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Exercise training elicits morphological adaptations in the left ventricle (LV) and large conduit
arteries that are specific to the type of training performed (i.e., endurance vs. resistance
exercise). We investigated whether the mode of chronic exercise training, and the associated
cardiovascular adaptations, influence the blood pressure responses to orthostatic stimulation in
30 young healthy men (10 sedentary, 10 endurance-trained, and 10 resistance-trained). The
endurance-trained group had a significantly larger LV end-diastolic volume normalized by body
surface area (vs. sedentary and resistance-trained groups), whereas the resistance-trained group
had a significantly higher LV wall thickness and aortic pulse wave velocity (PWV) compared
with the endurance-trained group. Before the exercise, in response to 60-degree head-up tilt
(HUT), mean arterial pressure (MAP) rose in the resistance-trained group (+6.5+1.6 mmHg,
P<0.05) but did not change significantly in sedentary and endurance-trained groups. After the
exercise, MAP reduced with HUT in endurance-trained group but not in sedentary and
endurance trained groups. Forward stepwise multiple regression analyses revealed that LV wall
thickness and aortic PWV were significantly and independently associated with the pre-exercise
MAP response to HUT, explaining ~41% of its variability (R*=0.414, P<0.001) and that changes
in stroke volume was the only significant determinant of post-exercise MAP response to HUT,
explaining ~34% of its variability (R?=0.343, P<0.001). These results indicate that chronic
resistance and endurance exercise training differentially affect the BP response to HUT, that this
appears to be associated with training-induced morphological adaptations of the LV and large
conduit arteries, and that the regulatory mechanism of MAP to HUT seems to be different

between pre- and post-exercise.
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TABLE 1. Subject characteristics.

Variables Sedentary Endurance-trained Resistance-trained
Age, years 24 + 09 22 + 13 21 + 04
Height, cm 173 + 21 174 + 1.2 176 + 2.0
Pre-exercise body weight, kg 65.88 + 3.26 61.76 + 1.16 7992 + 41477
Post-exercise body weight, kg 6544 + 325% 6072 + 113% 79.03 + 410"
Body weight loss, kg 059 + 0.07 117 + 0.07 1.08 + 0.09"
Body weight loss, % 090 + 0.11 1.89 + 0.09" 135 + 0.09°"
Thigh circumference, cm 51.7 + 1.1 511 + 05 583 + 1377
Leg volume, L 73 + 03 68 + 0.3 95 + 08
LVEDV, mL 942 + 69 1255 + 57 1145 + 7.8*
LVEDV index, mL/m? 523 + 36 715 + 31" 581 + 447
LVWT, cm 091 + 0.03 0.85 + 0.1 1.08 + 0.05°
LVWT/LVEDD, ratio 020 + 0.01 017 + 0.017 022 + 0027
LVM, g 155 + 12 177 + 10 234 + 197
LVM index, g/m? 86.2 + 6.1 1004 + 5.3 1175 + 9177
Aortic EDD, cm 24 + 0.0 24 + 0.1 24 + 0.1
Pre-exercise aortic PWV, cm/s 900 + 29 842 + 21 949 + 33°
Post-exercise aortic PWV, cm/s 862 + 227 800 + 23°% 912 + 3™
IRH, ml/100g tissue/min 271 + 20 306 + 3.4 270 + 41
EMH, ml/100g tissue/min 317 + 22 434 + 417 368 + 24

Data are mean and SEM. Body weight loss was the combined volume of changes in body weight and
water intake. LVEDV=left ventricular end-diastolic volume, LVEDV index=LVEDYV normalized by
body surface area, LVWT=LV wall thickness, LVEDD=LYV internal end-diastolic diameter,
LVM=LV mass, LVM index=LVM normalized by body surface area, EDD= end-diastolic diameter,
PWV=pulse wave velocity, IRH=ischemia-induced reactive hyperemia, EMH=exercise-induced
maximal hyperemia. *: P<0.05 vs. Sedentary, 1: P<0.05 vs. Endurance-trained, {: P<0.05 vs.

pre-exercise.
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TABLE 2. Responses of hemodynamic variables to head-up tilt (HUT).

Sedentary Endurance-trained Resistance-trained

Variables Posture Pre-exercise Post-exercise Pre-exercise Post-exercise Pre-exercise Post-exercise
SBP Supine 120 + 3 116 + 2% 113 + 3 112 + 3 127 + 47 127 + 37
mmHg HUT 116 + 4 111 + 3% 105 + 48 101 + 38 132 + 5718 123 + 5™
DBP Supine 67 + 3 68 + 2 62 + 2 65 + 2 74 + 37 74 £ 27
mmHg HUT 74 + 3°% 74 + 28 65 + 2°° 67 + 2 82 + 38 80 + 3
MAP Supine 87 +3 86 + 2 81 + 2 83 £ 2 94 + 47 94 + 37
mmHg HUT 90 + 3% 88 + 3 80 + 3 80 + 2% 101 + 478 97 + 4T
PP Supine 53 + 2 48 + 2% 51 + 2 48 + 1 53 + 2 52 + 2
mmHg HUT 43 + 28 37 + 2% 40 + 3°% 34 +1° 50 + 2T 43 £ 278
HR Supine 55 + 2 63 + 3° 50 + 3 57 + 2* 53 + 3 64 + 3+
beat/min  HUT 77 + 38 90 + 4% 66 + 5° 8l + 4% 70 + 38 86 + 3%
Y, Supine 104 + 4 103 + 7 112 + 7 112 + 9 113 + 4 111 + 4
ml HUT 75 + 58 73 +5° 84 + 8% 79 + 8¢ 93 + 3% 83 + 3%
Q Supine 57 + 0.3 6.3 + 0.3 5.6 + 0.4 6.4 + 05% 6.0 + 0.3 7.1 + 0.3%
L/min HUT 57 + 0.3 6.5 + 0.4+ 54 + 0.5 6.2 + 0.6 6.4 + 0.3° 7.1 + 03¢
TPR Supine 155 + 0.8 138 + 0.7* 154 + 1.4 136 + 1.0% 159 + 0.4 135 + 0.6°%
unit HUT 16.3 + 1.1° 140 + 1.1° 16.2 + 1.8° 138 + 1.3% 15.7 + 0.4 138 + 0.8%

Data are mean and SEM. SBP=systolic blood pressure, MAP=mean arterial pressure, HR=heart rate, SVV=stroke volume, Q=cardiac output, TPR=total
peripheral resistance. *: P<0.05 vs. Sedentary, {: P<0.05 vs. Endurance-trained, {: P<0.05 vs. pre-exercise, 8: P<0.05 vs. supine.
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TABLE 3. Results of simple correlation analyses.

MAP
Variables Pre-exercise ~ Post-exercise
Body weight 0.274 0.266
Body weight loss -0.072 -0.080
LVEDV -0.230 -0.203
LVWT 0.523 0.245
AoD -0.110 -0.055
LVM 0.383 0.148
Thigh circumference 0.302 0.309
Leg mass 0.127 0.229
IRH 0.028 -0.022
EMH 0.011 -0.110
Aortic PWV 0.514 0.048
AHR -0.197 -0.079
ASV 0.438 0.586
AQ 0.164 0.274
ATPR 0.221 0.354

Numbers are correlation coefficients. Bold numbers mean
significant correlation (r>0.35, P<0.05; r>0.45, P<0.01).
Abbreviations are shown in Table 1 and 2. A means the
difference from supine to head-up tile.
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TABLE 4. Results of stepwise multiple regression analyses.

Dependent variable: Changes in MAP with HUT
Pre-exercise:

Independent variables B P-value R?change
LVWT, mm 0.406 <0.05 0.274
Aortic PWV, cm/sec 0.392 <0.05 0.140

R?=0.414, P<0.01. f=standard regression coefficient.

Post-exercise:

Independent variables B P-value R”change

ASV, mL 0.586 <0.001 0.343

R=0.343, P<0.01.
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Figure 1. Changes in hemodynamic variables to head-up tilt. Open bars are sedentary, Filled bars are
endurance-trained, Gray bars are resistance-trained. *: P<0.05 vs. Sedentary, : P<0.05 vs.
Endurance-trained, §: P<0.05 vs. pre-exercise, §: P<0.05 vs. supine.
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