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Abstract

Study objectives We prospectively investigated the effects of continuous positive airway pressure (CPAP) on long-term cogni-
tive and psychomotor performances, and excessive daytime sleepiness in severe obstructive sleep apnea (OSA) patients.
Methods A total of 40 patients were recruited and 23 patients with severe OSA fully completed the study protocol to investigate
the effects of CPAP therapy on psychomotor performance at 1, 3, and 6 months and 1 year following initiation of the therapy.
Psychomotor CRD-series tests measuring reaction times of light stimulus perception, solving simple arithmetic operations, and
complex psychomotor limb coordination, were used in this study. The data collected following CPAP therapy were compared to
baseline values prior to the CPAP treatment for each patient.

Results All of the measured variables improved following CPAP treatment. However, the most pronounced effect was observed
in improvement of reaction times to complex psychomotor limb coordination test (p < 0.05). Self-reported evaluation of exces-
sive daytime sleepiness measured by Epworth Sleepiness Scale (ESS) showed significant decrease from 10.0 + 1.1 before to 3.5
+0.5 (p<0.001), after 1 year on CPAP therapy.

Conclusions The CPAP therapy improved cognitive and psychomotor performance on CRD-series tests with the most significant
improvement observed in complex psychomotor limb coordination of severe OSA patients.
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Introduction cognitive dysfunctions in the area of non-verbal, verbal and

working memory, executive and motor functioning, psycho-

Obstructive sleep apnea (OSA) is one of the most common
sleep-related breathing disorders characterized by repetitive
apneas and hypopneas resulting with hypoxemia and
disrupted sleep [1]. OSA has been associated with various
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motor speed, visuospatial functions, attention, and vigilance
[2—7]. The underlying mechanism could be related to the re-
petitive obstructions of the upper airway and arousals
resulting with sleep fragmentation, hypoxemia, and excessive
daytime sleepiness (EDS) [7]. However, relative role of these
compounding factors on neuropsychological changes remains
to be clarified [8]. Severity of the cognitive deficits is likely to
depend on severity of OSA, degree of hypoxia, and duration
of OSA [9, 10].

Despite the variety of treatment options for OSA, con-
tinuous positive airway pressure (CPAP) therapy remains
the first-choice treatment option in a case of severe OSA.
Generally held view is that CPAP therapy improves cogni-
tion in patients with OSA [11]. Evidence was provided on
effectiveness of CPAP therapy in alleviating impairments
in the overnight consolidation of motor skill learning in
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patients with moderate to severe OSA [12]. However, re-
ports on the level of cognitive improvement following
CPAP therapy differ between studies [11] due to the em-
ployment of different neuropsychological tests [2].
Computerized Complex Reactionmeter Drenovac (CRD)
series of cognitive tests along with basic information on
the speed of mental processing provides information on
the peculiarities of mental functioning in the process of
psychomotor tests. Unlike conventional tests, CRD series
of tests can be repeated several times on the same subjects
with the same outcome of the test results. Furthermore,
standard tests of the CRD series are applicable to the re-
spondents of all ages; they do not rely on acquirement of
certain language or other specific knowledge. CRD tests
have been used to evaluate psychomotor performances in
different study designs [13—15], and also in a 1-year pro-
spective study for evaluation of the effects of mandibular
advancement device (MAD) therapy on cognitive and psy-
chomotor performance in mild and moderate OSA patients
[16]. The current study employs a design similar to that of
our previous study [16] but investigates potential benefits
of CPAP therapy on long-term cognitive and psychomotor
performances in patients with severe OSA.

Psychomotor tests performed in this study measured reac-
tion times of perception to light stimulus, reaction times of
solving simple arithmetic operations, and of complex psycho-
motor limb coordination. One could speculate that impaired
perceptual motor and cognitive processes may have implica-
tions on some complex daily tasks such as driving, which
could be diminished in OSA patients suffering from EDS.
We hypothesized that psychomotor reaction times on the tests
will be significantly improved following CPAP therapy in
severe OSA patients.

Materials and methods

The study was approved by the Ethics Committee of the
University of Split School of Medicine (USSM). All proce-
dures performed were in accordance with the ethical standards
of the institutional research committee and with the 1964
Helsinki declaration and its latter amendments. Informed con-
sent was obtained from all individual participants included in
this study.

Subjects

A total of 25 subjects (22 males, 3 females) with newly diag-
nosed OSA at the Split Sleep Medicine Center (SMC) were
recruited. A diagnosis of OSA was defined in accordance with
the guidelines of American Academy of Sleep Medicine
(AASM) and European Sleep Research Society (ESRS)
[17]. Exclusion criteria were (1) age younger than 18, (2)
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history of any OSA treatment prior to the study enrollment,
and (3) irregular use of the CPAP following the study enroll-
ment (<4 h of use/night). Subjects included underwent initial
medical history interview, physical examination, and anthro-
pometric measurements. The proportions of comorbidities
were 14/23 of patients had arterial hypertension, 6/23 diabe-
tes, 3/23 depression, 1/23 asthma, and 4/23 had gastro-
esophageal reflux disease (GERB). Excessive daytime sleep-
iness was assessed using self-administered Epworth
Sleepiness Scale (ESS), which was previously validated in
Croatian language [18].

The subjects for the reference group (n = 25) were recruited
from the pool of healthy subjects, previously tested on CRD
series at Department of Neuroscience, USSM, Split, Croatia.
Reference subjects were matched with the OSA patients for
their gender, age, BMI, and had no medical record of sleep
disturbances. They were tested once on CRD series with the
same cognitive and psychomotor tests as OSA patients to
compare with the OSA patients results at baseline, prior to
CPAP therapy.

Sleep assessment

Full-night in-laboratory polysomnography (PSG), n=5
(ALICE 5LE, Philips Respironics, Eindhoven, Netherlands),
or full-night unattended polygraphy (PG), n=18
(PolyMesam, MAP, Martinsried, Germany; SOMNOcheck?2,
Weinmann, Germany; EmbletaGOLD, ON, Canada), were
performed before the initiation of therapy. Data were stored
on a computer, manually scored, and evaluated in accordance
with the published AASM and ESRS guidelines by the certi-
fied sleep physician [19]. Sleep studies lasting less than 6 h
were not accepted, and if needed, second PSG/PG was
undertaken.

Apnea was defined as complete cessation of respiration
airflow for a minimum duration of 10 s, whereas hypopnea
was defined as a decrease in airflow of >30 and >3 %
desaturation or arousal. Apnea-hypopnea index (AHI) was
defined as the average number of apneas and hypopneas per
hour of sleep.

CPAP compliance

CPAP compliance was assessed using SmartCards from
CPAP devices. SMC staff contacted participants during the
first week in order to ensure proper use, regularity of CPAP
usage, and manage any problems. Following the first week,
and establishment of regularity of CPAP therapy usage (>4 h
ofuse/night), patients were asked to regularly visit SMC at the
pre-determined time points: 1, 3, 6, and 12 months after the
beginning of the CPAP therapy.
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Cognitive and psychomotor performance testing

A computer-generated test, CRD series was used to measure
cognitive and psychomotor performance [20]. Several studies
have been conducted to evaluate its metric characteristics,
particularly the prognostic validity to see how they can eval-
uate the success in different occupations and conditions [13,
15, 16]. It consists of the software, four electronic instruments,
and provides the use of 38 standard tests. CRD series can be
used for different age categories and it does not rely on lan-
guage or any other specific knowledge. It is possible to use the
CRD series for multiple retesting on the same subject without
the possibility of memorizing the test [20]. Three representa-
tive tests were performed, from the simplest to the most com-
plex: test of convergent thinking (CRD11) measuring speed of
solving simple arithmetic operations, light signal position dis-
crimination test (CRD311) measuring speed of perception,
and test of operative thinking (CRD411) measuring complex
psychomotor coordination.

Testing was performed in a quiet, translucent room, be-
tween 13:00 and 14:00, at pre-determined time points, under
the supervision of an experienced research technician who
was blind to the CPAP compliance. Prior to the testing, pa-
tients were tested individually using the CRD-series instru-
ments, before reaching stable baseline results, without the ten-
dency of improvement in order to avoid learning effect.

Six parameters were analyzed: total test solving time
(TTST), minimum single task solving time (MinT), median
single task solving time (MedT), start balast (SB), end balast
(EB), and total balast (TB). TTST, MinT, and MedT were
descriptors of speed, accuracy, and mental endurance. SB,
EB, and TB were indicators of stability calculated as the
sum of differences between time spent on each individual item
(Ti) and a minimum single task solving time (TB=)Ti—
MinT) at the first (SB) and last half (EB) of the test, and the
total test (TB) [20].

Statistical analysis

Statistical analyses were performed using statistical software
MedCalc for Windows, version 11.5.1.0 (MedCalc Software,
Mariakerke, Belgium). To evaluate differences between OSA
subjects prior to CPAP therapy and reference group on cogni-
tive and psychomotor test, one-way ANOVA was performed.
The comparison of cognitive and psychomotor results, as well
as EDS measured by ESS prior to and at pre-determined time
points following CPAP treatment were tested using repeated
measures ANOVA with Bonferroni post hoc correction.
Correlations between improvement in cognitive and psycho-
motor outcomes with the change in the AHI, average nightly,
and monthly CPAP use were calculated using Pearson correla-
tion coefficients. The statistical significance was set at p < 0.05.

Results

There were a total of 23 patients with severe OSA who met the
inclusion criteria and were enrolled in the study, as shown in
Fig. 1, whose demographic and sleep baseline characteristics
are presented in Table 1. The mean AHI decreased significant-
ly from 52.7 +24.0 events/h at baseline (Table 1) to 3.1 £3.1
events/h after 1 year of CPAP therapy (p <0.001). Average
use of the CPAP was 83.1 +21.6% nights per month, with an
average CPAP use per night of 6.2 + 1.1 h. Self-reported EDS
measured by ESS showed significant improvement after 1 year
of CPAP therapy (ESS score was 10.0+ 1.1 before and 3.5 +
0.5 1 year after CPAP therapy, p <0.001; Fig. 2).

Cognitive and psychomotor performance
Comparative analyses of the baseline results obtained during

CRD testing of OSA patients before CPAP therapy and refer-
ence subjects are summarized in Table 2.

| 47 patients initially screened |

—>| 7 patients refused to participate |

A\

| 40 patients enrolled |

—>| S patients lost to follow-up |

\4

| 1 month follow-up |

—>| 4 patients lost to follow-up |

v

| 3 months follow-up |

1 patient died due to acute myocardial
infarction

—>

v

| 6 months follow-up |

—>| 7 patients lost to follow-up

A\

| 12 months follow-up |

v

| 23 patients included in the follow-up analyses |

Fig. 1 Study flowchart. A total of 47 patients were screened for the study,
23 of whom completed the study follow-up
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Table 1 Demographic and sleep characteristics of patients with
obstructive sleep apnea prior to CPAP therapy

Table2  Performance on CRD tests for patients with severe obstructive
sleep apnea before CPAP therapy and reference subjects

Variables Baseline (T0) OSA group (n=23)  Reference group (n=23) p*
Age (year) 5839+ 11.15 Light signal position discrimination
Height (cm) 178.0 £10.0 MinT (s) 0.52+£0.11 0.48 +£0.09 0.147
Weight (kg) 106.05 + 17.64 MedT (s) 0.69 £0.1 0.65 £ 0.1 0.568
BMI (kg/m?) 33.48 £4.95 TTST (s)  43.64+6.56 40.48 + 5.95 0.752
Neck circumference (cm) 46.34 + 4.86 SB (s) 7.01 £3.16 6.84 £ 1.96 0.266
ESS score 10.0+5.2 EB (s) 531+1.85 487 +1.39 0.791
AHI (events/h) 52.69 +24.02 TB (s) 1232 +4.7 11.71 £ 3.03 0.555
Mean SpO, (%) 90.19 +4.38 Solving simple arithmetic operations
Lowest SpOs (%) 66.67+11.62  MinT (s) 332 +0.83 3.02 +0.54 0.157
ODI (events/h) 52.67 £24.81 MedT (s) 5.07+1.18 487+1.10 0.195
TTST (s) 195.58 £49.55 193.91 +50.36 0.095
Data are presente.d as mean + standard deviation ' SB (s) 393 £ 17.73 46.53 £ 25.12 0821
I by s e S Eport S S s MU g ety aeenn o
desaturation index TB (s) 82.28 +32.25 88.29 + 36.20 0.600
Complex psychomotor coordination
MinT (s) 0.78 £0.19 0.63£0.16 0.005
MedT (s) 1.29+£0.42 1.11 £0.23 0.075
There was improvement on all three CRD-series tests dur- TTST (s) 7229 £35.5 59.35+ 16.9 0.124
ing the 1 year of CPAP therapy, considering total test solving SB (s) 14.66 + 10.73 13.18 £ 6.01 0.568
time (TTST), median test solving time (MedT), minimal sin- EB (s) 3022 +21.95 241+ 1033 0235
gle task solving time (MinT), and ballast times (SB, EB, TB). TB (s) 44.88 +31.4 3708 + 14.58 0.300

Light signal position discrimination test (CRD311)

Light signal position discrimination test (CRD311) measured
speed of perception. In general, TTST, MedT, and MinT were
reduced 1, 3, 6, and 12 months following CPAP therapy, in
comparison to baseline (F=3.624, p=0.019; F=3.544, p=
0.022; F=4.468, p =0.011; respectively; Table 3 and Fig. 3a).
Regarding ballast times, there were no significant differences

*
i ﬁ * *
- i i *
0 T T T T i—
TO T1 T3 T6 T12

Fig. 2 Epworth Sleepiness Scale (ESS) scores of OSA patients prior to
CPAP therapy (TO0), 1 (T1), 3 (T3), 6 (T6), and 12 months following the
CPAP therapy (T12). Asterisk means significantly different from baseline
(p<0.002)

=N

ESS Score (0-24)
oo

IS

[N]
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Data are presented as mean + standard deviation

CRD Complex Reactionmeter Drenovac, CPAP continuous positive air-
way pressure, MinT minimum single task solving time, MedT median
single task solving time, T7ST total test solving time, SB start ballast,
EB end ballast, 7B total ballast

*p values were calculated with the use of 7 test for independent samples

at the pre-determined time points compared to baseline
(Table 3).

There were no significant correlations between CRD311
test results and average CPAP use per night (Table 4).

Test of convergent thinking (CRD11)

Test of convergent thinking (CRD11) measured speed of solv-
ing simple arithmetic operations. In general, TTST and MedT
were significantly reduced 1, 3, 6, and 12 months following
CPAP therapy, compared to baseline (F=11.619, p<0.001;
F=22.419, p<0.001; respectively; Table 3 and Fig. 3b).
MinT was significantly reduced 3, 6, and 12 months following
the CPAP therapy, compared to baseline (£=10.626,
p<0.001; Table 3 and Fig. 3b). Regarding ballast times, the
results obtained from CRD11 test showed a trend of reduction
in all ballast times throughout the study period (Table 3).
There were no significant correlations between changes in
CRDI11 test results and average CPAP use per night (Table 4).
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Table 3 Performance on CRD
tests at baseline, 1, 3, 6, and Baseline 1 month 3 months 6 months 12 months
12 months after CPAP therapy
Light signal position discrimination
MinT (s) 0.52+0.11 0.5+0.11 0.48 £0.11 0.48 = 0.09 0.47 £ 0.09*
MedT (s) 0.69 0.1 0.66 +0.11 0.65+0.12 0.65+0.1 0.64 +0.11
TTST (s) 43.64 £ 6.56 41.53 £ 6.84 40.6 £7.23 41.11 £6.46 40.6 + 6.88
SB (s) 7.01+£3.16 62+1.63 6.31+1.92 6.77£2.07 6.86 +3.05
EB (s) 531+1.85 511 +1.59 521+1.54 533+ 14 527+1.82
TB (s) 1232 +£4.7 11.31 £2.95 11.52 +3.21 12.1 £2.95 12.14 £4.35
Solving simple arithmetic operations
MinT (s) 3.32+0.83 3.1+0.71 3.03 £ 0.64* 2.85+£0.67* 2.78 £0.67*
MedT (s) 5.07+1.18 4.6 £1.09% 4.56 £ 1* 432 +1.03% 421+£091%*
TTST (s) 19558 £49.55 181.46£51.01*%  178.96 +44.42*  168.61 +42.68*  164.55 +42.28*
SB (s) 393 +17.73 34.85+17.99 33.58 £ 14.14 34.1 +£13.69 33.01 £16.93
EB (s) 42.99 + 16.87 38.15+18.13 39.32 £ 18.85 34.75 £ 1443 34.07 £ 17.57
TB (s) 82.28 £32.25 73 +32.23 72.9 £31.17 68.85 £26.55 67.08 +30.78
Complex psychomotor coordination
MinT (s) 0.78 £0.19 0.66 +0.15* 0.66 £ 0.14* 0.66 +0.13* 0.63 +0.14*
MedT (s) 1.29+0.42 1.09 + 0.25* 1.03 £ 0.25*% 1+0.24* 0.97 £0.18*
TTST (s) 72.29 £35.5 57.61 £22.05% 54.1 + 18.68* 47.58 £ 14.35* 50.4 £ 16.72%
SB (s) 14.66 + 10.73 12.29 £ 8.51* 11.78 + 8.62% 8.42 +4.36% 9.81 +5.3%
EB (s) 30.22 £21.95 22.15+12.23 19.24 £891 16.07 + 7.6* 18.65 +10.74
TB (s) 4488 £31.4 3444 +18.8 31.02 £ 15.4% 24.48 £11.32% 28.46 +13.32

Data are presented as mean + standard deviation

CRD Complex Reactionmeter Drenovac, CPAP continuous positive airway pressure, MinT minimum single task
solving time, MedT median single task solving time, 7757 total test solving time, SB start ballast, £B end ballast,

TB total ballast

*p values were calculated with the use of repeated measures ANOVA with Bonferroni post hoc comparison.
Values significantly different from baseline, p < 0.05

Test of operative thinking (CRD411)

Test of operative thinking (CRD411) measured complex psy-
chomotor coordination. In general, there were significant re-
ductions in TTST, MedT, and MinT at all pre-determined time
points during the 1 year of CPAP therapy, compared to base-
line values (F'=13.864, p < 0.001; F=18.627, p<0.001; F=
11.686, p<0.001, respectively; Table 3 and Fig. 3c).
Regarding ballast times, the results obtained from CRD411
test showed a trend of reduction in all ballast times throughout
the study period (Table 3).

There were no significant correlations between CRD411
results and average CPAP use per night, except for corre-
lation between improvement in TTST and average CPAP
use per night (r=0.45, p=0.03; Table 4), indicating the
positive impact of regular CPAP use on complex psycho-
motor coordination.

Discussion

This study provided data on improvement of cognitive and
psychomotor performance and reduction in EDS after 1 year
of CPAP therapy in severe OSA patients. All of the measured
variables such as speed of solving simple arithmetic operation,
speed of perception, and complex psychomotor coordination
improved following CPAP treatment. However, the largest
effect was observed in improvement in speed of perception
and complex psychomotor coordination, which is the most
demanding task that involved coordination of both upper
and lower limbs while performing tests.

The extent of cognitive dysfunction in OSA is not fully
understood [21, 22], but it has been shown that OSA impairs
cognitive function affecting vigilance, short- and long-term
memory, attention, psychomotor performance, and executive
function [4, 23]. Sleep fragmentation, EDS, hypoxemia, and

@ Springer



Sleep Breath (2019) 23:41-48

46
Light signal position discrimination
0.9
0.8 ~[
0.7 A\I I I L
0.6
“» aém MinT
© -
g 0° i et T - i MedT
o
8 o4
0.3
0.2
0.1
0
TO T1 T3 T6 T12
b Speed of solving simple arithmetic operations
7
I
s |
v | | T z .*
'g 4
S aém MinT
~n *
3 3 - an e - e» a» *.-- * « amiw \edT
- e
2
1
0
TO T1 T3 T6 T12
Complex psychomotor coordination
1.8
1.6
14
12 \l* I
3 A ——— * .|-
g 1 l A : A*  emém MinT
o
9 08 -~ J_ i \ed T
- - l* * * .
- e e cpen e - -
0.6
0.4
0.2

TO Tl T3 T6 T12

Fig. 3 Average minimal single task solving time (MinT) and median test
solving time (MedT) for all three CRD-series tests (CRD311 A, CRD11
B, and CRD411 C) at pre-determined time points; baseline (T0), 1 (T1), 3
(T3), 6 (T6), and 12 months following CPAP therapy (T12). Asterisk
means significantly different from baseline (p < 0.04)

hypercarbia synergistically impair cognitive function of OSA
patients, although their relative contribution to this dysfunc-
tion remains to be confirmed [2, 5, 6, 8, 10, 21].

Previous research enabled evidence that OSA patients ex-
hibit significant impairment on several neuropsychological
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tests [2, 4]. However, due to different study design the need
for standardized neuropsychological battery for identification
ofvalid, reliable and accurate pattern of cognitive dysfunction
and response to treatment is still needed [4, 10, 24, 25]. As
noninvasive research technique CRD tests might offer primar-
ily indirect data on the modality and the efficacy of mental
processing. CRD tests could be repeated multiple times on the
same respondent with the same outcome [13, 16]. As shown in
the 1-year prospective cohort study of Galic et al., it was
possible to use the CRD test series without the possibility of
memorizing and learning the tests [16]. CRD tests could be
applied in different age groups, and the results are not related
to certain language nor any other specific knowledge or skill.
Aging per se increases the susceptibility to cognitive dysfunc-
tion, with particular regard to the fact that certain age group
(middle aged and older) experience changes in sleep architec-
ture such as reduction in REM and slow wave sleep, sleep
fragmentation, and prolonged wake time after sleep onset
[26]. It has been accepted that risk for OSA increases with
age as does the risk for cognitive impairment [10]. When
combined with severe OSA, due to cumulative negative ef-
fects on cognition, one could conclude that older patients are
more likely to express cognitive deficits when they have se-
vere OSA (AHI > 30). In our study, comparison of severe
OSA and reference group indicated slight impairment in all
CRD tests in severe OSA patients prior to the CPAP therapy.
Similar was found in study of cognitive function in mild to
moderate OSA patients prior to the MAD therapy [16].
However, insight in results of mild to moderate OSA patients
obtained using the same CRD-series test indicated more im-
pairment of cognitive function in severe OSA, suggesting a
possible relationship between severity of OSA and cognition.

Previous studies reported positive effect of CPAP treatment
adherence on improvement of cognitive functions [4, 24].
Adherence to CPAP is relevant factor in predicting cognitive
improvement following CPAP treatment. Usually, adherence
to CPAP is measured by average of hours of CPAP use per
night and is reported as poor (<2 h), moderate (2-5 h per
night), or optimal user (> 6 h per night) [24]. In our study that
utilized within-subject design, the average compliance rate
was 6.2 h per night, which allowed us to qualify our patients
as optimal CPAP users.

EDS is important to consider in domain of psychomotor
performance, since it could result in deficit of motor coordina-
tion such as complex psychomotor coordination reported in our
study. Sleepiness per se decrements driving performance that
could be overcome with CPAP treatment [27]. It is difficult to
distinguish effects of improvement in EDS and potential bene-
ficial effects of CPAP treatment on sleep fragmentation and
nocturnal hypoxia [10]. There have been attempts to provide
explanation for possible underlying mechanisms involved in
cognitive impairment of OSA patients. Aloia et al. have pro-
posed a model of small-vessel damage of the brain that could
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Table 4 Pearson correlation
coefficients between changes in
CRD tests results and average
nightly CPAP use

Light signal position
discrimination

Complex psychomotor
coordination

Solving simple
arithmetic operations

ATTST AMinT ATTST AMinT ATTST A MinT
(s) () (s) (s) ®) ®)
Average nightly CPAP use (h) » 022 —0.06 —0.01 —0.02 0.45 0.29
p 032 0.79 0.97 0.92 0.03* 0.18

CRD Complex Reactionmeter Drenovac, MinT minimum single task solving time, 77ST total test solving time

*Significance of the Pearson correlation coefficients

result in functional cognitive problems but excluding any par-
ticular brain domain to be responsible for deterioration of cog-
nitive functions in older patients with severe OSA [4].

There are few limitations in our study. Participants were
middle-aged to older persons, and as such are representative
of age group with highest prevalence of OSA. Therefore, the
presence of both OSA and increasing age prevent us from
differentiation of whether patients’ cognitive impairments
are indicative of dementia per se or are consequence of OSA
impact on cerebrovascular and cognitive reserve. A number of
studies have implicated improvement of sleepiness following
CPAP treatment [5, 17, 28]. However, similar to previous
studies, in our study, EDS was not objectively evaluated, but
instead, it relies on subjectively self-reported evaluation ob-
tained at ESS [24, 29]. It is important to consider that OSA
and EDS are both common, especially in middle-aged and
older population, and may coexist without necessarily cause-
and-effect relationship. Nevertheless, we believe that obvious
reduction in EDS following 1 year of CPAP treatment in our
study design could be accepted as attribute to cognitive im-
provement of severe OSA patients.

Impaired overnight memory consolidation has been
established in OSA patients and others suffering from sleep
disorders that are characterized with fragmented sleep [30]. As
shown in our study, compliant CPAP usage offsets speed of
perception and complex psychomotor coordination possibly
by diminishing negative effects of intermittent hypoxia, im-
proving sleep quality, and reducing EDS. There are many
contributors that could be related to psychomotor impairment
of OSA patients among which, a recent research targeting
peripheral neuropathy received notable attention, reporting
of subclinical axonal damage to the motor and sensory nerves
of upper and lower limbs in a group of moderate to severe
OSA patients [31]. It remains to be determined whether cog-
nitive impairment could have any relationship with peripheral
neuropathy that could be overcome with CPAP therapy.

Driving is an activity which requires high level of
psychomotor-cognitive functioning, receiving discernible at-
tention due to considerable importance for public safety.
Question remains whether our results could be extrapolated
and predict risk for traffic accidents in severe OSA patients.

Future studies are required to investigate correlation of driving
skills in subjects suffering from OSA with the results obtained
on CRD-series tests measuring speed of solving simple arith-
metic operations, speed of perception, and complex psycho-
motor limb coordination.

In conclusion, we believe that usage of CRD-series tests
could be reliable tool for assessing improvement in cognitive
and psychomotor abilities in OSA patients during CPAP ther-
apy. The results of this study indicate that compliant CPAP
treatment in severe OSA patients appears to have significant
effect on complex psychomotor limb coordination.
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