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An analysis of correlation between EEG signal and HRV during attentional status
with children under 15 years
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Abstract

This paper illustrates the inter-relationship between the theta/alpha ratio of the EEG signal and multiple HRV
related parameters associated with the cardiovascular system response during event-related stimuli. Both EEG and
PPG signals were simultaneously recorded in 21 healthy subjects. All subjects had their attention focused on the
CNT program for nine minutes. Time-frequency analysis was applied to the EEG and PPG signals. The theta/alpha
ratio was extracted from the EEG results, and the HRV features, including beat interval(l), SDNN(2), RMSSD(3),
NN50(4), LF(5), HF(6), and LF/HF(7), were extracted from the PPG. Through multiple linear regression, the
relationship (R?) between the multiple combined features and the theta/alpha rhythm was identified.

As a result, the combinations of R*(R*=0.253; seven dimensions) and the theta/alpha ratio indicated a higher
inter-relationship value than those of other combinations. The combinations of features that were greater than three
dimensions, based on {SDNN(2), HF(6)}, generally showed higher R® value. We demonstrate that the high
dimensional combinations had a higher correlation than did the low dimensional combinations.
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3 3 3 3 4 ! ! Vet 234567285 {134,567 ¥Es)g
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5 5 6 6 6 6 6 oA §ae WEsl ofd g o 2= 9lrh
6 7 7 7 7 7 7 X 3 Y 2Fe] vEd F dE BEE AT
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A-Ae) Fa vk R?9 B 0.117
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it RS 2she 23hHe] BT
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HEolM RPZO| OIS ETE Ze M2

g zZrzsilct)
? 2 2 2 2 3 3 3 3 4 4 4 5 s 6
34 s 6 7 4 56 7S 6 7677
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2 . . J TR T YT ,'.1;3‘7*'f‘.ma%ﬁ;,
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<05 *p< 0l
E 6 MY B Yol 02 oxdoldel FHAEE B+ E7 IR UUCH 2 xHM HUH sesel A
x50 DASHE BRAIM R0 HR008YS 3}
5 Ho sMom Tlmalod Counted values for
B aF sdSR dxsigct excluded feature
2 3 4 5 6 7 I 2 3 4 5 6 7
I 064 048 048 088 I8+ 075 REof 6dim 1 0 [ L 1 0 0 R >0209
2 S I N V8 BUIET S Rof Sdim 5 2 5 4 4 0 4 R:>0U75
3 . Sms s o RPof 4dim 9 5 11 9 7 1 6 R:>0.145
4 . : S 09L 129k 03 R of 3dim 13 10 13 13 10 4 13 R >0.117
5 - - 16 086 SUM 28 17 30 27 22 5 23 -
6 - - 134* dim: dimension
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(SUM)E 3 4174718 &5& dwshks EEG Aa o A8He 949 ¥y Agrt 2adss 488
] theta/alpha 23 AP HA A28l S opiEs Wy A A28l EEGEl &%F9] RV ®ohddh

23 ARRA o152 vehdth & SUMe] &4 ¥ 75 FEs] A AlFel & 4% FE oA

ALAFE, R b AR g $28 wigryk 2 W4E 49U HFE) >> SDNNQ) > LE(G) >

BE 78 Fdl #l F glvh LE/HF(7) > NN50 (4) > beat-interval(l) > RMSSD(3)

2 ekl 4 olvh ¢ ARE HlR e s RMSSDR)

5, 13 3 HE RY el 7P 9% A vl 1% feature 2. 7+5-)

H
FZ% theta/alpha 7} ﬁﬁé%?ﬂ%— UrEML HRV¢
e 19w

5 ol \ Fa% %X}%O]E} 017}4 A 3t
= Alo 3 57 . JV&l7 oroit
. °§”;“Qf‘ TR AR e aars e e Bl 249n
. o 5 o T AYS
theta/alpha ‘L} HRV €] W55 e daddnda A= FAolir, HAAGAAME Y7 AXGE7F |
UERYZ] 98] B £% RS B6) Qe we g o T SeEim mesh wrhe
) s FE s =) T U OBA SRR OlTh A0, olubA o ol- w37 ol
=0 &3 37 Ne Alas HAEA] SR mElE Ad wdo] glvke Al dubdos gHm giv
& AY 39 HE A A Hors et 3 W)= =
AA 2 AFGolM ] duin BHG(FTFAE A
th 2 AFelA Aldld HE A gRRsoR

Al
51 al
= 7 9] t al.,
$Hoh=  Klimesch(1999)9] =% W&o &A%} o o W (Hagenam ¢ &
tetwalnash 1% 5o g msdmge 2003; Miskovic & Schmidt, 2010). 3FA|2F 9 & ol A
cta/alpha ™ e HFE RN w = BB A9l BEA S dkg- is
SDNN(2), HF(6)7} X3 3abd o]ike} zgolAl 4 t,,:)] N ‘%Tﬁ] x]zijl _ﬁu;f e
BYow fash e THE peRAs e 2

L T3 EEGE *gx*u kR & &2 ol A%l
A 7E ol 5259 SDNNQ)& Ale)shs wisls L LAAHE o2 B
. AZrdd MEERT 28217 Aol A of §71 wiiell, AV AL E HHe® ot
_ ’E_“ }O \__/\—" 1l
HHERIE T A9 W = 3 % 9l gAl7F5 S HRY 7]8he) A oo,
of Wzte} Ao o =& AR VeI, A
2 7HA9 A Ropint opjgl W, BE 2 AY 4k
oA A A vk die ¥ g by 2 5
Ao Ag" F e EAQ Hrh AnEs &§
sk Ao vEY T SRR £ Bk wAst Vg o
7=k Ao .
£ Alube) wshe of e glse) s waeA) e o g u
: o oz o] Aldbi 5 5LE : o
WiEell SDNNQR)yE 429l Auhse] ving wshs Nl Huas whe BAH fod Az
7R &1x] BEh ¥ 96: Pe " A -
ZHABFA] B 3o Goldberger, 1996; Peng et al., 1998). Jel 2s148e F8) gold 4B Busted wu
HF(6)E T3F FGolA FE51 ofa=o] gz o e o
. ANg glyE Ao F¥T slo|rh
FAHER DI o] Ak HRe)= E790A4 ¢}
o] G ex)lA Hd R R 2ushe 723
e el ZHAT o)A HR6)7F T E WTE
ot Aol mlRle gl & ARYS dAE FEE wjthA (2006). ADHD A& 918k daksk A
ok AR g A A Fokg Beeg A AolA] 715 ALY §-8A. AER 798 12(1),
7171 $aiA] grielde] AR dolg 7} S 39-49.
ofght}. 1 R HF(6)2> AR 2] Wil up2 =3t AAE, 73] o] &4 (2007). MAra AAAA
A1 Aubgel wgs gAshed @A) glvh 2B I 2 1 (COMCOG, CNT)E o] &35t HEF Fat
o= SDNN(2)¥ HF(6)2 RMSSD(3), NN50(4), o] 798 Fo¥ FHzI gishEelA Rt
LF(5), LE/HF(7)%t Z23+% ) EEG 2139 SAH= ] 19(4), 25-32.
Frolgh daaAls veRd 4 ik whekA HRY W olAAl, AFEH, AXE, ol BA, F3A], AW, o
FEo et B4e He) A4 AR 1% HEw 261 (2009). A o] ofFo] FolFF | vl A
A e Bashs AgE &8 7Meeta, 39 Wy T gl wet At gk Al E ek F], 1702),

A



15M o|at of=2 atez st

O - i

91-104.

Anatoly, B., Meir N., Boris, K., & David, L. (1998). The
variability of the photo- plethysmographic signal - a
potential method for the evaluation of the autonomic

nervous system. Physiological Measurement, 19(1),
93-102.

T.A.

emotion

Dennis, (2010).

regulation

child

perspective  of

Neurophysiological for
from the
emotion-cognition integration: current directions and
future challenges. Developmental Neuropsychology,
35(2), 212-230.
Galbraith, G. C., Buranahirun, C. E., Kang, J., Ramos, O.
V., & Lunde, S. E. (2001). Individual differences in

autonomic affects

activity brainstem  auditory
frequency-following response amplitude in humans.
Neuroscience Letters, 283(3), 201-4.

Goldberger, A. L. (1996). Non-linear dynamics for
clinicians: chaos theory, fractals, and complexity at
the bedside. Lancet, 347(9011), 1312-1314.

Golocheikine, S. A., & Aftanas, L. 1. (2001). Human
anterior and frontal midline theta and lower alpha
reflect emotionally positive state and internalized

high-resolution EEG
meditation. Neuroscience Letters, 310(1), 57-60.

Gyurak, A., & Ayduk, O. (2008). Resting respiratory
sinus arrhythmia buffers against rejection sensitivity
via emotion control. Emotion, 8(4), 458-467.

Hagemann, D., Waldstein, S. R., & Thayer, J.F. (2003).

attention: investigation  of

Central and autonomic nervous system integration in
emotion. Brain and cognition, 52(1), 79-87.

Jinsung, K., Jongbum, L., Wanseok, K., Hyounjin, S.,
Daiseg, B., & Hyelin, L. (2003). The Validity and
Reliability of Computerized Neurocognitive Function

Test in the Elementary School Child. Korean
Psychosomatic Society, 11(2), 97-117.

Klimesch, W. (1999). EEG alpha and theta oscillations
reflect cognitive and memory performance: a review
and analysis. 29(2-3),
169-195.

Kubota, Y., Sato, W., Toichi, M., Murai, T., Okada, T.,
Hayashi, A., & Sengoku, A. (2001). Frontal midline

theta rhythm is correlated with cardiac autonomic

Brain Research Reviews,

activities during the performance of an attention

HEaEfol M EEG 412 2f HRVE| &H22A &4

277

demanding meditation procedure. Cognitive Brain
Research, 11(2), 281-287.

Lynda, T., & Michael, T. (2005). Neurofeedback
Intervention for Adults with ADHD. Jowrnal of Adult
Development, 12(2-3), 123-130.

Malik, M. (1996). Heart rate variability : Standards of
measurement, physiological interpretation, and clinical
use. Task Force of the Furopean Society of
Cardiology and the North American Society of Pacing
and Electrophysiology. Circulation 93, 1043-1065.

Miskovic, V., & Schmidt, L. A. (2010). Frontal brain
electrical asymmetry and cardiac vagal tone predict
biased attention to social threat. International Jounal
of Psychophysiology, 75(3), 332-338.

Miyake, S., Yamada, S., Shoji, T., Takae, Y., Kuge, N,,
& Yamamura, T. (2009). Physiological responses to

A test or retest examination.
Applied Ergonomics 40(6), 987-996.

Nitzanyx, M., Babchenko, A., Khanokh, B., & Landau,
D. (1998). The variability of the
photoplethysmographic signal - a potential method for

workload change.

the evaluation of the autonomic nervous system.
Physiological Measurement, 19(1), 93 - 102.

Peter, E. H., Richard, O. D., & David, G. S. (1996).

Classification, 2nd
Wiley-Interscience.

Ristimae, T., Makikallio, T. H., Airaksinen, K. E., Peng,
C. K., Goldberger, A. L., & Huikuri, H. V. (1998).

Heart rate dynamics in patients with stable angina

Pattern edition ed.

pectoris and utility of fractal and complexity
measures. The American Jounal of Cardiology, 81(1),
27-31.

Sauseng, P., Klimesch, W., Schabus, M., & Doppelmayr,
M. (2005). Fronto-parietal EEG coherence in theta
and upper alpha reflect central executive function.
International Journal of Psychophysiology, 57(2),
97-103.

Stam, C. (2000). Brain dynamics in theta and alpha
frequency bands and working memory performance in
humans. Neuroscience Letters, 286(2), 115-118.

Yu, X., Zhang, J., Xie D., & Zhang, C. (2009).
Relationship between scalp potential and autonomic

nervous activity during a mental arithmetic task.



278 #2057 - RM=

Autonomic Neuroscience: Basic and Clinical, 146(1-2),
81-86.

-8 1 11.04.20
FAHE 1 11.05.16
AZEA 1 11.05.25



