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Earlier, we examined positive effects of hyperoxic air on the cognitive ability of intellectually
and developmentally disabled people (IDDP). In this study, correlation between cognitive
performance in the visual matching task and heart rate (HR) was investigated under normal
air conditions. Eighteen men (mean age 28.7 + 5.0 year) and 22 women (mean age 35.5 = 6.9
year) with an assessed disability level of 2.3 + 0.6 participated. The experiment consisted of
three phases, a total of 7 min, including the rest (3 min), control (2 min), and visual matching
task 2 min phases. The HR in visual matching task phase increased, compared to those in the
rest and control phases. The cognitive ability in the visual matching task correlated with the
HR values; the response time showed a negative correlation with HR, while the accuracy rate
showed a positive correlation. Thus, adaptive changes in cardiovascular regulation probably
related to cognitive efforts and emotional excitation should be considered a noticeable factor
influencing brain supply with oxygen in IDDP (similarly to healthy people). The result of this
study agrees with the earlier obtained indications that hyperoxic air can positively affect the
cognitive performance in IDDP.
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INTRODUCTION

Intellectually and developmentally disabled people
(IDDP) have difficulties in their social and personal
life as a consequence of insufficient or incomplete
intellectual development resulting from permanent
retardation of physical and intellectual growth [1].
One of the most important characteristics of IDDP is a
significant deficiency in the cognitive ability [1].

It has been reported that supply with high oxygen
concentration exerts a positive effect on the cognitive
ability of IDDP [2]. There was a decrease in the
response time of a visual matching task in the presence
of hyperoxic air (92% oxygen) compared with normal
air (21% oxygen). When hyperoxic air was supplied,
blood oxygen saturation (SpO,) increased compared to
that under normal air conditions. Thus, administration
of hyperoxic air is one of possible approaches in

'Department of Biomedical Engineering, Research Institute of Biomedical
Engineering, College of Biomedical and Health Science, Konkuk University,
Chungju, South Korea.

*Department of Information and Communication Engineering, Dongguk
University, Seoul, South Korea.

Correspondence should be addressed to S. C. Chung

(e-mail: scchung@kku.ac.kr).

NEUROPHYSIOLOGY / HEUPO®U3HOIOTUSN.—2014.—T. 46, Ne 2

clinical measures related to IDDP.

Many studies were performed using various
verification methods in order to figure out the effect
of supply of hyperoxic air on the cognitive ability
of normal healthy people [3-15]. Hyperoxic air was
found to enhance cognitive performance, including
visuospatial [7, 10], memory [9, 12, 13, 15], verbal
[4], n-back [6], and addition [8] tasks. Hyperoxic
air improved cognitive ability by increasing the
percentage of correct answers [4, 6-9, 12, 13] and/
or decreasing the response time [9, 10, 12-15]. Two
main factors may be responsible for improved brain
supply with effects oxygen; these are increased SpO,
and changes in cardiovascular regulation. A positive
correlation was found between cognitive performance
and absolute values of the heart rate (HR) and/or SpO,
in healthy young adults [4, 8, 9, 11, 13]. Functional
magnetic resonance imaging (fMRI) studies showed
that administration of highly concentrated oxygen
increased the amount of neural activation due to the
increase of oxygen supply to the brain area that is
closely related to cognitive processing; due to this,
there was an increase in cognitive ability [3, 5].

The positive effect of hyperoxic air on the cognitive
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performance of the IDDP was reported only in a single
study [2]. Further studies using various verification
methods should be done to exactly examine the effect
of hyperoxic air on patients with cognitive problems
like those in IDDP. From these, scientific evidences
will be secured for clinical applications.

In our study, we tried to obtain a basis explaining
positive effects of hyperoxic air on the cognitive
performance in IDDP. As a stage in such studies, we
investigated correlation between cognitive ability
and HR values under normal air conditions, without
administration of hyperoxic air. If we obtain increasing
cognitive performance together with the increased
HR, this means increasing of oxygen supply by faster
blood circulation. Such a result should help to explain
positive effects of hyperoxic air on the cognitive
performance in IDDP.

METHODS

The participants of these tests were workers who
were diagnosed with intellectual and developmental
disability by a psychiatrist and who worked at
a protective workshop of a community welfare
foundation. Eighteen men (28.7 £ 5.0 years) and 22
women (35.5 £ 6.9 years; means * s.d.) with an average
assessed disability level of 2.3 £ 0.6 participated.
They had no disease or abnormality in the cardiac and
respiratory systems.

The experiment consisted of three phases for a total
of 7 min, including a rest phase (3 min), a control phase
(2 min), and a visual matching task phase (2 min). The
control phase corresponded to a stabilization period
before starting the visual matching task. In this study,
a visual matching task of a low level of difficulty was
developed as a cognitive task for IDDP. Each item
involved a simple cognitive task in which an identical
figure on the left was selected from four examples.
This task was a self-developed simple visual matching
task similar to the visual matching task for the effect of
administration of highly concentrated oxygen [10] and
based on other tasks for simple visuospatial cognition
studies [3, 7, 16-18]. During the visual matching task,
12 items were presented at 10-sec-long intervals. The
visual matching tasks were presented using E-prime
(Psychology Software Tools Inc., USA). Items were
presented on a monitor, and the subjects were asked
to press the response button as quickly as possible
via a keyboard to correctly identify the number of the
item presented on the monitor. The response time and
accuracy rate (number of correct answers/total number
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of problems - 100%) in the visual matching test were
calculated.

The HR was measured in min~! during all test phases
using an 8600 series pulse oximeter (NONIN Medical,
USA) on the participant’s left index finger, and the
mean HR value for each participant was calculated
within each phase. The repeated-measures ANOVA
(PASW ver. 18.0) was used for the phases (rest,
control, and visual matching task) as independent
variables to verify significant differences in the HR
according to the phase. To investigate the correlation
between cognitive performance and HR, Pearson
correlations (PASW, ver. 18.0) were calculated to
determine the relationship between the response time,
accuracy rate of the visual matching task, and the HR
value in the visual matching task phase.

RESULTS

The mean response time and accuracy rate were 3050.4 +
+ 1057.5 msec and 89.2 + 13.6%, respectively. Figure 1
shows HR the means in each phase (rest phase, 76.6 +
+ 11.7, control phase, 76.0 = 12.0, and visual matching
task phase, 78.4 = 13.1 min™'. There was a significant
difference in the HR among the three phases (P = 0.001).
As is shown in Fig. 1, the Bonferroni a posteriori tests
revealed that the HR in the visual matching task phase
increased significantly (P < 0.05), compared to those in
the control and rest phases. As is shown in Fig. 2, the
cognitive ability comparatively strongly correlated with
the magnitude of the HR. The response time showed a
negative correlation with the HR (r = -0.456, R?= 0.208,
P = 0.003), and the accuracy rate showed a significant
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Fi g. 1. Diagram of the mean values of the heart rate within three
phases of the experiments. Means + s.d. are shown. Asterisks show
cases of significant intergroup differences with P < 0.05.

P u c. 1. [Tliarpama cepenHix 3Ha4€Hb YaCTOTH CEPIIEBUX CKOPOUYCHD
y MekKax TpbOX (a3 eKCIepPUMEHTY.
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Fig. 2. Correlations between the response time (A, ordinate, msec)
and accuracy rate (B, %) of the visual matching task and the heart
rate values (A, B, abscissa, min™') within the task phase.

P u c. 2. Kopensuis yacy Biamoinmi (4, mMc) i piBHS TOYHOCTI
BignoBined (B, %) y Tecti BizyanbHOro 30iry 3i 3Ha4eHHSIMHU
4aCTOTH CEPIEBHUX CKOPOUYeHb (4, B, xB™').

positive correlation with the HR (r = 0.370, R?= 0.137,
P=0.019).

DISCUSSION

The HR in the IDDP noticeably increased in the visual
matching task phase, compared to the rest and control
phases. There was a significant correlation between
cognitive ability and the HR values in the visual
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matching task phase in IDDP. The response time and
accuracy rate demonstrated significant negative and
positive correlations with the HR, respectively.

Many studies reported that the HR during the
cognitive processing phases increases, compared
to that during the rest phase [4, 6, 8, 9]. In addition,
our study revealed that the HR increased in the visual
matching task phase, compared to the rest and control
phases. It is well understood that an increase in energy
(e.g., glucose) supply leads to upgrade in the adenosine
triphosphate (ATP) production within intervals of high
requires. Increased production of ATP may enable
improvements to be made in information processing
during the performance of cognitive tasks. In order to
metabolize the “fuel,” the brain needs more oxygen
[13]. Therefore, requires for oxygen increase during
the cognitive processing period, and this induces
an increase in the HR [4, 6, 8, 9]. Thus, an adaptive
change in cardiovascular regulation probably related to
cognitive efforts and emotional excitation plays a role
of the independent factor in increase in the oxygen brain
supply during the performance of the cognitive task.

Previous studies showed that as the HR value
during the task phase increased, the cognitive ability
increased in healthy young adults [9, 13]. Our study
also showed that there was a significant correlation
between cognitive ability and the HR within the task
phase not only in healthy people but also in IDDP.
This means that the increasing HR intensified supply
of oxygen by faster circulation of blood during the
performance of a cognitive task, and this induced
the improvement of cognitive ability in IDDP. The
results of this study are in agreement with the data
of our previous work [2] that the supply of hyperoxic
air can positively affect the cognitive ability of IDDP
via influencing the main parameters of autonomic
regulation of the cardiovascular system.

The results of this and previous studies [2] may
provide objective evidence that can be used for
treating patients with cognitive problems that are
obvious in IDDP.

Further studies are needed to be performed to
examine the correlation between SpO, and cognitive
ability under normal air conditions, which may help
to explain the effects of hyperoxic air on the cognitive
performance change in the IDDP. This study would
be further developed by examining the effect of
hyperoxic air on the cognitive ability of IDDP using
a brain analysis based on fMRI. From these studies,
we could obtain improved scientific evidence toward
clinical applications.
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KOT'HITUBHI 3JIBHOCTI TA PEI'YJISLISA CEPIIEBO-
CYJIMHHOI CUCTEMH V JIIOJEM 3 HEJJOCTATHIM
IHTEJEKTYAJIbHUM PO3BUTKOM

'MocaigHUIBKH iHCTUTYT OioMequuHOTO iHXeHepinry, Ko-
ek 0iOMeIMIIMHH Ta HAyK PO 310POB’s IpH YHIBEPCUTETI
Koukyk, Uynrmxy (IliBzernna Kopes).

2 Vuisepcuret Jourruk, Ceyn (IliBzenna Kopes).
Peszome

Panime My BHBYaIW MO3WTHBHI BIIMBH MOBITps, 30aradeHoro
KHCHEM, Ha KOTHITHBHI 31aTHOCTI JIIOAEH 3 HeAOCTAaTHIM iHTe-
nexktyanbHuM po3sutkoM (HIP). V namiii po6oTi Mu mocmimxy-
BaJIM KOPEJSLiI0 MiX MOKa3HUKaMHU KOTHITMBHOI aKTHBHOCTI B
TECTi Bi3yalbHOI BiZIMOBITHOCTI Ta YaCTOTOK CEPLEBUX CKOPO-
yeHb (UCC) y Takux cy6’€KTiB B yMOBax JAMXaHHS HOPMAJbHUM
MoBITpsM. Y Tectax Opanu y4acTh 18 4os0oBiKiB (cepenHii Bik
28.7 + 5.0 poky) Ta 22 xinku (35.5 + 6.9 poky) 3 OLIHKOIO PiBHS
iHTeNeKTyanbHOoro po3BuTKy 2.3 + 0.6. EkciepuMmenT (3arainpHa
TPUBAJNICTh 7 XB) CKJIaZaBcs 3 TPhOX (a3: CTaH po3cinabieHHs
(3 xB), KOHTpOJIb (2 XB) Ta TECT Bi3yalibHOI BiAMOBiIAHOCTI
(2 xB). Bennunun YUCC y Mexkax IbOro TECTy MOPIBHSIHO 3 Be-
JUYMHAMHU B yMOBaxX po3ciabieHHs i KOHTpouto 3pocTainu. [lo-
Ka3HUKHM KOTHITHBHUX 3110HOCTEH KOpenroBajau 3 BeIUIMHAMHU
UCC; kopensilist yacy BiAMOBiAI Oyia HETaTUBHOIO, @ TOYHO-
CTi BiIMOBiAI — mO3uTHBHOI. OTXKe, aJanTUBHI 3MIHH PETYISIiT
CepLEeBO-CYIMHHOI CHCTEMH, MaOyTh, OB’ s13aHi 3 KOTHITUBHUMH
3YCHJUISIMHM Ta €MOIL[IHHUM 30y KEHHSM, € iICTOTHUM (aKTOPOM,
SIKMH BIUIMBA€ Ha MOCTa4aHHs MO3Ky KHCHeM y sonei i3 HIP
(sx 1 y 3mopoBuX nrofei). Pesynprat Hamoi po6oTH y3romxy-
I0THCS 3 OTPUMAHHMMH paHillle CBiIOLTBaMH MPO Te, [0 AMXaHHS
MOBITPSM, 30aradeHMM KHUCHEM, MO3UTUBHO BIUJIMBA€ HAa KOTHi-
THUBHI MOXJIUBOCTI nroneit i3 HIP.
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