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ABSTRACT
BACKGROUND: High-intensity . interval exercise is usefui for sustained exercise;
however, its effect on renal artery iemodynantics istinclear. This study aimed to evaluate

changes in renal artery bloed flow velocity due“to high-intensity interval exercise.

METHODS: Ten healthy adults (age,23:51.2 years) completed high-intensity interval
exercise‘and-maderate-intensity continuous exercise protocols on separate days. The high-
intensity interval exercise protocol (total duration, 26 min) comprised eight sets of high-
intensity exercise sessions at 85% maximum oxygen uptake for 1 min, with intervals of
40% ‘maximum oxygen uptake for 2 min between sets. The moderate-intensity continuous
exercise protocol comprised 40 min of exercise at 40% maximum oxygen uptake. Renal
artery blood flow velocity and natural log-transformed high frequency spectral power (an
index of cardiac parasympathetic nervous system activity) were measured before and after

exercise. Additionally, exercise enjoyment was measured using a questionnaire.

RESULTS: Renal artery blood flow velocity did not significantly differ between protocols
or timepoints for either protocol. However, the natural log-transformed high frequency

spectral power was significantly lower with high-intensity interval exercise than with
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moderate-intensity continuous exercise (p<0.001, F=25.97) during exercise and at 10 min
after exercise, and it did not return to pre-exercise levels with high-intensity interval
exercise. Moreover, there was no significant difference in exercise enjoyment between the

two protocols.

CONCLUSIONS: In healthy young adults, high-intensity interval exercise' reduces
parasympathetic activity; however, it does not produce any significant changes in renal
artery hemodynamics after exercise.

Key words: High-Intensity Interval Exercise, Blood Flow Vélocity, Parasympathetic

Nervous System, Renal Artery
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Introduction
Exercise has a significant impact on the maintenance of health. However, boredom and
lack of time are the main reasons why individuals are unable to continue voluntary
exercise. In contrast, exercise enjoyment has been shown as important for sustained
exercise habits.? High-intensity interval exercise (HIIE), which has recently received a
great deal of attention, is a repetitive exercise program in which short periods-of exercise
are performed at an intensity above the anaerobic metabolic threshold,in‘between
intervals of low-intensity recovery exercise or recovery at rest.® HI1E can be performed for
shorter periods of time than moderate-intensity continuous exercise (MICE), consiming
energy, and also provides stronger physiological stimulation'and adaptation. Brevious
studies have reported that HIIE improves exercise tolerance,* totat fiber vgigime and type,
skeletal muscle ratio, capillary density,®> mitochondrial content and function,® and quality
of life better than MICE.” In addition, HIIE has been reported to be.as enjoyable or more
enjoyable than MICE,® and has potentialas an exercise modality of choice in one’s
exercise habits.

Renal blood flow is affecied by exercise arid.1s inversely correlated with exercise
intensity and heart rate (HR).> Renal artery constriction due to increased renal sympathetic
activity and catecholamine secretion cancause-a decrease in renal blood flow.*%! The
kidneys are blood flow-rich organs that receive25% of the cardiac output, but are very
hypoxic due to‘trie presence of arterigvenous.oxygen shunts.'> Many cases of acute renal
failure due'to ischemia after vigorous exercise have been reported in healthy individuals.'®
It has-also beenreported that many patients with acute renal failure have a high probability
of develaping chronic rénal failure in the future, leading to end-stage renal failure.'*
Therefore, it isdmportant to prevent renal ischemia while exercising.

The measurement of renal artery hemodynamics using ultrasound is useful. Blood
flow can be visualized and evaluated non-invasively and repeatedly, allowing the
observation of changes over time, before and after exercise. Blood flow is calculated as
the product of blood flow velocity and vessel cross-sectional area. However, in the renal
artery, drugs and exercise do not significantly change the vascular cross-sectional area,
and the change in blood flow rate is dependent on blood flow velocity.>!6 Therefore, it is
possible to clarify blood flow rate in the renal artery by measuring blood flow velocity.

In healthy individuals, vigorous-intensity continuous exercise can decrease renal

blood flow by >50% of the level at rest'’ and increase renal stress.'® In contrast, MICE
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does not significantly affect the renal arterial blood flow,*?° and the risk of hypoxia is
low.?! Thus, renal blood flow is known to decrease with continuous exercise in an
intensity-dependent manner. However, the renal artery hemodynamics of interval exercise,
which is discontinuous exercise, is unknown. Unlike vigorous-intensity continuous
exercise, renal artery hemodynamics may not significantly change with HIIE. Irr HIIE,
high-intensity exercise is performed for short periods of time, interspersed with recovery.
Therefore, we hypothesized that there would be less decrease in renal bicod flow with
HIIE than with high-intensity continuous exercise. Additionally, we predicted that the
same level of renal hemodynamics would be exhibited if the HIIE energy expenditure was
equivalent to that of MICE.

The purpose of this study was to evaluate the changes-in-renal artéry blood flow
velocity induced by HIIE in young healthy individuals.

Materials-and methods
Participants
Ten young healthy adults (age, 23:5+8.9 years) participated. inthis study. Their baseline
characteristics are listed in Table ¥, Inclusion eriteria comprised an ECG-free diagnosis on
physical examination (based on the participant’s self-report) and consent to participate in
the study. Exclusion criteria comprised cardiovascular disease, renal disease, locomotor
disease in the lower extremities rendering exercise difficult, current/past smoking, body
fat percentage »20%, and an aliergy to-zine. Participants refrained from vigorous exercise,
alcohol intake, and caffeifie jntake for at least 24 h, and fasted for 8 h, before the test
sessions: The'study proiccol was approved by the Kobe University Graduate School of
Health Sciences, KHealth Sciences Ethics Committee (No. 967-1, March 29, 2021), and was
conducted according to the ethical standards of the Declaration of Helsinki. Written

informed consent was obtained from all participants.

Testing procedures

On the first day, body composition was measured using a body composition monitor (DF
860, Yamato-scale Co., Ltd., Hyogo, Japan). Additionally, participants completed the
Japanese version of the International Physical Activity Questionnaire short version (IPAQ

short version).?? Participants then performed an incremental exercise test on a cycle

ergometer for maximum oxygen uptake (VO2 max) estimation. The incremental exercise
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test was started at 15-40 Watts (W), followed by an increase of 10-20 W every 2 min,
until the point of exhaustion. The pedal cadence was 60 rotations per minute (rpm) for the

first four periods, and then was maintained at 90 rpm. VOz max was calculated from the
estimated HR max (220 - age) using the regression line obtained from the measured HR
and \./Oz values.

The main exercise tests were conducted in two sessions, separated by >2 days. As
a control, we used MICE, which is commonly used for health maintenance and is less
likely to alter renal hemodynamics. The HIIE and MICE protocolswere performed in a
random order. Participants rested in the supine position for 15 min after arriving atthe
laboratory. During this rest period, renal blood flow velocity 'was imeasured, as,the pre-
exercise reference value, using Doppler ultrasonography (F37;-Hitachi Aloka Medical Co.,

Ltd., Tokyo, Japan). Participants then engaged in one of\the two types of exercise (Figure

1). The HIIE protocol comprised a 2-min warm-up at 40% VOz rhax, followed by eight
sets of 1-min high-intensity exercise at 85% \:/O;_ max, interspersed with 2-min active
recovery periods at 40% VOZ max, The pedal cadence was 60 rpmiduring the warm-up
and recovery periods and 90 rpm during high-intensity exercige. in the MICE protocol,
participants performed continuous ergometer-exercise at40% \'/02 max, with a pedal
cadence of 60 rpm. The cycling exercise duration was:26 min in the HIIE protocol and 40
min in the MICE protocol. These exercise durations/ were set so that the energy
expenditure (EE); calculated usingWeir’s equation,?® was equal in the two protocols.
After completing the exercisepretocol, participants were placed in a bed in the
supine position-for 10 min, and renal blood flow velocity was measured immediately and
10 min after exercise-aspost 0” and “post 10,” respectively. Measurements immediately
afterexercise were taken as soon as possible after the exercise was completed, after
confirming that the patient was able to hold his or her breath for the measurement.
Subsequently, participants completed the Physical Activity Enjoyment Scale (PACES)?
to assess exercise enjoyment. The PACES comprises 18 items, with each item rated on a
bipolar scale, from 1 to 7, in terms of how much one enjoyed the exercise; the total score
ranges 18-126 points. Items 1, 4,5, 7, 9, 10, 11, 13, 14, 16, and 17 were scored as
follows: 7 points for 1, 6 points for 2, 5 points for 3, 4 points for 4, 5 points for 3, 6 points
for 2, and 7 points for 1. Otherwise, the item was assigned points in accordance with the

chosen number.
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HR was monitored using an HR monitor (LRR-03, GMS Japan Co., Ltd., Tokyo,
Japan). Additionally, cardiovascular autonomic activity was measured for 1 min before
exercise (pre-exercise), for 3 min at the end of exercise (exercise), and for 1 min 9—-10 min
after exercise (post 10). The maximum entropy calculation method (MemCalc) was
implemented using MemCalc/Tarawa (GMS, Tokyo, Japan) software for the real-time
analysis of HR variability. Using this system, a frequency analysis of the R<R interval
variability over the previous 30 s was performed, and the power of thedcw-frequency
(0.04-0.15 Hz) and high-frequency (HF; 0.15-0.40 Hz) bands of the variability spectrum
were calculated.?® In addition, the HF component was converted 1o a natural logarithm
scale (InHF) to ensure a normal distribution, and was used as an irndicator of the activity
level of the cardiovascular parasympathetic nervous system. Duriiig the tests, the
respiration rate was not controlled, as paced breathing could alter the-normal autonomic
activity during recovery from exercise. VO~ and-carbon-dioxide output (VCOz) were
monitored during exercise using a gas analyzer/(Aeromonitot AL 310s, Minato Medical
Science Co., Ltd., Osaka, Japan). Systolic bload pressure (SBP) and giastolic blood
pressure (DBP) were monitored during-exercise, and‘were used-to calculate the mean

arterial pressure (MAP).

Assessment of renal blood flow velocity
To assess renalbiood flow velocity; the time-averaged maximum flow velocity (MnV) in
the right renal artery was measured by pulse Doppler using a 3.5-MHz convex electronic
scanning prohe-ofan ultrasound system. MnV was defined as the average of three pulsed
Dopplerawaveforms, with'the participant in the supine position and the probe applied to
the’abdomen. Thefocal zone was set to the depth of the renal artery, and the insonation
angle was measured as within 60°. The participants held their breath during the 30-s
measurement. The MnV indicates the rate of change, with “pre” set as the reference value.
Renal vascular resistance (RVR) was calculated as MnV/MAP, and changes before and
after exercise were examined.

Two examiners performed the measurements for each participant, and the two
values were unified. To verify the reliability of the results using ultrasound echo,
intraclass correlation coefficients (ICCs) were measured in a separate experiment, in

which two examiners performed three measurements each in nine participants resting in
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the supine position. ICC (1,1) and ICC (2,1) were calculated to verify the intra-examiner

and inter-examiner reliabilities, respectively.

Statistical analysis

All data are presented as the meanzstandard deviation (SD). Two-way repeated measures
analysis of variance, with Tukey’s Honest Significant Difference test for post hoc testing,
was performed to evaluate the effects of exercise type (HIIE vs. MICE) and time on the
MnV, RVR, MAP and InHF. Data normality for HR, SBP, DBP, MAP, and MnV at
baseline; peak HR, SBP, DBP, and MAP during exercise; EE; total energy expenditure
weight ratio (EE/W); and PACES score were evaluated using the Shapiro-Wiik test, and
the difference between exercise types was evaluated using the-patied t-testcr Wilcoxon
signed-rank test, as appropriate. Based on the 95% cenfidence intervais.of the mean, as
recommended by Koo and Li,?® ICC values were interpreted as foliows: <0.5, poor
reliability; 0.5-0.75, moderate reliability; 0.75<0.9, good reliabitity; and >0.90, excellent
reliability. Reliability of the PACES score was evaluated by the Cronbach's alpha value.
Statistical significance was set at p<0.05. All data were-analyzed using JMP for Windows
(version 12.0.1; SAS Institute Japan, Tokyo, Japan).

Data availability
The data associated with this study/are not pubiicly available, but are available from the

correspondirg-author-on reasgnabie reguest.

Results

Baseiine data for HR, SBP, DBP, MAP, and MnV are shown in Table II. The
physiological responses according to exercise protocol are shown in Table I11. Peak HR
(p=0.002, r=0.98), SBP (p<0.001, r=0.92), and MAP (p=0.006, r=0.76) were significantly
higher with HIIE than with MICE. In contrast, the EE/W did not significantly differ
between HIIE (2.56+0.43 kcal/kg) and MICE (2.64+0.45 kcal/kg) (p=0.12, r=0.49).
Additionally, ICC (1,1) indicated good to excellent intra-examiner reliability (0.916 and
0.879, respectively), and ICC (2,1) indicated excellent inter-examiner reliability (0.956).

The renal blood flow velocity, measured immediately after the end of exercise,
was 166.0+82.2 seconds for HIIE and 141.8+40.4 seconds for MICE. The MnV did not

show significant differences between protocols or across time for either protocol (Figure
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2). The MAP was significantly increased after exercise compared to the pre-exercise level
for HIIE (from 85.3+5.9 to 98.3+11.5, p=0.003), but not for MICE (from 83.3£7.8 to
88.0£9.0). In contrast, the RVR did not significantly change with exercise for HIIE (from
0.71£0.10 to 0.65%0.13) and for MICE (from 0.73+0.09 to 0.69+0.10). The InHF power
was significantly lower with HIIE than with MICE, during exercise and at post10
(p<0.001, F=25.97) (Figure 3). For both protocols, the InHF decreased during exercise and
increased during recovery, relative to the pre-exercise level (p<0.001, F=189.17). For
HIIE, the InHF was significantly lower during exercise and at post 10 than before exercise
(pre). For MICE, the InHF was significantly lower during exercise than oefore exércise
(pre).

The internal consistency of the PACES scorein the present study was high
(0=0.9541). PACES scores did not significantly differ between HIIE{101.1+12.8) and
MICE (93.3£20.9). A detailed analysis reveaied that PACES scares were higher for HIIE
than for MICE in 5 of 10 participants and-lowei for HIIE thanfor MICE in 2 of 10

participants, indicating that the exercise style perceived as more efnioyable varied.

Discussior
To the best of our knowledge, the current:study is the first to use Doppler ultrasonography
to investigate changes in renal artery hemodynamies due to HIIE. We found that the renal
artery blood flew velocity did not decrease imriediately after exercise for both HIIE and
MICE proetocols: Furthermore;.there was no difference in renal artery blood flow velocity
between the protecols. However, there was greater suppression of parasympathetic activity
duiing and-at"10 min after exercise with HIIE than with MICE.

In the present study, the exercise load in the MICE protocol was at 40% \./Oz
max; and there was no change in the renal blood flow velocity. A previous study reported
no significant change in renal arterial blood flow and renal arterial blood flow velocity for
exercise at an intensity below the anaerobic threshold,”*® which is consistent with the
present results. In terms of HR variability, in the current MICE protocol, cardiac
parasympathetic activity was suppressed during exercise compared with that at rest, and
had fully recovered within 10 min after exercise. However, in the HIIE protocol, cardiac
parasympathetic activity was suppressed to a greater extent than that in the MICE protocol
and did not recover to the pre-exercise level within 10 min after exercise. A previous study
indicated that HF power immediately after exercise is significantly lower with high-
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intensity interval training than with endurance exercise,?’ which is consistent with the
results of the current study. In addition, cardiac sympathetic activity increases, and cardiac
parasympathetic activity decreases, during exercise, and the recovery of cardiac
parasympathetic activity precedes that for cardiac sympathetic activity.?® This suggests
that cardiac sympathetic hyperactivity in the HIIE protocol continued beyond 10'min after
exercise. Although previous studies have reported that renal blood flow decreases with
renal sympathetic hyperactivity, there was no decrease in renal artery bicod flow velocity
immediately after exercise in the current study, despite expected renal sympathetic
hyperactivity.

In healthy kidneys, autoregulation against a decrease in perfusion presstire may
be involved in the physiological response to exercise.cAutoregulation ensui€s that the
renal blood flow remains nearly constant, even wherithe MAP fluctuates between 70 and
180 mmHg.?° Autoregulation may be due to.imuscutar regulation;-autonomic regulation, or
regulation by fluid factors. In the current study; there was a decrease in cardiac
parasympathetic nervous system activity after-exercise, which was‘expected to lead to an
increase in renal sympathetic nervous system activity, i-e., ceiistriction of the renal arteries
and a decreased in renal blood flow. Despite this, MAP fluctuations were in the range of
70-180 mmHg, suggesting that rendl blood fiow is maintained by muscle and fluid factor
regulation. When blood pressure rises and the vassel wall expands, smooth muscle
contractility increases; conversely when blood pressure decreases and the vessel wall
relaxes, smooth muscle contractility decreases. This muscular regulation by smooth
muscles'maintains the blood fiow. In addition, renal blood flow is regulated in response to
changesdn.ienal arteriai-pressure via vasodilator (e.g., prostaglandins) and vasoconstrictor
effects (e.g., angiotensin 11).% In older adults and in patients with atherosclerosis,
hypertension, and chronic renal failure, autoregulation may be impaired, resulting in
vulnerability to hypoperfusion. However, as the participants in the present study
comprised healthy young adults, renal autoregulation functioned normally, and blood flow
to the glomerulus was maintained; accordingly, the renal artery blood flow velocity was
not decreased significantly immediately after exercise. Another substance involved in the
regulation of renal blood flow is nitric oxide (NO), which is produced by the vascular
endothelium as a result of increased shear stress caused by blood flow. In the renal
circulation, NO is secreted continuously and acts to maintain renal blood flow and renal

vascular resistance.?!
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In the current study, the duration of HIIE was 35% shorter than the duration of
MICE, and there was no significant difference in the enjoyment of exercise between the
HIIE and MICE protocols. Although several previous studies reported HIIE as more, or
equally, enjoyable than MICE, the results vary according to the study protocol and
population.? HIIE is considered more enjoyable in high physical activity populations.®
Consistent with this, the PACES score for HIIE was either equal to or higher-than that for
MICE in the three participants with high physical activity in the current study. However,
in populations with a wide range of physical activity levels, the results have been mixed.
Thus, HIIE should be actively recommended for people with regular exercise habitsand
high activity levels. We also recommend that people with nolexercise habit oi7Jow activity
level experience both HIIE and MICE and choose their favorite exercise type to support
sustained exercise.

Improved exercise tolerance with continued exercise is@ssociated with a better
prognosis.3* Especially in patients with renal disease, the renal protective effects of
exercise therapy have been reported to'play-a major rolezin the prevention of dialysis.®
Exercise that does not alter renai iemodynamics is rfecommenaded for patients with renal
disease.®® The present study suggests that HIIEdoes not significantly alter renal
hemodynamics in healthy individuals, providing a basis for the use of HIIE in renal

rehabilitation.

Limitations

In the-current stady, we cauid not measure renal artery hemodynamics “during” exercise,
but-only<observed changes before and after exercise, as obtaining stable measurements
during exercisesis difficult because of the large abdominal movements due to breathing.
Therefore, the observation of renal artery hemodynamics during HIIE is a challenge for
future studies. In addition, we were not able to measure catecholamine levels and renin-
angiotensin system factors in the blood because we were unable to perform biochemical
tests using blood samples. Finally, since renal artery hemodynamics may differ
significantly between healthy young people with normal renal function and patients with
renal dysfunction or older adults, studies in patients with mild renal dysfunction and
different age groups are required. Nevertheless, our study of young, healthy adults

establishes a baseline for comparison with other populations.
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Conclusions
In healthy young adults, HIIE is associated with the suppression of cardiac
parasympathetic activity; however, as with MICE, HIIE may not reduce renal artery blood
flow velocity after exercise. This finding suggests that HIIE could be used for establishing
exercise habits without greatly reducing renal artery blood flow. These resuits not'only
promote continued exercise habits in healthy individuals, but also provide abasis for the
future use of HIIE in rehabilitation for elderly individuals and patients with chronic kidney

disease.
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TABLES

Table |.— Participants’ characteristics

Participants, n

Height (cm)

Body weight (kg)

Body mass index (kg/m?)
Body fat percentage (%)
Age (years)

Sex (male, %)

Physical activity (IPAQ short version)
Estimated VOz max (mL/kg/min)

Exercise load at 40% VOz max (Watt)
Exercise load at 85% VOz max (Watt)

10
166.2+10.7
56.2+8.9
20.2+14
21
23.

5 (50)

oo
(¥

i ¥

oW
N

+

[

high: 3, moderate: 3, low: 4
37.1%6.1
48.5+16.6

108.7+30.1

Data are expressed as the meanzstandard deviation. IPAQ, Japarese version of the

International Physical Activity Questionnaire short versioin;:\O,, oxygen uptake
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Table 11.— Comparisons between the two protocols at baseline

HIIE protocol ~ MICE protocol P value
HR (bpm) 69.0+7.8 70.445.2 0.44
Systolic blood pressure (mmHg) 111.4+11.1 112.8+13.9 0.65
Diastolic blood pressure (mmHQ) 72.2+5.2 68.6+7.4 0.11
Mean arterial pressure (mmHg) 85.3+5.9 83.3+7.8 0:30
MnV (cm/s) 61.3+11.1 60.84+9.9 0.87

Data are expressed as the meanztstandard deviation. HIIE, high-intensity intervatexercise;

MICE, moderate-intensity interval exercise; HR, heart rate; MnV, the time-averaged

maximum flow velocity
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Table I111.— Comparisons between the two protocols in terms of physiological responses
HIIE protocol MICE protocol

Mean HR (bpm) 152.7£8.1 (high intensity) 104.2+6.5
125.74£8.1 (interval)

Peak HR (bpm) 164.9+7.5* 115.9+8.1

Mean HR (%HR max) 77.7£3.9 (high intensity) 53.0+3.3
63.9£4.0 (interval)

Mean VO, (mL/kg/min) 26.0+4.2 (high intensity) 13.622.2
17.0+2.9 (interval)

Mean VO; (%0, max) 70.2+4.7 (high intenssity) 36.7%2.2
45.9+3.1 (interval)

Systolic blood pressure (mmHg) 149.2+£18.8* 125.6+14.7

Diastolic blood pressure (mmHg) 72.8111.0 69.2+7.5

Mean arterial pressure (mmHg) 98.3+11.5* 88+9.0

Energy expenditure (kcal) 144.8+37.0 150.0+42.1

Energy expenditure weight tatio 2.56£0.43 2.64+0.45

(kcal/kg)

Data are expressed<as the “meantstandard dewviation. HIIE, high-intensity interval

exercise; MICE, moderate-intensity-interval exercise; HR, heart rate; VO3, oxygen uptake

*p<0.01 for HHE vs, MICE
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TITLES OF FIGURES

Figure 1.— The main test protocol. The exercises comprised high-intensity interval
exercise (HIIE) and moderate intensity continuous exercise (MICE). The time-averaged
maximum flow velocity (MnV) was measured before, immediately after, and 10-min after
exercise. The natural logarithm of the high-frequency spectral power (InHF) was measured
before exercise (for 1 min), at the end of exercise (for 3 min) and 10 min after exercise

(for 1 min). PACES, Physical Activity Enjoyment Scale

Figure 2.— Rate of change in the time-averaged maximum fiow velocity (Mn\/) tietore
and after high-intensity interval exercise (HIIE) and moderate.intensity contintious
exercise (MICE). There were no significant differences between exergise type or time, and
no significant interaction. pre, before exercise; post 0, immediatety after exercise; post 10,

10 min after exercise

Figure 3.— Natural logarithm of the high-frequency spectral power-{InHF) before and
after high-intensity interval exercise (HHE) and mederate intensity continuous exercise
(MICE). *p<0.001 for HIIE vs- MICE; ip<0.001 vs. pré;pre; before exercise; post 10, 10

min after exercise
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