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Background : Mental stress probably leads to disease by the effect on autonomic nervous
system, especially on cardiovascular nervous system it leads deleterious effects ranging from
the appearence or worsenig of ischemia to lethal arrhythmia or sudden death. Especially after
myocardial infarction this risks were increased.

Purpose & Methods : In order to assess the effect of postural change and arithmetic test
on the state of autonomic nervous system in patients with AMI(acute myocardial infarction)
autoregressive power spectral analyses were applied to 21 healthy subjects(51.9+ 6.5 years) and
20 AMI patients(55.3+ 74 years) during supine, standing and arithmetic test.

Result . R-R interval and systolic blood pressure decreased during standing compared with
during supine position but there were no remarkable changes during arithmetic test compared
with during supine position.

In two groups. both during standing and during arithmetic test, compared with during supine
position, the remarkable increase of LF(low frequency) spectral parameters(Nu, p<0.001) and
decrease of HF(high frequency) spectral parameter(Nu, p<<0.001) were observed. And during
arithmetic test, compared with during standing, the remarkable increase of LF spectral parameter
(Nu, p<001) and decrease of HF spectral parameter(Nu, p<<0.01) were observed. LF/HF
ratio and LFCCV/HFCCV ratio. as an index of sympatho-vagal balance, significantly increased



during standing and during arithmetic test compared with during supine position and the

increase was more prominent during arithmetic test(p<<0.05).

There was no significant difference of spectral parameters between two groups.

Conclusion -

In conclusion. sympathetic activity increased during standing and during arith-

metic test. Especially, during arithmetic test it induced only sympathetic activity to increase

remakably without significant hemodynamic changes. The state of autonomic nervous system

7—10 days after AMI was not different from that of healthy subjects. Among the spectral

parameters, Nu was more useful than either PSD or CCV in assessing autonomic nervous

activity.

KEY WORDS : Power spectral analysis * Autonomic nerve * Myocardial infarction * Mental st-

ress.
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Fig. 1. Flow chart of power spectral analysis.
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2. Fast Fourier transform algorithm
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Fig. 2. Equation of the power spectral analysis.
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Fig. 3. Schematic representation of tachogram and spectral distribution of RR variability in a control subject : at
the supine, at the standing, and during artithmetic test. A pie chart may facilitate the appreciation
of the balance between low frequency(LF) and hit frequncy(FT) and high frequency(HF) cmponents.
Pannel A : Supine position, Pannel B : Standing position, Pannel C : During arithmetic test, PSD, power
spectral density ; CCV, coefficient of component variance.

— 27 —



tion program), A E X 8] T2 1% (normal dis-
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Za(p<o.00D)d o $37] YT 118,18+ 2,
43mmHg= %32F9) A1 9] 129.521/2.12mmHgoll ] 3]
FoEA 72 (p<0.001) 83T

AARA] R-RZPAL 0731 0.05secE G A
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o]7} Q1ith

Low frequency spectral parameters= %99 2] LF-
CCV 107.90% 10.54, LFNu $9.06+1.91% ) H]3]
71 A) 233.32+ 87.75, 54.03+ 2.31% 2} FAHA] 203.
51+ 17.62, 64.39% 2.09% 2 2 8HA Z7H(LFCCV,
p<0.001 ; LFNu, p<(0.001)3}{t}(Fig. 4). High
frequency spectral parameter= %9+ A] HFNu 47.
05+ 1.95% 9 H]3} 7]H A 34.011/1.81% ¢} AAFA]
26.04+ 1.69% 2 Al A4 (p<0.001) 3 H T}
(Fig. 5).
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#Z= Ak (Fig. 4, 5).

Ag-Fuz A7 78 A) LF/HFY] 9 LF-
CCV/HFCCVH] = 4 F9] Al Zh2t 0.88+ 0.09, 0.62%
0.06 RrlE 719A] 1.70+0.15, 1.17+0.082 7|9
AN BThE AAEA] 2,161 0.19, 153+ 0.092 & A 31A|
Z 748t vH(p<C0.01) (Fig. 6).

Ak A fabe b9l Al o f-2) 8 2fe] 7t
A H(Fig. 4-6).

— 98 —



Table 1.
cts

Effect of standing and arithrmetic test on blood pressure and spectral parameters in healthy subje-

Suress test

Supine

Post stress

Standing Arithmetic
Mean R-R interval(sec) 081+ 0.08 N7+ 0.03* 0.73+ 0.05
Bloos pressure(mmHg)
Svstolic 129.52+ 2.12 118,18+ 2.43% 128.18% 2.91 118.33% 9.80
Diastolic 79.05% 1.81 4551 143 80.00%t 147 66.69t 3.33
LF H» 0.06% 0.01 0,07+ 0.01 0.07% 0.01 0.06x 0.02
LF PSD(msec?) 17611+ 48.75 491.60+104.70 355,512 76.05 115.67% 20.52
LF Nu(%) 39.06% 1.01 5403+t 231" 64.39%f 2.09% " 40451 2.05
LF CCV 107.90% 10.54 23332+ 37.75% 20351k 17.627 87.67% 528
LF Hz 0.19% 0.01 021 0.01 0.24% 0.01 0.19% 0.04
HF PSD(msec?) 244101 95.65 2127.071 6453 171.92£ 60.66 136.20% 27.70
HF Nu(%) 17.05% 1.65 3401%E 181 26.04L 1.69% 7 47.85% 1.15
HF CCV 180.33% 18.42 19548 25.71 140.06£ 16.70 151.89% 14.90
LF/HF 0.88+ (.09 1.70% 0.157 2,16+ 0.19%° 0.86% 0.03
LFCCV/HFCCV 0.621 0.06 1178 0.08% 153t 0.09%° 0.59% 0.09

P<0O.001 vs Supie P<70.05,
LF, low frequency i HE, high frequney :

variace + Nu, normalized unit

400, P<0.001
330r P<C0.001
P 001
3004 .
™1
2504 P< 0001

P<CO.00

PSD(msec™) %)

® Post test

® Arithmetic
test

O Supine 0 Standing

Fig. 4. Comparison of low frequncy spectral parameters
in heaithy subject.
PSD. power spectral dencity ; Nu, normalized

unit 3 CCV, nefficient of component variance.
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Fig. 5. Comparison of high frequncy spectral parame-
ters i healthy subject.
PSD. power spectral density ; Nu, normalized
unit 1 CCV, cosfficient of component variance.
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P<0.05
1

P<0.001 P<0.05
25 —
P< 0001 P<0.001
| —

P<0.001

LE/HFCCV

® Arithmetic  ® Post test
test

LF/HF

O Supine & Standing

Fig. 6. Comparison of LF/HF ratio in healthy subjects.

LF, low frequncy ; HF, high frequncy ; CCV.

coefficient of component variance.

mmHgx= F9]8 zfol= glTh

AAAFA] R-RZFAE 0.78% 0.04sec2 49} Al o)
Hl&) 74 (p<0.05)3d oy %7 He125.68
+3.44mmHgRE %o}l A9} f2)3F 2ol 7} gl
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71H Al 53.821 1.31% 2+ AAMA] 62.87

LF spectral parameter<
20% o] H] 3|

12.17% 2 8 Z7Hp<0.001) 3} 2.0, HF
spectral parameterv> % 9F$/ Al HFNu 46.33% 2.80
%ol H)3) 718 A] 33.851 1.59% &} AAFA] 28.46% 2.
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53] AAHA] 719 A ol W3 LFNuo] @A & 57}
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= A
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Table 2. Effect of standing and arithmetic test on blood pressure and spectral parameters in the post myocar-

dial infarction patients

Stress test

Supine Standing Arithmetic Post stress

Mean R-R interval(sec) 0.82%+ 0.04 0.67f 0.03* 0.78%  0.04* 0.77% 0.05
Blood pressure(mmHg)

Systolic 12501 2.66 12250+t 2.98 125.68+ 3.44 129.17+ 4/68

Diastolic 79.50% 1.69 7550  1.70 75.79%  2.01 76.69%t 2.56
Low frequncy Hz 0.06+ 0.01 0.07t 0.01 0.07t  0.01 0.06+ 0.01
LF PSD{msec?) 99.08+ 10.78  286.04% 180.45 381.45+ 181.98 137.23+ 47.68
LF Nu(%) 38.532% 2.20 53.82%  1.31%%% 6237+ 2. 17*Fmtt 38.70%t 1.81
LF CCV 86.76%t 535 172381t 42.29 150.03%  8.35%%* 90.36% 9.23
High frequency Hz 0.17% 0.01 021+ 0.01 0.22%  0.01 0.14% 0.01
HF PSD(msec?) 122,92+ 16.50 17537+ 108.48 182.79% 98.25 171.55%£ 61.75
HF Nu(%) 46.33% 2.80 $3.85%  1.59%%*  98.46% 2.03%*%7 49.58% 1.69
HF CCV 156.02+ 6.66  154. 2+ 30.52 11544 580%%% 185.52% 18.13
LF/HF 0.96% 0.10 1.61%  0.16%%* 2.18%  0.18%*% " 0.79% 0.06
LFCCV/HFCCV 0.58% 0.06 1.01+  0.09%** 1.26%  0.09%%*** 0.49% 0.04
“P<0.05, **P<0.01, ***P< 0.001 vs Supine

“P<0.05, *+P<0.01, “**p<0.001 vs Standing
LF, low frequency 3
variace + Nu, normalized unit

HF, high frequncy ¢ PSD, power spectral density

CCV, coefficiency of component
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Table 3. Effect of standing and arithmetic test on spectral parameters in inferior wall myocardial infarc-

tion

Stress test

supine Standing Arithmetic Post stress

Mean R-R interval(sec) 0.78% 0.06 0.66+  0.03 0.79% 0.06 0.75% 0.06
LF PSD{(msec? 100.64% 16.43 419.25% 299.29 295.72+ 49.83* 94.64+ 24.38
LF Nu(%) 39.61% 2.13 54.48%  1.66%%* 62.94% 350" """ 38.93% 261
LF CCV 90.95t 5.88 207.94% 69.30 148.27+ 11.80%** 85.48% 10.69
HF PSD(msec?) 107.483%+ 17.24 252.05% 180.08 101.01+£19.95 11046+ 21.88
HF Nu(%) 43.44% 3.02 33.64f 2.00% 29.79+ 3.95% 48.63% 2.36
HF CCV 149.34%+ 6.79 176.64% 50.34 128.48+ 7.00%* 162.55+ 7.87
LF/HF 0.96x 0.10 1.68f  0.14%% 1.92% Q.17%%* 0.81% 0.09
LFCCV/HFCCV 0.63%t 0.07 1.01+  0.13 1.10+ 0.09%¥ 0.53% 0.06
*p<0.05, **P<0.01, ***P<0.001 vs Supine.

*P<0.05 vs Standing.

LF, low frequency ;s HF, high frequncy ; PSD, power spectral density 3
CCV, coefficiency of component variance 3 Nu, normalized unit.

Table 4. Effect of standing and arithmetic test on spectral parameters in anterial wall myocardial infarc-

tion

Stress test

Supine - - - Post stress
Standing Arithmetic

Mean R-R interval(sec) 0.84% 0.05 0.68% 0.03 0.77%  0.04 0.81  0.90
LF PSD(msec? 90.36% 10.39  96.87+12.89 944.98+ 504.48 222.42+ 80.91
LF Nu(%) 3552+ 3.62  53.80%f 2.01%* 62.39% 277%==* $8.25%  1.65
LF CCcVv 77.01 6.06 121.88% 6.67** 148.76% 10.16" 100.11£ 12.19
HF PSD(msec?) 139.66+ 67.69  58.08% 9.06%* 478.38% 276.05 293.73+ 103.16
HF Nu(%) 51.74% 398  32.98% 275%% 2535k Q45%et 5150 1.16
HF CCV 165.48% 9.56 118.18+ 6.58%* 101.26% 4.92***+++ 93145+ 9153
LF/HF 0.77% 0.16 1.54% 0.36 256+  0.30%**F 0.74%  0.02
LFCCV/HFCCV 0.48% 0.07 1.07+ 0.12%* 1.51%  Q.14%%nt++ 0.43% 0.0l

*pP<0.05, **P<0.01, ***P< 0.001 vs Supine.
*P<0.05, **P<0.01, "**P<0.001 vs Standing.

LF, low frequency : HF, high frequncy i PSD, power spectral density 3
CCV, coefliciency of component variance ; Nu, normalized unit.
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Fig. 8. Comparison of spectral parameters at the stan-
ding between two groups. LF, low frequncy ;
HF. high frequncy ; Nu, normalized unit ; CCV,
coefficient of component variance( % Data X
100).
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Fig. 9. Comparison of spectral parameters during arti-
thmetic test between two groups. LF low frequ-
ncy 3 HF, high frequncy 5 Nu, normalized unit ;
CCV. coefficient of component variance( * Data
X 100).

Table 5. Difference of spectral parameters according
to the postural change(standing/supine ra-
tio) between the healthy subjects and myo-
cardial infarction patients

Control Myocardial infarction
LFPSD 1.42%+0.11 1.46% 0.09
HFPSD  0.76%0.06 0.78% 0.07
LFCCV  2.16%0.41 225+ 0.70
HFCCV 1491 0.36 1.00£0.19
-F, low frequency 1 HF, high frequency i PSD,

power spectral density 3 CCV,

coefliciency of component variance.

Table 6. Difference of spectral parameters according
to the arithmetic test(arithmetic test/supine
ratio) between the healthy subjects and
myocardial infarction patients

Control Myocardial infarction
LFPSD 1.69% 0.07 1.72+ 0.13
HFPSD  0.56% 0.04 0.65% 0.07
LFCCV  201%£0.23 1.82+0.15
HFCCV  0.82%+0.10 0.7510.04
LF, low frequency i HF, high frequencv; PSD,

power spectral density 3 CCV,

coefliciency of component variance.
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