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Hypertension is the most prevalent cardiovascular disease 
risk factor among older adults.1,2 In Brazil, the prevalence of 
hypertension 68% among the older adult population,3 which 
is similar to that reported in other countries. Yet, global esti-
mates show that high blood pressure (BP) rates are greater 
among men age 50 years and younger and women older than 
50  years,4 especially in those post-menopausal.5,6 Regular 
exercise is a well-established lifestyle intervention for the 
prevention, treatment, and control of systemic arterial 
hypertension.7–9 Individuals can benefit from both its imme-
diate or short-term effects that persist up to 24 hours after an 
acute exercise bout, a response that is termed “postexercise 
hypotension” (PEH),10,11 and its more long-term, chronic 
effects of exercise training.8,12 Indeed, acute and chronic 
aerobic exercise reduces BP 5–7 mm Hg among adults with 
hypertension. However, acute and chronic effects of exercise 
on BP are typically examined after exercise on land.

Aquatic exercise is recommended for older adults, 
including those with overweight and obesity, due to a lower 
risk of injuries than land aerobic exercise as the buoyancy 
of water reduces body weight by ~90%.13 However, the 
body of evidence on the effects of exercise in the aquatic 
environment on BP is scant and inconsistent. Santos and 
colleagues completed a systematic review on the BP effects 
of acute (4 studies) and chronic (6 studies) of moderate-
intensity aquatic exercise among 189 adults with hyperten-
sion.14 A wide range of BP response was reported for the 
acute studies, with systolic BP (SBP) reductions ranging 
from 8 to 20 mm Hg for up to 60 minutes in the labora-
tory; and most of the acute studies did not have a control 
group. Only one study reported a reduction in diastolic BP 
(DBP) of 5 mm Hg. Regarding chronic effects, SBP reduc-
tions ranging from 4 to 36 mm Hg were reported in a meta-
analysis, and DBP reductions ranging from 10 to 16 mm 
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BACKGROUND
Hypertension can be prevented and modified with lifestyle interven-
tions that include regular exercise. Aquatic exercise is widely recom-
mended for older adults for a variety of health benefits, but few studies 
have assessed the immediate ambulatory blood pressure (BP) response 
to aquatic exercise, a response termed postexercise hypotension (PEH). 
Thus, we assessed PEH after a session of aquatic exercise in physically 
active, older women with hypertension.

METHODS
Twenty-four women 70.0  ±  3.9  years with a resting systolic (SBP)/
diastolic (DBP) BP of 124.0/72.3  mm Hg and body mass index of 
29.8 ± 4.1 kg/m2 were randomly assigned to participate in a 45-min-
ute session of moderate intensity, water-based exercise (WATER) and 
a 45-minute land control session (CONTROL). All experimental ses-
sions started at 9  sharply with 7  days between them. Subjects 
left the experiments wearing an ambulatory BP monitor for the next 
21 hours.

RESULTS
SBP was lower by 5.1  ±  1.0  mm Hg after WATER than CONTROL over 
21 hours (P < 0.001), over awake hours by 5.7 ± 1.1 mm Hg (P < 0.001), 
and sleep hours by 4.5  ±  0.4  mm Hg (P  =  0.004). DBP was lower fol-
lowing WATER compared to CONTROL: 1.2  ±  0.3  mm Hg over 21 
hours (P = 0.043); 0.9 ± 0.6 mm Hg over awake hours (P = 0.101); and 
1.4 ± 0.9 mm Hg over sleep hours (P = 0.039).

CONCLUSIONS
Aquatic exercise elicited PEH (~5 mm Hg) over 21 hours, BP reductions 
that are comparable in magnitude to land aerobic exercise. The imme-
diate antihypertensive benefits of acute aquatic exercise should con-
tinue to be explored in future studies.
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Hg were also observed. However, the effect on DBP was 
reported in only 3 studies. The inconsistency in results may 
be due to different exercise intervention characteristics 
including water temperature15 and pool depth16 and small 
sample sizes, among others.

Our group has demonstrated the safety of prescribing 
aquatic exercise for 45 minutes at 70–75% of maximum heart 
rate (HR) adjusted for the aquatic environment among older 
women with hypertension.17 In another study using the same 
exercise protocol, we found a reduction in SBP of 7.4  mm 
Hg for up to 20 minutes during recovery in the laboratory, 
but not DBP, compared to control session among middle-
aged, overweight to obese women with hypertension on BP 
medication.18

We are one of the few that have completed randomized 
controlled trials investigating the efficacy of aquatic exer-
cise to elicit PEH among adults with hypertension. The 
American College of Sports Medicine and other profes-
sional organizations do not routinely recommend aquatic 
exercise for the prevention, treatment, and control of hyper-
tension, cautioning that more data are needed to establish 
the efficacy and safety of this exercise modality as antihy-
pertensive lifestyle therapy. To the best of our knowledge, 
there are no studies assessing PEH using ambulatory BP 
monitoring (ABPM), the clinical gold standard methodol-
ogy for assessing BP status,7 after aquatic exercise among 
older women with hypertension. Thus, this randomized 
control trial aimed to assess the effects of an water-based 
exercise session on BP using ABPM among well-controlled 
older adults with hypertension taking medication for their 
high BP.

METHODS

We conducted a randomized clinical trial with a crosso-
ver design. This research project was reviewed and approved 
by Instituto de Cardiologia do Rio Grande do Sul/Fundação 
Universitária de Cardiologia institutional review board 
(protocol number 552.001 by Leonardo Martins Pires). The 
study follows the principles of the “Declaration of Helsinki”. 
All subjects read and signed an informed consent form 
before participating in the study. Additionally, this study fol-
lows the recommendations as proposed by the CONSORT 
“Statement”.19

Study sample

The inclusion criteria were: resting SBP ≤160 mm Hg and 
DBP ≤100 mm Hg documented by a physician (Table 1); 65 
to 80 years of age; and physically active on land but not water 
(exercising 3 or more days per week as determined by the 
International Physical Activity Questionnaire long-form, 
IPAQ).20 The exclusion criteria were: any febrile condition 
and/or infectious diseases; no other chronic diseases or con-
ditions other than hypertension; body mass index >35 kg/
m2; active smoker; or physical or mental limitations that 
prevent exercising. Interestingly, only women responded to 
our invitation to participate in our study and, therefore, our 
participants were all females.

Study procedures

On visit 1, we explained to the participants the study pro-
cedures and answered their questions. Those who agreed to 
participate were asked to sign an informed consent form. 
During this visit, their medical history and BP were taken.

On visit 2, measurements of body weight and height were 
made to calculate body mass index. All subsequent experi-
ments were randomly assigned with a randomized code gen-
erated by a blinded investigator using an automated digital 
system (www.randomization.org). All sessions occurred at 
the same time (9–9:45 am) with 7 days between sessions.

Experimental sessions

The aquatic exercise session (WATER) was a continu-
ous session of dynamic water-based exercise which con-
sisted of a dynamic warm-up period (5 minutes), an active 
exercise period (35 minutes), and a cooldown period (5 
minutes) to total 45 minutes. HR was continuously meas-
ured with heart monitors (Polar, RS 800 CX) to confirm 
the intensity of the WATER session. The WATER intensity 
was calculated according to the formula proposed by Kruel 
for exercise in an aquatic environment21 as follows: HR 
for exercise = % × (HRmax − ΔHR); % is the intensity of 
exercise; HRmax is the maximum HR (estimated by 220 − 
age); ΔHR represents the difference between resting HR on 
land and resting HR in the water environment. Exercise 

Table 1. Mean characteristics of the women (n = 24)

Mean ± SD (95% CI)

Age (years) 70.0 ± 3.9 (68.4–71.6)

Body mass (kg) 68.9 ± 10.0 (64.7–73.1)

Height (cm) 152.3 ± 7.3 (149.2–155.3)

BMI (kg/m2) 29.8 ± 4.1 (28.1–31.5)

Resting SBP (mm Hg) 124.0 ± 13.0 (118.4–129.4)

Resting DBP (mm Hg) 72.3 ± 8.3 (68.8–75.8)

Resting HR (bpm) 66.7 ± 13.8 (60.9–72.5)

β-Blockers 2

CCB 1

Diuretics 1

ACE inhibitor or ARBs 6

Diuretics + CCB 6

CCB + β-Blockers 1

β-Blockers + ACE inhibitors 1

CCB + ARBs 4

Diuretics + β-Blockers + ACE 
inhibitors

1

Diuretics + CCB + ARBs 1

Abbreviations: ACE, angiotensin-converting enzyme; ARBs, angi-
otensin II receptor blockers; BMI, body mass index; CCB, calcium 
channel blockers; CI, confidence interval; DBP, diastolic blood pres-
sure; HR, heart rate; SBP, systolic blood pressure.
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intensities were 55–60% HRmax during warm-up; 70–75% 
HRmax during active exercise; and 55–60% HRmax during 
cooldown (Table  2). Besides, we used the Borg Rating of 
Perceived Exertion Scale to measure exercise intensity level 
in those participants on β-blockers, exercising between 13 
and 14 on the Borg scale.

The study training session consisted of 18 groups of exer-
cise performed continuously, each lasting on average 2 min-
utes and 30 seconds. Of these groups, 4 were lower-limb 
training exercise; 4 upper-limb; and 10 both upper- and 
lower-limb (combined). Each session had 3 components: 
warm-up including 2 combined exercise groups; cooldown 
at the end of the session; and the main part including 4 
upper-limb, 4 lower-limb, and 6 combined exercise groups, 
alternating body segments.

The control session (CONTROL) was a 45-minute session 
with no exercise. During this session, participants remained 
seated or standing as desired. They read, talked, and drank 
water, but did nothing else.

BP measurements

BP measurements were taken and monitored using a 
ABPM protocol according to standard procedures.22 BP 

monitoring devices (Spacelab, Redmond, WA) were used to 
obtain BP over 21 hours that consisted of 4 measurements 
per hour over awake period (10 am to 10 pm) and 2 meas-
urements per hour over sleep period (10 pm to 6 am). All 
sessions started at 9 am sharp and lasted 45 minutes. After 
the session, the participants remained in the sitting posi-
tion for 15 minutes. At 10 am sharp, the ABPM device was 
placed. BP measurements started at 10 am (1st measure) and 
continued up to 6 am the next day (totaling 21 hours). For 
data analysis, we calculated hourly averages for awake and 
sleep (during the same periods as mentioned above), and 
over 21 hours. SBP and DBP data are presented in 2 different 
manners: readings per hour during the day and the night 
periods, and the BP response determined as the difference 
(delta) between each hourly BP measurement from baseline 
after WATER compared to CONTROL.

Statistical analysis

The minimum sample size was determined based on a 
previous study conducted by our research group.18 We esti-
mated a sample size of 20 individuals for a 5% significance 
level, power of 80%, and a 5 mm Hg difference in SBP. We 
performed the Shapiro–Wilk test to assess the normality of 
distribution of numerical data. Data were described as mean 
± SDs. A generalized estimating equation tested the differ-
ences between sessions by time (hourly; awake and sleep 
periods, and over 21 hours), as well as their interactions (ses-
sion and time), followed by Bonferroni’s post-hoc test. A 5% 
significance level was set.

RESULTS

We conducted a randomized crossover clinical trial; 33 
women were recruited to the study, but 6 refused to par-
ticipate for personal reasons. Thus, 27 women were ran-
domized. After the first exercise session, 3 of them were 
excluded because they did not return for a subsequent 

Table 2. The protocol of the acute water exercise session

Session period

Exercise 

intensity Heart rate

Warm-up (5 minutes) 55–60% 69.5 ± 2.1–77 ± 2.3 bpm

Active exercise (35 
minutes)

70–75% 92 ± 2.7–99.5 ± 2.9 bpm

Cooldown (5 minutes) 55–60% 69.5 ± 2.1–77 ± 2.3 bpm

“Heart rate” (HR) was calculated as follows: % “Exercise intensity” 
× (HRmax − ΔHR); HRmax is the maximum HR (estimated by 220 − 
age); ΔHR represents the difference between resting HR on land 
and resting HR in the water environment; bpm: beats per minute.

Figure 1. Design of the study.
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session (Figure 1). Therefore, the final sample consisted of 
24 participants.

Table  1 shows characteristics of the study participants. 
On average, the older women were obese and were well-
controlled on the antihypertensive medications they were 
taking for their high BP. Twelve subjects reported high levels 
of physical activity as measured by the IPAQ, totaling 1,504 
minutes.week−1 (~5,665 kcal) for work, home, and leisure 
physical activity and 224 minutes.week−1 (~1,133 kcal) of 
moderate-intensity physical activity. In turn, 9 participants 
reported moderate levels of physical activity, totaling 916 
minutes.week−1 (~3,634 kcal) for work, home, and leisure 
activities and 112 minutes.week−1 of moderate-intensity 
physical activity (~634 kcal).

Figure  2 shows the hourly changes in SBP and DBP 
from baseline after WATER versus CONTROL. PEH was 

demonstrated for SBP and DBP after WATER, with major 
reductions seen 11 to 13 hours following exercise.

Compared to CONTROL, SBP was reduced after WATER 
by 5.1 ± 1.0 mm Hg over 21 hours (P < 0.001), by 5.7 ± 1.1 mm 
Hg during awake hours (P < 0.001), and by 4.5 ± 0.4 mm 
Hg during sleep hours (P = 0.004) (Figure 3). In turn, DBP 
was lower following WATER compared to CONTROL: 
1.2 ± 0.3 mm Hg over 21 hours (P = 0.043); 0.9 ± 0.6 mm 
Hg over awake hours (P = 0.101); and 1.4 ± 0.9 mm Hg over 
sleep hours (P = 0.039) (Figure 3).

DISCUSSION

This is the first randomized controlled crossover clinical 
trial that assessed the effects of an aquatic exercise session 
on BP using ABPM among physically active older women 
with hypertension. The main finding of our study was that 

Figure 2. Kinetics of blood pressure at each exercise session compared to baseline. A generalized estimating equation (GEE) with repeated measures 
followed by Bonferroni’s post-hoc test was used. (A) SBP, P < 0.001 for session and time. (B) DBP, P(session) = 0.043 and P(time) < 0.001. *P < 0.05 vs. control 
group during the same period. Abbreviations: DBP, diastolic blood pressure; SBP, systolic blood pressure.
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moderate-intensity aquatic exercise elicited PEH for SBP 
and DBP over 21 hours. SBP was lower by ~5 mm Hg over 
21 hours, ~6  mm Hg over awake hours, and ~4  mm Hg 
over sleep hours. Furthermore, DBP was lower by ~1 mm 
Hg over 21 hours and the night hours, but not over awake 
hours. These findings are consistent with and expand 
upon earlier findings from our laboratory. Previously, we 
found that a single aquatic exercise session reduced SBP by 
7.4 mm Hg for up to 20 minutes in the laboratory among 
pharmacologically treated middle-aged women who were 
overweight to obese, with no change in DBP.18

The magnitude of PEH elicited by WATER is comparable 
to land aerobic exercise as reported by Brandao-Rondon, 
Alves23 and Ciolac, Guimaraes24 for cycling. Besides, our 
results were also comparable to Lakin, Notarius25 using 
cycling (reduction in SBP by 3.1  mm Hg) and WATER 
(reduction in SBP by 5.2  mm Hg). Collectively, these 
findings suggest that the concurrent American College 
of Sports Medicine guidelines for the prevention, treat-
ment, and control of hypertension be expanded to include 
WATER. Nonetheless, future research should continue to 
explore the BP merits of WATER due to the limited nature 
of the size of this literature.

The mechanisms for the immediate BP benefits of 
WATER per se are not yet clear but may be due to a reduc-
tion in peripheral vascular resistance26 and suppression of 
the renin–angiotensin system.27 The hydrostatic effects of 
immersion in water redirects ~700 ml of blood flow from 
the extremities (increased venous return) to the thorax.16 
These vascular alterations cause a stretching of the atrium 
and an increase in right intraventricular pressure, lead-
ing to increased cardiac output.15 Mechanical stretching 
of atrial and/or arterial baroreceptors causes a marked 
reduction in renal sympathetic nerve activity and increases 
urine flow and sodium excretion.28 Furthermore, hydro-
static compression of the chest leads to elastic loading of 
the chest wall and negative pressure breathing,26 produc-
ing a cardiopulmonary reflex. Collectively, these changes 
produce compensatory bradycardia that, in addition 
to increased diuresis due to suppression of vasopressin 

secretion,29 would elicit reductions in BP after a session of 
aquatic exercise.

This study has some limitations. We did not have a con-
trol group for the aquatic environment and the study par-
ticipants exercised in an outdoor pool. However, this is a 
real-life scenario and we believe our findings evidence an 
effective PEH response in hypertensive elderly individuals. 
We did not measure HRmax values but rather used age-
based estimates. Since there was a potential for bias, we 
monitored exercise sessions using the Borg Rating Scale. 
Another limitation was that of the 24 participants, 5 were 
on β-blockers. We also monitored their exercise intensity 
level using the Borg Rating Scale, without compromising 
the exercise session. To confirm, we (statistically) tested for 
BP differences between users and nonusers of β-blockers 
and all results were similar. In turn, strengths of our study 
include a randomized controlled crossover design and use 
of ABPM.

In conclusion, our study showed that physically active, 
well-controlled older women with hypertension experience 
clinically meaningful BP benefit from WATER. Overall, 
SBP in the WATER was lowered by ~5  mm Hg compared 
to CONTROL group over 21 hours after the exercise bout. 
Our results have a strong clinical implication since they 
have magnitude similar to those found in aerobic exercise, 
according to literature. Thus, we recommend further investi-
gations to examine chronic effects and confirm the potential 
long-term hypotensive effect of water-based exercise in sub-
jects with systemic arterial hypertension.
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Figure 3. Changes in blood pressure during each exercise session. (A) SBP, systolic blood pressure and (B) DBP, diastolic blood pressure. Over 21 hours: 
all period analyzed; awake: 10  to 10 ; sleep: 10  to 6 .
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