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ABSTRACT

The aim of this study was to investigate the usefulness of the central arterial
pressure waveform measured during dynamic exercise in the evaluation of peripheral
vasodilatory dysfunction of individuals at the early stage of hypertension. We examined
ninety-five volunteers (42+9 years) composed of normotensive and untreated
hypertensive subjects who had resting blood pressure (BP) ranging from the normal
to stage 1 hypertension. They exercised for 10 min on a bicycle ergometer at a heart
rate (HR) equal to 50% of their HR reserve. At baseline, immediately (<1 min) and

5 min after the dynamic exercise, the peripheral pulse waveforms were recorded by
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a radial applanation tonometry. Central pressure waveforms were estimated using a
generalized transfer function. Pulse pressure (PP) amplification, defined as the ratio
of peripheral to central PP, was used as a marker of wave reflection. Endothelium-
dependent peripheral vasodilatory response was assessed as flow-mediated dilation of
the brachial artery. Compared to the resting state before exercise, the PP amplification
significantly increased at the end of exercise, and thereafter it gradually decreased
toward the baseline level. Before the exercise, the hypertensive subjects showed the
lower PP amplification than normotensive subjects (1.32 vs. 1.46, P<.001), and the
differences between groups became more prominent at the end of exercise (1.66 vs.
1.85, P<.001).
tertiles of PP amplification after exercise, the subjects in the bottom tertile showed

When the subjects were divided into subgroups according to the

significantly reduced flow-mediated dilation (7.5+2.5%) than those in the intermediate
and top tertiles (9.3+2.6% and 10.9*2.4%, P=.026).
analysis revealed that the low PP amplification ( #=0.435, P=.002) was independently

Multivariate regression

associated with the decrease of flow-mediated dilation, independent of age, body mass
index, brachial systolic BP, HDL-cholesterol, and HbAlc (R?=.381, P<.001). These
results suggest that the response of central arterial pressure waveform during dynamic
exercise is associated with peripheral vasodilatory dysfunction and hence may be useful
as a marker of subclinical vascular alterations in the early stages of hypertension.
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Demographic and Clinical characteristics of study subjects
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Variables Normotensive (N=55) Hypertensive (N=40)
Age, years 39.6+ 8.5 45.2 £8.1%*
Body mass index, kg/m? 242+ 30 257 +3.5%%
Waist circumference, cm 85.6= 8.2 90.5 £9.2%*
Systolic blood pressure, mmHg 1189+ 7.0 135.9 = 7.6%%*
Diastolic blood pressure, mmHg 756+ 5.8 89.4 £4.5%%*
Total cholesterol, mg/dl 2009+ 27.7 208.1 £35.0
HDL cholesterol, mg/dl 585+ 14.7 599 £17.0
Triglycerides, mg/dl 1328+ 659 1528 =719
Fasting blood glucose, mg/dl 94.6+ 10.7 101.7 =15.7%
HbAlc, % 496+ 047 5.09 £0.62
Uric acid, mg/dl 578+ 1.15 6.6 +1.16%*
Alcohol consumption, g/day 12.3[3.1-21.6] 9.3[0.8-21.6]
Current smoker, % 36.4 30.0

Values are means = s.d., median [inter-quartile range], or percentage of the subjects.
*P<.05, ¥¥P<.01, ¥**¥P<.001 (Student t-test, Mann-Whitney U test, and Chi-squire test)
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“
Ejection duration

1 Representative central (ascending aortic)
pressure waveform
There are two distinct peaks in systole (P}, Py). Augmentation
pressure ( AP) is defined as the difference between the second and
the first systolic peaks (Py-P))
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2 Brachial and ascending aortic systolic pressures
of hypertensive and normotensive subjects at baseline,
immediately (<1 min) and 5 min after dynamic exercise
Values are meanszs.d. ***P<.001 vs. ascending aortic pressure by

paired t-test @ Brachial pressure, & ascending aortic pressure
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PP amplification (brachial PP/ ascending aortic PP)

< 1min 5min
After exercise

3 Pulse pressure amplification at baseline, immediately
(<1 min) and 5 min after dynamic exercise

Values are meanszs.d. **P<.01, ***P<.001 vs. normotensive subjects
B8 hypertensive subjects (N=40) [ ]Jnormotensive subjects (N=55)
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5% 2 Arterial blood pressure parameters and subclinical atherosclerosis markers
of subgroups according to the tertiles of PP amplification during dynamic exercise

Tertile 1 Tertile 2 Tertile 3
Variables PPA<1.48 PPA 1.48-1.61 PPA = 1.62
(N=30) (N=31) (N=34)
Brachial (Peripheral)
Systolic BP, mmHg 131.8+12.7 1245+99 m32+8¢*”
Diastolic BP, mmHg 86.3+8.8 81.7+84 774637 TTT
Pulse pressure, mmHg 458+72 42.7+5.1 46.2+7.1
Ascending aortic (Central) .
Systolic BP, mmHg 1240+135 114.0%10.1 1087+77”* """""
Diastolic BP, mmHg 875+8.6 829+84 785+6.6"*T T T
Pulse pressure, mmHg 365+7.7 31.0+49 302+6.0" T TT
Augmentation index, % 281+56 205+65 98=105"TTT
Mean arterial pressure, mmHg 103.7+10.7 976+9.2 932463 71T
Subclinical atherosclerosis markers
Flow-mediated dilation, % 75%25 93+26 109+24" 7
Heart-brachial PWV, cm/sec. 636.5+80.2 558.4+63.7 466.062.2"" T T T
UACR, mg/gCre 6.62+4.69 5.98+5.23 3.13+1.78

PPA, pulse pressure amplification; BP, blood pressure; PWV, pulse wave velocity; UACR, urinary albumin-to-creatinine ratio. Values are means
*s.d. *P<.05, **P<.01 (ANOVA for drTel'ld] BP parameters. ANCOVA for subclinical atherosclerosis markers with the adjustment of age, BMI,

and brachial systolic BP) T T P<01, T T TP<.001 (trend test)
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%< 3 Multiple regression analysis to determine independent association
between FMD and PP amplification during dynamic exercise

Variables B SE B P-value VIF

Exercise PP amplification 7.717 2433 0.435 002 1.879
Resting brachial systolic BP, mmHg -0.060 0.027 -0.240 029 1.158
Age, years 0.020 0.048 0.058 681 2.001
Body mass index, kg/m® 0.076 0.103 0.088 463 1425
HDL-cholesterol, mg/dl 0.037 0.019 0.206 061 1.166
HbAlc, % -1.350 0.781 -0.208 089 1.446
(constant) 11.067 8.250 - 185 -

Adjusted R%=.381, F=6.357, P<.001

B, partial regression coefficient; SE, standard error; f , standardized partial regression coefficient; VIF, variance inflation factor. The

independent variables were forced into the model.
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