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Abstract

Resistant hypertension (RH), defined as a high blood pressure that remains uncontrolled despite treatment, is still
a major medical challenge. During the last decade, several studies have demonstrated the promising effects of exercise
on the category of hypertensives. This review summarizes the existing literature on the effects of exercise therapy on
patients with RH. From the literature search conducted in PubMed (January 1980 — December 2023), 12 papers
(6 with acute- and 6 with chronic exercise) were selected. Despite the few studies, the acute hemodynamic burden
and the post-exercise response in patients with RH were within clinically acceptable limits and may vary according
to the intensity and duration of the exercise protocols. Chronic exercise, especially warm-water exercise, effectively
lowers blood pressure in patients with RH without serious adverse events or complications. Based on recent scientific
evidence, patients with RH need to change their lifestyle by adopting systematic exercise for the optimal treatment

of their disease. Future investigations are required to explore the exact exercise mechanisms that benefit patients
with RH.
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Introduction

Physical exercise has been established as an ef-
fective means (complementary to medication) in
the treatment of elevated blood pressure. This sci-
entific knowledge is regularly updated by several
scientific organizations [1, 2]. For patients with mild
(stage I) hypertension, defined as a systolic blood
pressure (SBP) reading that falls between 130
and 139 mm Hg or a diastolic reading (DBP) that
is between 80 and 89 mm Hg, exercise is recom-
mended as the first-line therapy of a healthy lifestyle
approach to regulate their disease [3] sufliciently.
Interestingly, the results of a recent meta-analysis
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(391 randomized trials with 39742 participants)
showed comparable SBP-lowering effects between
anti-hypertensive drugs and various exercise inter-
ventions [4].

However, it has to be clarified yet whether phys-
ical exercise is also effective for those with poor
responsiveness to medication, such as patients with
resistant hypertension (RH). The latter is defined
as the failure to regulate blood pressure below
140/90 mm Hg despite taking three antihyperten-
sive medications, one of which is a diuretic [5].
Despite the recent progress in the management of
RH (drug optimization, sympathetic denervation of
renal arteries), the disease's prevalence remains high
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among hypertensive patients (ranging between 10
and 30%), increasing the risk of cardiovascular mor-
tality [6].

During the last decade several studies have
demonstrated the therapeutic effect of exercise in
this category of hypertensive patients [7-13]. This
review will briefly discuss the positive acute exer-
cise alterations as well as the favorable chronic ad-
aptations after systematic training in patients with
resistant hypertension, providing recent scientific

knowledge.

Material and methods

A literature search in the electronic PubMed data-
base was conducted to identify studies on the associ-
ation between resistant hypertension and exercise. To
search for relevant studies, the following keywords
in different combinations were used: “resistant hy-
pertension”, “acute exercise”’, “exercise response’,

“exercise therapy”, “physical exercise”, “regular exer-
cise”, “treatment”, and “training adaptations”. Only
non-duplicated research articles published in En-
glish between January 1980 and December 2023
were selected. Case reports, letters to the editor,
conference papers, dissertations, commentaries,
and review papers were excluded. In total, 816 stud-
ies were yielded from the medical database search.
After the initial screening of titles, 156 studies were
selected for reading the abstract; after reading the ab-
stracts, 18 were chosen for full-text reading. Only
10 met the inclusion criteria, and in addition, 2
studies identified from reference lists were included,
resulting in a total number of 12 articles (Fig. 1).

Results

Acute exercise responses
Few studies have examined the acute hemody-
namic and post-exercise responses in patients with

Studies excluded after

A\ 4

screening by title
(n =660)

Studies excluded after

> screening by abstract
(n=138)

Studies excluded (n = 8)
Letter to the editor (n = 1)
Duplication (n = 1)

Lifestyle intervention
(not only exercise) (n = 4)
Cross sectional studies (n = 2)

Articles identified
from reference lists

% Records identified through
= PubMed searching
:_5 (n=816)
=
'_
z
w
a
A
Records selected for abstract
reading (n = 156)
Y]
=
=z
]
= \ 4
A
Records selected for full-text reading
(n=18)
= ¥
=
% Full-text articles assessed for eligibility
= (n=10)
w
(=) A
a
> Studies included in the review
-
] (n=12)
P

(n=2)

Figure 1. Flow chart of the studies selection strategy
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RH with promising results. Ribeiro et al. [7] ana-
lyzed the effects of a single session of light-intensity
aerobic exercise (10 min walking at 3 km/h) on
the central and peripheral blood pressure and the ca-
rotid-femoral pulse wave velocity (PWV) in 19 RH
patients (age: 58.7 years, 53% men). The central
(150.5 to 156.6 mm Hg, p = 0.023) and periph-
eral (163.1 to 173.4 mm Hg, p = 0.002) SBP were
increased immediately after exercise, while normal
PWYV alterations were observed.

Santos and coworkers (8) compared the ef-
fects of two different exercise intensities (45 min-
utes at 50% and 75% of maximum heart rate)
in 20 patients with RH (mean age: 54 years).
Both exercise protocols (light and moderate) re-
duced the systolic ambulatory pressure over
5 hours (light: =7.7 + 2.4 mm Hg and moderate:
-9.4 + 2.8 mm Hg), but only light intensity exercise
reduced diastolic pressure (5.7 + 2.2 mm Hg),
compared to controls. Forearm blood flow, as an
index of vascular reactivity, decreased only after light
exercise, suggesting that the expected exercise alter-
ations are intensity-dependent.

In another study, Pires et al. [9] compared
the postexercise hypotension phenomenon after
three different exercise programs (aerobic, resis-
tance, and combined) in patients with RH. In
their study, more prolonged reductions in systol-
ic and diastolic blood pressure were observed af-
ter combined (~12 h) relative to aerobic (-6 h)
and resistance (-3 h) exercise, suggesting that exer-
cise modality can affect the blood pressure respons-
es post-exercise.

Patients with RH experience excessive blood
pressure elevation during exercise, so some re-
searchers have also investigated whether systemic
renal denervation improves exercise blood pressure,
an established predictor for future cardiovascular
events [10]. Ukena et al. [11] examined the ef-
fects of this intervention on the cardiopulmonary
response to acute exercise in 46 patients (70%
male) with therapy-resistant hypertension. Systolic
blood pressure at rest and maximum exercise after
3 months was significantly reduced by 31 mm Hg
and 21 mm Hg, respectively, compared to baseline,
as well as the recovery of systolic blood pressure by
29 mm Hg. Interestingly, these impressive alter-
ations occurred without affecting the chronotropic
competence of the heart.

Significant blood pressure reductions at
rest (158/90 mm Hg ws. 141/84 mm Hg)
and during maximal exercise (201/95 mm Hg vs.
188/86 mm Hg) were also reported by Ewen et al.
[12] after 12 months of applying renal denervation

in 60 patients (mean age 64.7 years, 78% men)
with RH with simultaneous improvement in mean
exercise time (from 6.6 to 9.0 minutes) and mean
workload (from 93 to 101 Watt).

The above data suggest that the acute hemody-
namic burden and the post-exercise response in pa-
tients with RH may vary according to the intensity
and duration of the exercise protocols and whether
patients had successfully undergone renal sympa-
thetic denervation or not. Most existing studies ap-
plied low-moderate intensity aerobic exercise (up
to 75% of HRmax), and acceptable hemodynamic
responses were found.

However, more research is needed to confirm this
preliminary evidence further and establish the safe-
ty application of other exercise modalities (such as
resistance or interval exercise) as an alternative ther-
apy. The magnitude and duration of the post-exer-
cise phenomenon must also be further investigated
since this knowledge will allow the implementation
of the most appropriate exercise program for hy-
pertensive patients with low responsiveness to drug
treatment.

Chronic exercise adaptations

During the last decade, several studies have exam-
ined the adaptations as a result of long-term exercise
in patients with RH. Dimeo et al. [13] were among
the first to investigate the cardiovascular effects of
aerobic exercise on RH in a randomized controlled
trial (n = 50, 46% male, mean age 62.8 yrs). After 8
to 12 weeks of treadmill exercise with a target lactate
of 2 mmol/l, systolic and diastolic daytime ambula-
tory blood pressure decreased by 6 and 3 mmHg, re-
spectively. However, arterial compliance and cardiac
index (relating cardiac output to body size) remained
unchanged after training.

In another randomized controlled clinical trial
(EnRich, exercise training in the treatment of resis-
tant hypertension) with the same characteristics (53
patients, 54% male, mean age: 59.3 yrs 12-weeks
training duration), Lopes et al. [14] reported sig-
nificant reductions in 24-hour and daytime am-
bulatory systolic and diastolic blood pressure (by
7.1 and 5.1 mm Hg, respectively). In the above
study, training intensity was set at 50-70% of VO-
2max, which contributed to an improvement in
cardiorespiratory fitness by 14%. The analysis of
the secondary endpoints in the EnRicH trial further
suggested that exercise training improved central BP
and BP variability and some cardiovascular disease
risk biomarkers associated with target organ damage
and increased CVD risk and mortality in this pop-
ulation [15].
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Kruk et al. [16] assessed the effects of a physical
activity program intensified by educational sessions
on blood pressure control in subjects with RH in
a primary care unit. Patients experienced significant
decreases in office SBP and DBP as well as in ambu-
latory BP after three months. Still, these improve-
ments did not persist at the end of the intervention
(after 6 months). On the other hand, in the study
of Mandini et al. [17], seventy-nine patients with
RH (mean age: 66.6 yrs, 5.19% men) who partici-
pated in supervised walking and experienced clini-
cally significant reductions of systolic blood pressure
after one year of training. Thus, it seems that more
extended periods and training supervision are need-
ed to achieve effective blood pressure reduction in
patients with RH.

Significant reductions in blood pressure have also
been reported after applying water-based exercise
[18]. Such an exercise protocol, which consisted of
gymnastics and walking inside the pool at a tempera-
ture of 30-32°C, resulted in significant blood pres-
sure reductions (daytime: —11.6 and —6.4 mm Hg
and nighttime: —9.6 and —7.4 mm Hg, for systolic
and diastolic pressure respectively). In the same study
(19), even more significant improvements were ob-
served after 3 months of daytime training (SBP:
—22.3 mm Hgand DBP: -13.0 mm Hg) and night-
time blood pressure (SBP: 17.4 + 9.1 mm Hg
and DBP: 8.5 + 2.1 mm Hg).

These data suggest that exercise training effec-
tively lowers blood pressure in patients with RH.
The mentioned studies showed a high compliance
rate without serious adverse events or complications.
Warm water acts as a thermal vasodilation therapy
for these patients, providing even more significant
benefits compared to land exercise. Positive vasodi-
latory effects in endothelial function have also been
reported after repeated sauna therapy (15 min at
60ofor 3 weeks) in patients with coronary risk fac-
tors and heart failure [20, 21].

Mechanisms of exercise

Several different mechanisms have been proposed
to explain the exercise-induced adaptations in pa-
tients with RH. Regular exercise reduces sympathet-
ic nervous activity while increasing parasympathetic
tone and baroreceptor sensitivity [22]. Furthermore,
exercise regulates the renin-angiotensin-aldosterone
system to produce less angiotensin 11, reducing pe-
ripheral vascular resistance [23, 24].

The increase in shear stress and the subsequent
release of nitric oxide (NO) that occurs during ex-
ercise have therapeutic effects [25] since decreased
NO bioavailability and endothelial dysfunction

are critical factors involved in the pathogenesis
of hypertension [26]. In addition, exercise helps
regulate body weight and blood lipids and reduces
chronic low-grade inflammation, which are further
significant factors associated with elevated blood
pressure [27].

The above mechanisms are further optimized
when exercise takes place in an aquatic, warm en-
vironment. This is attributed to the hydrostatic
pressure favoring venous return and the high water
temperature, which positively affect the sympa-
thetic activity and, thus, vascular resistance [28,
29]. Another advantage of water-based exercise is
the principle of buoyancy, which significantly re-
duces body weight sensation with increased im-
mersion depth [30]. Thus, water exercise supports
the body and decreases joint and muscle stress,
allowing, in this way, appropriate blood pressure
responses since several of the RH patients are over-
weight or obese [31].

Clinical implications

The reduction in blood pressure after exercise
(post-exercise hypotension) lasts for several hours
throughout the day, which is of great clinical im-
portance given the better predictive value of ambu-
latory versus resting blood pressure measurements
[32]. When exercise is done regularly, a permanent
down-regulation of the blood pressure takes place,
and this is very important for those patients hav-
ing RH because the exercise-induced blood pressure
reductions are comparable to those observed after
the sympathetic denervation of renal arteries (e.g.,
7.4 and 4.2 mm Hg for systolic and diastolic pres-
sure, respectively in the SP'YRAL-HTN study) [33].
This may affect outcome since improving systolic
by 10 mm Hg (or diastolic by 4 mm Hg) reduces
the risk of stroke by 30% and myocardial infarction
risk by 20% [34].

Furthermore, exercise training increases cardio-
respiratory fitness (CRF), low levels of which are
independently associated with mortality in hyper-
tensives. Indeed, in a large cohort of RH patients
(n = 1276), those stratified into the highest quartile
of CRF had a 62% lower risk of all-cause mortality
compared to the lowest fit group (8.8 versus 4.5
METs). For each 1-MET increment in exercise ca-
pacity, the mortality risk reduction was 18% [35].

In another study, higher levels of physical ac-
tivity were significantly associated with lower risk
for cardiovascular events among 2043 RH patients
(mean age: 58.8 yrs, 50.9% men) over a mean
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follow-up of 4.5 years, whereas higher daily levels
of light-intensity and total physical activity were
also associated with lower arterial stiffness [36].
All the above results are of great clinical interest
since the majority of RH patients lead a sedentary
lifestyle, and even modest amounts of physical ac-
tivity may be beneficial in reducing cardiovascular
events and all-cause mortality [37].

Conclusions and future directions

Outside the sympathetic denervation of renal ar-
teries, several lifestyle interventions have been pro-
posed to manage RH. In recent years, the progress
in the therapeutic application of exercise in patients
with RH has been impressive. Based on recent sci-
entific evidence, these patients need to change their
lifestyle by adopting systematic training for the op-
timal treatment of their disease.

However, several issues must be further clari-
fied. In some acute studies, the participants un-
derwent maximal exercise testing (which does not
reflect real training routines), or the intensity was
not controlled. There is a need, however, for exact
information regarding intensity during exercise since
this factor is the most important determinant of
the blood pressure response and, thus, safety. From
the follow-up studies, the duration of the programs
was short (ranging from 8 to 12 weeks), and the ef-
fects of long-term exercise training are unknown.
Heterogeneity also exists regarding other research
variables (training intensity, mode of exercise, age
and gender of the participants, use of medications,
monitoring strategies), and more studies are need-
ed to identify the most effective exercise modality
and dose and to fully establish the applicability of
exercise therapy as an alternative intervention in
these patients. It should also be clarified whether
the effects of exercise could be maintained since
none of the referred studies provided a follow-up
evaluation period.

Given that the optimal treatment of patients in
any stage of hypertension requires both lifestyle
and pharmacological interventions [38] and that
two recent metanalyses further demonstrated similar
efficacy by comparing exercise and medications [4,
39], it is of vital importance for patients with RH to
exercise systematically and uninterrupted through-
out life to reduce their hemodynamic burden and to
improve exercise tolerance, clinical status, and prog-
nosis. Due to the small number of the included
studies and their high heterogeneity, further research
is needed to confirm this preliminary evidence.
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