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Summary

The hemodynamic effects of sustained isometric handgrip exercise (IHE) at 50 per cent maximal
voluntary contraction for the period of 2 minutes were determined by means of systolic time intervals
(STIs) in 44 younger normal controls (YN), 63 oldern ormal controls (ON), 26 patients with essential
hypertension, WHO stage 1 and 2 (HY), and 29 patients with ischemic heart disease (IHD). Characteris-
tics of the subjects are shown in Table 1. STIs used in this study were left ventricular ejection time
(LVET), pre-ejection period (PEP) and ratio of pre-ejection period to ejection time (PEP/VLET). These
3 measures were also corrected for the heart rate, STI index (HR) using equations shown in Table 2
and for multiple influencing factors, STI index (MF) using equations shown in Table 3.

The ON group is the reference group and the STTs at rest and changes in response to IHE were
compared with other groups. Comparison was also made with those of YN. For the statistical analysis
Scheffé’s method was applied to compare responses between 4 groups.

Results: Table 4 comprises the data on the entire study groups. The resting recordings did not show
any significant difference in the heart rate and the STIsin ON as compared with YN, HY and IHD (Figure
1). The changes in heart rate (HR), systolic blood pressure (SBP) and diastolic blood pressure (DBP)
from the resting control are illustrated in Figure 2. In each of the groups IHE resulted in increased
HR, SBP and DBP and the increase in the SBP was much more prominent in HY as compared with YN
and ON (p<<0.01 and 0.05, respectively). Changes in the STIs induced by IHE are shown in Figure 3.
The LVET decreased in YN, ON and IHD groups and increased in HY. The decrease in the LVET was
more prominent in YN as compared with ON (p<<0.05). The LVETi (HR) and LVETi(MF) decreased in
all 4 groups and the decrease was much less prominent in HY as compared with ON (p<<0.05 each).
The PEP increased in YN, ON and IHD and decreased in HY and the change from the resting value
for HY as compared with ON was statistically significant (p<<0.01). The PEPi (HR) and the PEPi (MF)
both increased in all 4 groups and the increase in the PEPi (MF) was much less prominent in HY as
compared with ON (p<<0.01). PEP/LVET increased in YN, ON and IHD and decreased in HY and the
change for HY as compared with ON was statistically significant (p<<0.01). PEP/LVETi (MF) increased
by IHE in all 4 groups and the increase was much less prominent in HY as compared with ON (p<0.01).
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The resting STIs did not disclose any difference between ON and patients with HY and IHD. The
IHE produced the changes in the STIs suggesting hyperkinetic circulatory state in HY group. It is generally
agreed that patients in early stage of essential hypertension have an increased cardiac function. The
IHE test at 50 per cent maximal voluntary constraction did not disclose any difference in the STIs
and the STI indices for IHD as compared with YN and ON. This might be explained by a bias of the
IHD group consisting of mild cases with NYHA functional class 1 and 2 and the Prinzmetal’s variant
form of angina which might have different cardiovascular response to the IHE compared to the clas-
sical atherosclerotic coronary heart disease.

The STIs corrected for the multiple factors disclosed the difference between the groups better than
the STIs or the STIs corrected for the HR (STTi). The appropriateness to correct the STIs for the heart
rate or other multiple influencing factors as STI indices for the comparison of the data at rest and during
the IHE remains in question as the regression coefficients are different between at rest and during
the IHE. However, as far as refering the changes in the STIs, interpretation of changes in the STI
indices should make sense.
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handgrip test and left ventricular function
essential hypertension and ischemic heart disease
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Table 1. Classification of materials

Sex Age
M F mean-+S.D.
Normal control
Young (age: 18 to 39) n=44 34 10 344 4.6
Middle to old (age: 40 to 80) n=63 40 23 49+ 8.1
Essential hypertension n=26 17 9 51+ 9.5
Ischemic heart disease n=29 17 12 58+11.4
1. Effort angina . 10 5 5
2. Myocardial infarction 2 1 1
3. Intermediate type 5 4 1
4. THD with no pain 12 7 )
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Table 2. Equations for heart rate correction of
the STIs or STI index (HR) at rest and during
isometric handgrip exercise?®

At rest During isometric

exercise

QS2i =+2.0 HR+QS2
ETi =1.2 HR4+-ET

PEPi =+0.7 HR+4PEP
ICTi =+4-0.5 HR+ICT

QS:21 =+2.0 HR+QS2
ETi =+41.6 HR4+ET

PEPi =+0.4 HR+PEP
ICTi =+0.3 HR+ICT

Table 3. Equations for multiple factors adjustment of the STIs or STI index (MF) at rest and during

isometric handgrip exercise

At rest

QS2i=+2.1 HR410.2 Sex—0.6 DBP-0.2 SBP+QS:2

ETi=+1.6 HR+9.2 Sex+ET

PEPi=+0.5 HR—0.6 DBP+0.3 SBP-+PEP
PEP/ETi=—0.002 DBP-+0.001 SBP+PEP/ET

During handgrip exercise

QSzi=+2.1 HR+9.0 Sex—0.6 DBP+1.1 Grip+0.3 Age+QS2

ETi=-+1.2 HR+10.1 Sex+ET

PEPi=+0.7 HR—0.8 DBP+0.2 SBP +1.2 Grip+0.4 Age+PEP
PEP/ETi=+0.001 HR—0.003 DBP+0.001 SBP+0.001 Age+0.005 Grip—0.023 Sex+PEP/ET

* Sex: male=1, female=0
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Table 4. Data on entire study group

Rest Changes by ITHE

Variables (mean--SE) p (vs ON) (mean-SE) p (vs ON) p (vs YN)

HR beats/min
ON 65.54+1.2 +4.64+1.0 NS
HY 67.64+-2.2 NS +8.14+1.2 NS NS
IHD 69.3+2.7 NS +6.6+1.0 NS NS
YN 60.34+1.2 NS +6.34+0.7 NS

SBP mmHg
ON 124.64-1.6 +15.64+1.6 NS
HY 177.94+4.4 <0.01 +25.2+3.4 <0.05 <0.01
IHD 154.3+3.6 <0.01 +19.5+1.7 NS NS
YN 119.74+1.7 NS +13.74+1.3 NS

DBP mmHg
ON 76.2+1.2 +11.34+0.9 NS
HY 104.9+-2.4 <0.01 +17.34+3.1 NS NS
IHD 89.8+2.2 <0.01 +11.9+1.4 NS NS
YN 69.54+1.6 <0.05 +13.34+1.0 NS

LVET msec
ON 288.4-£2.5 —1.84-1.0 <0.05
HY 290.1+4.7 NS +0.74+1.6 NS <0.01
IHD 290.4+6.2 NS —3.242.2 NS NS
YN 294.94+-2.4 NS —5.7+11 <0.05

LVETi (HR) msec
ON 393.34+1.6 —22.34+0.9 NS
HY 398.2+2.8 NS —16.4+1.9 <0.05 NS
IHD 401.24-3.7 NS —23.0+2.1 NS NS
YN 391.5+1.5 NS —22.4+13 NS

LVETi (MF) msec
ON 399.1+1.5 —21.74+0.9 NS
HY 404.3-+2.7 NS —15.8+1.9 <0.05 NS
IHD 406.6-+3.4 NS —22.34+2.1 NS NS
YN 398.5+1.4 NS —21.54+1.3 NS

PEP msec
ON 95.2+1.6 +2.44+1.0 NS
HY 99.2+2.2 NS —5.4+14 <0.01 <0.01
IHD 98.0+3.4 NS +0.6+1.4 NS <0.01
YN 94.4+2.1 NS +5.24+1.0 NS

PEPi (HR) msec
ON 121.44-1.5 +25.34+0.9 NS
HY 126.34+-2.4 NS +20.6+-1.6 NS <0.01
IHD 125.74+3.1 NS +25.9+1.6 NS NS
YN 118.44-1.9 NS +27.3+1.1 NS

PEPi (MF) msec
ON 119.74-1.4 +19.44-1.0 NS
HY 123.442.7 NS +2.842.1 <0.01 <0.01
IHD 125.14-2.8 NS +17.5+2.1 NS NS
YN 118.74+-1.8 NS +18.54+1.3 NS

PEP/LVET
ON 0.331-+0.006 +0.009+0.004 <0.05
HY 0.344-40.010 NS —0.019+0.006 <0.01 <0.01
IHD 0.336-4+0.014 NS +0.010+0.007 NS NS
YN 0.3204-0.007 NS +0.023+0.004 <0.05

PEP/LVETi (MF)
ON 0.304-+0.006 +0.081-+0.004 NS
HY 0.312-+0.009 NS +-0.028 +0.008 <0.01 <0.01
IHD 0.314-+0.012 NS +-0.080+0.007 NS NS
YN 0.3014-0.007 NS -+-0.083+0.005 NS
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Figure 1. Resting systolic time intervals (STIs),
STI indices (HR) and STI indices (MF) in younger
normal (YN), older normal (ON), essential hyper-
tension (HY) and ischemic heart disease (IHD).
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Figure 2. Changes in heart rate (HR), systolic
blood pressure (SBP) and diastolic blood pressure
(DBP) from control during 509, maximal isome-
tric handgrip exercise (*: p<{0.05 and **: p<{0.01).
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Figure 3. Changes in STIs, STI indices (HR) and
STI indices (MF) from control during 509, maxi-
mal handgrip exercise in YN, ON, HY and IHD.
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