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Effect of Exercise and Physical Stresses on the Electrocardiogram

Won Kyun Park and E Up Chae

Department of Physiology, Keimyung University School of Medicine, Taegu, Korea

We studied this experiment to compare the effects of exercise and other body conditions:
i.e., Flack test, cold pressor test and bicycle ergometry on the electrocardiogram. We had
sixty healthy college students who were thirty nine men and twenty one women. Their
mean+SD values of physical characteristics were as follows: age; 22.0+1.4, weight; men
61.71+5.06 kg, women 46, 217.47 kg. We observed the changes of P-Q and Q-T interval, R
and T amplitude, mean QRS vector, S-T segment deviation, and P and T vector.

The result obtained were summarized as follows:

P vector was shifted rightward regardless of the type of stress. T vector was shifted var-
iably in each stress but in the bicycle ergometry T vector was shifted leftward.

Mean QRS vector was shifted rightward immediately after the bicycle ergometry.

Percentage of the occurrence of the depression of S-T segment was 21.7% at the immedia-
tely after the submaximal bicycle ergometry in lead II. The elevation of S-T segment was
often observed after the mild stresses.

Increased amplitude of T wave in the cold pressor test and decreased amplitude of T wave
in the bicycle ergometry were observed.

In the bicycle ergometry and other stresses, the precise mechanism of S-T segment changes
was unexplained but insufficient repolarization in base or apex of the left ventricle due to
heart strain was indicated by so called S-T wvector analysis.
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Table 1. Changes of S-T segment(=1 mm) in Flack test,

4% Al
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374Ut 24, cold pressor test o] A &= 387k 4~5°C
o) ¥ L2& T4 FYxFE, 23 bicycle
ergometry o] A& 287 30 MPH 2 Al x}2] =4 A F
PEE0DL sl o}F ] %S (submaximal exer-
cise)-& H-gletg el AL LT FYAR 437,
A7 deh¢ 28l A4 X Fukuda Denshi, FJC-
7100 A=A & 4%—3}04 2EA fES FHA R
EE 71559, §32 AYF F4, 3%, 58404
A A5t 2 cold pressor test o] A = 2=F 1, 2264
E AAsgE A9 Adueld FET FAL AR A
el 48] 71 5& fET2 2 4bgkel

Agugel A AN HEL A 188 ok
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Flack test ¢} cold pressor test o4 aztgk A X
4£7¢% 29 R 9 Tk stmel PQ, QT4 4
B QRS vector 8] £7 2 R F2]el #] sk F-2)
S E e A 124 ¥ag Ax Ze] RT
el shast BASE AYE 29

g A3 P-Q, QT 74
o] 0.164:0.003sec, 0.367-0.004sec o4 0.14+0.003
sec, 0.2971-0.005sec & = ¢ -f23k 24 (p<0.01) 5
ngem 1% 5¥8E A% vyrh R sa
48 X 12,11F0.42mm o] A 10.3230. 47 mm
G A o gk 24 (p<0.05)F Holn] ¥ 3]5FH
E BEE 2ol Tk

P!

Bicycle ergometry of] 4

fiu rlr

| Stnt asE FEE 2

cold pressor test and bicycle ergometry

n=58
Control Flack test Cold prossor test Bicycle ergometry
during after exposure )
0 3 5 2 0 3 5 0 3 5 min
Lead I + 8.6 3.4 5.1 3.4 — 10.3 6.9 5.1 1.7 1.7 -
Lead | + 12 13.8 15.5 10.3 20.0 22.4 27.6 18.9 15.5 — — 1.7
- — — - — — — - - 103 51 —
Lead I + 3.4 - — — — 1.7 1.7 1.7 — — —
- — — 1.7 — — 1.7 1.7 — 1.7 1.7 1.7
aVR + —_ — — — — - — — 3.4 1.7 1.7
- 6.9 .6 8 9 - 13.8 12.1 1.7 — 1.7
avVL + — 4 - 1.7 .7 1.7 1.7 1.7 -
aVF 3.4 5.1 —

| +
o
—
3
o

- 8.6 5.1 5.1 —

Note: Values mean frequencies of the occurrence per cent of the subjects. Plus signs mean elevation
and minus signs mean depression of S-T segment.
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Table 2. Net changes of S-T segment(=1 mm) from control position in Flack test, cold pressor test

and bicycle ergometry n=>58
Flack test Cold pressor test Bicycle ergometry
during after exposure
0 3 5 1 2 0 3 5 0 3 5 min

Lead 1 + — — — — — 3.4 1.7 1.7 — —
- — - — — - 1.7 — 1.7 3.4 1.7 5.1
Lead } + 3.4 5.1 5.1 3.4 6.9 8.6 6.9 5.1 — — —
- 1.7 3.4 3.4 3.4 3.4 1.7 3.4 5.1 21.7 13.8 10.3
Lead [ + — — — - — — — — — — -
- 1.7 1.7 3.4 - - 3.4 3.4 1.7 5.1

aVR + — ~ - = - - - — 1 34
- 1.7 — — — 1.7 1.7 — — — —
aVL + 1.7 1.7 — — — — — — — 1.7 —
- — - - - - = — — — 1.7
aVF + 1.7 — 1.7 — - - — — — — —
- 1.7 1.7 — — — — — — 12.1 8.6 6.9

Note: Values mean frequencies of the occurrence per cent of the subjects. Plus signs mean elevation
and minus signs mean depression of S-T segment.

Table 3. Changes of S-T segment(=1 mm, 0.08 sec) in Flack test, cold pressor test and bicycle

ergometry n=>58
Control Flack test Cold pressor test Bicycle ergometry
during after exposure
0 3 5 1 2 0 3 5 0 3 5min
Tead T + - — - — — — — — — — — —
Lead T + - 1.8 1.8 1.8 — 1.8 1.8 — — — — —
Lead T + — — - — — — — — — — — —
- — - - - — - 1.8 1.8 — -~  — =
aVR + - — — — — — - — — — — —
- — — — 1.8 — — — — — — — —
aVL -+ — — — - — - — — - — — —
avF

I+
l

Note: Values mean frequencies of the occurrence per cent of the subjects. Plus signs mean elevation
and minus signs mean depression of S-T segment.

Table 4. T and P vectors(T,P) in Flack test, ¢old pressor test and bicycle ergometry
unit: degree

Control Flack test Cold pressor test Bicycle ergometry
0 5 0 5 0 5 min
T M 41.9 44.6 42.2 42.0 41.2 39.5 34.1%
(n=58)+SE 2.20 1. 86 1.68 2.01 2.02 2.23 2.73
M 37.3 48.3 51L.7 54, 2 66. 3* 69. 5% 74
P +SE 11.79 21. 82 15.02 10. 83 2.63 2.92 10.00
n 10 6 9 12 8 9 2

*Sjgnificance, p<0. 05
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TFig. 1-A,B,C. Frequencies of the occurrence of
more than 1 mm elevation or "depression of
S-T segment per cent of the subjects. Plus
signs mean elevation and minus signs mean
depression of S-T segment.

ojrbrt A F 58e4 2.5140.13mm 2 F & &
(p<0.05) & Jepi el F QRS vector = A& A
-?‘- HEF wl8] 10.6%¢4] $E5HYE HYwst 2

F g 5Ee A%E 19k

S-T A9 ‘ﬂi}% A 1Rebe =Ze PQAL JIEA
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testell A= S-TAY Ao AEHE,
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shal o] Fekg Belel (Y 1), oj£A zﬂ 129 4

cold pressor

bicycle, ergo-

Az fFAskg ek AE2Te] ST Aol sidl 4 stress 4]
S-TA¢ w3l (net change) S ¥m F 22} Zom

o 7] A} = Flack test 2} cold pressor test o] 4] Lead J
3 aVF Y 8-TA 45lE: E4 FdEx 3w
=7 ¢kzk velyt).  bicycle ergometry o) A S-T
Ao FFUNESL gel Fvhstd 4@ A F Lead [
A E 19 10.3%04 21.7%2 S-S BTk =
3 ST wale] 3t % A7 71 E22 1mm,
0.08sece] 48] ST A H3l»HNE ¥ed E 33 o)
Flack test i} cold pressor test 4= Lead [dlA]
n] |} g} AF5E & Holut bicycle ergometry o] Al = S-T
Ao Wt A el ok}

Pstel Tselke] vector(®E 4)F 29 P vector =
stress 8] FFol A Glo]l 522 HYgE EYxm
43 A Foll stress o] JE #E A= FIME
Mol 3l Erde o Hoge mnyrl, T vector=
P AL Hejxl Estgxm Fs] bicycle
ergometry ol A= FH7 Azkl wEl o E HAE
B o] 5L e HEw] (p<0.05)F 2
gk, =3 S-TA wste B3gS ST vector & 28
Br % 59 7+, ST vector? aElE YHdE o
g B3z gl o} B A4 Guyton'¥d] £
& ALstg . SE5E stressoll A& ST vec-
tor 7+ $-Z A Fetu gl E2Te a8 AHE f9
3 WEE Holx ggkot obFd FFolAL dE
S-T vector 7} &2 @}udw« Falgcl. = S-TA w93}
of gt Tazle] 3kd B 98k Ta vector & P
vector &] witejulgko® 713 3"5]-04 S-T wvector &} %)
ek morrh FEE9 stress A of] & S-T vector 9}
Ta vector 7} 7+-2 wkdkels] cold pressor test 3 53-
< Adatns o F wigst dgdet oA 54
o] & S-T vector 7} Ta vector o] vj&] dbof ek 3F
e Bgreh (2 2).
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Table 5. Ta and S-T vectors(Ta,ST) in Flack test, cold pressor test and bicycle ergometry

unit: degree

Control Flack test Cold pressor test Bicycle ergometry
0 5 0 5 0 5 min
10 6 9 12 8 9 2
Ta M=ESE —142.7 —131.7 —128.3 —125.8 —1138.7 —113 --106
11.79 21.82 15.02 10. 83 2.63 2.92 10. 00
ST M=*SE —133.5 -130 —118.3 —135 —132* 73.3 157.5
9. 86 5. 00 4,64 6.12 6.98 11.02 67.50
*Significance of ST vs. Ta, p<0.05
_____ Contrel
. Experiment
TN TN
/\ v/ \ .
\ ! )
T vector U | \\/} AN
) \_/ >
< N
I\ \ N
AN / \
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\\ / \ J
\\_/// \\
RN Ta
Ta < \\ /(f\\ \
P vector | ‘\ \ / NN
(To vector)l\ N J | e )
\. \ NY
\\ P \/ v
Flack test Csid pressor test Cicyele ergometry
Fig. 2. Changes of T, S-T, and P vector immediately after stress.
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Table 6. Data obtained by various authors concerning S-T segment deviation in exercise test

Subjects (age,

Authors sex and number) Exercise S-T criteria % occurrence Remark
Mason (1967) 20~60 yrs ergometer, 1 mm, 0.08 sec, 3.7 all are men
52, 107 submaximal except H,U over 40 yrs.
to maximal
Cumming 20~83 yrs treadmill, -1 mm, HU 25~52
(1973) 2, 367 submaximal 0.6 mm, D
to maximal 1 mm, 0.08 sec, H,D 10~25
Erikssen 40~59 yrs ergometer, 1 mm, 0.08 sec H,D,U 4.4 normal angio-~
(1976) 35, 2,014 maximal except U 1.3 gram: 1/3
Goldschlager  20~70 yrs treadmill, 1 mm, 0.08 sec. H,D,U 18
(1976) 5%, 141 submaximal except U 7
Bonoris 25~75 yrs treadmill, 1 mm, 0.08 sec. H,D 41
(1979) 5%, 81 maximal 1.5 mm, 0.08 sec. U
Ro(1980) 20~70 yrs ergometer, 1 mm, 0.08 sec. 10.7 20 yrs: 0.8%
3, 121 maximal
Author(1982) 21~25 yrs ergometer, 1 mm, H,D,UJ 10.3 Lead [
3%, 58 submaximal 21.7 net change
1 mm, 0.08 sec. H,D 0
H: horizontal D: downsloping U: upsloping
oha stgleh. v B A& P, T vector 7 g AR ol oA 5ol A3 dAAH F4£ A g A
& nejZoza £54 HT QRS vectord $% A2 strain(1F Aol A% Ao= 4B o
HAE 54 FHALY A (electrical potential) B3 stress A& S-T A Wafel] it A 71AE £
A m Ao s 4408 A9l Es1d o o o3l 29 29 S-T vector & B o] FZ X stress

o193 220w Q3 w<£Ele] Bl ADo w4

93 249 B A3 AR JEOE YAl 2
£35eleh AARsch STRY stress 2] 449 APE
AgAAE el g g B 4P £ 1
dlqgl o] BjEFolA Lead 9 12%14 S-TH
el VeElgm E 29 FWIE £ o4 FEEY
stress 2314 S-TAY AFAEs} AR Ee] 63
238 o)e g FIHE Hela ot S TAHY Age]
Al ZA A (myocardial infarction), A4 &9 -F(vent-
ricular aneurysm)edl] gt Aelets R} £ A
o AsE 4L FE 4 L5k obHd 239
bicycle ergometry A] S-T A s}7+e] o3k Rae ©
o GAel - Aoz dhe] Fu WA of3H 2FA
ST A EE Baxpef wel Aojst gle

o ® 6oll4 2E ube} ek B AFEY ZFIE o]
A e Holn B8 & 39 AATY STAFEN A%
ST stztel As vebvbxl G & AdA49
d#e] 2088l A& 7abdd = Ro¥9 200 ol A 0.8%
ol A S-TA shake]l vhebdehes Bash 2 dAgstn
e dye] Fohgtd Wk @ TrlsEE

[s]
AR, o)shpe] okHd £5A STAY a7
Agre A A2 Aol AT Aol oz A

A8 STA 4% F449 ¥, ok £FA9
STA S7-¢ AA49 /A3 QAL A LT ¥
FHow o3 AoE AFFr}l 28y stressg] J=

of wzk A2 strain 2915} Washe o HE &
313,14 =3 £54 &7 ST 57l J point ¢
A gale ol $Eol g Ause Fste P
sbmel Frtel 28 AWe ALF & Syl Ta
sk} gakelebs a7 glow & APAE bic-
ycle ergometry A] Ta vector &} S-T vector 7} &Myt
£ 4ae 2o 24 ] pointel A Tashe] 9
ﬂﬂ% 4 g9tk E=¢ ol £34 T
28 iy STA s A EF4A A4 A
=9 strainel] g A4 ALF A sgdsel
il

o i

2 =

S48 8 A% stressvh AR EA WAL dFE
Byl et HE 22419 AZL $d AGY 609
B} Ate = Flack test, cold pressor test, bicycle ergo-
metry & A A3t oh-Ea) & AAE Ao

P vector & stress ] &E5-ol A gle] $Fo=2
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