnography parameters, BMI,
and age) with dependent factors (cognitive performance and
ESS). We used multiple linear regression analysis and
examined every dependent factor separately. We set the p
value <0.05 as a limit for statistically significant findings.

Variance inflation factor (VIF), which measures the
standard error of each regression parameter, was not above
a value of 4 in any of our correlations (VIF must not exceed
a value of 4 for the interaction to be reliable).

Results

Results are presented as the performance of patients and
controls according to the specific cognitive tests used for
their evaluation.
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Table 1 summarized the general characteristics of all
patients and controls, including their general sleep poly-
somnography results and cognitive testing. Patients com-
bined as a single group demonstrated cognitive decline in
comparison with normal subjects’ cognitive efficiency.

Attention tests revealed differences in performance
between middle-aged and young age patient groups
(Table 2). There were no statistically significant differences
in reaction time tests between these groups.

Middle-aged patients had statistically significantly lower
performance in attention tests not only in comparison with
younger patients (Table 2) but also with their age-matched
controls (Table 3). Reaction time tests also revealed
statistically significant differences in performance between
middle-aged patients and their age-matched controls.
Reaction time test differences were of borderline statistical
significance with p values under but near the threshold of
0.05.

Table 1 Patients and controls—descriptive statistics

All patients (n=58) median (range) All controls (n=41) median (range) p value

Age 49 (32–65) 49 (33–63) 0.798
BMI 32.3 (23.4–50.6) 26 (22–29.5) 0.008*
PO2 (kPa) 10.8 (8–13.2) – –
PCO2 (kPa) 5 (3.8–5.9) – –
FEV1/FVC 80.5 (76–89) – –
ESS 7.5 (1–17) 3 (1–7) <0.001*
AHI 67.5 (31–137) 4 (1–7)
SaO2min 70 (40–89) 91 (87–95) <0.001*
SaO2mean 91 (74–97) 94 (91–97) <0.001*
T<90% 87.5 (10–320) – –
SA 37 (2–99) 55 (18–96) 0.008*
RT-V 77 (32–99) 78 (50–99) 0.179
RT-A 74.5 (23–100) 82 (56–100) 0.004*
PA 38 (3–91) 54 (28–82) 0.004*
TD 23 (10–72) 25 (10–62) 0.229

BMI Body mass index, PO2 partial pressure of oxygen, PCO2 partial pressure of carbon dioxide, FEV1 forced expiratory volume in the first
second, FVC forced vital capacity, ESS Epworth Sleepiness Scale, SaO2 oxyhemoglobin saturation, T<90 time spend with oxyhemoglobin
saturation below 90% during sleep, SA selective attention, RT-V reaction time to visual stimuli, RT-A reaction time to audio stimuli, PA permanent
attention, TD target detection
*Statistical significance (p<0.05)

Table 2 Middle-aged vs young patients

Middle age patients (n=28) median (range) Young age patients (n=30) median (range) Middle age patients vs Young age patients
(p value)

BMI 32.4 (23.4–50.6) 32.2 (23.9–40.8) 0.492
IQ 75 (40–95) 82.5 (40–99) 0.222
AHI 64.5 (31–137) 74 (31–102) 0.701
SaO2min 65.5 (50–83) 72 (40–89) 0.386
SaO2mean 91 (80–97) 91 (74–97) 0.544
T<90% 80 (23–320) 90.5 (10–300) 0.797
SA 20.5 (2–86) 53.5 (13–99) 0.009*
RT-V 77 (37–99) 77.5 (32–99) 0.479
RT-A 71.5 (23–100) 77.5 (30–100) 0.404
PA 25 (3–81) 53.5 (14–91) 0.001*
TD 14 (10–72) 30 (10–62) 0.043*
ESS 8 (1–15) 7 (1–17) 0.266

BMI Body mass index, IQ intelligent quotient, AHI apnea hypopnea index, SaO2 oxyhemoglobin saturation, T<90 time spend with
oxyhemoglobin saturation below 90% during sleep, SA selective attention, RT-V reaction time to visual stimuli, RT-A reaction time to audio
stimuli, PA permanent attention, TD target detection, ESS Epworth Sleepiness Scale
*Statistical significance (p<0.05)
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Young patients performed quite well in attention tests
(Table 2), as did their age-matched controls (Table 4).
Young patients’ performance in attention and reaction time
tests did not show statistically significant differences when
compared to the performance of young controls.

We examined interactions between several sleep poly-
somnography paparements and attention–alertness tests in
middle-aged and young patients. Middle age patients: We
considered sleep polysomnography parameters, BMI, and
age as independent factors, and by a multiple linear
regression analysis, we examined interactions with atten-
tion tests. From the collected data, we found a positive
linear correlation (Table 5) of meanSaO2 with attention
tests (SA, PA, and TD).

Alertness (reaction time) tests were not correlated with
meanSaO2 or other independent factors. There was also an
expected finding of a negative linear correlation of age with
attention–alertness tests.

Young patients The same linear regression model was used
to estimate interactions of independent factors (AHI,
SaO2min/mean, T90, BMI, age) with attention–alertness
tests as dependent factors. The analysis did not demonstrate
any statistically significant interactions between indepen-
dent and dependent factors. We found the same negative
linear correlation (Table 6) of age with cognitive tests.

Controls Both young and middle-aged controls demon-
strated negative linear correlations of age with attention–
alertness performance, but there was no correlation with
other parameters.

Discussion

There is growing evidence [1, 12, 28] that age as a single
parameter is somehow responsible for the severity of sleep

Table 3 Middle-aged patients vs middle-aged controls

Middle age patients (n=28) median (range) Middle age controls (n=17) median (range) Middle age patients vs middle age controls
(p value)

Age 55.5 (50–65) 52 (50–63) 0.072
BMI 32.4 (23.4–50.6) 27 (23.7–29.5) 0.001*
IQ 75 (40–95) 80 (50–95) 0.102
SA 20.5 (2–86) 48 (30–78) 0.009*
RT-V 77 (37–99) 82 (50–99) 0.034*
RT-A 71.5 (23–100) 82 (56–99) 0.029*
PA 25 (3–81) 46 (32–82) 0.001*
TD 14 (10–72) 25 (18–55) 0.018*
ESS 8 (1–15) 4 (1–7) 0.001*

BMI Body mass index, IQ intelligent quotient, SA selective attention, RT-V reaction time to visual stimuli, RT-A reaction time to audio stimuli, PA
permanent attention, TD target detection, ESS Epworth Sleepiness Scale
*Statistical significance (p<0.05)

Table 4 Young patients vs young controls

Young patients (n=30) median (range) Young controls (n=24) median (range) Young patients vs young controls (p value)

Age 43 (32–49) 44 (33–49) 0.538
BMI 30 (23.9–40.8) 24 (22–28) 0.001*
IQ 82.5 (40–99) 75 (50–95) 0.508
SA 53.5 (13–99) 56.5 (18–96) 0.222
RT-V 74.5 (32–99) 77.5 (60–99) 0.053
RT-A 77.6 (30–100) 82.5 (56–100) 0.052
PA 53.5 (28–80) 55.5 (28–82) 0.394
TD 30 (10–62) 25 (10–62) 0.514
ESS 7 (1–17) 3 (1–7) 0.001*

BMI Body mass index, IQ intelligent quotient, SA selective attention, RT-V reaction time to visual stimuli, RT-A reaction time to audio stimuli, PA
permanent attention, TD target detection, ESS Epworth Sleepiness Scale
*Statistical significance (p<0.05)
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apnea. Cross-sectional studies of prevalence do show an
effect of age, independent of an increase in BMI with age.
In our study, age was examined as an independent factor
affecting cognitive performance of OSA patients, and these
correlations were tested after controlling for BMI. We
excluded subjects older than 65 years because cognitive
deterioration with aging is a multifactorial process, and we
could not consider OSA as the only contributing factor.
Sleep changes in older people include a decline in REM
sleep time, total sleep time, sleep efficiency, percentage of
slow wave sleep, and there is an increase in sleep latency,
increase in percentage of stage 1 and 2 sleep, and wake
after sleep [29]. All the sleep changes listed above might
have influenced cognitive testing.

We found statistically significant differences in cognitive
performance between middle-aged patients and controls as
well as between middle-aged patients and young patients.
There were no such differences between young patients and
controls.

The normal aging process could explain cognitive
differences between young and middle-aged patients, but
if only the aging process was the culprit, we should have
detected cognitive differences between the control groups
of different ages as well. However, young and middle-aged
controls had similar, good performances in cognitive

testing. We conclude that, in patients with sleep apnea,
there are other factors besides aging affecting cognitive
function. Significant cognitive differences could be the
result of several factors, including brain damage due to
sleep apnea hypoxic conditions for many years, or sleep
fragmentation and/or comorbidities. Hypoxemia has al-
ready been studied as a predictive factor for cognitive
impairment and excessive daytime sleepiness [6, 30–34].
Currently, there is no consensus as to whether sleep
fragmentation or hypoxemia is a better predictive factor
for cognitive performance. It seems that both factors
contribute to these effects [33, 35, 36]. These factors can
interfere with cognitive function and alter patient perfor-
mance especially in aging patients.

Young patients exhibited cognitive performance compa-
rable to the one achieved by their age-matched controls. This
finding suggests that, at a young age, there is a compensation
of the expected sleep apnea cognitive decline, or alternately,
that cognitive tests are not sensitive enough to detect small
changes in cognitive status. Regarding the fact that OSAS is
a metabolic disease and hypoxic-metabolic changes take
place from the beginning of the disease, we can hypothesize
that young patients counterbalance these complications by
mechanisms related to their young age like brain plasticity
[37] or the nonexistence of comorbidities.

Table 6 Multiple linear regression analysis on young patients

SA t value (p) PA t value (p) TD t value (p) RT-V t value (p) RT-A t value (p)

Age 2.911 (0.008)* 2.839 (0.009)* 2.326 (0.033)* 2.311 (0.034)* 2.693 (0.023)*
BMI 0.414 (0.683) 0.967 (0.344) 2.358 (0.027) 0.428 (0.672) 0.042 (0.967)
AHI 0.261 (0.797) 0.303 (0.764) 0.688 (0.498) 0.194 (0.848) 0.702 (0.490)
SaO2min 0.489 (0.629) 0.141 (0.889) 1.190 (0.246) 1.017 (0.320) 0.605 (0.551)
SaO2mean 1.462 (0.157) 0.138 (0.892) 1.770 (0.121) 0.327 (0.747) 0.232 (0.818)
T<90% 0.015 (0.988) 0.152 (0.881) 1.497 (0.148) 0.370 (0.715) 0.226 (0.823)

BMI Body mass index, AHI apnea hypopnea index, SaO2 oxyhemoglobin saturation, T<90 time spend with oxyhemoglobin saturation below
90% during sleep, SA selective attention, PA permanent attention, TD target detection, RT-V reaction time to visual stimuli, RT-A reaction time to
audio stimuli
*Statistical significance (p<0.05)

Table 5 Multiple linear regression analysis on middle-aged patients

SA t value (p) PA t value (p) TD t value (p) RT-V t value (p) RT-A t value (p)

Age 3.025 (0.006)* 4.520 (<0.001)* 3.156 (0.005)* 2.613 (0.012)* 2.676 (0.014)*
BMI 0.168 (0.868) 0.842 (0.409) 0.231 (0.820) 0.079 (0.937) 0.053 (0.958)
AHI 0.545 (0.592) 1.586 (0.128) 0.921 (0.367) 0.767 (0.452) 0.539 (0.596)
SaO2min 0.093 (0.926) 0.026 (0.979) 0.146 (0.885) 0.377 (0.710) 0.946 (0.355)
SaO2mean 2.975 (0.007)* 2.670 (0.012)* 2.667 (0.014)* 0.981 (0.338) 0.063 (0.950)
T<90% 2.273 (0.034) 0.528 (0.603) 2.376 (0.027) 1.160 (0.259) 0.137 (0.893)

BMI Body mass index, AHI apnea hypopnea index, SaO2 oxyhemoglobin saturation, T<90 time spend with oxyhemoglobin saturation below
90% during sleep, SA selective attention, PA permanent attention, TD target detection, RT-V reaction time to visual stimuli, RT-A reaction time to
audio stimuli
*Statistical significance (p<0.05)
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Correlations of hypoxia with cognitive impairment have
been well described by many authors [6, 17, 30, 38]. Our
study showed that meanSaO2 correlated positively only
with the cognitive performance of middle-aged patients (a
drop in oxyhemoglobin saturation corresponds to a drop in
cognitive decline) and not with that of the younger patients
despite all-night hypoxic conditions being similar between
the two patient groups. We did not find significant
correlations between minSaO2 or T<90% and cognitive
impairment. A literature review does not address the
question of which of the oxyhemoglobin saturation param-
eters (meanSaO2, minSaO2, or T<90%) best predicts
cognitive function. Most of the studies use minSaO2 and
T<90% as predictive parameters of excessive daytime
sleepiness and cognitive function [20, 23, 39]. Findley et
al. [6] published results with a great correlation of mean-
SaO2 and cognitive impairment. Whether or not one is
better than the other, we can assume that this varies
according to patient population, presence or absence of
co-morbidities, and disease severity. However, in our
patient population (severe OSAS without serious comor-
bidities), meanSaO2 was better correlated with cognitive
impairment.

Previously described increases in OSAS disease severity
after age 55 [12] and age-related increases in mortality and
morbidity after the age of 50 years [40, 41] combine with
our findings of measurable cognitive decline over the age of
50 years. These observations suggest that OSAS patients
are particularly in danger when they reach middle age. The
consequences of this hypoxic-metabolic disease, especially
the associated cardiovascular complications, contribute to
increased morbidity and mortality, occurring mostly during
middle age [14, 40, 41]. Measurable cognitive decline
occurring at a relatively young age can be interpreted as an
ominous sign of deterioration. Early detection of patients
with OSAS and early treatment may prevent permanent
consequences of the disease.

Limitations

Small number of participants is a limitation to this study.
Perhaps a multicenter study might reveal with more
accuracy the age effect on sleep apnea patients’ psychoso-
cial level of functioning.

We only studied two age groups with 50 years of age as
a dividing line, as insufficient data prevented us from
examining what happens in other age groups. It is
conceivable that major changes can occur when patients
cross 60 years of age, or some other threshold, or perhaps
the change is very gradual.

Another factor that might influence our results is the
homogenous population of the participants, mainly citizens
from Athens and high school graduates. The level of

experience and education can play a role in cognitive test
results, and have affected our data. A wider distribution of
patients and controls would be more appropriate for better
comparisons.

Conclusions

In this study, we have showed that cognitive decline
appears and is detectable in aging OSA patients. This can
be due to either a cumulative effect of the disease in middle
age, after many years of existence, or to the fact that the
aging brain is more sensitive to repeated episodes of
oxyhemoglobin desaturation and sleep deprivation.

Younger patients have less comorbidity and are some-
how able to compensate for the cognitive consequences of
sleep deprivation and nocturnal hypoxia, perhaps through
greater brain plasticity, thus showing normal brain function.
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