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A Study of Intrinsic Alpha Rhythm, Electroencephalography, and Heart Rate Variability Index
as Indicators of Cognitive Function and Health in Elderly Adults
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Abstract

This study was an examination of the relevance and clinical significance of electroencephalographic (EEG)
indexes (e.g., mental/physical stress and attention) and indexes of heart rate variability (HRV) with regard to
cognitive function and physiological health conditions in elderly people. A device was used to record two-channel
EEGs of the frontal lobe and a one-channel ECG simultaneously. Subjects were 76 people average aged 73. The
significant findings are as follows: First, subjects whose intrinsic alpha rhythm had high amplitude, regardless of
peak, showed higher resistance to mental stress and lower physical stress than did subjects with low-amplitutde
intrinsic alpha rhythm. Second, HRV, SDNN, and RMSSD indexes showed strong positive correlations between
the two groups of subjects regardless of the division of groups. Third, the alpha asymmetry of the left and right
sides of the brain in subjects with low-amplitude intrinsic alpha rhythm was larger, and the delta/alpha ratio
(reflecting physical stress) and theta/sensorimotor rhythm (SMR) ratio (showing the decline in attention) were
bigger. Fourth, the subjects in whom intrinsic alpha rhythm peak occurred during slow rhythm had a higher
theta/SMR ratio than did subjects whose peak occurred during fast rhythm, which was related to a steeper decline
in attention. Therefore, the presence or absence of intrinsic alpha rhythm peak and amplitude on quantitative EEG

may be an index reflecting the cognitive function and physiological health of elderly people.
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71 HHE7HE dolH o HIFE T Jlow H gt
#H AR S G 7 7 de AR ol Ao (Park
Ko, 2008), 7% vt} vAY} Hus Add -
Atk olH g ¥t AAb= Mg B AIZko] AA 48
3 FAgo] glow, Zhﬂl 7hekste] A @A ot
WO RN AHo] JoHE FF T & 7ol
=43 " Ao ﬂ—(Kim Kim, & Lee, 2013).
=3} H ol ©]gt Alphaste] - 93 v A

A8 ZH 3 #Ho] 1 3(Gotlib, Ranganath, & Rosenfeld,
1998), Betath= o] 2 ekt o] AT Amoss,
2009). T3 Delta/Alpha 4l Alpha/H-Beta H] &2 U] -
oA g acleR Qg S|4
st A= & e =(Peniston et al., 1993) A|ZZ
AREE AL Stk 53], w7+ ZHbackground EEG)®] 2
2] %3] A(intrinsic rhythm peak)©= I =% E - (power
spectrum) 39| 6~13Hz G WA F5Ho=z 71
=2 93 el 2 el (Penttild et al., 1985; Pucci et
al,, 1999), Zf2E539=2e 91X¢ Fei= AA5
FEAe ddo] e AoE dEA Ut
Hue] YFEEd #dEE JdYATE AR,
A S-S
o % IFEEIAY FEE HWE ATl QA7
9] #1217
FA

, AAA AE# 2o

-

Ir
r
AL
il
IB
|o
i
o
off
QL
)
>
=
[
o
Hir
o
bl
e
(o3
R
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Fig. 1. Relationship between MMSE index and intrinsic
rhythm peak (Prinz & Vitiello, 1989)
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Fig. 2. Distribution of power spectrum with degeneration of
cognitive function (Pucci et al., 1999)
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Table 1. Characteristics of Alpha intrinsic rhythm high and low
groups

High group Low group
Variables (n=54) (n=22)
Frequency (%) |Frequency (%)
Male 10(18.5) 6(27.3)
Gender
Female 44(81.5) 16(72.7)
Ignorance 16(29.6) 6(27.3)
Elementary school 10(18.5) 4(18.2)
Level of Middle school 17(31.5) 4(18.2)
education High school 6(11.1) 3(13.6)
sunior colege | SO | 5e27
Very bad 2(3.7) 1(4.5)
Normal Bad side 9(16.7) 3(13.6)
health Normal 29(53.7) 6(27.3)
condition Good side 14(25.9) 11(50)
Very good — 1(4.5)
Very bad 3(5.6) —
Current Bad side 2(3.7) 3(13.6)
m‘;‘g d;nd Normal 33(61.1) 8(36.4)
condition Good side 15(27.8) 10(45.5)
Very good 1(1.9) 1(4.5)
Average 3~6 hours 16(29.6) 10(45.5)
sleep for a 6~9 hours 35(64.8) 12(54.5)
week 9~12 hours 3(5.6) —
T WA JATS Alpha IR E FE9] H|Fo] =
A e 548 e r yfElEae Faa

%
AA7E wEE S Fol AR HdA ==

o o
YAk o7 LRSI TH Atre] zpol= 95}

=
o] 5473 9] Alpha Y2l 53 A Ha# 9.11(Hz)o
<338 495 AlQlstal Alpha Peak®] 91217} wH-EH
259, e 25 o8 FE5kITh Alpha Peak
Aol mE Hod st B4 g Table 73 2

, Aol 542 Table 294 ok

Rl

Table 2. Characteristic of group according to Alpha intrinsic
rhythm peak position

Fast position | Slow position
Variables group (n=25) | group (n=25)
Frequency (%) |Frequency (%)
Male 4(16) 7(28)
Gender
Female 21(84) 18(72)
Ignorance 7(28) 8(32)
Elementary school 8(32) 8(32)
Level of Middle school 4(16) 5(20)
education | pioh school 3(12) 2(8)
More than
Junior college 3(12) 28)
Very bad — 2(8)
Normal Bad side 5(20) 2(8)
health
condition Normal 16(64) 13(52)
Good side 4(16) 8(32)
Very bad 1(4) 2(8)
Current Bad side 1(4) —
mind and
body Normal 17(68) 15(60)
condition Good side 6(24) 7(28)
Very good — 1(4)
Average 3~6 hours 12(48) 2(8)
sleep for a 6~9 hours 10(40) 23(92)
week 9~12 hours 3(12) —

Table 3 Alpha T52)%5 A%l wlFo] 7 1t
B 54 ARt sl el 227 geke] Fo4 o)

[e]
5?,
™, Fig. 13} Fig. 2= 9] Hagkol theh 29 E

Y #Ajolth

Table 3. Characteristics of Frequency Band for high and low
groups (relative power/%)

High grou Low grou
frequency %n:;i) i (n:%) P t-test
band
M(SD) M(SD) t p
Delta 0.114(0.07) 0.214(0.14) -3.213 | .004**
Theta 0.187(0.09) 0.208(0.05) -1.290 | .202
Alpha 0.427(0.13) 0.196(0.08) 9.660 | .000%**
Beta 0.199(0.07) 0.271(0.11) -2.926 | .007**
Gamma 0.073(0.05) 0.111(0.07) -2.243 | .033*

*p<.05, **p<.01, ***p<.001

Table 33} o] Jfrel& 219 HlFo] 3ol
2o FAddel mls) A frEls BlEel 9 8kA(=9.660,
p<.001) =A WeptaL 9lom, A2 © = Delta, Theta,
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Atk T3 A EY A AE Fig. 33 o] A
& HTol E=A uehd 549 FH> 9Hz A EolA
Alpha Y fr2]5¥ A9t X159 H|Fo] A4 Uetd<s
HAF3 ioh

0.53249 : B H 5:-10.8(3%)
H H H 8:18.7(%:)

! ! ! @42 9(%

| | | B-19.7(%
Ch1 H : : o

0.0000 |
0.54232
Chz

b

a 10 20 30 40 50
Frequency(Hz)

Fig. 3. Power spectral analysis of 54 groups with high intrinsic
rhythm peak and amplitude (Ch1= Left prefrontal lobe,
Ch2= Right prefrontal lobe)

=9 Hl%ﬂ A
21 © 2 Delta®} Theta 259 HI=E
t}. 53], 5 7Y (prefrontal
lobe) Ch20l| 4= Delta, Theta %132 HVO] AR,
#F= AHAFY Chlol A& Beta X122] 1
22X F - x5 A oA A

0.5102

E 111.9(%)

| 5:35.3¢%6)
| 8:30.6(%)
| o=11.00%),
| E15.5(%

L yTe(%)

f f T
40 s0

Ch1

0.0000 |
0.5377

Chz2

0.0000 |

20 30
Frequency(Hz)

Fig. 4. Power spectral analysis of 22 groups with low intrinsic
rhythm peak and amplitude (Ch1= Left prefrontal lobe,
Ch2= Right prefrontal lobe)
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Table 4. Comparison of EEG and HRV index for Alpha intrinsic o 3HAI(1=-2.343, p<05) & o=z Yeytth
rhythm High and Low group A3 7+ AsF= Alpha T52E AZ o] HEol
High group | Low group — A vehd Fiko] SA urebd el wlsl gAalH
Variables (n=54) (n=22) o - _
Mean (SD) | Mean (SD) ) . FA A 2Eg 2 g AEErE woF AgA A
Alpha AMP | 0.36(034) | 0.050.04) | 6728 |.000%*+ 7 e ¢ e uEt
Alpha R-L | -0.02(0.09) | 0.04(0.31) | -1.177 |.243 Alpha J2l& FFo] =2 v|Fo=z Yehd
Alpha/H-Beta | 6.46(5.78) | 1.66(0.86) | 5.945 |.000%** 3 W UEld Aol olsk EEGSF HRV A% 7+
Delta/Alpha | 0.36(0.40) | 2.06(3.39) | -2.343 |.029% 23 Table 5, Table 63 22Tk Table 59 740 1.
Theta/SMR | 3.91(2.39) | 5.03(9.13) | -0.841 |.403
SDNN | 23.12(13.78) | 31.20(25.68) | -1.778 |.080 Bl Ae] ige] Al et kel A
RMSSD | 22.7021.11) | 27.19(27.02) | -0.774 |.441 oAl vehd A5 A EH, Alpha AMP= %
HRV index | 7.40(3.24) 8.41(3.97) | -1.155 |252 A 2EH 2 AL E 93l Alpha/H-Beta®} ==
LF/HF ratio | 1.49(1.67) | 1.52(1.72) | -0.065 |.948 9] AH0.714, p<.01)°] = RS E LyEpt o]

Note) *p<.05, ***p<.001 / Alpha AMP: Alpha intrinsic rhythm

amplitude(%), Alpha R-L: Alpha asymmetry

AZe

A= Alpha 2L2=

Hl el olxd

24

RelSa =t % HRV X|Eete| 2 ¢ 29

e

0% 2 of\ do o

rz o

2 2EH 2 et APEE Y5t Alpha/H-Beta
SR e wlsi Al Fge]l el gk xbo] Z(1=6.278, T Zola £ 9L om i)
p<.001) =7 Yepd= HAF3 Stk uhHo| Alpha AMPE &34 ~Eg A2 ukgdsl=
A FAEHAE WY Sk Alpha/H-Beta Hl& Delta/Alpha®h= W2 9] 7¥H-0.398, p<.01)°] U=
AME AfElE A5 Tl 229 B2AY oz yehdth o3 Alpha Zf2lE QAE] vE
of wlslM HFatgtel Fl8iAl(=5.945, p<.001) ¥ o] rolx|¥, Delta/Alpha H]&0] ¥obdS ojm gy,
Ao &2 et ol A= AfrElEe] F2 4 A7) AF9 Zol AZTL EAo FEE= FHe ¢
o2 Uehe g ZAA 2Ed 2ol gk A 7t ST s oM, ¥ FurdTE 18 @4
FE7F Eve Ale vtk FAA 2B S 0 o g 1Ee 71 o443} 7Fo] Alpha/H-Beta,
% 3= Delta/Alpha H] &AM E LHEE AZ9) v|F Delta/Alpha H]&-2 Alpha Y25 %] S22
o] A Yehd ek w2 holl wlsiA] H gkl Ao Aol Y5 HoFT Utk
Table 5. Correlation of EEG and HRV indices in groups with high Alpha intrinsic rhythm amplitude (n=54)
. Alpha Alpha Alpha/ Delta/ Theta/ HRV LF/HF
Variables AMP | R-L | HBeta | Alpha | smr | SPNN P RMSSD e | o
Alpha AMP g !
p
r .160 1
Alpha R-L » 248
ro| 714 196 1
Alpha/H-Beta » 000 155
ro| -398%x -.196 -316* 1
Delta/Alpha | = =1 o3 156 020
r 207 -.092 440 220 1
Theta/SMR » 134 510 001 110
r -.160 -.055 050 232 .009 1
SDNN P 248 695 720 091 948
r -151 - 118 096 256 134 908+ 1
RMSSD P 276 395 491 062 335 .000
. r -120 -014 131 189 051 938+ 878+ 1
HRV index » 387 919 345 171 714 000 000
. r -121 -.044 -159 042 -.163 -204 -310% -228 1
LFHF ratio | 384 749 251 761 238 138 022 097

Note) *p<.05, **p<.01
= Correlation coefficient, p= p-value, Alpha AMP:

Alpha intrinsic rhythm amplitude, Alpha R-L: Alpha asymmetry



£ k3= RMSSD(0.908, p<.01), HRV index(0.938,
p<01)} =2 ko] AFto] Sl 2 E YERith HRV
index= AlEIHo|E O] WAl SAEE whdshm,
27484= HRV index7} AAE A2 deA dth
T3k HRV index:= RMSSD9} & ko] A2H0.878,
p<01)°] 3= A E Yept A4 2173E & vk
= A ®2 LA 21+ SDNN, RMSSD, HRV index
= ME ZF AdAgel BF =4 JERTh

Table 6-= Alpha Jfr2l& X% vlFo] ¥A
et Fehe] gddAE B g Aot o] Heh
IfFeE RFo] 2 yehA] esk7] wiiol Alpha
AMP9} ThE |3 efe] Bl ou] Fof7) oz
Alpha AMPE A 2)3t A 52 AaE A AISHATE <
) JA Vet ARES AHEH, Alpha Z - - H]
3 AEZ WHedsk= Alpha R-L-2 Delta/Alphal &
kel AFH0.893, p<.01)°] A= ZALZ YEeRRT] oY
St A¥= Alpha & - 3 A AT ALFE &
Ax ~EY S vrg 3= Delta/Alpha Hl &) AR S
ojm gt} Hute] Alphavts APA o2 HASHTE 9
= Wbroll A JErh B2 S Holm, koA
Alpha@}7} WO ARS| A 915 sjEle] whE FA A e
3} #H FtiDavidson, Jackson, & Kalin, 2000).

%3t Alpha R-L Theta/SMROME S oFe] Abat
(0.950, p<.01)°] U= AL E Yelyitt olgfst A=

Alpha #} - -3 B3 A =7} AZ 55 Theta/ SMR
HEE AX FoHFE7 Askd
th. Theta/SMR H] &2 FHFTEE REY 3™ (Lubar,
1991), AAFHoN A =2 Theta 2|52 Bl5o] AZF
& FAYTEI AstEg ovlgitt o)da 22 Z
=2 mFolE w, Alpha 3’

A e AHE B - 93 ¥
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B3 e &A12 AEHAES Wk ElE Delta/Alpha
2] EoPA S E Theta/SMR H| &% EolA] 937
T7F Astd & s oneth

183 Alpha/H-Beta2} RMSSD A 7+l &-9] 4+
H-0.501, p<.05)°] A= A E UEpsth o] AL 4
2A 2EH 2 A E W3k Alpha/H-Beta Bl &
o] GrolA F it AA S EE W sH= RMSSD
7} oS 9m| gt} B3 Delta/Alpha$t HRV index
= FA FH0435, p<.05)°] A= HoE YER} &

= £ 193l Delta/Alpha H]&-©] Eol2
5 Auhdo]ze] HukAl S E wkd s HRV
index® oS oJnlgith. o] d#} 7o e} 4wt
Ho] =7k X321 Alpha/H-Beta®} RMSSD, Delta/Alpha
9} HRV index| A= 7247ke] A7) b= Ael 4 54
& AAste] AdA ouE Fstrldle dAI7E o

F 9 Aue F748 A7t 98 ZeF Hth

Table 6. Correlation of EEG and HRV indices in groups with low Alpha intrinsic rhythm amplitude (n=22)

e | | e | o | e | o [ ew | By [ O
Alpha R-L ; !
Alpha/H-Beta ; igi !
Delta/Alpha ; 833;* ;(5)1 !
e | 7| e
335 -386 354 406 1
SDNN ; 127 076 106 061
-.063 -501* -070 -.041 821 % 1
RMSSD ; 780 018 757 857 .000
e | | ||| e e
e || B | e | w e e |

Note) *p<.05, **p<.01 / r= Correlation coefficient, p= p-value, Alpha R-L: Alpha asymmetry
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A= 7+ A

Table 7-> Alpha Y fre]lE3 A7t wEeE 2ol 9
28k o = s Fol XS J
Aolth At g Aol X xel gk Jik 7k z}o)

E Yol S BE AN A 4 A
o)

il

Peak H#7k-2 9.7HzZE VER &
o] 8.5Hzell Hlsl HeFgke]l ol akAl(e=8.339, p<.001)
= vebstth 183 FRIFEE v Et= Theta/
SMR H]&°lA] Alpha Peak®] $1X|7} =@l2]5 Zol| <]
21gk Jko] w2 E Fof XS Hhol] vls| Hot
ol a8 (1=-2.779, p<.01) =7 UErstt) o2 g
A =dEE Fol 91X FHdelA Theta 25l
S7tete] FPTERE Askd
o) &2 SMRo| t3 Thetavle] vl & £4 & 5
&) 78 4= AtKLubar, 1991). 15~454] Alo]e] Aj¢lo
U 258k g 2:10]1, S8 oL} 50t =
AL, ol 5114 %, 253y 60t & 4:1 235
olt}. 4:10]8h= 22 Thetaw}7F SMRET} 48] ©] 7}
stk oju|o]tHBak et al., 2007). ©]2] 3 Theta/SMR
v &9 ou2 E uf Alpha YF2 532 $X7t

WE 2 Fo ANBLE FAYFEE o Fobd
F e 4T 5 Aok

Table 7. Group comparison of EEG and HRV indexes
according to Alpha intrinsic rhythm peak position

Fast position | Slow position ftest
Variables | group (n=25) | group (n=25)
Mean (SD) | Mean (SD) t P
Alpha Peak 9.68(0.50) 8.53(0.47) 8.339 |.000%**
Alpha AMP | 0.29(0.24) 0.45(0.42) | -1.671 |.101
Alpha R-L -0.03(0.06) -0.01(0.12) | -0.923 |.361
Alpha/H-Beta | 5.42(3.12) 7.77(7.65) | -1.424 |.161
Delta/Alpha 0.38(0.48) 0.34(0.32) 0.345 |.732
Theta/SMR 3.03(1.54) 4.82(2.82) | -2.779 [.008**
SDNN 21.41(12.65) | 23.25(14.91) | -0.472 |.639
RMSSD 16.04(14.99) | 27.06(25.04) | -1.888 [.065
HRV index 7.09(3.28) 7.64(3.48) | -0.583 |.563
LF/HF ratio 2.06(2.01) 0.89(0.89) 2.666 [.010%**

Note) **p<.01, ***p<.001 / Alpha Peak: Alpha intrinsic rhythm
Peak(Hz), Alpha AMP: Alpha intrinsic thythm
amplitude(%), Alpha R-L: Alpha asymmetry
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p<.05)°] Y= ASZ YEINT, Alpha AMPS} 54
2 ~EfAE 9 slE Delta/Alpha H]&S 2% 2
o] 4#-0.416, p<.05)°] U&= HO=E YEWTE o]
St A¥= Alpha 2215 1F9 HlFo] AAH HAl
A 2EF 2o Ui A FokAH, SH4 2E
B e Sole ou| sttt B3 Delta/Alpha®} Theta/
SMR H| &2 Y3 2] F3(0.470, p<.05)°] h= A
o2 vttt oy AFe A 2EH UL E
oA FARFTELE AMstd F AeS v|srh
Table 9+= Alpha 22|53 Z7F W& Fol] 91X
o] A 4 Atelth Alpha AMP+= Alpha/
H-Beta Hl&¥ =2 o] A430.772, p<01)°] U=
Ao Z UEFI, Alpha AMPS} §A% AEHAZS
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Table 8. Correlation between EEG and HRV indexes in the group of fast rhythm

side with alpha intrinsic rhythm peak (n=25)

s L [ o [ | T oo [ | B [
Alpha AMP ; !
Alpha R-L ; g: :
Alpha/H-Beta ; 'f‘04294* 322 !
oo | 5 |4 | 0 | |
SN A AN
032 139 019 104 ~170 1
SDNN ,: 880 507 930 622 415
~074 ~015 084 098 133 | 842w 1
RMSSD ; 725 942 690 642 527 000
iRV index | 0G0 | | se | s | ses | o | e |
L e I e I R S e

Note) *p<.05, **p<.01 / r= Correlation coefficient, p= p-value, Alpha AMP: Alpha intrinsic rhythm amplitude, Alpha R-L: Alpha

asymmetry

Table 9. Correlation between EEG and HRV indexes in the group of slow rhythm side with alpha intrinsic rhythm peak (n=25)

| e e | | o [ T | o [ | By [ O
Alpha AMP ; :
Alpha R-L ; ;Z !
wotaes | | | |
| 1| | B
G D e O
~244 ~148 060 444% 049 1
SDNN ; 240 479 774 026 817
-237 -199 049 503+ 090 979%* 1
RMSSD ; 253 340 815 010 669 000
e | 0| | e || e e
o | 1| 20| M| | e | e e E |

Note) *p<.05, **p<.01 / r= Correlation coefficient, p= p-value, Alpha AMP: Alpha intrinsic rhythm amplitude, Alpha R-L: Alpha

asymmetry
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