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Summary

The treadmill test (TM), handgrip test (HG) and cold-pressor test (CP) are now frequently used
clinically for multiple purposes. However, gas exchange analysis has not been a common procedure
during HG. In particular, during CP, it has not been previously reported. Relationships between
these 3 tests and blood pressure, heart rate (HR), respiratory gas exchange and the sympathetic
nervous activity of normal subjects have not been reported, either. This study was undertaken to
clarify these points.

Symptom-limited TM was performed in 11 normal male subjects with a mean age of 45+8 yrs
according to the Bruce protocol, with the HG using the weight-sustaining method (equal weight of
50% maximal voluntary contraction) for 3 min, and CP for 2 min. Systolic and diastolic blood pres-
sures (Ps, Pd) were recorded; HR was measured every 30 sec, and gas exchange variables, such as
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oxygen uptake (VO,) and carbon dioxide production, were documented every 10 sec using an
aeromonitor AE-280 (Minato Medical Science Co). In 10 of 11 subjects, concentrations of plasma
noradrenaline (PNA) and plasma adrenaline (PAD) were measured at rest and at the times of peak
values of the 3 tests.

The peak values of Ps and HR were much higher during TM than during HG and CP (p<0.01),
while the peak values of Pd during HG and CP were higher than during TM (p<0.01). The VO, in-
creased significantly for all of the 3 tests (TM: +7819%,, HG: +65%,, CP: +209%,), with the increment
being the greatest during TM. Both PNA and PAD increased significantly for the 3 tests, with the
increments of PNA and PAD being the greatest during TM. The percent change in PAD was more
prominent during HG and CP than during TM. This tendency was not as clear for PNA as for
PAD. There was no correlation of 4Ps and 4Pd between the 3 tests, but values of 4HR correlated
partially. No significant correlations of peak VO, were observed beween the 3 tests. The peak PNA
correlated between HG and CP (r=0.77, p<0.01), and the peak PAD correlated between TM and CP
(r=0.67, p<0.05).

In summary, numerous differences in hemodynamic and respiratory responses and in sympathetic
nervous activation were observed in the 3 tests. When the 3 tests are undertaken, careful attention

should be paid for their characteristics, discrepancies and limitations.
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Table 1. Responses of blood pressure and heart
rate according to 3 tests

T™™ HG CP
(n=11) (n=11) (n=11)

Rest Ps (mmHg) 116+11 118+11 118+10
Pd (mmHg) 72+7 75+6 78 +6*
HR (/min) 68+11 6449 61+8
Peak Ps (mmHg) 201415 164+19%* 151+19%*
Pd (mmHg) 87+8 114413%*% 104 £11%*
HR (/min) 182416 85413*%* 67+9%%it

4Ps (mmHg)  85+18 464+14%% 33412%*
4Pd (mmHg) 15412  39+10%* 26+9
4HR (/min) 11415 21213%  6+5%6tt

(mean+SD)

* p<0.05, ** p<0.01 significantly different from
TM, 11 p<0.01 significantly different from HG.

TM=treadmill test; HG=handgrip test; CP=
cold-pressor test; Ps=systolic blood pressure; Pd=
diastolic blood pressure; HR =heart rate.
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Table 2. Responses of respiratory gas analysis parameters according to 3 tests

™ HG CP
(n=11) (n=11) (n=11)
Rest TV (L) 0.6+1.0 0.6+0.8 0.5+0.8
VE (L/min) 8.5+1.2 8.0+1.0 8.1+1.2
RR (/min) 15+3 15+3 15+3
VO, (ml/min) 243425 224 4 30%* 218+ 28%*
VCO, (ml/min) 179432 178+28 175428
O, pulse (ml/beat) 3.3+0.7 3.5+0.5 3.6+0.7
Peak TV (L) 2.1+0.2 0.740.2% 0.740.2%*
VE (L/min) 94.3+14.1 14.04+3.4%* 11.342 4%
RR (/min) 46+9 20+ 6** 18+6**
VO, (ml/min) 2,383+316 3704 68** 262+ 57%*
vVCo, (ml/min) 2,649+375 321+76%* 247 £ 57+
O, pulse (ml/beat) 13.2+2.0 4.440.7%* 3.940.9%*

(mean=+SD)
** p<0.01 significantly different from TM.

TV=tidal volume; VE=minute ventilation; RR=respiratory rate; VO,=oxygen uptake; VCO,=carbon di-
oxide production; O, pulse=oxygen pulse. Other abbreviations are as in Table 1.
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Table 3. Responses of plasma concentrations of
noradrenaline (PNA) and adrenaline
(PAD) according to 3 tests (n=10)

™ HG CP

Rest PNA (pg/ml) 205+81 186+75 201+77
PAD (pg/ml) 31+14 26+11 30+10

Peak PNA (pg/ml) 3,895-+1,470 310+103* 283+126*
PAD (pg/ml) 6274332 102+42* 82+69*

(mean+SD)
* p<0.01 significantly different from TM.
Abbreviations are as in Table 1.
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Fig. 1. Relationships of 4Ps according to 3 tests.
There were no significant relationships in 4Ps between the tests.
Abbreviations are as in Table 1.
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Fig. 2. Relationships of 4Pd according to 3 tests.
No significant relationships of 4Pd were observed between the tests.
Abbreviations are as in Table 1.
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Significant relationships of JHR were observed between HG and TM (r=0.80, p<0.01) and be-
tween CP and HG (r=0.76, p<0.01), but not between CP and TM.

Abbreviations are as in Table 1.

Table 4. Correlation coefficients of respiratory
gas analysis parameters according to
3 tests

TM vs HG TMvs CP HG vsCP

Rest TV 0.56 0.79** 0.57%*
VE 0.43 0.50 0.79
RR 0.78%* 0.76** 0.96**
VO, 0.87** 0.81%* 0.95**
VCOo, 0.73%* 0.79%* 0.89%*
0O, pulse 0.62* 0.63* 0.88**

Peak TV 0.51 0.48 0.40
VE 0.63* 0.11 0.32
RR 0.02 0.02 0.77**
VO, —0.02 0.29 0.48
vVCo, 0.35 0.42 0.19
O, pulse 0.04 0.37 0.81**

* p<0.05, ** p<0.01.
Abbreviations are as in Tables 1 and 2.
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Abbreviations are as in Tables 1 and 2.
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Fig. 5. Relationships of peak plasma noradrenaline concentration (PNA) according to 3

tests.

The relationships of peak PNA were not significant between HG and TM or between CP and TM,
but the relationship between CP and HG was significant (r=0.77, p<0.01).

Abbreviations are as in Table 1.
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Fig. 6. Relationships of peak plasma adrenaline concentration (PAD) according to 3

tests.

The relationships of peak PAD were not significant between HG and TM or between CP and HG,
while the relationship between CP and TM was significant (r=0.67, p<0.05).

Abbreviations are as in Table 1.
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