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Abstract
Background: To evaluate acute blood pressure (BP) responses of hypertensive women
during and 20 min after continuous (CON) and interval (INT) water aerobics sessions.
Methods: Nine treated hypertensive women (61.22 ± 2.91 years, body mass index
28.70 ± 4.45 kg.m-2) performed two randomized water-based exercise sessions
(32 min): CON (13-14 Borg Scale) and INT protocol (2 min at 17 Borg Scale with 2
min of active recovery at index 9). BP was measured 20 min before, during and after
exercise. Repeated measures two-way ANOVA with Bonferroni was used (α = .05).
Results: BP responses did not differ between the protocols (p > .05). For diastolic BP,
halftime and endpoint exercise were significantly lower than all four recovery points
measured (p < .001). A trend in p value was observed for systolic BP (p = .051), however, no differences between the time-points were found. No significant differences
were observed for time-points in mean BP (p > .05).
Conclusion: Hypertensive women do not present significant difference for the BP values
between CON and INT protocols, and no post-exercise hypotension was observed
within 20 minutes of recovery. Thus, both protocols appear to be safely performed
by treated hypertensive women.

Keywords: Aquatic exercise, Arterial hypertension in women, Blood pressure,
Interval exercise, Postexercise recovery
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Introduction
Hypertension has high medical and socioeconomic costs,
mainly due to its complications, such as cerebrovascular
and coronary artery disease, heart failure, chronic renal
failure, and extremity vascular disease (Whelton et al.,
2018). Data from 2013-2014 show that 33.5 % of adults
aged 20 and over were diagnosed with hypertension in
United States, resulting in more than 360,000 American
deaths included high blood pressure (BP) as a primary
or contributing cause (Mozaffarian et al., 2015), which
means almost 1,000 deaths each day.
In the general population, exercise protocols with
a richer variety of motor skills are more likely to favor
participant interaction and engagement, and improve
cardiac responses (Castañer et al., 2017). In addition,
regular aerobic exercise reduces BP along training
programs and the hypotensive effect is greater the higher
the initial BP (Pescatello et al., 2004). Decreases in
catecholamines and total peripheral resistance, improved
insulin sensitivity, and alterations in vasodilators and
vasoconstrictors are some of the postulated explanations
for the antihypertensive effects of exercise. Emerging data
suggest genetic links to the BP reductions associated with
acute and chronic exercise (Pescatello et al., 2004). For
this reason, increased physical activity with a structured
exercise program has been widely indicated as an efficient
non-pharmacological alternative for the hypertensive
population (Whelton et al., 2018).
Physical exercise in the aquatic environment can be
highlighted as a suitable modality for this population.
It is practiced specially by women, whose responses
to exercise deserve attention in literature, since they
present physiological, morphological, and psychological
differences in comparison to men (Gómez-Jiménez &
López de Subijana-Hernández, 2016; González Robles et
al., 2017; Granda Vera et al. 2018). Moreover, immersion
may induce a reduction in BP in normotensive individuals
at rest (Srámek et al., 2000). This reduction occurs due to
an immediate redistribution of blood from the periphery
to the central region of the body, causing an increase in
cardiac output, with a consequent increase in renal blood
flow, and which, concomitantly with a decrease in plasma
renin activation and an increase in the peptide concentration
atrial natriuretic, cause reduction of BP values (Rim et
al., 1997). Moreover, in the last few years some studies
have observed the chronic effect of aquatic training on BP
responses (Guimarães et al., 2014). A 36-week water-based
exercises program was able to promote a reduction of 36
mmHg in systolic BP (SBP) and 12 mmHg in diastolic BP
(DBP) in resistant and medicated hypertensive patients
(Guimarães et al., 2014).
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The chronic reduction in BP with regular exercise
seems to be partially explained by acute BP decreases
after a session of exercise. Studies have demonstrated
aerobic physical exercises performed on land present a
significant acute reduction in post-exercise BP responses
(MacDonald et al., 1999), a phenomenon known as
post-exercise hypotension (PEH). In addition, different
protocols of water-based exercises have been investigated
in order to verify the presence of PEH in normotensive
and hypertensive individuals (Bocalini et al., 2017;
Cunha et al., 2017; Cunha et al., 2018; Pinto et al., 2017;
Pontes-Júnior et al., 2008; Rodriguez et al., 2011; Sosner
et al., 2016; Terblanche and Millen, 2012). Regarding
acute PEH in aquatic exercise sessions, Rodriguez et
al. (2011) and Pinto et al. (2017) evaluated the BP 60
min after water-walking and water-based concurrent
training in normotensive participants, respectively,
while Cunha et al. (2012, 2017), Pontes-Junior et al.
(2008), and Bocalini et al. (2017) from 10 to 90 min
after water-based aerobic sessions in individuals with
prehypertension and hypertension. Regarding 24h-PEH,
Cunha et al. (2018) evaluated it after water-based exercises
in normotensive women over 65 years, and Terblanche and
Millen (2012) and Sosner et al. (2016) in individuals with
prehypertension and hypertension. From these studies,
Sosner et al. (2016) was the only one who employed an
interval water-based protocol; however, their purpose
was to compare PEH from different environments (dry
land versus water).
In addition to the environment in which exercise is
performed, another factor that may influence the PEH
phenomenon is the intensity of the training session in
healthy (Angadi et al., 2015) and hypertensive (Ciolac et
al., 2009) individuals. Ciolac et al. (2009) analyzed the
BP responses after a 40 min continuous (60 % reserve
HR) and interval (1 min 80 % and 2 min 50 % reserve HR)
cycling protocol performed on land. The authors observed
a significant reduction in PEH 24h-systolic and nighttime
SBP and a trend to reduce nighttime DBP in the interval
protocol. However, the effects of different intensities
during water-based exercise protocols (i.e., continuous
moderate intensity versus interval high intensity) on PEH
in individual with hypertension remain unclear in the
literature. The optimal training intensity needs to be better
defined to optimize the BP lowering capacities of exercise.
Therefore, the purpose of the present study was to
evaluate acute BP responses of treated hypertensive women
during and 20 min after continuous and interval waterbased exercise protocols. We hypothesized that higher
intensity exercise could induce greater reduction in BP
responses, evidencing a significant acute PEH.
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Methods

water-based exercise sessions. Heart rate (HR) and BP were
measured 20 min before, during, and 20 min after exercise,
with one measure every 5 min. Figure 1 shows the schematic
flowchart of the data collection protocol.

Participants
The sample was composed by nine women, volunteers,
diagnosed with hypertension by a physician during a clinical
evaluation following the cut-off points: SBP ≥ 140 mmHg
and DBP ≥ 90 mmHg. Eligibility criteria were: 1) diagnose
of hypertension for at least 6 months; 2) be physically active
for at least 6 months; 3) treated with medication but not
β-blockers; 4) not smoke; 5) no physical limitations; 6)
should be familiarized to aquatic exercises.
Upon starting the research, all participants signed an
informed consent form. The study was approved by the
Research Ethics Committee of the Federal University of
Rio Grande do Sul, Brazil (2008168).

Experimental procedures
The present is a pilot study, with a crossover trial design.
Each woman participated in three sessions, with a minimum
interval of 48h between sessions. The first session was
designed to familiarize and characterize the participants,
and the other two sessions to the experimental protocols,
performed at random order. The experimental protocols
corresponded to a continuous (CON) and interval (INT)

Participant characteristics
Participants were 61.22 ± 2.91 years, 72.00 ± 16.40 kg,
157.72 ± 7.55 cm, body mass index 28.70 ± 4.45 kg.m-2,
considered as slightly overweighted. The hypertension
was pharmacologically controlled with calcium channel
blockers: n = 1; angiotensin converting enzyme inhibitors:
n = 5; diuretic: n = 3.
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Characterization and familiarization
In the initial session, body mass (kg) and height (m) were
measured using a scale and a stadiometer (Filizola, São Paulo,
Brazil). In this session, the participants were familiarized
with the BP device, the 6-20 Borg Scale (Borg, 1990), and
with the exercises. Participants were instructed to observe
the degree of tension and fatigue in their muscles, shortness
of breath and chest pain. The 15-point scale was explained
considering it incorporates nine verbal descriptors ranging
from “no exertion at all” (RPE 6) to “maximal exertion”
(RPE 20). A rating of 6 corresponds to the level of exertion

Seated rest (20 minutes)
(Heart rate and blood pressure measured every 5 min)

Day 1

Continous water aerobics
(32 minutes)

Interval water aerobics
(32 minutes)

(Heart rate and blood pressure
measured every 5 min)

(Heart rate and blood pressure
measured every 5 min)

Day 2

Post-exercise seated rest (20 minutes)
(Heart rate and blood pressure measured every 5 min)

Figure 1
Schematic flowchart of the random data collection protocol.
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experienced during a quiet seated rest, whilst a rating of 19
approximates maximal or near-maximal physical exertion
(Borg, 1990). The scale (60 × 90 cm banner) was placed out
of the pool in front of the participant during the familiarization e protocol sessions. All the details of execution and
amplitude of the movements were explained and then, the
women performed the exercises at a comfortable pace. The
familiarization session was finalized with the drawing of
the execution order of the exercise protocols (CON or INT).
The HR (HR monitor model F6TM; Polar, Kempele,
Finland), SBP and DBP (BP monitor ABPM-04 recorder
with mean arterial pressure optical interface, Meditech,
Budapest, Hungary, respectively) were monitored before,
halftime exercise and after the protocols. The mean BP
(MBP) was calculated using the formula MBP = DBP +
[0.333 * (SBP-DBP)].

Interventions and outcome measurements
Regardless of the protocol, the participants always started
remaining at rest out of the water, in the seated position for
20 min, with their feet and arms supported, and the chair
positioned at the edge of the pool near the stairs. The HR and
BP measurements were performed every 5 min during this
period. For the analysis of the resting situation, the values of
the 10th minute of the seated rest were used.
Water-based exercise protocols were performed during 32
min with the intensity prescribed by the rating of perceived
exertion (RPE) based on 6-20 Borg scale (Borg, 1990). In the
CON protocol, the intensity was controlled by RPE between
13 and 14 (somewhat hard). In the INT protocol, eight 2 min
bouts at RPE 17 (very hard) were interspersed by 2 min of
active recovery at RPE 9 (very light). Both CON and INT
protocols were composed by two blocks of four exercises,
each one performed for 4 min, totaling 32 min of exercise.
The following sequence of water-based exercises were used:
stationary running with simultaneous elbow flexion and
extension, cross country skiing with simultaneous shoulders
flexion and extension, jumping jacks with simultaneous
shoulders abduction and adduction, and frontal kick up to
45º with simultaneous arms pushing the water forward. This
protocol model was previously used in the study by Kruel et
al. (2009) whose objective was to analyze the cardiorespiratory
responses between protocols. The experimental sessions were
always applied by the same instructor to a maximum of two
participants per period, without background music.
The HR and BP evaluations during the protocols were
performed at 16 min (halftime) and immediately at the end
of session (endpoint). Protocols were performed in a pool
with a depth variation of 0.95 to 1.30 m, allowing each of the
participants to be immersed in the xiphoid process depth. The
water temperature was maintained between 31° and 32° C.
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Similar to the initial phase, after the end of the exercise
protocol the participants rested out of the water, in the seated
position for 20 min, with their feet and arms supported, and
the chair positioned at the edge of the pool near the stairs.
The HR and BP measurements were performed every 5
min during this period. For the analysis of the post-exercise
seated situation, the values of the 10th minute of the seated
rest were used.
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Statistical analysis
Descriptive statistics (mean ± standard deviation) and
Shapiro-Wilk’s normality test were used. Repeated measures
two-way ANOVA (protocol and time-points) with Bonferroni
post-hoc was used to compare the outcomes between the
tested situations. When the interaction was significant, the
F test was performed for each main effect. The effect size
for each main effect was calculated by ηp2. The significance
level was set to α = .05. All statistical tests were performed
in the Statistical Package for Social Sciences software
(version 20.0 for Windows; SPSS Inc., Chicago, IL, USA).

Results
Blood pressure and heart rate responses at
rest
The pre-exercise rest situation for day 1 and day 2 were
similar. The mean values of SBP, DBP, MBP, and HR at preexercise rest were 121.88 ± 12.87 mmHg, 74.66 ± 9.95 mmHg,
90.40 ± 8.97 mmHg, and 81.41 ± 16.92 bpm for the
interval session, respectively, and 121.11 ± 14.34 mmHg,
72.55 ± 8.54 mmHg, 88.74 ± 9.57 mmHg, and
83.23 ± 18.86 bpm for the CONT, respectively.

Blood pressure and heart rate responses
during exercise
Regarding the protocols, the HR response was
significant higher for INT compared to CON (halftime:
118.19 ± 26.32 bpm vs 106.51 ± 25.57 bpm, endpoint:
130.14 ± 28.49 bpm vs 116.29 ± 23.82 bpm, respectively;
p = .021; ηp2 =.508; Figure 2). Blood pressure responses
did not differ between the protocols during exercise (i.e.,
halftime and endpoint) (p > .05; Figure 3).

Blood pressure and heart rate responses
post-exercise
The analyses of water-based exercises at rest (min 10),
exercise (halftime and endpoint) and during recovery
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Figure 2.
Pre-exercise, halftime, endpoint and 20-min post-exercise heart rate responses for continuous and interval water-based exercises
sessions. Data are presented as mean (SD). #p < .05 different from continuous protocol. *p < .05 different from exercise endpoint.
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Figure 3.
Pre-exercise, halftime, endpoint and 20-min post-exercise systolic and diastolic blood pressure (BP) responses for continuous and
interval water-based exercises sessions. Data are presented as mean (SD). †p < .05 different from exercise halftime. *p < .05 different
from exercise endpoint.
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(5, 10, 15, 20 min) are presented in Figure 2 and 3.
The main effect time-point presented a significant difference
for DBP (p < .001; ηp2 = .699) and HR (p < .001; ηp2 = 0.720).
For DBP, both exercise measurements (halftime and
endpoint) were significantly lower than all four recovery
points measured. For HR, the endpoint exercise measurement
was significantly higher than pre-exercise as well as all
four recovery points measured. Regarding SBP, a trend
in p value was observed (p = .051; ηp2 = .347), however,
no differences between the time-points were found with
post-hoc analysis. Finally, no significant differences were
observed for time-points in MBP (p > .05; CONT and INT:
rest pre-exercise: 88.7 ± 9.6 mmHg and 90.4 ± 9.0 mmHg,
exercise halftime: 85.8 ± 10.5 mmHg and 92.0 ± 14.0 mmHg,
exercise endpoint: 89.9 ± 10.1 mmHg and 91.5 ± 14.6 mmHg,
post5min: 96.0 ± 8.5 mmHg and 93.8 ± 9.7 mmHg, post10min:
96.9 ± 11.2 mmHg and 92.9 ± 8.9 mmHg, post15min:
94.5 ± 12.0 mmHg and 91.9 ± 9.2 mmHg, post20min:
94.8 ± 10.4 mmHg and 94.4 ± 11.0 mmHg, respectively).

Discussion
The purpose of the present study was to evaluate BP
responses of treated hypertensive women in continuous and
interval water-based exercise sessions. The main findings of
the present study were the absence of significant difference
between the protocols (continuous vs. interval) for the
BP variables, regardless the higher HR values during the
exercise interval session. Another important finding is that
there was no post-exercise hypotension within 20 min of
recovery, in contrast to our hypothesis.
The literature reports a hypotensive post-aquatic
exercise response in hypertensive individuals, which
was not verified in the present study. Cunha et al.
(2012, 2017), Pontes-Junior et al. (2008), and Bocalini
et al. (2017) evaluated the PEH from 30 to 90 min of
recovery after water-based exercise sessions. Cunha et
al. (2012) evaluated elderly hypertensive women 30 min
after a moderate intensity (RPE ≈13) and predominantly
aerobic (40 min) water-based exercise session. The SBP
decreased significantly only 30 min after the exercise
session (Baseline: 135.5 mmHg; 30 min: 126.9 mmHg),
while DBP decreased significantly from 76.1 at rest to
74.8, 72.6, and 72.8 mmHg at minutes 10, 20 and 30,
respectively. A similar protocol was applied for the same
research group in a crossover clinical trial (Cunha et al.,
2017) and the results showed at 10 min after exercise, SBP
and DBP significantly declined 7.5 mmHg (6.2 %) and
3.8 mmHg (5.5 %), respectively, compared to a control
session (no exercise for 45 min), but at 20 and 30 min after
exercise, BP were similar in both exercise and no-exercise
sessions. In the present study only 20 min of recovery
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were evaluated and no PEH effect was observed after
a water-based continuous or interval exercise session.
Pontes-Junior et al. (2008) evaluate hypertensive individuals
90 min after running in water and dry land (at 50 % of VO2peak,
45 min). SBP was reduced as early as 10 min post-exercise
and presented a greater reduction at 30 min after water-based
exercise (142 vs. 107 mmHg). DBP was reduced as early
as 5 min after water-based exercise and presented a greater
reduction at 30 min (93 vs. 76 mmHg). The greater reduction
of mean arterial pressure was observed at 30 min after waterbased exercise (109 vs. 86 mmHg).
This disagreement with the previous studies performed
in the aquatic environment may be related to the population
of the present study of hypertensive women controlled with
medication, since is well-known the PEH is larger the higher the
initial BP value (Pescatello et al., 2004). The participants of the
present study presented a mean SBP and DBP at pre-exercise
of 121.50 ± 13.22 mmHg and 73.61 ± 9.06 mmHg, respectively,
lower than the SBP and DBP values found in the studies of
Pontes-Junior et al. (2008) (142 ± 2 mmHg and 93 ± 2%mmHg,
respectively) and Cunha et al. (2012) for the control and
experimental groups (SBP: 138.25 ± 12.78%mmHg and
135.46 ± 7.42 mmHg, respectively; DBP: 74.90 ± 7.31%mmHg
and 76.09 ± 6.49 mmHg, respectively).
In addition, Bocalini et al. (2017) evaluated the effect of
water- and land-ergometric exercise (75 % VO2max, 45 min)
sessions on PEH of healthy normotensive, treated or untreated
hypertensive patients. At 90 min after the exercise session, the
prevalence of hypotension was significantly higher in water
than in the land-based protocol. Moreover, more pronounced
reductions in SBP and DBP were observed in the untreated
patients compared to treated and normotensive subjects. It
is interesting that the ratio of treated patients compared to
those not treated with medication also interferes with initial
BP values reflecting the magnitude of PEH. In the present
study, because women were pharmacologically treated, the
initial BP values were lower, resulting in an absence of PEH
in the first 20 min post-exercise.
Furthermore, other studies evaluated 24h-post waterbased exercise. Terblanche & Millen (2012) determined and
compared the magnitude and duration of PEH after an acute
session of concurrent exercise in water and on dry land (60
and 80 %VO2peak, RPE 12–16, 55 min) in individuals with
pre-hypertension and hypertension. The PEH response for
SBP lasted for 9 h after water-based exercise session. Besides
comparison of BP responses of hypertensive individuals
following water-based exercises (high-intensity protocol),
Sosner et al. (2016) also compared moderate-intensity
continuous exercise (24-min, 50 % peak power output), and
high-intensity interval exercise (two sets of 10-min with bouts
of 15-sec 100 % peak power output interspersed by 15-sec of
passive recovery) on dry land in stationary cycle. Dry land
and immersed high-intensity exercise induced a 24-h BP
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decrease (SBP: -3.6 and -6.8 mmHg, DBP: -2.8 mmHg and
-3.0 mmHg, respectively).
Ciolac et al. (2009) also investigated the effect of intensity
on PEH in middle-aged hypertensive participants, comparing 40
min of dry land cycle ergometer exercise in continuous (60 %
reserve HR) and interval (2 min at 50 % reserve HR with 1 min
at 80 %) protocols. The interval protocol resulted in significant
reduction on PEH 24h-systolic and nighttime systolic and
tended to reduce nighttime diastolic. Therefore, the present
study seems to be the first to investigate the blood pressure
responses of treated hypertensive women in continuous and
interval water-based exercise sessions, whose results showed
that exercise sessions up to 20 min there was no PEH responses.
Nonpharmacological strategies to reduce BP was analyzed
in a meta-analysis of randomized controlled trials (Herrod et
al., 2018). Results from this study shown that three months
of exercise-based lifestyle intervention, consisting of aerobic,
resistance or combined exercise training, may produce a
reduction in BP of approximately 5 mmHg SBP and 3 mmHg
DBP in participants with a mean age of 65 or over. These results
indicated lifestyle intervention alone cannot be recommended
as a sole treatment for hypertension but may serve as a useful
adjunct to pharmacotherapy because it is often the first line in
management in treatment guidelines (Whelton et al., 2018).
An important limitation of the present study is the absence
of an immersion control session in the aquatic environment,
as well as the absence of a control group with normotensive
individuals, which would help in understanding the specific BP
responses of the water-based exercise protocols and the effect
of the medications used. Another important limitation was the
post-exercise recovery time of only 20 min. However, this was
the proposal of the study, to study patients with hypertension as
well as to see if the PEH phenomenon would occur immediately
after the protocols. Finally, our pilot study has a low sample
size which may restrict a wider generalization of the findings.

Conclusions
We conclude that controlled hypertensive women achieve
higher HR values in the interval aquatic exercise session and
do not present significant difference for the blood pressure
values between the protocols. In addition, there was no PEH
within 20 minutes of recovery for both water-based sessions.
As a practical application, we suggest that the continuous
and interval water-based exercise sessions tested in this study
can be performed by hypertensive individuals controlled with
cardiovascular safety. Further studies should be performed by
testing different intensities and exercise volumes in the water
environment, to clarify which protocol could potentiate the
reduction of blood pressure values in controlled hypertensive
individuals and, therefore, provide a good theoretical basis
for a safe prescription of aerobic training for this population.
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