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Abstract

Acute aerobic exercise produces post-exercise hypotension (PEH). Chinese populations have 

lower prevalence of cardiovascular disease compared to Caucasians. PEH may be associated 

cardiovascular disease through its influence on hypertension. The purpose of this study was to 

compare PEH between Caucasian and Chinese subjects following acute aerobic exercise. 62 (30 

Caucasian and 32 Chinese, 50% male) subjects underwent measurement of peripheral and central 

hemodynamics as well as arterial and cardiac evaluations, 30 min and 60 min after 45 min of 

treadmill exercise. Caucasians exhibited significantly higher baseline BP than the Chinese. While 

the reduction in brachial artery systolic BP was greater in Caucasian than in the Chinese, there was 

no difference in changes in carotid systolic BP between the groups. The increase in cardiac output 

and heart rate was greater in the Chinese than Caucasians, but total peripheral resistance and leg 

pulse wave velocity decreased by a similar magnitude in the Chinese and Caucasian subjects. We 

conclude that acute aerobic exercise produces a greater magnitude of PEH in peripheral systolic 

BP in Caucasian compared to Chinese subjects. The different magnitude in PEH was caused by 

the greater increase in cardiac output mediated by heart rate, with no change in stroke volume. It is 

possible that initial BP differences between races influenced the findings.
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Introduction

Several studies have reported that an acute bout of aerobic exercise may transiently decrease 

resting blood pressure (BP), a response that may last several hours [23]. This phenomenon is 

referred to as “post exercise hypotension” (PEH) and has been described in both 

hypertensive and normotensive individuals [11, 23]. PEH can be considered an important 

strategy to help control resting BP [11]. Thus, the reduction in BP after acute exercise is of 

clinical relevance in BP regulation [14, 15] especially in hypertensive individuals [24]. It is 

generally accepted that, in most subjects following aerobic exercise, PEH is due to a 

persistent drop in systemic vascular resistance that is not completely offset by increases in 

cardiac output (CO) [14, 16], although endurance-trained men achieve this reduced mean 

arterial pressure via reductions in CO [42]. Furthermore, autonomic nervous modulation 

[36], vasodilatory substances [20] and cardiac load [23] may contribute to PEH. However, 

the precise mechanisms of PEH are unknown.

The magnitude and duration of PEH varies, depending on factors such as exercise mode 

[44], intensity [23], duration [13], initial BP [10, 30] and posture during recovery [4]. The 

general consensus is that moderate-intensity aerobic exercise promotes a greater and longer 

reduction in BP than resistance exercise [11] and central BP may be different than peripheral 

BP [5]. To date, most research in PEH has focused on brachial artery [32, 41] and central 

aortic [19, 25] BP. Carotid artery BP, another important indicator of central BP, is an 

important contributor to carotid compliance and brain blood flow [35]. A previous study [5] 

reported that carotid BP changed differently from brachial BP after resistance exercise. To 

date no studies have investigated the effects of moderate-intensity aerobic exercise on 

carotid artery BP, and there is a lack of information comparing the BP response following 

exercise in the brachial, aortic and carotid artery. This may be important as the site of 

measurement may provide differential information.

A previous studies [29] reported that Chinese (Ch) populations (living in China) have a 

lower prevalence of cardiovascular disease compared with their Caucasian (Ca) counterparts 

(living outside of China). In addition, Ch exhibited better endothelial function compared to 

Ca as they age, suggesting that BP control may differ between Ch and Ca. This can be 

explored through investigations of PEH. However, it remains unknown whether there are 

different changes in central and peripheral BP following moderate-intensity aerobic exercise 

between Ca and Ch (who live in the same country). Therefore, the present investigation was 

conducted to study the effect of an acute bout of aerobic exercise on BP from brachial artery, 

carotid artery and aortic artery before and 30-min and 60-min post exercise in Ca and Ch. In 

addition, this study intended to identify some potential variables that contribute to the 

changes of BP in Ca and Ch.

Methods

Participants

62 (15 Ca men, 15 Ca women, 16 Ch men and 16 Ch women) healthy, nonsmoking, 

normotensive (systolic BP < 140 mmHg and diastolic BP < 90 mmHg) non-obese (body 

mass index < 30 kg/m2) participants between the ages of 18 and 40 years volunteered to 
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participate in this study. Participants were classified as sedentary based on their exercise 

habits for the past 6 months (no structured exercise activity of any kind lasting longer than 

30 min more than once per week). All participants were free of known cardiovascular or 

metabolic disease as determined from a medical history questionnaire and were not taking 

medication known to affect BP or heart rate (including anti-inflammatories). Participants 

were self-defined as Ca or Ch (28 participants born in China) and Ch decent (4 participants 

born in USA), and self-reporting that both parents were of Ca or Ch descent. All participants 

signed informed consent, and the study was approved by the University of Illinois at 

Urbana-Champaign institutional review board. This study meets the International Journal of 

Sports Medicine’s ethical standards [17].

Study design

All participants reported to the laboratory on 2 separate occasions and the time interval 

between each visit was 48 h to 2 weeks. Participants were instructed to abstain from 

caffeine, alcohol and vigorous exercise for 24 h and were at least 3 h post-prandial prior to 

testing. Following completion of the physical activity and health history questionnaire, 

measurements of height, weight and brachial artery BP, aerobic capacity (VO2peak) and 

maximal heart rate (HRmax) were performed during the first visit. During the second visit, 

participants were required to rest in the supine position for a period of 10 min in a 

temperature-controlled room before testing. While still in supine position, they then 

underwent brachial artery, carotid and central aortic BP, carotid and central aortic pulse wave 

analysis (PWA) as well as measurement of carotid-femoral (c-f), carotid-radial (c-a) and 

femoral-ankle (f-a) pulse wave velocity (PWV), carotid artery maximum diameter (Dmax), 

minimum diameter (Dmin) and cardiac function parameters. Following resting data 

acquisition, participants underwent a supervised aerobic treadmill exercise bout (45 min, 

70% of heart rate reserve (HRR)). After the completion of the exercise protocol, participants 

resumed the supine position for recovery data acquisition. All measurements were obtained 

again 30 min and 60 min after the exercise bout per previous PEH protocols [39].

Since exercise induced hypotension is most consistently observed between 15:00 and 20:00 

[16, 21], the second visits was at the same time (15:00–20:00) each day for each subject to 

avoid diurnal variations [21, 22].

Anthropometries

Height and weight were measured as previously described [18]. Body mass index (BMI) was 

calculated as weight (kg) divided by height (m) squared.

VO2peak test

Aerobic capacity was assessed using the Bruce treadmill protocol [2]. HR was measured 

using a Polar Heart Rate Monitor (Polar Electro, Woodbury, NY, USA) and expired air was 

analyzed with a Quark b2 breath-by-breath metabolic system (Cosmed, Rome, Italy). Rating 

of perceived exertion (RPE) was assessed once every exercise stage and at peak exercise 

using the Borg scale [33]. The test was terminated when participants met 2 of the following 

4 criteria: (1) a plateau in HR despite an increase in workload, (2) a plateau in oxygen 

uptake with an increase in work load, (3) the inability to maintain adequate pace to keep up 
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with treadmill speed, and (4) a respiratory exchange ratio > 1.1 [28]. Maximal heart rate 

(HRmax) was obtained to calculate the heat rate used during the exercise session as: HRtarget 

= (HRmax – HRrest) × 70% + HRrest, where HRtarget and HRrest are the heart rate during 

exercise session and heart rate at rest.

Brachial artery blood pressure assessment

Brachial artery systolic BP (SBP) and diastolic BP (DBP) were measured at the right 

brachial artery with the participants in supine position using an automated oscillometric cuff 

(HEM-907 XL; Omron, Shimane, Japan). All resting brachial artery BP measurements were 

made in duplicate with a 1-min rest between measurements. If the 2 values were not within 5 

mmHg, a third measurement was taken until 2 values within 5 mmHg of each other were 

obtained. BP Values within 5 mmHg of each other were averaged and used for subsequent 

analysis. Mean arterial pressure (MAP) was calculated as: MAP = [(2 × DBP) + SBP]/3.

Wave reflection and aortic BP

Radial and carotid artery pressure waveforms were obtained with the participants in the 

supine position, from a 10-s epoch using applanation tonometry (Millar Instruments, 

Houston, TX, USA) and calibrated using brachial artery MAP and DBP [7]. Using a 

generalized validated transfer function [43] a central aortic pressure waveform was 

reconstructed from the radial artery pressure waveform (SphygmoCor; AtCor Medical, 

Sydney, Australia) to obtain central aortic BP, first systolic peak (P1) and end systolic 

pressure (ESP).

Pulse wave velocity assessment

All measurements were conducted using previously described techniques [45]. Distances 

from the carotid artery to the suprasternal notch, from the suprasternal notch to the femoral 

artery, from the suprasternal notch to the radial artery and from femoral artery to ankle 

artery were measured as straight lines with a tape measure and recorded to the nearest mm. 

The distance from the carotid artery to the suprasternal notch was then subtracted from both 

the suprasternal notch to femoral artery segment length (c-f PWV) and from the suprasternal 

notch to radial artery segment length (c-r PWV), and the distance from the femoral artery to 

ankle artery (f-a PWV) to account for differences in the direction of pulse wave propagation. 

The same high-fidelity strain gauge transducer (Millar Instruments, Houston, TX, USA) was 

used to obtain consecutive pressure waveforms in the supine position from the right common 

carotid artery and the right femoral artery for c-f PWV, and from the right common carotid 

artery and the right radial artery for c-r PWV, and from the right femoral artery and right 

ankle artery for f-a PWV. PWV was calculated from the distances between measurement 

points and the measured time delay between 10 proximal and distal waveforms 

(SphygmoCor; AtCor Medical). The peak of an in-phase R wave recorded from the ECG 

was used as a timing marker and further used to obtain heart rate [46].

Carotid stiffness assessment

Carotid artery diameter (Dmax and Dmin) was measured by ultrasonography (SSD-α10, 

Aloka, Tokyo, Japan). The cephalic portion of carotid artery was imaged in a longitudinal 
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section, 1–2 cm proximal to the bifurcation, using a 7.5-MHz linear-array probe. The intima-

media thickness (IMT) measurement was made at end diastole using B-mode 

ultrasonography.

Total peripheral resistance (TPR) index assessment

The TPR index was calculated by dividing aortic mean arterial pressure by the cardiac 

output (CO) indexed to body size.

Cardiac function assessment

Stroke volume (SV), CO, end diastolic volume (EDV), and end systolic volume (ESV) were 

assessed by two-dimensional echocardiography using ultrasonography (SSD-α10, Aloka, 

Tokyo, Japan). With subjects in the left lateral position, measurements were obtained using 

the 2-chamber apical view. The interior of the left ventricle was traced manually during both 

end systole and end diastole. Volumes were measured using Simpson’s rule. SV was 

calculated by subtracting EDV from ESV. CO was calculated as HR multiplied by SV. 3 

beats were measured and the average of the measurement was reported. Ejection fraction 

(EF) was calculated from the ventricular volumes and expressed as percent. Two-

dimensional guided M-mode echocardiography of left ventricular size was performed using 

standard procedures as suggested by the American Society of Echocardiography (ASE) [26]. 

Left ventricular mass (LVM) was calculated according to the ASE recommended formula, 

which estimates LVM from linear dimensions based on modeling the left ventricle as a 

prolate ellipse of revolution [26]. This formula has been validated against necropsy findings 

[6]. Fractional shortening (FS) was calculated from the ventricular diameters and expressed 

as a percentage.

Acute exercise session

An acute bout of 45-min supervised treadmill exercise was performed at 70 % of HRR in a 

temperature-controlled room. HR was measured using a Polar Heart Rate Monitor (Polar 

Electro, Woodbury, NY, USA). HRmax was attained from previous VO2peak test.

Statistical analysis

All data are presented as mean ± SE. A one-way multivariate ANOVA was performed to 

determine racial differences in descriptive characteristics between Ca and Ch. A 2 × 3 (2 

race × 3 time-points) ANOVA with repeated measures was conducted on all dependent 

variables to compare the differences between races and time. We also conducted a repeated 

measures analysis on the change from baseline (2 race × 2 time). When a significant race-

by-time interaction was detected, post hoc t-tests were performed to determine where the 

difference occurred. Age was used as covariate. Significance was declared if p < 0.05. 

Statistical Package for the Social Sciences (SPSS, Chicago, IL) version 17.0 was used.

Results

Subject characteristics are presented in Table 1. No significant differences were found 

between groups for BMI, VO2peak, HRrest, HRmax, IMT and LVM, but age (24 ± 4 years in 

Ca vs. 28 ± 4 years in Ch), body mass (68 ± 9 kg in Ca vs. 62 ± 10 kg in Ch), and height 
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(172 ± 10 cm in Ca vs. 165 ± 8 cm in Ch) were significantly different between groups (P < 

0.05).

Table 2 shows the data comparing the hemodynamic variables following exercise between 

Ch and Ca. There was significantly higher baseline brachial, carotid and central aortic SBP 

in Ca than Ch (P < 0.05, respectively). Brachial artery SBP decreased significantly from 

baseline following a bout of exercise (P < 0.05 for a time effect) and with a greater decrease 

in Ca than in Ch (p < 0.05) at 30-min and 60-min post exercise (Fig. 1). There were 

significant decreases in carotid and aortic SBP following exercise, and significant race-by-

time interactions were found for brachial and carotid SBP (P < 0.05), but there was no race-

by-time interaction for aortic SBP (P = 0.065).

Brachial, carotid and aortic DBP at baseline were significantly higher in Ca than Ch (P < 

0.05, respectively) (Table 2). Significant race-by-time interactions were found for brachial 

DBP (P < 0.05), but there was no time effect (P = 0.204). There was no time effect in carotid 

(P = 0.314) and aortic DBP (P = 0.401), nor were there any race-by-time interactions (P = 

0.26 for carotid and P = 0.204 for aortic DBP).

Brachial, carotid and aortic MAP were also significantly higher in Ca than Ch at baseline (P 

< 0.05, respectively) (Table 2).While there was a significant time effect (P < 0.05) and race-

by-time interaction (P < 0.05) for brachial MAP, the time effect was not found in the change 

value from baseline in brachial MAP (Fig. 1). There was no time effect (P = 0.312 for 

carotid and P = 0.17 for aortic MAP), nor were there any race-by-time interactions (P = 0.12 

for carotid and P = 0.105 for aortic MAP) for carotid and aortic MAP (Table 2).

As shown in Fig. 2 (and Table 2), there was a time effect (P < 0.05) and significant race-by-

time interaction (P < 0.05) for CO, with a greater increase in Ch than in Ca (p < 0.05) (Fig. 

1). This increase was explained by increased HR (significant interaction P < 0.05) as no 

significant changes were found in SV (P = 0.42 for time and P = 0.334 for race-by-time). 

TPR decreased significantly from baseline during recovery (P < 0.05 for a time effect), but 

there was no significant race-by-time interaction (P = 0.486) (Fig. 2). A significant race-by-

time interaction was seen for both EDV and ESV (P < 0.05, respectively), while no time 

effect was observed (P = 0.657 for EDV and P = 0.875 for ESV). Additionally, there were no 

time effect for EF (P = 0.722) and FS (P = 0.716), nor were there any time-by-race 

interactions (P = 0.38 for EF and P = 0.075 for FS).

As depicted in Table 2 (and Fig. 2), leg PWV decreased significantly from baseline 

following a bout of exercise (P < 0.05 for a time effect), but there was no time-by-race 

interaction (P = 0.207). Neither time effect nor time-by-race interactions was found in 

brachial PWV (P = 0.391 for time and P = 0.38 for race-by-time) and central PWV (P = 

0.718 for time and P = 0.075 for race-by-time).

Discussion

This is the first study comparing the PEH response following an acute bout of moderate-

intensity aerobic exercise between Ch and Ca. In the present study, we examined the 

changes in peripheral (brachial) and central (carotid and aortic) artery BP at pre-, 30-min 
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and 60-min post-exercise in Ca and Ch. Our main finding was that there was a significant 

reduction in brachial SBP in both Ca and Ch after acute exercise, and this reduction was 

greater in Ca, who also had a higher initial BP, than in Ch. This is in agreement with the 

literature suggesting that PEH is greater in subjects with a higher initial BP level [10, 30] 

However, the precise mechanism of the higher initial BP producing the greater PEH is 

unclear.

Although BP was higher in Ca at baseline, the determinants of BP (cardiac output and 

peripheral resistance) were not statistically different, probably due to the higher variance in 

these variables compared to BP. However, the higher peripheral resistance in the Ca group is 

likely the cause of the higher BP at baseline (although this was not statistically significant). 

This would be consistent with higher sympathetic activity at baseline (producing increased 

peripheral resistance through peripheral vasoconstriction) [31]. The difference in the BP 

response following acute exercise was likely due to a lesser increase in cardiac output in Ca 

(although not statistically different), since the change in peripheral resistance after exercise 

was almost identical between groups. Thus, the influence of sympatholysis following acute 

exercise was likely similar between groups (since peripheral resistance changes were nearly 

identical) [9]. Nevertheless, it is possible that sympathetic activity may still exhibit a small 

influences on peripheral resistance, coupled with a larger influence on cardiac output, 

resulting in a larger drop in BP (due to reduced changes in cardiac output) in the Ca group. 

This raises interesting questions of potential differences in autonomic control of blood flow 

between Ch and Ca individuals, which needs to be explored in future studies.

Consistent with previous findings [3, 23, 31] an acute bout of aerobic exercise significantly 

reduced brachial artery SBP, and our data suggest that acute aerobic exercise produces more 

beneficial changes in BP for Ca than for Ch. The results of previous studies, which 

investigated the changes of MAP and DBP following acute exercise, are conflicting. A 

previous study [3] reported that both MAP and DBP decreased following acute aerobic 

exercise, while other studies indicated that there was no change in MAP or DBP following 

exercise [37]. In this study, neither brachial artery MAP nor DBP was found to change 

significantly following exercise.

An interesting finding in our study was that while both central (aortic and carotid) and 

peripheral (brachial) BP decreased following exercise, only brachial BP decreased 

significantly more in Ca. There was also, however, a significant interaction for carotid SBP 

(but no significant differences between races in the change values). Others have also found 

differential responses between peripheral and central BP changes following exercise. Yan et 

al. [48] showed greater changes in central but not peripheral BP in Ca compared to African-

Americans following maximal exercise. Although our current findings support differential 

changes in peripheral and central BP following exercise, the present findings showed 

differential responses between groups in peripheral, but not central BP. This may be a 

function of the difference in populations (comparing Ca with Ch vs. African-Americans), the 

type of exercise used (submaximal vs. maximal) or other unknown factors. Considering that 

central BP is a stronger predictor of clinical outcome than brachial BP [38], the differential 

effect of exercise on central compared to peripheral blood pressure may be important and 

needs to be explored in future research.
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Compared with pre-exercise values, HR is consistently elevated following exercise, and this 

is probably the product of higher temperatures [15] and changes in autonomic function [45]. 

Our findings are in agreement with previous studies [15, 34] showing that an acute exercise 

produces a significant increase in recovery HR. It is unclear why HR increased more in Ch 

than Ca following exercise. It may be due to a different regulatory capacity of autonomic 

balance or body temperature. However, the mechanisms involved in this response were not 

investigated in this study. Similar to Halliwill et al. [16], who have shown that SV is 

maintained during exercise recovery, our present data showed no effect on SV following 

acute exercise. Thus, our data suggest that the different magnitudes in increases in HR, with 

no change in SV, contribute to the different magnitude of increase in CO between Ch and 

Ca.

It is suggested that both active and inactive tissue vasodilate, thereby causing the reduction 

in TPR [40]. In this current study, a significant reduction in TPR was observed following 

exercise, with no different between races. Although we did not have measures of active and 

inactive skeletal muscle vasodilatation, an increase in vasodilatation would be associated 

with a decrease in artery stiffness [12]. A high degree of arterial stiffness may contribute to a 

high BP [8], and it is widely accepted that PWV is an important parameter for evaluating 

arterial stiffness [18]. We found that, compared with baseline values, there was a decrease in 

lower limb PWV following a bout of acute exercise, with no difference between races. 

Interestingly, there was no significant decrease in upper limb (brachial) and central PWV. 

Our data are thus in partial agreement with the aforementioned model for the reduction in 

TPR, suggesting that sustained post-exercise vasodilatation is present in active lower limb 

skeletal muscle, not upper limbs and trunk, which may play a primary role in reducing TPR. 

It is unclear why vasodilatation increased only in lower limbs, without any change in both 

upper limbs and trunk. It is possible that skeletal muscle contraction in the legs increases 

local blood flow to meet the changing metabolic demands [47], resulting in the change for 

local blood flow shear stress, and to stimulate endothelial cells to produce more nitric oxide 

and thereby produce vasodilatation in lower limbs [1]. Unfortunately, we did not measure 

the change of nitric oxide in this study.

The rhythmically contracting skeletal muscles in the legs produce the post-exercise 

vasodilatation. Consequently, there is an increase in venous pooling, generating a drop in 

central venous pressure and left ventricular preload [14, 42]. Halliwill et al. [14] suggested 

that SV is maintained through an increase in contractility and a decrease in afterload. As HR 

is increased, with no change in SV, CO is slightly elevated. Because, however, this increase 

does not completely counteract the reduction in TPR, BP is reduced, thereby resulting in 

PEH. We found no evidence for a reduction in left ventricular preload or an increase in 

contractility in either race. We did not have measures of central venous pressure or direct 

measures of preload, but a decrease in preload would be expected to produce a reduction in 

EDV [40]. EDV did not change significantly in either race in this present study. Thus, it is 

unlikely that left ventricular preload decreased in our study. Similarly, as ESV did not 

change significantly in either race, no significant change was likewise found in either EF or 

FS. There was thus no evidence for an increase in left ventricular contractility. 

Consequently, our data do not support the aforementioned model for the maintenance of SV 
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in the current of PEH. Our study showed that, despite a slight difference in ESV pre-

exercise, SV did not change significantly or differently between Ch and Ca.

The clinical implications of our findings are not clear at this time. Although PEH has been 

predictive of the BP response to exercise training [27], both groups in our study reduced BP 

following acute exercise. It is unknown if the differential magnitude of the PEH is also 

predictive of differential BP responses to exercise training between Ca and Ch individuals. It 

is possible that the differential responses between central and peripheral BP may be 

clinically important, which needs to be explored in future studies. In conclusion, the results 

of this study indicated that moderate-intensity aerobic exercise produces a greater magnitude 

for PEH in peripheral SBP in Ca than Ch. The reason for the PEH in Ch appears to differ 

from Ca, with greater increase in CO caused by higher HR, with no change in SV, this 

increase is not substantial enough to counteract the similar decrease in TPR. The difference 

in initial BP may contribute to the difference changes for PEH between Ca and Ch, 

suggesting that the higher initial BP may be responsible for the greater magnitude in PEH.
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Fig. 1. 
Graphic representation of changes from baseline in brachial, carotid and aortic blood 

pressure following exercise in Chinese (Ca) and Caucasian (Ca) participants. Systolic blood 

pressure (SBP), diastolic blood pressure (DBP) and mean arterial pressure (MAP) are 

shown. * P < 0.05, significantly different from baseline.
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Fig. 2. 
Graphic representation of changes from baseline following exercise in Chinese (Ch) and 

Caucasian (Ca) participants. The change in heart rate, stroke volume, cardiac output, total 

peripheral resistance, brachial pulse wave velocity, central pulse wave velocity, leg pulse 

wave velocity, left ventricle end systolic volume and end diastolic volume are shown. * P < 

0.05, significant change from baseline. # P < 0.05, time effect.
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Table 1

Physical and functional characteristic of the participants.

Variables Chinese Caucasian

male/female 16/16 15/15

age (years) 28 ± 4 24 ± 4 *

body mass (kg) 62 ± 10 68 ± 9 *

height (cm) 165 ± 8 172 ± 10 *

BMI (kg.m−2) 22.5 ± 2.6 23.1 ± 2.5

VO2peak (ml.kg−1.min−1) 43.3 ± 6.3 47.0 ± 9.6

HRrest (b.min−1) 68 ± 11 64 ± 13

HRmax (b.min−1) 195 ± 8 193 ± 10

IMT (mm) 0.40 ± 0.05 0.40 ± 0.46

LVM (g) 161 ± 50 170 ± 45

BMI, body mass index; VO2peak, peak oxygen update; HRrest, heart rate at rest; HRmax, maximal heart rate; IMT, carotid artery intima-media 
thickness; LVM, left ventricle mass

*
Significantly different compared to Chinese (P < 0.05)
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