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Objective: The effects of land-based high-intensity interval training (HIIT) on the cardiovascular system
have already been demonstrated. However, the water environment is different from that on land.
Therefore, we investigated the effects of 6-week aquatic HIIT and moderate-intensity continuous training
(MICT) on central hemodynamic parameters, endothelial function, and aerobic fitness in inactive adults.
Methods: Thirty-one inactive adults were randomly assigned to HIIT or MICT group. HIIT group per-
formed twelve 30-s swimming exercise bouts with the intensity of 95% HRmax and 15e18/20 RPE with a
60-s rest period between each bout. MICT group performed a 30-min uninterrupted swimming exercise
with the intensity of 70%e75% HRmax and 12e14/20 RPE. Training frequency for both groups was three
times a week. The pulse wave analysis and flow-mediated dilation (FMD) were measured by non-
invasive equipments.
Results: The aerobic fitness significantly increased after HIIT, but no change was seen after MICT.
Augmentation pressure (AP) and augmentation index normalized at 75 bpm (AIx@HR75) significantly
decreased after HIIT but not MICT, whereas MICT rather than HIIT improved subendocardial viability
ratio (SEVR), central and peripheral blood pressure, and resting HR. Only HIIT significantly increased
brachial endothelial function.
Conclusion: A six-week aquatic HIIT and MICT had no differences in hemodynamic parameters, endo-
thelial function, and aerobic fitness, however 6 weeks of aquatic HIIT reduced arterial stiffness, increased
endothelial function and aerobic fitness, while 6 weeks of aquatic MICT reduced arterial blood pressure
and resting HR and increased the coronary blood flow reserve.

© 2022 The Society of Chinese Scholars on Exercise Physiology and Fitness. Published by Elsevier
(Singapore) Pte Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Cardiovascular diseases (CVD) are still the number one cause of
death and disability globally. As one of the major causes of CVD,
physical inactivity has become theworld's fourth leading risk factor
for death.1 According to the World Health Organization (WHO)
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report in 2016, more than a quarter of adults around the world
(about 1.4 billion) lacked exercise.2 Increased sedentary behavior
may lead to rapid deterioration of cardiovascular health and pre-
mature death in people with increased cardiovascular risk. Even
1e4 weeks of inactivity is associated with adverse effects on car-
diovascular function and increased cardiovascular risk factors.3
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Cardiovascular dysfunction can increase CVD risk, and impaired
central hemodynamics is an independent risk factor for CVD.4 Us-
ing applanation tonometry to measure the central hemodynamic
parameters, including resting heart rate (HR), central blood pres-
sure, augmentation pressure (AP), augmentation index (AIx), and
subendocardial viability ratio (SEVR), these parameters could be
used to evaluate central arterial pressure, aortic vascular function,
cardiac supply capacity, and endocardial perfusion.5 Among these
parameters, AIx quantifies the augmentation of central aortic
pressure. Consequently, AIx represents a measure of peripheral
arterial wave reflection. To exclude the effect of heart rate on AIx,
AIx is normalized by a standard heart rate of 75 beats per minute
(AIx@HR75). SEVR is an independent predictor of coronary blood
flow reserve, which has been considered as an alternative to
microvascular myocardial perfusion.6

In 1985, researchers found that the increase in shear stress of
blood flow can act on the vascular endothelium, causing the blood
vessel to produce a diastolic response.7 This phenomenon is named
flow-mediated dilation (FMD), which depends on intact endothe-
lium. In practical applications, a non-invasive ultrasound system is
used to measure the FMD of the brachial artery to reflect the
vascular endothelial function.8,9

Land-based high-intensity interval training (HIIT) has exhibited
superior or similar improvements in arterial vascular and endo-
thelial function and aerobic fitness, among other cardiovascular
risk factors, compared to a moderate-intensity continuous training
(MICT) in healthy participants and those with moderate-to-high
risk of CVD.10,11 In this regard, a meta-analysis from Ramos et al.
on land-based training also revealed that HIIT promoted better
FMD improvements in patients with vascular impairment (such as
type 2 diabetes, hypertension, coronary disease, obesity, and
metabolic syndrome) than MICT.12 Nevertheless, based on the
current scientific literature, it is unclear whether aquatic HIIT is
beneficial to the cardiovascular function of inactive adults. On the
other hand, since aquatic training involves minimal weight-bearing
stress, which could reduce the risk of injury, it may be considered as
a good trainingmodality, especially for individuals who aremiddle-
aged, elderly or obese. Furthermore, immersion in water results in
hydrostatic pressure gradient, which could increase venous reflux
and the blood volume of heart and intrathoracic vessels by
increasing the pressure on immersed body surface.13 In addition,
there is also a lack of study comparing the health effects of aquatic
HIIT with MICT. Therefore, we investigated the effects of 6-week
aquatic HIIT and MICT on central hemodynamic parameters,
endothelial function, and aerobic fitness in inactive adults.
Fig. 1. Exercise protocols.
The HIIT (25-min warm-up, 6 min of HIIT training [95% of HRmax], 11 min of recovery, and
training [70%e75% of HRmax], and 10-min cool-down).
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2. Methods

2.1. Subjects

Thirty-one volunteers (8 males and 23 females) were recruited
from the local community. The inclusion criteria were adults with
low physical activity level according to the International Physical
Activity Questionnaires (IPAQ)14 Those with severe respiratory
diseases, kidney dysfunction, and CVD, confirmed by medical his-
tory records, were excluded. This study was approved by the
Guangzhou Sport University Human Experimental Ethics Board and
registered in Chinese Clinical Trial Registry (ChiCTR2000029491).
All volunteers gave their written informed consent in accordance
with the Declaration of Helsinki.
2.2. Exercise protocols

Both HIIT and MICT groups trained 3 days per week for 6 weeks,
with a total of 18 training sessions. Body composition, metabolic
parameters, aerobic fitness, and arterial function were assessed
pre- and post-training program. Post-test was performed 48 h after
the last training session. During experimental intervention, par-
ticipants were asked to maintain their usual dietary habits and
physical activities. Alcohol and caffeine were not allowed to
consume 24 h before measurements. Participants were requested
to maintain a fasting time for at least 8 h before the blood and
vascular function tests.

Both HIIT andMICTgroups were subjected to a 15-minwarm-up
on land before each training session, followed by a specialized
aquatic warm-up exercise for 10 min. Both warm-ups were per-
formed at low-intensity (50%e55% HRmax). Each training session
was ended with a 10-min cool-down. Participants could use floats
to assist swimming. Heart rate was continuously monitored by
Polar heart rate monitors and recorded by researchers. Fig. 1
showed the exercise protocols of HIIT and MICT .

HIIT sessions lasted for 18e20 min (effective high-intensity
swimming of 6 min), consisting of twelve 30-s swimming exer-
cise bouts (breaststroke) separated by a 60-s resting time between
each bout. In the first week, participants completed the training
with 75%e90% of HRmax and 13e16/20 self-reported RPE using the
Borg Scale. The intensity of 95% HRmax (15e18/20 RPE) was per-
formed from the secondweek until the end of the training program.

The MICT group performed a 30-min uninterrupted swimming
exercise (breaststroke) according to training principles previously
described.15 Participants maintained the intensity of 70%e75%
10-min cool-down) and the MICT training protocol (25-min warm-up, 30 min of MICT
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HRmax and 12e14/20 RPE. The targeted intensity was checked every
5 min during the exercise.

2.3. Vascular function

Resting heart rate (HR) and peripheral blood pressure were
measured three times by a digital sphygmomanometer (Omron 705
IT, Omron Health Care, Japan). SphygmoCor system (AtCor Medical,
Sydney, Australia) was used to analyze pulse waves, which were
commonly applied to detect parameters that reflect cardiovascular
function, according to previously described protocols.6,16,17 The
following parameters have been generated: aortic blood pressure,
augmentation pressure (AP), augmentation index (AIx), and sub-
endocardial viability ratio (SEVR). SEVR is a measure of myocardial
perfusion, and AIx is an index that reflects artery stiffness. Since AIx
is influenced by heart rate, AIx is also standardized to AIx at 75
beats/min (AIx@HR75).

An ultrasound device, with a high-definition linear array
transducer and edge-tracking system combined with computer-
assisted analysis software-generated two-dimensional images
(transverse and longitudinal section) using a UNEXEF38G system
(UNEX, Nagoya, Japan), was adopted to assess FMD. FMD values
were based on the percentage increase in the brachial artery
diameter compared to the resting state after the cuff is deflated.
Mean blood flow (vessel cross-sectional area � MBV [mean blood
velocity]) was calculated to quantify the hyperemic response. Be-
sides, the mean shear rate (MSR) was calculated as follows:

MSR
�
s�1

�
¼ 4 � MBV

mean diameter at rest

FMD tests were performed twice on each participant and the
same operator conducted all measurements. The results of repeated
measurements showed that the correlation coefficient was 0.88
and the coefficient of variation was 11.4%, as previously
described.8,9

2.4. Body composition

Body composition was measured in an air-conditioned room
(25�C) by the direct segmental multifrequency bioelectrical
impedance method (InBody 370, Biospace, Seoul, Korea). Hand-foot
skin of participants and electrodes were cleaned and dried before
the measurements. Then, they were instructed to grasp handles of
the analyser with upright position in minimal clothing while
barefoot.

2.5. Aerobic fitness

A MasterScreen CPX (CareFusion, Hochberg, Germany) and a
procedure of breath-by-breath connected to the treadmill was used
for cardiopulmonary exercise testing. We applied a modified Bruce
protocol in which stages were designed as follows: warming up at
the speed of 2.7 km/h and 0% inclination and then increasing
inclination and speed in 2% and 1.28e1.44 km/h every 3 min,
respectively. When the estimated maximal heart rate was reached
during the test, the operator encouraged the volunteer to continue
the test until exhaustion (18e20/20 self-reported RPE). Relevant
parameters, such as oxygen uptake and carbon dioxide output,
were continuously recorded by the gas analyzer, and HR was
assessed by continuous electrocardiography.

2.6. Blood analysis

Fasting blood glucose (BG), triglycerides (TG), total cholesterol
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(TC), high-density lipoprotein cholesterol (HDL-c), and low-density
lipoprotein cholesterol (LDL-c) were measured at Kangfulai Hos-
pital, China.

2.7. Statistical analysis

Mixed effect models were applied to analyze the effects of group
(HIIT vs. MICT), time (0 vs. 6 weeks), and the interaction between
group and time on anthropometric, metabolic, vascular, and aero-
bic fitness variables. Repeated covariance type of the models was
set to unstructured, and the covariate was age. Tukey post hoc
analysis was used to analyze within-group and between-group
comparisons.

Effect sizes (ES) were calculated by Cohen's d. The sample size
was calculated using software (G*Power 3.1, Software Inc., Kiel,
Germany) and was based on a meta-analysis.18 The calculated
sample size (between-group effect of 0.30, with an alpha [a] of 0.05
and power [b] of 0.80) was 23 participants. We increased the
sample size to 31 in case of dropouts. All statistical analyses were
performed with SPSS 22.0 (SPSS, Inc., Chicago, IL, USA). Data were
shown as means ± SD and significance was set at p < 0.05.

3. Results

3.1. Effects of HIIT and MICT on anthropometric and metabolic
parameters

Five participants (16%) were excluded from statistical analysis
due to failure to reach 90% attendance (Fig. 2). The anthropometric
and metabolic parameters were shown in Table 1. Body weight,
BMI, and fat mass significantly decreased after both HIIT and MICT
(p < 0.05, p < 0.01, or p < 0.001). Furthermore, 6 weeks of HIIT
significantly increased skeletal muscle mass (p < 0.01), with a
decrease in body fat percentage (p < 0.001). However, there were
no changes in skeletal muscle mass (p > 0.05) and body fat per-
centage (p > 0.05) after 6 weeks of MICT.

None of the anthropometric and metabolic parameters was
detected a significant difference in the group-by-time interactions
or between groups. But simple effects test revealed HIIT signifi-
cantly decreased total cholesterol (p < 0.01). However, 6 weeks of
MICT could not change total cholesterol (p > 0.05). In addition, no
difference in HDL-c, LDL-c, and triglycerides was found after
neither HIIT nor MICT. However, both of HIIT and MICT markedly
reduced fasting blood glucose (both p < 0.001).

3.2. Effects of HIIT and MICT on aerobic fitness

Maximal exercise performances of both training groups in the
cardiopulmonary exercise test pre- and post-intervention were
presented in Table 1. Significant improvements in absolute VO2max
(p < 0.05), relative VO2max (p < 0.01), HRmax (p < 0.05), peak O2
pulse (p < 0.05), and MET (p < 0.001) were detected after HIIT
rather thanMICT. Group-by-time interactions revealed a significant
difference in absolute VO2max [estimate¼�132.92, F(1,24)¼ 4.300,
p < 0.05, partial h2 ¼ 0.152], relative VO2max [estimate ¼ �2.31,
F(1,24) ¼ 4.944, p < 0.05, partial h2 ¼ 0.171], and MET
[estimate ¼ �132.92, F(1,24) ¼ 5.103, p < 0.05, partial h2 ¼ 0.175]
between HIIT and MICT, however no significant main effects in
VO2max [estimate ¼ �5.81, F(1,24) ¼ 0.680, p ¼ 0.418, partial
h2 ¼ 0.028], relative VO2max [estimate ¼ 0.69, F(1,24) ¼ 0.513,
p ¼ 0.481, partial h2 ¼ 0.021], and MET [estimate ¼ 0.21,
F(1,24) ¼ 0.494, p ¼ 0.489, partial h2 ¼ 0.020] were seen by group.
Moreover, no difference in ventilation and RER were detected after
neither HIIT nor MICT.



Fig. 2. Flow-chart of the randomized controlled trial.
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3.3. Effects of HIIT and MICT on vascular function

PWA demonstrated significant decreases in AIx@HR75
(p < 0.05) and AP (p< 0.05) after HIIT rather thanMICT (Table 2). On
the contrary, SEVR was significantly elevated after MICT (p < 0.01)
but not HIIT (p > 0.05). Moreover, there were significant decreases
in bSBP (p < 0.01), bDBP (p < 0.001), aMP (p < 0.001), aSBP
(p < 0.01), aDBP (p < 0.001), and HR (p < 0.001) after MICT but not
HIIT except aMP (p < 0.05) (Table 2). Group-by-time interactions
revealed significant differences in both aDBP [estimate ¼ �8.08,
F(1,24) ¼ 6.812, p < 0.05, partial h2 ¼ 0.221] and HR
[estimate ¼ �5.38, F(1,24) ¼ 7.100, p < 0.05, partial h2 ¼ 0.228]
between HIIT andMICT, whereas no significant main effects in both
aDBP [estimate ¼ 6.79, F(1,24) ¼ 0.594, p ¼ 0.448, partial
h2 ¼ 0.024] and HR [estimate ¼ 3.13, F(1,24) ¼ 0.003, p ¼ 0.960,
partial h2 ¼ 0.000] were seen by group.

Both of group-by-time interactions and between-group
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comparisons revealed there was no significant difference in FMD.
But simple effects test detected that brachial artery FMD improved
in both HIIT and MICT groups after 6 weeks of aquatic exercise
(Table 2). However, MICT only showed marginal significance
(p ¼ 0.072) compared to HIIT (p < 0.05). There was no significant
change in the brachial artery diameter at rest after neither HIIT
(p ¼ 0.087) nor MICT (p ¼ 0.384). However, peak diameter at the
time of the reactive hyperemia significantly increased only in HIIT
group (p < 0.05). MBV, MD, and MSR were not changed after
neither HIIT nor MICT.

4. Discussion

The purpose of the present study was to examine the effects of
6-week aquatic HIIT and MICT on central hemodynamic parame-
ters, endothelial function, and aerobic fitness in inactive adults. To
the best of our knowledge, there were no studies investigating the



Table 1
Baseline characteristics of participants and effects of the exercise programs on anthropometric, metabolic, and aerobic fitness parameters (mean ± SD).

Parameters HIIT (n ¼ 13) MICT (n ¼ 13)

pre-training post-training ES pre-training post-training ES

Gender (m/f) 3/10 e e 4/9 e e

Age (yr) 42.2 ± 5.7 e e 39.2 ± 6.0 e e

Height (m) 163.3 ± 5.6 e e 161 ± 6.4 e e

Weight (kg) 63.2 ± 12.6 62.2 ± 12.5* �0.080 63.0 ± 13.3 61.7 ± 12.6** �0.100
BMI (kg/m2) 23.6 ± 4.0 23.2 ± 3.9* �0.101 24.2 ± 4.8 23.7 ± 4.6** �0.106
Skeletal muscle (kg) 23.2 ± 4.3 24 ± 5.3** �0.167 23.8 ± 4.3 23.8 ± 4.4 0
Fat (kg) 20.7 ± 6.6 18.2 ± 5.7*** �0.407 19.5 ± 8.8 18.3 ± 8.1* �0.142
Fat (%) 32.3 ± 4.6 29.0 ± 5.2*** �0.673 30.1 ± 7.8 28.9 ± 7.6 �0.156
WHR 0.87 ± 0.05 0.85 ± 0.06** �0.364 0.86 ± 0.04 0.85 ± 0.04 �0.250
TC (mmol/L) 5.36 ± 0.84 4.96 ± 1.00** �0.435 5.06 ± 0.81 5.03 ± 0.40 �0.050
TG (mmol/L) 1.24 ± 0.73 0.99 ± 0.63 �0.368 1.24 ± 0.65 0.95 ± 0.37 �0.569
HDL-c (mmol/L) 1.51 ± 0.37 1.49 ± 0.37 �0.054 1.44 ± 0.43 1.51 ± 0.35 0.179
LDL-c (mmol/L) 3.40 ± 0.81 3.21 ± 0.99 �0.211 3.16 ± 0.61 3.28 ± 0.47 0.222
BG (mmol/L) 4.69 ± 0.40 4.15 ± 0.50*** �1.200 4.79 ± 0.80 4.18 ± 0.77*** �0.778
Peak
VO2 (mL/min) 1918 ± 592 2025 ± 522*# 0.192 2138 ± 430 2113 ± 351 �0.064
VO2/kg (mL/kg/min) 30.9 ± 6.2 33.5 ± 6.4**# 0.413 33.7 ± 6.1 34.0 ± 5.2 0.053
Ventilation (L/min) 79.7 ± 20.7 80.1 ± 15.4 0.022 84.5 ± 22.9 86.6 ± 17.9 0.103
HR (bpm) 178 ± 12 174 ± 12* �0.333 175 ± 11 172 ± 13 �0.250
O2 pulse (mL/beat) 10.9 ± 3.3 12.2 ± 3.6* 0.377 12.4 ± 2.6 13.1 ± 4 0.212
MET 8.83 ± 1.79 9.59 ± 1.82***# 0.421 9.63 ± 1.75 9.72 ± 1.49 0.056
RER 1.30 ± 0.10 1.28 ± 0.08 �0.222 1.25 ± 0.09 1.25 ± 0.11 0

Note: BMI, body mass index; WHR, waist hip rate; BG, blood glucose; TC, total cholesterol; TG, triglycerides; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density
lipoprotein cholesterol; VO2, oxygen uptake; HR, heart rate; MET, metabolic equivalent; RER, respiratory exchange ratio; SD, standard deviation; ES, effect size.
*p < 0.05, **p < 0.01, ***p < 0.001 vs. pre-training. # Significant interaction of group � time p < 0.05.

Table 2
The vascular function parameters of participants pre- vs. post-training programs (mean ± SD).

parameters HIIT (n ¼ 13) MICT (n ¼ 13)

pre-training post-training ES pre-training post-training ES

bSBP (mmHg) 118.8 ± 17.5 116.5 ± 13.6 �0.148 115.7 ± 13.0 106.9 ± 9.7** �0.775
bDBP (mmHg) 75.1 ± 10.2 75.0 ± 7.7 �0.011 76.6 ± 11.1 68.3 ± 9.1*** �0.822
Pulse wave analysis
bPP (mmHg) 43.9 ± 11.4 41.6 ± 8.7 �0.229 39.7 ± 6.9 38.6 ± 4.3 �0.196
aMP (mmHg) 94.6 ± 9.3 90.2 ± 8.6* �0.492 92.7 ± 8.7 82.5 ± 9.4*** �1.127
aSBP (mmHg) 111.9 ± 16 108.5 ± 12.9 �0.235 107.3 ± 11.9 99.2 ± 10.4** �0.726
aDBP (mmHg) 75.9 ± 10.3 75.7 ± 7.6# �0.022 77.2 ± 11.7 68.9 ± 9.4*** �0.787
aPP (mmHg) 36.0 ± 9.9 32.8 ± 8.6 �0.346 30.2 ± 3.7 30.3 ± 4.8 0.024
HR (bpm) 62.0 ± 5.0 61.0 ± 7.6# �0.159 64.5 ± 10.7 58.2 ± 8.5*** �0.656
AP (mmHg) 11.1 ± 4.3 9.0 ± 4.3* �0.488 7.7 ± 4.6 7.9 ± 4.3 0.045
AIx@HR75 (%) 22.9 ± 8.8 18.9 ± 7* �0.508 19 ± 12.8 16.2 ± 12.6 �0.220
SEVR (%) 161.9 ± 6.1 165.1 ± 20.2 0.176 162 ± 39 177.6 ± 36.9** 0.398
Brachial endothelium
MBV (cm/s) 2.5 ± 1.2 2.2 ± 1.1 �0.261 2.3 ± 1.5 2.5 ± 1.6 0.129
MD (mm) 3.43 ± 0.72 3.64 ± 0.66 0.304 3.61 ± 0.71 3.58 ± 0.47 �0.508
MSR (s�1) 2.99 ± 1.45 2.5 ± 1.33 �0.353 2.72 ± 2.01 2.7 ± 1.47 �0.011
Base diameter (mm) 3.58 ± 0.69 3.72 ± 0.68 0.204 3.68 ± 0.62 3.76 ± 0.43 0.152
Peak diameter (mm) 3.70 ± 0.70 3.91 ± 0.68 0.304* 3.84 ± 0.63 3.94 ± 0.45 0.185
FMD 3.56 ± 1.67 4.94 ± 2.10 0.732* 4.02 ± 1.77 5.08 ± 2.80 0.464

Note: bSBP, brachial systolic blood pressure; bDBP, brachial diastolic blood pressure; bPP, brachial pulse pressure; aMP, aortic mean pressure; aSBP, aortic systolic blood
pressure; aDBP, aortic diastolic blood pressure; aPP, aortic pulse pressure; HR, heart rate; AP, augmentation pressure; AIx, augmentation index; AIx@HR75, standardized to AIx
at 75 beats/min heart rates; SEVR, subendocardial viability ratio; MBV, mean blood velocity; MD, mean diameter; MSR, mean shear rate; FMD, flow-mediated dilation; SD,
standard deviation; ES, effect size.
*p < 0.05, **p < 0.01, ***p < 0.001 vs. pre-training. #Significant interaction of group � time p < 0.05.
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effects of aquatic HIIT on vascular function in the inactive popula-
tion, and there were also few studies to compare the effects of
various exercise forms on vascular and endothelial function in
inactive adults. The main findings of the study were as follows: (1)
After the 6-week swimming program, HIIT and MICT had no sig-
nificant differences in the hemodynamic parameters, endothelial
function, and aerobic fitness; (2) Body composition improved after
both interventions, but a significant increase in skeletal muscle
mass was found only after HIIT; (3) Both programs significantly
reduced fasting blood glucose, but a significant decrease in total
260
cholesterol was detected only after HIIT; (4) The aerobic fitness
significantly increased only after HIIT; (5) AIx@HR75 and AP
significantly decreased after HIIT but not MICT, whereas MICT
rather than HIIT improved SEVR, central and peripheral blood
pressure, and resting HR; (6) Only HIIT significantly increased
brachial endothelial function.

A previous study found that anaerobic and aerobic systems
could be simultaneously mobilized during HIIT with fast-twitch
fibers participating in a higher proportion while MICT mobilized
mainly slow-twitch fibers.19 In our results, simple effect analyses
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showed that aerobic fitness in HIITgroupwas significantly elevated.
This may reveal a possibility that the aerobic fitness of inactive
adults could be effectively improved by HIIT, regardless of no sig-
nificant main effect was seen by group. As reported by most pre-
vious studies, HIIT may be beneficial in improving aerobic fitness,
either on land or in water.20,21 However, although both in-
terventions could reduce BMI, only HIIT increased skeletal muscle
mass and decreased body fat percentage. This result was consistent
with a previous study which demonstrated that, compared toMICT,
HIIT is more effective to increase skeletal muscle mass.22

An earlier study reported that land-based HIIT had a better ef-
fect on TC reduction.23 Whereas, another study conducted by Nybo
et al. showed that while the interval training was completed at
more than 95% HRmax on land, the TC level only decreased by
0.1mmol/L, but MICT decreased the TC level by 0.3mmol/L.24 In the
present study, aquatic HIIT was more effective in lowering TC
(�7.5%) than MICT (�0.6%). In this case, it seems that the combi-
nation of swimming and HIIT has a better effect on TC reduction
than land-based HIIT.

Although previous literature on aquatic HIIT was lacking,
Nualnim et al. investigated the effects of 12 weeks of swimming
training on fasting blood glucose level in adults over 50 years old.
They found no significant change in fasting blood glucose after
swimming training.25 On the contrary, the present study revealed
an 11.5% decline in fasting glucose after aquatic HIIT. Our result was
similar to a recent study which suggested that aquatic HIIT could
significantly reduce fasting blood glucose level.26 Interestingly, we
also found a significant reduction (�12.7%) in fasting glucose in
MICT, regardless of no change in fasting blood glucose was seen in
the above-mentioned study which performed a similar exercise
program.26 One possible reason could be the greater trainability of
inactive individuals in a short-term aquatic MICT. The organ's
response to blood glucose may evolve physiological adaptability
with the extension of duration of intervention. However, in HIIT
program, the physiological adaptability of the organ is constantly
discontinued. The excessive recovery makes the exercise perfor-
mance continuing to improve, even after long-term training (for
example, Connolly et al. used a 15-week protocol),26 therefore keep
playing a positive role in blood glucose change.

The present findings showed that 6 weeks of aquatic exercise
improved central hemodynamics and endothelial function in inac-
tive adults. In general, the adaptation of arterial stiffness in response
to exercise is mainly attributed to the increased rate of nitric oxide
(NO) utilization and improved endothelial function. During exercise,
increase in shear stress leads to elevated NO production in endo-
thelial cells which promotes vascular smooth muscle relaxation.
Since HIIT results in higher intensity of laminar shear stress
compared to MICT, HIIT could induce a greater response in NO pro-
duction.27 Consistently, our study demonstrated that brachial artery
FMD significantly improved only after HIIT. These results indirectly
suggested that improvement in NO production depends on different
exercisemodalities, whichmaymean that higher intensity of aquatic
exercise is able to induce effectively greater changes in vascular
function, especially endothelial function. In addition, although there
was no change in brachial diameter at rest after neither HIIT nor
MICT, the maximal brachial diameter during reactive hyperemiawas
significantly enhanced in the HIIT group, suggesting a responsive
enhancement of FMD.28 Therefore, our results raised the possibility
that endothelial function adaptation could be induced by HIIT, such
as the increase in FMD response.Moreover, AIx, an indirectmarker of
arterial stiffness,29 is also an independent risk factor for predicting
CVD. AIx@75HR is a heart rate-corrected indicator with a more
objective nature of central arterial pressure and arterial elasticity.
Regarding vessel stiffness, our results were similar to a previous
study which revealed that HIIT decreased AIx@HR75 more
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significantly than MICT in healthy men and episodic migraine pa-
tients.11 AP is the amplitude of the reflected wave, which is closely
related to the occurrence and mortality of cardiovascular diseases.30

Our findings demonstrated that HIIT rather than MICT decreased
AIx@75HR and AP. Thus, our results suggested that higher intensity
of aquatic exercise may cause effectively greater vascular adaptive
changes in inactive adults.

The improvement of the central arterial pressure dynamics also
corresponds to the increase in SEVR, an indirect marker for sub-
endocardial perfusion, potentially indicating an improvement in
cardiac function. A previous study showed a positive correlation
between coronary blood flow reserve and SEVR (R ¼ 0.65) in hy-
pertensive patients with normal coronary artery angiography but
with myocardial ischemia.31 In the present study, our results
showed that MICT but not HIIT effectively enhanced SEVR, sug-
gesting that 6 weeks of MICT rather than HIIT could improve cor-
onary blood flow reserve in inactive adults.

As mentioned above, the present study found significant im-
provements in the parameters that reflected the vascular function
after both exercise protocols. However, the central and peripheral
systolic and diastolic pressures only showed significant decrease
after MICT but not after HIIT. Actually, although HIIT did not
significantly reduce both central and peripheral systolic and dia-
stolic pressure, it was observed a significant decrease in mean
arterial pressure after HIIT. It may be reasonable to mention that 6
weeks of exercise intervention can be considered as a short dura-
tion of intervention, especially the total time of the HIIT group
immersed in water was nearly half less than in MICT group. Thus,
there are less hydrodynamic (buoyancy, hydrostatic pressure, vis-
cosity, etc.) and thermodynamic effects32 on the wall pressure in
HIIT program compared to MICT. This might be one of the reasons
why MICT but not HIIT could cause a significant change in blood
pressure. Indeed, a previous study showed that the duration of
aquatic HIIT intervention was typically 15 weeks and reported that
it was effective in improving blood pressure.33

Although we obtained some promising results in the present
study, there were some limitations. The duration of the interven-
tion was short, and the sample size of the present study was small.
It may explain why some cardiovascular indicators (such as blood
pressure, AIx@HR75, SEVR, and FMD) were not statistically
different between HIIT andMICT programs, even if we had adjusted
the baseline characteristics of the subjects. Therefore, future
studies on a larger scale should be conducted. Moreover, we
couldn't confirm that HRmax value on land was proper to utilize in
the water, and the participants who couldn't swim may elevate
their heart rates mostly due to tensions rather than exercise.

5. Conclusion

In summary, a six-week aquatic HIIT and MICT had no differ-
ences in hemodynamic parameters, endothelial function, and aer-
obic fitness, but HIIT reduced arterial stiffness, elevated endothelial
function and aerobic fitness, whereas MICT reduced arterial blood
pressure and resting heart rate and increased the reserve of coro-
nary blood flow. It's worth noting that it takes only 18 min of
effective exercise per week in the HIIT protocol applied in this trial,
while it takes 1.5 h of effective exercise per week in the MICT
protocol, suggesting that HIIT could be used as an alternative time-
efficient option to improve the body health of inactive adults.
Previous studies reported that swimming in different forms had
beneficial effects on physiological outcomes in healthy populations
and those with non-communicable disease.15,34 In future studies,
researchers could conduct longitudinal studies to optimize the
aquatic exercise prescriptions in individuals with different health
levels or diseases.
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