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Association of Blood Pressure and Heart Rate Response to Graded Exercise
Test with Left Atrial Volume Index and Pulse Wave Velocity
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I ABSTRACT |

Background: Exaggerated blood pressure (BP) response to exercise can be an independent risk factor for cardiovascular
mortality and morbidity. The purpose of this study was to define the factor that effect on early systolic BP response to
exercise. Methods: We examined echocardiographic data, BP, heart rate from graded exercise test and brachial ankle pulse
wave velocity (PWV) of 205 patients (137 men and 68 women; mean age 58 + 11 years; range, 19 to 83 years). Graded
exercise test was conducted in BRUCE protocol. We define delta systolic blood pressure (SBP) as systolic BRUCE stage
“n” BP minus baseline BP. Results: Resting BP (127 + 16 mm Hg) was elevated to 171 + 26 mm Hg after peak graded
exercise test. Resting heart rate (80 = 15 bpm) was increased to 146 + 27 bpm after peak graded exercise test. Stepwise
regression test between baseline SBP, delta SBP, maximal SBP and left atrial volume index (LAVI) was done. Supine SBP,
delta SBP, maximal SBP was not associated with LAVI (p > 0.5). But increased LAVI was significantly associated with delta
SBP1 in woman (R*=0.192, p = 0.002). PWV was significantly associated with base line (R*= 0.311, p < 0.01) and maximal
SBP (R?=0.051, p < 0.01). However, PWV was not associated with delta SBP. Conclusions: LAVI and PWV were not associated
with early SBP response to exercise. But in women, elevation of early SBP during exercise is associated with LAVL.

(J Korean Soc Hypertens 2013;19(2):45-54)
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Characteristic Overall Male Female p-value
Gender 205 (100) 137 (66.8) 68 (33.2)
Age (yr) 58 £ 11 57 £12 59 £8 0.101
Height (cm) 163.8 + 8.6 168 + 6 154 £ 5 <0.001
Weight (kg) 65.9 + 9.7 69 +£9 5 +7 <0.001
Body mass index 245+28 244 +28 246 £ 2.7 0.56
Cardiovascular risk factors
Hypertension 75/205 (36.5) 50/137 (24.3) 25/68 (12.1) 0.970
Diabetes 35/205 (17.0) 18/137 (8.7) 17/68 (8.2) 0.052
Cerebral infarction 12/205 (5.8) 8/137 (3.9) 4/68 (1.9) 0.990
Smoking 54/205 (26.3) 34/137 (16.5) 20/68 (9.8) 0.484
Serum chemistry
Total cholesterol (mg/dL) 181.9 + 40 181 £ 38 183 £ 45 0.797
Triglyceride (mg/dL) 144.3 £ 82 142 £ 85 145 + 76 0.682
LDL cholesterol (mg/dL) 106 + 34 105 £ 33 107 + 36 0.701
Creatinin (mg/dL) 0.88 £ 0.26 0.89 £ 0.28 0.88 £ 0.21 0.950
Left atrial volume index 29 +£12 30.3 £ 14.6 278+ 7.0 0.176
Rt. PW 1,568 + 401 1,565 + 438 1,575 + 317 0.868
Lt. PW 1,585 + 391 1,595 + 425 1,566 + 312 0.615
Rt. ABI 1.11 £ 0.12 1.10+0.14 1.11 £0.07 0.537
Lt. ABI 1.11 £ 0.11 1.11 £ 0.12 1.10 £0.07 0.767
Exercise capacity (METS) 10.0 £ 2.6 10.2+2.8 95+2.0 0.02
Bruce protocol
Stage 1 205 (100) 137 (100) 68 (100) 0.390
Stage 2 183 (89.2) 119 (86.8) 64 (94.1) 0.223
Stage 3 133 (64.8) 89 (64.9) 41 (60.2) 0.365
Stage 4 34 (16.5) 21 (15.3) 13 (19.1) 0.686
Stage 5 8(3.9) 5(3.6) 3(4.4) 0.670

Values are presented as number (%) or mean + standard deviation.

LOL, low density lipoprotein; Rt, right: PWV, pulse wave velocity; Lt, left; ABI, ankle brachial index; METs, metabolic equivalents.
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Table 2. BP and HR response to graded exercise test

Variable Total (n = 205) Male (n = 137) Female (n = 68) p-value
Resting SBP (mm Hg) 127 £ 16 127 £ 15 127 £ 17 0.980
Resting DBP (mm Hg) 741 +£10 74.4 £ 10 73+ 10 0.522
Resting HR (bpm) 80 + 15 74 £ 10 79+ 14 0.818
Peak exercise SBP(mmHg) 171 £ 26 172 £ 27 169 + 24 0.394
Peak exercise DBP (mm Hg) 81 +16 80 + 15 83+ 18 0.164
Peak exercise HR (bpm) 146 + 27 146 + 29 144 + 24 0.566
ASBP at stage 1 (mm Hg) 13+18 9+19 19+ 14 <0.001
ASBP at stage 2 (mm Hg) 26 + 27 22 + 22 29 + 23 0.97
ASBP at stage 3 (mm Hg) 3B3+26 36 +24 28 + 31 0.151

SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; ASBP at stage “n” delta, difference between baseline SBP and Bruce
protocol “n” stage.
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Fig. 1. Association of left atrial volume index (LAVI) by gender on early systolic blood pressure (SBP) response to exercise,
Stepwise regression test between baseline SBP, delta SBP, maximal SBP and LAVI was done, Supine SBP, delta SBP, maximal SBP
was not significantly associated with LAVI (p > 0.5). Increased LAVl was significantly associated with delta SBP1 only in woman (R =
0,192, p = 0.002). Delta SBP, SBP difference between Bruce protocol stage and baseline ; All, both male and female ; M, male ; F, female.
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Fig. 2. Association of left pulse wave velocity (PWV) on early systolic blood pressure (SBP) response, PWV was significantly

associated with baseline SBP (R? =
delta SBP. All,
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0.006, < 0.001). However maximal SBP and maximal DBP were not significantly different according to ischemic heart

disease. NS, non—specific; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure,

heart rate was significantly different according to ischemic heart disease (atypical chest pain vs, stable angina and unstable

Fig. 3. Average maximal heart rate was decreased in order of atypical chest pain, stable angina and unstable angina, Maximal
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