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ABSTRACT

This study was designed to clarify the relations of blood pressure (BP) response during
exercise to the risk of future hypertension and to examine the effects of aerobic exercise on
hypertensive risks in normotensive men with exaggerated BP response during exercise. The
results obtained were as follows:

1) After the follow-up period of 7 years, new-onset hypertension was found in 114 out of a
population-based sample of 726 middle-aged normotensive men. Kaplan-Meier survival
estimates showed that the cumulative incidence of hypertension increased progressively with
higher levels of BP responses during exercise (p<0.01). Cox proportional survival analysis
revealed a significantly increased risk for developing hypertension associated with exaggerated
BP response after multivariate adjustments for traditional risk factors (relative risk, 3.8; 95%
confidence interval, 2.3-6.1).

2) Randomized controlled crossover trial in 35 sedentary normotensive men with
exaggerated BP response to exercise demonstrated that a program of moderate aerobic exercise
for 16 weeks significantly attenuated BP elevations during laboratory exercise stress test and

daily physical activities which accompanied with the reductions in plasma norepinephrine
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concentrations at rest and during exercise.
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These results suggest that BP measurement during exercise among normotensive subjects is

a valuable means of identifying subgroups which are more likely to develop hypertension.

Additionally, regular physical activity interventions may be useful for lowering the risk of

future hypertension in normotensive subjects with exaggerated BP response to exercise.
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1 Percentile curves of systolic and diastolic blood
pressure responses by maximal heart rate reserve
during ergometric test in normotensive men
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# 1 Clinical characteristics of the subjects at baseline
Variables
Age (year) 429+85
Body mass index (kg/m?) 23127
Systolic blood pressure (mmHg) 126.2 £ 8.5
Diastolic blood pressure (mmHg) 776164
Heart rate (beats/min) 65.2 £9.7
Total cholesterol (mmol/L) 512 £0.87
HDL cholesterol (mmol/L) 1.36 £0.34
Triglycerides (mmol/L) 142 £0.57
Fasting blood glucose (mmol/L) 5.26 £ 041
Alcohol consumption (g/wk) 134.5+97.6
Current smoker (%) 50.3
Parental history of hypertension (%) 314

Values are expressed as mean £ SD or percentage of the subjects.
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€2 Cumulative incidence of hypertension in normotensive men as a function of the quartiles of systolic and diastolic blood
pressure responses to exercise derived from blood pressure response curves by maximal heart rate reserve. *p<0.05; **p<0.01
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%2 Unadjusted, age-adjusted, and multiple adjusted associations between exaggerated systolic and diastlic blood presure
responses to exercise and risk of hypertension

Unadjusted Age-Adjusted Multiple Adjusted
Variables RR (95%CI) RR (95%CI) RR (95%CI)
Ex-SBPR 6.24 (4.01-9.54) 6.62 (5.27-10.03) 3.70 (2.18-5.69)
Ex-DBPR 4.75 (2.94-7.38) 491 (3.04-7.64) 2.89 (1.88-4.44)

Ex-SBPR indicates exaggerated systolic blood pressure response; Ex-DBPR, exaggerated diastolic blood pressure response ;
RR, relative risk; CI, cnfidence interval. Multiple adjusted RR is the relative risk adjusted for entry age, body mass index,
resting systolic and diastolic blood pressure, total cholesterol, triglyceride, fasting blood glucose, alchol consumption, physical
activity, and parental history of hypertension.

¥ 3 Stepwise proportional hazards analysis of risk factors for developing hypertension from normal blood pressure

Variables B SE P-value R RR (95%CI)

Exaggerated BP Response (mmHg) 1.573 0.200 <.001 0.209 3.82(2.26-6.13)
High-normal resting BP (mmHg) 1.427 0.239 <.001 0.157 3.17(1.61-5.66)
Age (year) 0.046 0.014 008 0.082 1.05(1.02-1.07)
Body mass index (kg/m?) 0.075 0.033 024 0.048 1.08(1.01-1.15)

£ indicates partial regression coefficient; SE, standard error of the 2 coefficient ; R, partial correlation coefficient. Variables
considered in the model are : exaggerated blood pressure response, high-normal resting blood pressure, entry age, body mass
index, atherogenic index, fasting blood glucose, physical working capacity, alcohol consumption, and parental history of
hypertension. The referent categoly for high-normal resting blood pressure is pressures of less than 130/85 mmHg.

4 Clinical characteristics of the subjects at baseline

Variables Group A Group B P-value
Number 17 18

Age (year) 466 £ 1.5 453 *1.3 .535
Height (cm) 1679 £1.3 169.8 £ 1.0 289
Body weight (kg) 64915 646 £ 15 894
Body mass index (kg/m?) 23.0+03 224 £04 249
Systolic blood pressure (mmHg) 1222 +31 124.0 £29 676
Diastolic blood pressure (mmHg) 764 £28 749 24 . 696
Heart rate (beats/min) - 685+23 66.7 £ 2.5 .569
Total cholesterol (mmol/L) 5.29 +0.15 5.04 +0.18 310
HDL cholesterol (mmol/L) 147 £0.12 1.51 £0.13 827
Triglycerides (mmol/L) 155 £0.18 141 £021 625
Fasting blood glucose (mmol/L) 4.76 £0.20 4.39 £0.23 405
Alcohol consumption (g/wk) 164.5 +23.8 157.1 £ 195 863
Current smoker (%) : 412 33.3 733
Parental history of hypertension (%) 294 22.2 711

Values are expressed as mean = SEM and percentage of the subjects.
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Sysstolic blood pressure
(mmHg)

Diastolic blood pressure
(mmHg)

0 24 6 81012141618 202224
Time of Day (hour) .
B3 Twenty-four-hour time courses of ambulatory
systolic (A) and diastolic blood pressures (B) at the end of
control (open circle) and training periods (solid circle).
Values are shown as mean = SEM.

5 Ambulatory blood pressure and heart rate at the end
of the control and training periods

Variables Control Training P-value
24-hour
Systolic BP 1313+£19 129120 032
Diastolic BP 788+18 76.9%+19 018
Heart rate 73.1%x16 704+ 1.6 004
Daytime
Systolic BP 1358+18 1329+1.9 014
Diastolic BP 828+ 1.8 79.7+1.8 007
Heart rate 794%16 74215 001
Nighttime
Systolic BP 1142+ 19 112.7%+1.9 114
Diastolic BP 703%20 69.9+1.8 291
Heart rate 66.3 £ 1.5 64.1 14 034

Daytime indicates 8 a.m. to 8 p.m.; Nighttime, 12 p.m. to 6
a.m. Values are expressed as mean = SEM.,
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the last stage of bicycle ergometric test at the workload of
100W, at the end of control (open bar) and training
periods (shaded bar). Values are shown as mean = SEM.
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%6 Echocardiographic parameters at the end of the
control and training periods

Variables Control Training P-value
IVSTd (mm) 88+0.2 8.7%+0.2 315
PWTd (mm) 86102 86102 431
LVvDd - (mm) 484+06 479+ 0.6 108
LVDs (mm) 31.1%05 308 0.6 154
LVMI (gm? 97.8+3.3 95.7 +3.6 192
FS (%) 375%+09 37.1%+1.0 367
EF (%) 69.8x1.0 705+1.1 232
A/E 090004 0883004 091

IVSTd indicates left ventricular interventricular septal
thickness; PWTd, posterior wall thickness; LVDd, end-
diastolic left ventricular internal diameter; LVDs, end-
systolic left centricular internal diameter; LVMI, left
ventricular mass index;FS, left ventricular functional
shortening; EF, left ventricular ejection fraction; and A/E,
the late-to-early peak transmittal flow velocity ratio. Values
are expressed as mean T SEM.
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