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A randomized crossover trial was carried out in prehypertensive obese 
men to compare postexercise hypotension and heart rate variability 
(HRV) following water-based and land-based high-intensity interval  
exercises (HIIEs). Nine prehypertensive obese participants, aged 23.6±  
2.4 years, were randomly assigned to one of three interventions: no-ex-
ercise control, HIIE with immersion up to the chest, or HIIE on dry land. 
In the evenings of three separate days, participants performed either  
of the interventions. Matched with exercise volume, both HIIEs com-
posed of 5 repetitions of 30-sec sprints at maximum effort followed by a 
4-min rest. Ambulatory blood pressure and HRV were measured before 
the interventions and over the 24-hr following period. Both HIIEs result-
ed in significant reductions of average 24-hr mean arterial pressure  
(-6.7 mmHg). Notably, the water-based HIIE resulted in a significantly 

higher reduction of 24-hr systolic blood pressure (SBP) (-9 mmHg) than 
the land-based HIIE, particularly at night, in addition to a significantly 
longer duration of postexercise hypotension. Finally, the water-based 
HIIE was more effective at restoring HRV during recovery. Our findings 
demonstrated postexercise hypotension following the HIIEs, particular-
ly the water-based HIIE. During recovery, the water-based HIIE was re-
markably effective at restoring HRV. These findings indicate that water- 
based HIIE is more effective at reducing SBP and requires less recov-
ery time than land-based HIIE in prehypertensive obese men.
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INTRODUCTION

Obesity is a growing global health concern, with evidence indi-
cating a rapid rise in cardiovascular risk and an earlier onset of 
cardiovascular morbidity. Excess body mass triggers a cascade of 
pathophysiological events, resulting in the direct link between 
obesity and hypertension (Leggio et al., 2017). Hypertension is 
now the leading cause of cardiovascular disease (CVD), and treat-
ing hypertension imposes an exponentially greater economic bur-
den. As a result, therapies for obesity-related hypertension include 
both weight loss and the reduction of other risk factors associated 
with obesity and CVD (Davy and Hall, 2004).

Regular exercise is critical in the prevention and treatment of 
nonpharmacological hypertension. The mechanisms underlying 

regular exercise’s hypotensive benefits are complex and unknown 
(Keating et al., 2020; Pescatello et al., 2004). They do, however, 
appear to be associated with the prolonged postexercise hypoten-
sive response (MacDonald, 2002; Liu et al., 2012). Several studies 
have shown that the blood pressure (BP) reductions experienced 
immediately after a single bout of exercise are comparable to those 
experienced after training (Hecksteden et al., 2013; Liu et al., 2012; 
Pescatello et al., 2015a; Pescatello et al., 2015b).

Furthermore, the magnitude and duration of the BP drop differ 
depending on the type and intensity of exercise. According to the 
hypertension management guidelines, the recommended practices 
primarily consist of moderate intensity and continuous exercises. 
In addition to these traditional modalities, high-intensity interval 
exercise (HIIE) is now recommended for hypertensive patients 
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(Pescatello et al., 2015b). It is becoming clear that a bout of HIIE 
is more effective at lowering BP than an isocaloric bout of moder-
ate intensity and continuous exercises (Marçal et al., 2021; Pimen-
ta et al., 2019; Ramirez-Jimenez et al., 2017; Sosner et al., 2016; 
Tucker et al., 2016).

While on-land HIIE has numerous benefits, participants must 
tolerate increased joint impact and the risk of acute muscle sore-
ness or damage when performing weight-bearing exercise (Don-
nelly et al., 2009; Lopera et al., 2016). Due to the low load and 
mechanical stress placed on weight-bearing joints and muscles, 
water-based exercise is highly recommended for obese individuals 
(Donnelly et al., 2009). Additionally, it appears to have the bene-
fit of lowering BP (Bocalini et al., 2017; Rodriguez et al., 2011; 
Sosner et al., 2016) and improving physical fitness (Lopera et al., 
2016).

Both water- and land-based exercises have been shown to induce 
physiological adaptations, though the magnitudes of the effects 
vary (Bocalini et al., 2017; Rodriguez et al., 2011; Sosner et al., 
2016). Water exercise has been shown to have a greater effect on 
sympathetic drive, catecholamine release, peripheral vascular re-
sistance, and the vasopressin and renin-angiotensin systems than 
land exercise (Gabrielsen et al., 1996; Gabrielsen et al., 2000; 
Meredith-Jones et al., 2011; Reilly et al., 2003). Despite this, few 
studies have been conducted to determine the efficacy of postexer-
cise hypotension following water-based exercise (Bocalini et al., 
2017; Rodriguez et al., 2011; Sosner et al., 2016).

Heart rate variability (HRV) has been studied widely as a non-
invasive method for estimating cardiac autonomic regulation 
(Task Force of the European Society of Cardiology and the North 
American Society of Pacing and Electrophysiology, 1996). Fol-
lowing exercise, the heart rate (HR) returns to pre-exercise levels 
due to changes in cardiac parasympathetic and sympathetic activ-
ity (Pober et al., 2004). However, obesity has been linked to a de-
lay in the vagus nerve reactivation following exercise (El Agaty et 
al., 2017). Increased sinus node excitability as a result of decreased 
parasympathetic reactivation and increased sympathetic activity 
may explain the increased risk of sudden cardiac death following 
acute exercise (Albert et al., 2000). Thus, it is critical to assess the 
recovery dynamics associated with exercise. Although numerous 
studies have established that obese individuals have autonomic 
dysfunction at rest, little is known about the effect of obesity on 
cardiac autonomic recovery following exercise (Lopes et al., 2017).

As mentioned, there is a lack of data comparing postexercise 
hypotension and autonomic activity following water-based and 
land-based HIIE, especially in prehypertensive obese participants. 

On the other hand, this information could be utilized to optimize 
exercise prescription in programs for obesity-related hypertension 
management. Thus, the purpose of this study was to compare the 
postexercise hypotension and HRV responses in prehypertensive 
obese men following water- and land-based HIIE.

MATERIALS AND METHODS

Participants
Prehypertensive, recreationally active obese men (20–29 years 

old) were recruited for this study. Of the 10 participants enrolled, 
nine (mean±standard deviation [SD]: age, 23.6±2.4 years; body 
mass index [BMI], 27.3±1.4 kg/m2; percent body fat [%BF], 
27.4%±5.1%; peak oxygen consumption [VO2peak] 46±4.8 mL/
kg/min; BP, 127.7±11.5/76.1±4.4 mmHg) (Table 1) completed 
the study. One participant was unable to complete the study due 
to lack of time. Participants were excluded if they currently, or 
had a history of ischemic heart disease, cerebrovascular disease, 
type 2 diabetes mellitus, advanced metabolic disease (e.g. chronic 
kidney disease), or if they were taking chronic medications known 
to affect BP. We also excluded participants who currently, or had a 
history of smoking. The study protocol was conducted according 
to the Declaration of Helsinki and approved by the Kasetsart Uni-
versity Research Ethics Committee (COA61/033).

Study design
This study employed a randomized, crossover, with repeated 

measures design. To avoid carryover effects, each participant com-
pleted two separate exercise protocols (water - and land-based HIIE) 
and a no-exercise condition in random order, with at least 72 hr 

Table 1. Participants’ characteristics (n= 9)

Variable Mean± SD

Age (yr) 23.6± 2.4
Body mass (kg) 78.7± 6.9
Height (cm) 169.8± 5.5
BMI (kg/m) 27.3± 1.4
%BF 27.4± 5.1
Resting HR (beats/min) 76.2± 10.6
Resting SBP (mmHg) 127.7± 11.5
Resting DBP (mmHg) 76.1± 4.4
Resting MAP (mmHg) 98.6± 5.0
VO2peak (mL/kg/min) 46± 4.8

SD, standard deviation; BMI, body mass index; %BF, body fat percentage; HR, heart 
rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial 
pressure; VO2peak, peak oxygen consumption.
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between trials (Stanley et al., 2013). This design improved inter-
nal validity by allowing us to test our hypothesis and ensure that 
the results were applicable in practice. Participants completed 
baseline measurements over a 1-week period prior to beginning 
the trials. All tests were conducted in the early evening (between 
4:00 and 6:00 p.m.), in a room maintained at a temperature of 
25°C–26°C. Ambulatory BP monitoring (ABPM) and HRV were 
measured prior to the study protocol session and 24 hr after each 
trial to assess differences in BP and HRV variables between the 
experimental sessions. Additionally, participants were advised to 
abstain from stimulants such as caffeine and alcohol for 24 hr pri-
or to the tests, as well as from vigorous physical activity. They were 
also instructed to maintain their usual routines (i.e., diet, sleep) 
and to abstain from strenuous exercise during the week between 
experimental sessions.

High-intensity interval exercise protocol
Both exercise conditions started with a 10-min warm-up (jog-

ging for 5 min at 60%–70% maximal HR (HRmax) and dynam-
ic stretching for 5 min). The HIIEs consisted of five 30-sec sprints 
at maximum speed, followed by 4 min of active recovery (50%–
60% HRmax) (Angadi et al., 2015) in chest-deep water (30°C±  
1°C) and on land (25°C±1°C). The exercise sessions then ended 
with a 10-min cool down (walking for 5 min at 50%–60% HR-
max and static stretching for 5 min). Both HIIE modalities were 
similar in terms of exercise intensity and duration. Continuous HR 
monitoring (Polar H7, Polar Inc., Kempele, Finland) was used 
throughout exercise, and ratings of perceived exertion (RPE) were 
assessed at predetermined intervals using the Borg scale. Affective 
responses to exercise were assessed in-task and immediately fol-
lowing each bout of exercise, including their enjoyment of such 
exercise. After completing both HIIEs, participants were asked to 
indicate their preferred exercise.

Preliminary visit
Participants reported to the laboratory prior to the first experi-

mental test day to have their anthropometrics, body composition, 
BP, and VO2peak assessed. Body mass and body composition, in-
cluding %BF, fat mass, and fat free mass, were measured using a 
bioimpedance analysis device (Inbody 720, Biospace Inc., Seoul, 
Korea) with participants wearing light clothing minus shoes. A 
standard stadiometer (Health O Meter Professional, Sunbeam 
Products Inc., Boca Raton, FL, USA) was employed to measure 
height minus shoes. BMI was determined by dividing weight by 
height squared. Resting BP and HR were measured using an au-

tomated noninvasive BP monitor (Walk200b, Cardioline, Trento, 
Italy) between 08:00 and 10:00 a.m., with the participant seated 
according to standard protocols (Pickering et al., 2005).

VO2peak was determined using a modified Bruce protocol on a 
treadmill (T-2100 Treadmill, GE Medical Systems, Wauwatosa, 
WI, USA) in accordance with the exercise testing guidelines (Fletch-
er et al., 2001). Expired gas samples were collected on a breath-by- 
breath basis using a metabolic device (Vmax Encore Metabolic 
Cart, Vyaire Medical Inc., Yorba Linda, CA, USA), calibrated ac-
cording to the manufacturer’s instructions prior to each use. Oxy-
gen consumption (VO2), carbon dioxide production (VCO2), and 
HR were continuously recorded and analyzed throughout the test. 
A rating of perceived exertion was obtained via the Borg scale (6–
20) at the end of each work rate. An automatic sphygmomanome-
ter (Tango M2, SunTech Medical Inc., Morrisville, NC, USA) was 
utilized to measure BP in the last 30 sec of each workload. VO2peak 
was defined as the average of the 3 highest consecutive 10-sec av-
erages achieved during the test.

24-Hr ambulatory BP monitoring 
BP was measured prior to participants beginning the study pro-

tocol sessions and 24-hr postsession. The measurements began at 
the same time of day and were conducted with an ABPM device 
(Walk200b, Cardioline) based on oscillometry with step deflation. 
The BP cuff was worn on the nondominant arm with the appro-
priate cuff size. Participants were instructed to carry out their nor-
mal daily activities, refrain from exercise, and to relax and straight-
en their arms during daytime ABPM recording. ABPM was ana-
lyzed and blinded to the trials by an examiner. Systolic BP (SBP) 
and diastolic BP (DBP) were classified using ABPM data accord-
ing to average 24-hr, daytime, and nighttime periods. The daytime 
and nighttime periods were determined by when participants ex-
ited and entered their beds, respectively. The monitor was pro-
grammed to take BP recordings every 15 min during the day, and 
every 30 min at night. Individual BP measurements were exam-
ined for missing or erroneous data.

HRV recordings and analysis
The RR intervals were recorded by employing an electrocardio-

gram (ECG) (eMotion Faros device, Mega Electronics, Kuopio, 
Finland). The ECG was recorded twice: prior to and 24 hr after 
the study protocol session, with all measurements taken on land 
to avoid water immersion-related changes. The RR intervals were 
analyzed via a software program using the recommendations of 
the Task Force of the European Society of Cardiology and the North 
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American Society of Pacing and Electrophysiology (1996). Time - 
and frequency-domain parameters together with nonlinear com-
ponents of HRV were calculated. The time-domain parameters 
consisted of mean RR intervals, SD of normal RR intervals, and 
root mean square of successive differences (RMSSD). The frequen-
cy-domain parameters consisted of very low-frequency power (VLF 
power: 0.001–0.04 Hz), low-frequency power (LF power: 0.04–
0.15 Hz) and high-frequency power (HF power: 0.15–0.4 Hz). 
Nonlinear HRV components, Poincaré plot SD perpendicular to 
the line of identity (SD1) and along the line of identity (SD2) were 
analyzed quantitatively by calculating the SDs from the RR inter-
val data. The rhythmic activity of sinoatrial node is primarily reg-
ulated by the autonomous nervous system and varies in response 
to abrupt changes in BP. Therefore, it is widely accepted that HRV 
quantifies the heart’s autonomic tone. Various HRV parameters 
were altered in response to sympathovagal balance changes (Malli-
ani, 2005). In frequency- and time-domain analysis, the HF pow-
er, RMSSD and pNN50 may serve as indicators of vagal tone. The 
LF/HF and SD2/SD1 ratios were calculated to characterize the 
sympathovagal balance (Malliani, 2005).

Affective response and enjoyment
Affective response and enjoyment were assessed throughout the 

exercise sessions. Affective response employed a bipolar 11-point 
scale with numerical categories ranging from -5 to 5. Each odd 
integer was paired with a verbal descriptor, with numerical cate-
gories ranging from “very bad” (-5), representing maximum dis-
pleasure/unpleasantness, to “neutral” (0), representing minimal 
pleasure, to “very good” (+5), representing maximum pleasure 
(Hardy and Rejeski, 1989). Enjoyment employed a 7-point rating 
scale ranging from 1 (not at all) to 7 (extremely) to respond to the 
item: “Use the following scale to indicate how much you are en-
joying this exercise session.” All other integers on the scale were 
assigned modifiers (2 “very little”, 3 “slightly”, 4 “moderately”,  
5 “quite a bit”, 6 “very much”) (Stanley and Cumming, 2010).

Muscle soreness
After 24 hr of HIIE sessions, participants were requested to rate 

their level of muscle soreness in the anterior thigh region after 
stepping up and down 4 times from a 40-cm-high box, thus re-
cording their pain level on a scale immediately afterwards. Sore-
ness was assessed using a verbal rating scale ranging from 0 to 10, 
with 0 indicating no pain and 10 indicating the worst possible 
pain (e.g., “pain as bad as you can imagine” and “the worst pain 
imaginable”) (Hawker et al., 2011).

Statistical analysis
The results are presented as mean±SD and, for inferential sta-

tistics, as mean±standard error of the mean. Sample size was 
based on the ability to detect a large effect (1.45) according to a 
previous report by Ramirez-Jimenez et al. (2017). As a consequence, 
it was decided upon to require 80% power at 0.05 significance. 
Hence, having at least 6 participants was required to complete the 
study. Normality was assessed by employing the Shapiro–Wilk 
test. If necessary, the data was transformed logarithmically prior 
to analysis of variance (ANOVA) in order to fulfill the criterion of 
normal distribution. Besides that, measurement outcomes were 
tested to determine whether they met the assumptions of normal-
ity, linearity, and homogeneity of variance. Outcome variable com-
parisons between the trials were performed through repeated mea-
sures, two-way ANOVA measures. Pairwise comparisons were 
performed by applying the least significant difference post hoc test. 
Within-group analyses were carried out with dependent t-test. Co-
hen effect size (ES) was calculated between each pair of measure-
ments, as previously described (Sosner et al., 2016). Statistical sig-
nificance was set at P<0.05. Statistical analyses were conducted 
by employing IBM SPSS Statistics ver. 26.0 (IBM Co., Armonk, 
NY, USA).

RESULTS

Table 1 shows the baseline characteristics. Participants’ BMI, 
SBP and DBP were within the ranges of obesity and prehyperten-
sion. Throughout the exercise sessions, participants in the water- 
and land-based HIIEs exercised at 93.7%±5.5% HRmax and 
96.4%±5% HRmax, respectively (P>0.05). During each session, 
RPE responses in the water- and land-based HIIE were also fre-
quent (18.3±1.9 and 19.1±1.1, respectively, P>0.05). There 
was no statistically significant difference in exercise intensity or 
RPE between HIIE modalities. Aside from the intervention, lev-
els of habitual physical activity did not change significantly over 
time - with no difference observed between trials. There were no 
significant changes in daily calories, fat, carbohydrates, protein, or 
sodium consumption. Furthermore, no adverse events occurred in 
any of the trials.

Table 2 summarizes the average ABPM results at baseline and 
succeeding each modality of HIIE. Postexercise hypotension was 
observed in both HIIE modalities. The average of 24-hr SBP was 
significantly reduced (-9 mmHg, ES=1.08, P<0.01) in the water- 
based HIIE, though not in the land-based HIIE when compared 
to baseline. Additionally, SBP was significantly lower in the water- 
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based HIIE than in the no-exercise control condition over the  
24-hr period (ES=0.73, P<0.01). When compared to baseline, 
the average of 24-hr DBP in the land-based HIIE (-7.7 mmHg, 
ES=1.2, P<0.01) and the water-based HIIE (-5.6 mmHg, ES= 
0.92, P<0.05) was significantly reduced. Additionally, the aver-
age of 24-hr DBP was significantly lower in the land-based HIIE 
than in the no-exercise control condition (ES=0.78, P<0.05) and 
in the water-based HIIE (ES=0.44, P<0.05). The average of  
24-hr mean arterial pressure (MAP) was similarly reduced follow-
ing both the water - and land-based HIIEs (-6.7 mmHg, ES=1.37, 
P<0.01 and -6.7 mmHg, ES=1.11, P<0.01, respectively). The 
average of 24-hr MAP was also significantly lower in the water - 
and land-based HIIEs than in the control condition with no exer-
cise (ES=0.64, P<0.05 and ES=0.91, P<0.05, respectively).

The average of SBP, DBP, and MAP were significantly low-
ered during the nighttime period following the land-based HIIE 
(-12.7 mmHg, ES=1.48, P<0.01; -15.7 mmHg, ES=2.28, P< 
0.01; -14.6 mmHg, ES=2.26, P<0.01, respectively) and the wa-
ter-based HIIE (-20.1 mmHg, ES=2.32, P<0.01; -14.2 mmHg, 
ES=2.42, P<0.01; -16.1 mmHg, ES=3.32, P<0.01, respective-
ly), when compared to baseline. Only the water-based HIIE re-
duced SBP significantly (ES=0.93, P<0.01) when compared to 

the no-exercise control condition (Table 2).
Fig. 1 summarizes the changes in 24-hr ABPM using the tradi-

tional averaged BP intervals of 24 hr, daytime (06.00–22.00), and 
nighttime (22.00–06.00). After the first hour and the 7th to 12th 
hr following the HIIE sessions, SBP decreased significantly in the 
water- and land-based HIIEs compared to baseline. Only the 
land-based HIIE significantly decreased SBP in the 6th hr (ES= 
0.73, P<0.05) compared to baseline. Meanwhile, only the water- 
based HIIE significantly decreased SBP in the 14th hr (ES=1.55, 
P<0.01) in comparison to baseline. SBP was significantly lower 
in the first hour following the land-based HIIE compared to the 
no-exercise control (ES=1.25, P<0.05) and the water-based HIIE 
sessions (ES=0.64, P<0.05). Meanwhile, SBP was significantly 
lower in the 8th hr following the water-based HIIE than in the 
no-exercise control condition (ES=1.32, P<0.05). Moreover, SBP 
was significantly lower 12 hr subsequent to the water-based HIIE 
than in the no-exercise control (ES=1.38, P<0.01) or the land-
based HIIE sessions (ES=0.89, P<0.05) (Fig. 1). Although there 
was no significant difference in DBP between the experimental 
sessions following 24-hr ABPM assessments, DBP decreased sig-
nificantly in the water- and land-based HIIEs after the 6th to 
14th hr compared to baseline. Only the land-based HIIE exhibited 
a statistically significant reduction in DBP in the 15th hr (ES= 
0.95, P<0.05) compared to baseline (Fig.1).

Table 3 shows the average of the 24-hr HRV following the HIIE 
sessions or the no-exercise control condition. No significant differ-
ences were observed in any HRV variables between the water- and 
land-based HIIEs. After the water- and land-based HIIEs, mean 
HR (ES=0.6, P<0.01 and ES=0.63, P<0.05, respectively) and 
SD2/SD1 (ES=0.37, P<0.05 and ES=0.64, P<0.01, respective-
ly) were significantly higher than in the no-exercise control condi-
tion. The water- and land-based HIIEs resulted in significantly 
lower RR intervals (ES=0.53, P<0.01 and ES=0.65, P<0.05, 
respectively), pNN50 (ES=0.47, P<0.01 and ES=0.72, P<0.01, 
respectively), RMSSD (ES=0.35, P<0.05 and ES=0.77, P<0.01, 
respectively), lnHF (ES=0.54, P<0.01 and ES=0.8, P<0.01, re-
spectively), lnLF (ES=0.44, P<0.01 and ES=0.75, P<0.01, re-
spectively), lnVLF (ES=0.57, P<0.05 and ES=0.67, P<0.05, 
respectively), lnTP (ES=0.57, P<0.05 and ES=1, P<0.01, re-
spectively), and SD1 (ES=0.35, P<0.05 and ES=0.76, P<0.01, 
respectively). Only the land-based HIIE produced a significantly 
greater LF/HF ratio than the control condition (ES=0.67, P<0.05).

There were no noteworthy differences in any of the HRV vari-
ables between the water- and land-based HIIEs at night or during 
the day. At nighttime, the water- and land-based HIIEs signifi-

Table 2. Ambulatory blood pressure measurements at baseline and during the 
24 hr following the HIIE sessions or the no-exercise control session

Variable CON Land-based HIIE Water-based HIIE

Baseline 
   SBP (mmHg) 127.7± 11.5 125.4± 9.0 129.1± 9.1
   DBP (mmHg) 76.1± 4.4 75.9± 7.4 76.2± 7.1
   MAP (mmHg) 93.3± 4.4 92.3± 6.6 93.8± 4.8
24-Hr period
   SBP (mmHg) 124.8± 5.2 120.5± 8.3 120.2± 7.2**,††

   DBP (mmHg) 72.2± 5.1 68.2± 5.2**,†,‡ 70.5± 5.2*
   MAP (mmHg) 89.8± 3.9 85.6± 5.2**,† 87.0± 5.1**,†

Nighttime period
   SBP (mmHg) 116± 6.8 112.7± 8.2** 109± 8.2**,††

   DBP (mmHg) 64.8± 5.6 60.2± 6.3** 62.0± 4.3**
   MAP (mmHg) 81.9± 5.1 77.8± 6.2** 77.7± 4.9**
Daytime period
   SBP (mmHg) 130.3± 6.5 128.8± 9.7 127± 7.4
   DBP (mmHg) 74.4± 7.6 73.5± 6.9* 74.2± 6.0
   MAP (mmHg) 93± 6.1 91.9± 6.7 91.6± 6.0

Values are presented as mean± standard deviation.
CON, no-exercise control; HIIE, high-intensity interval exercise; SBP, systolic blood 
pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure.
*P< 0.05 and **P< 0.01 to within-group comparison (baseline vs. post HIIE ses-
sions). †P< 0.05 and ††P< 0.01 to between-group comparison (vs. CON). ‡P< 0.05 to 
between-group comparison (land-based HIIE vs. water-based HIIE).
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cantly reduced RR intervals (ES=0.48, P<0.01 and ES=0.69, 
P<0.05, respectively), pNN50 (ES=0.39, P<0.05 and ES=0.67, 
P<0.05, respectively), lnLF (ES=0.33, P<0.05 and ES=0.5, 
P<0.05, respectively), and lnTP (ES=0.44, P<0.05 and ES=0.88, 
P<0.05, respectively) compared to the no-exercise control condi-
tion. Only the land-based HIIE significantly decreased RMSSD 
(ES=0.88, P<0.05), lnHF (ES=0.72, P<0.05), lnVLF (ES=1, 
P<0.05), and SD1 (ES=0.88, P<0.05) compared to the no-exer-
cise control condition. At daytime, in comparison to a no-exercise 
control condition, only the land-based HIIE significantly increased 

the LF/HF ratio (ES=0.77, P<0.05) (Table 3).
In-task affective responses decreased over time in the water - 

and land-based HIIEs. While the first two measurements were 
comparable across the HIIE sessions, the final three measurements 
were consistently different (ES=0.83, P<0.05, ES=0.86, P<0.01 
and ES=0.77, P<0.05, respectively), with the water-based HIIE 
session producing more positive affective responses than the land-
based HIIE session (Fig. 2A). In both HIIE modalities, enjoyment 
while performing the tasks decreased over time. While enjoyment 
was comparable across the HIIE sessions for the first three measure-
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Fig. 1. Systolic blood pressure (SBP; A) and diastolic blood pressure (DBP; B) response during the 24 hr following the HIIE sessions or the no-exercise control session. 
Data are expressed as mean± standard error of the mean. HIIE, high-intensity interval exercise. *P< 0.05 and **P< 0.01 to within-group comparison (baseline vs. 
post HIIE sessions). †P< 0.05 and ††P< 0.01 to between-group comparison (vs. CON). ‡P< 0.05 to between-group comparison (land-based HIIE vs. water-based HIIE).
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ments, it was significantly different for the final two (ES=0.92, 
P<0.05 and ES=0.66, P<0.05, respectively). The water-based 
HIIE session produced more positive enjoyment than the land-
based HIIE session (Fig. 2B). Following 24 hr of HIIE sessions, 
perceived pain intensity in the anterior thigh region was signifi-
cantly lower in the water-based HIIE than on land (1.1±1.5 vs. 

3.3±2.6, ES=0.99, P<0.05).

DISCUSSION

Postexercise hypotension plays a critical role in the improvement 
of BP with exercise training, even if its mechanism is not well un-

Table 3. Heart rate variability measurements during the 24 hr following the HIIE sessions or the no-exercise control session

Variable
24-Hr period Nighttime period Daytime period

CON Land-based 
HIIE

Water-based 
HIIE CON Land-based 

HIIE
Water-based 

HIIE CON Land-based 
HIIE

Water-based 
HIIE

HR (beats/min) 74.4± 6.4 78.4± 6.4† 78.6± 7.5†† 60.1± 5.4 62.3± 2.8 62.6± 5.2 84.1± 9.0 87.5± 10.3 85.6± 12.7
R interval (msec) 856.0± 77.3 809.7± 64.1† 813.4± 82.4†† 1,034.0± 98.2 981.5± 43.9† 990.6± 83.8†† 740.3± 84.2 712.1± 90.9 731.7± 113.9
SDNN (msec) 197.1± 32.0 180.2± 25.4 189.2± 45.1 156.5± 45.0 118.9± 25.6 145.7± 45.4 120.5± 32.4 108.6± 45.7 106.0± 37.3
pNN50 (%) 26.6± 8.4 21.0± 7.1†† 22.2± 10.2†† 47.1± 12.5 39.3± 10.7† 41.9± 13.8† 12.6± 7.0 10.6± 8.1 13.1± 12.7
RMSSD (msec) 68.1± 19.5 54.3± 16.3†† 60.4± 24† 88.7± 23.1 70.4± 18.0† 80.2± 29.7 43.6± 13.7 37.6± 20.7 40.9± 23.7
lnHF (msec2) 7.3± 0.5 6.9± 0.5†† 7.0± 0.6†† 7.8± 0.5 7.4± 0.6† 7.6± 0.6 6.2± 0.6 5.8± 0.8 5.9± 1.0
lnLF (msec2) 7.4± 0.4 7.1± 0.4†† 7.2± 0.5†† 7.5± 0.6 7.2± 0.6† 7.3± 0.6† 6.9± 0.3 6.8± 0.5 6.8± 0.6
lnVLF (msec2) 8.8± 0.3 8.6± 0.3† 8.6± 0.4† 8.8± 0.4 8.4± 0.4† 8.6± 0.5 8.0± 0.5 7.8± 0.6 7.8± 0.7
lnTP (msec2) 9.2± 0.3 8.9± 0.3†† 9.0± 0.4† 9.3± 0.4 8.9± 0.5† 9.1± 0.5† 8.5± 0.5 8.2± 0.6 8.2± 0.7
LF/HF ratio 1.1± 0.3 1.3± 0.3† 1.2± 0.3 0.8± 0.3 0.9± 0.3 0.8± 0.3 2.1± 0.8 2.8± 1.0† 2.7± 1.0
SD1 (msec) 48.1± 13.8 38.4± 11.5†† 42.7± 17.0† 62.7± 16.3 49.8± 12.8† 56.7± 21.0 30.8± 9.7 26.6± 14.6 28.9± 16.8
SD2 (msec) 274.4± 44.4 251.8± 34.8 263.9± 62.3 211.7± 63.1 160.6± 34.3 197.9± 61.3 167.5± 45.2 151.1± 63.1 146.9± 50.7
SD2/SD1 6.0± 1.4 6.9± 1.4†† 6.6± 1.8† 3.5± 0.9 3.3± 0.5 3.6± 0.5 5.6± 1.2 6.0± 1.3 5.7± 1.5

Values are presented as mean± standard deviation.
HIIE, high-intensity interval exercise; CON, no-exercise control; HR, heart rate; SDNN, standard deviation of all RR intervals; pNN50, percentage of consecutive RR intervals 
that differ by > 50 msec; RMSSD, root mean square of differences of successive RR intervals; lnHF, logarithm high frequency; lnLF, logarithm low frequency; lnVLF, logarithm 
very low frequency; lnTP, logarithm total power; LF/HF ratio, ratio of absolute LF power to HF power; SD1, the standard deviation of the distance of each point from the y= x-ax-
is; SD2, the standard deviation of each point from the y= x+average RR interval; SD2/SD1, ratio of SD2 to SD1.
†P< 0.05 and ††P< 0.01 to between-group comparison (vs. CON).

Fig. 2. Affective (A) and enjoyment (B) responses during the water- and land-based HIIE. Data are expressed as mean± standard error of the mean. *P< 0.05 and 
**P< 0.01 to within-group comparison (vs. the 1st set). †P< 0.05 and ††P< 0.01 to between-group comparison (land-based HIIE vs. water-based HIIE). HIIE, high-inten-
sity interval exercise.
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derstood. To our knowledge, this is the first study to investigate 
the effect of a single bout of water- and land-based HIIEs on the 
postexercise hypotension and HRV parameters of obese prehyper-
tensive men. Our primary finding is that postexercise hypotension 
was detected in both water- and land-based HIIEs. Similar reduc-
tions in the average 24-hr MAP were observed following the HIIE 
modalities (-6.7 mmHg). Notably, the water-based HIIE resulted 
in a pointedly greater reduction of SBP (-9 mmHg) than the land-
based HIIE, particularly at night. The water-based HIIE resulted 
in considerably longer durations of postexercise hypotension than 
the land-based HIIE, with reductions in nighttime SBP. Further-
more, we discovered that SBP decreased following the land-based 
HIIE, though for a shorter period of time in our study (1 hr).

There is very little known concerning the role of water-based 
HIIE in terms of postexercise hypotension and HRV parameters. 
The majority of studies to date have focused on moderate intensi-
ty and continuous exercises in water (Bocalini et al., 2017; Rodri-
guez et al., 2011). There is only one previous study focusing on 
water-based HIIE in prehypertensive and hypertensive older adults 
(Sosner et al., 2016). However, our findings demonstrated postex-
ercise hypotension after 8 hr of water-based HIIE, which is consis-
tent with previous reports (Bocalini et al., 2017; Rodriguez et al., 
2011; Sosner et al., 2016) despite slightly later than the time hy-
potension. The mechanisms underlying hypotension after exercise 
in water should be related to the aquatic environment. One possi-
bility is that baroreceptor stimulation is influenced by hydrostatic 
pressure. Thus, hydrostatic pressure promotes venous return, re-
sulting in increased cardiac output via increased end diastolic vol-
ume. The redistribution of blood volume during immersion may 
result in an increase in BP, stimulating the baroreceptor reflex. As 
a consequence, BP is continuously decreased for a number of 
hours following immersion (Meredith-Jones et al., 2011; Rodri-
guez et al., 2011). Additionally, hydrostatic pressure facilitates the 
transfer of fluid from peripheral to central organs and promotes di-
uresis, which results in a decrease in blood volume (Jimenez et al., 
2010).

For another possibility, the decrease in BP may be related to de-
creased sympathetic nervous system activity and adaptation mech-
anisms in the cardiovascular system, such as decreased renin, an-
giotensin II, aldosterone, and atrial natriuretic peptide secretion 
(Barbosa et al., 2009; Meredith-Jones et al., 2011; Rodriguez et 
al., 2011). These hydrostatic pressure-activated mechanisms offer 
advantages over neuro-hormonal control of BP. Alternatively, the 
increased muscle mass activities in water-based exercises may re-
sult in increased production of vasodilators such as adenosine, po-

tassium, lactate, nitric oxide (NO), and prostaglandin (Routledge 
et al., 2010). Additionally, the hypotensive effect is highly depen-
dent on the intensity, mode, and duration of exercise (Jones et al., 
2009; MacDonald et al., 2000). A greater nighttime drop in BP 
is associated with an increase in exercise intensity (Jones et al., 
2009) which is critical for meaningful cardiovascular outcomes 
(Mancia et al., 2013). Although both exercise interventions were 
HIIE, nighttime SBP dipping occurred in just the water-based 
HIIE, and not in the land-based HIIE. Reduced SBP during the 
nighttime period has been reported to be related to sleep (Calhoun 
and Harding, 2010). Our data demonstrated that both HIIEs had 
no effect on sleep disturbances as HR, LF/HF, and SD2/SD1 ratio 
data were comparable during nighttime sleep following any ex-
perimental trial. However, according to the current study’s find-
ings, the water-based HIIE resulted in a greater nighttime dip. 
This finding may be particularly significant for hypertensive indi-
viduals classified as nondippers (Park et al., 2005). Scheduling 
water-based HIIE may enhance or even restore nighttime BP fall.

HRV analysis is widely accepted as a noninvasive technique for 
evaluating autonomic influences on the heart (Task Force of the 
European Society of Cardiology and the North American Society 
of Pacing and Electrophysiology, 1996). The autonomic nervous 
system’s complex function, the relationship between parasympa-
thetic and sympathetic branches, and their contributions to cardi-
ac regulation during recovery remain unknown. One of our objec-
tives was to compare postexercise HRV recovery following the 
water- and land-based HIIEs performed at comparable workloads; 
accordingly, we hypothesized that HRV recovery would be slower 
post land-based HIIE.

The reductions of lnHF and RMSSD in the land-based HIIE 
during the nighttime indicate that vagal activity has not yet fully 
recovered. Reduced lnHF and RMSSD values have been reported 
to be associated with fatigue symptoms (Escorihuela et al., 2020). 
Moreover, the increase of the LF/HF ratio during the daytime re-
flected a reduction in vagal activity. Therefore, the land-based HIIE 
may require more than 24-hr of rest to restore cardiac autonomic 
balance. As for the water-based HIIE, the daytime HRV parame-
ters were not different compared to the no-exercise control condi-
tion, indicating fully restored cardiac autonomic activity. It is 
critical to note that in the water-based HIIE, HRV parameters are 
restored to resting levels within 24 hr of recovery. This indicates 
that the parasympathetic reactivation in the water-based HIIE oc-
curs faster than in the land-based HIIE. The precise mechanisms 
by which water-based exercises improve vagal tone remain unknown. 
However, angiotensin II and NO are potential mediators, as both 
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are involved in postexercise hypotension. While angiotensin II is 
known to suppress cardiac vagal tone during and after exercise, 
the increased NO bioavailability during exercise training may in-
crease vagal activity during recovery (Routledge et al., 2010).

Water-based exercise is becoming more popular and recom-
mended among the obese and those with limited joint mobility 
(Vincent and Mathews, 2013). The current study was designed to 
investigate the affective and enjoyable responses associated with 
water-based and land-based HIIE. As hypothesized, the water- 
based HIIE was perceived as more affective and enjoyable. The 
water-based HIIE resulted in greater affective motivation to con-
tinue exercising in the final three sets, as well as a greater enjoy-
ment of exercise in the final two sets. For the water-based HIIE 
program, increasing the number of exercise sets is feasible. Al-
though the land-based HIIE has been shown to significantly re-
duce SBP in the first hour in prehypertensive obese adults, it may 
limit adherence and compliance due to the lower rate of affective 
response and enjoyability. In addition, the buoyancy associated 
with aquatic exercise minimizes joint impact during water-based 
HIIE, resulting in decreased stress on joints and muscles (Becker, 
2009). Muscle soreness is greater following land-based, rather 
than water-based HIIE, as buoyancy supports bodyweight and al-
leviates stress on joints and muscles during exercise (Becker, 2009). 
What’s more, the water-based HIIE program enables obese or 
overweight individuals to exercise safely.

The current study extends the clinical relevance of postexercise 
hypotension in water-based exercises by demonstrating that an 
aquatic environment may be a useful tool for prehypertensive obese 
individuals participating in exercise. As a nonpharmacological 
therapy, water-based HIIE can help with BP control, hypertension 
prevention, and cardiac autonomic restoration. Despite the signif-
icant contributions made by our findings, this study also presents 
certain limitations. We consider that the sample size should be 
increased. It is critical to emphasize, however, that all subjects 
completed all sessions which contributed to decreasing interference 
in the results. We did not directly measure VO2 to ensure that 
both HIIE sessions had comparable energy expenditure. Never-
theless, we were able to adjust the exercise intensity of the HIIE 
in the immersed state by implementing HR and RPE monitoring 
to ensure that it was equivalent to that of HIIE on dry land. Wa-
ter temperature also affects BP, as demonstrated in older men per-
forming upper-body aquatic exercises in various temperatures 
(28°C vs. 36°C). SBP and DBP were lower in the warmer condi-
tions, whereas HR was higher (Bergamin et al., 2015). Our water 
temperature was 30°C, which is considered thermoneutral for wa-

ter exercise (Christie et al., 1990).
We conclude that both HIIE modalities have the potential to 

result in expressive postexercise hypotension. Notably, following 
the water-based HIIE, SBP was reduced for 12 hr, with cardiac 
autonomic balance restored within 24 hr. These results suggest 
that water-based HIIE is more effective at reducing nighttime 
SBP while requiring less recovery time than land-based HIIE in 
prehypertensive obese men. Additionally, the water-based HIIE 
program was found to be more effectual and enjoyable in addition 
to assisting prehypertensive obese individuals to complete their 
exercise program.
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