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Abstract
Introduction  Resistant hypertension (RHT) is a phenotype of hypertension that is challenging to manage by medications 
alone. While high grade evidence supports physical activity (PA) and exercise to reduce blood pressure (BP) in hypertension, 
it is unclear whether these are also effective for RHT.
Aims  To determine the quality of evidence for the effectiveness of PA and exercise and the change of magnitude of 24-hour 
ambulatory BP (24hABP) in adults with RHT.
Methods  Scopus, MEDLINE, CINHAL, Web of Science, Embase and SPORTDiscus databases were searched. Cochrane 
risk of bias tools, Review Manager and Grading of the Recommendation Assessment, Development and Evaluation were 
used to assess the methodological quality, the clinical heterogeneity and quality of the evidence.
Results  Four studies comprising 178 individuals in total were included. A meta-analysis with random effects showed 
decreased 24hABP. The experimental group demonstrated grater mean differences for 24hABP following the PA and exer-
cise programmes (systolic − 9.88 mmHg, 95% CI: − 17.62, − 2.14, I2 = 72%, p = 0.01; diastolic − 6.24 mmHg, 95% CI: 
− 12.65, 0.17, I2 = 93%,p = 0.06); and aerobic exercise (systolic − 12.06 mmHg, 95% CI: − 21.14, − 2.96, I2 = 77%, 
p = 0.009, diastolic − 8.19 mmHg, 95% CI: − 14.83, − 1.55, I2 = 92% ,p = 0.02). In the included studies, indirectness and 
publication bias were ‘moderate’ while inconsistency and imprecision were rated as ‘low’. Thus, the overall quality of the 
evidence was considered to be ‘low’.
Conclusions  Low certainty evidence suggests that PA and aerobic exercise added to usual care may be more effective in 
24hABP reduction in RHT than usual care alone.
Registration  PROSPERO—2019 CRD42019147284 (21.11.2019).
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1  Introduction

Controlling blood pressure (BP) in adults with hypertension 
using medication alone is becoming an increasing challenge. 
BP is adequately controlled by medications in only 25–62% 
of those with hypertension [1]. Resistant hypertension 

(RHT), a special phenotype of hypertension, first defined 
by the American Heart Association (AHA) in 2008 [2]. RHT 
is a multifactorial condition that may be related to non-com-
pliance with medication, obstructive sleep apnoea, arterial 
stiffness, increased sympathetic activity, and sedentary life 
leading to physical inactivity [2, 3]. A combination of mul-
tiple medications in a single tablet has been considered as 
an approach to reduce BP, especially for poorly controlled 
hypertension [4], but is still at an experimental level [5, 6].

The concept of physical activity and exercise as a modal-
ity in the management of hypertension is well established 
[7]. Physical activity, exercise and dietary interventions are 
considered as adjunctive management strategies to pharma-
cological therapies [3, 8, 9]. Aerobic, dynamic resistance 
and isometric exercises, in combination or any two forms, 
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has been shown to reduce BP at variable magnitude for 
people with hypertension [1, 10–14]. Aerobic exercise is 
the most highly recommended type of exercise to reduce 
BP [1, 14, 15]. A reduction in BP greater than 4.4 mmHg 
is considered to be a clinically significant change [16]. In 
randomised control trials that have explored the effects of 
exercise on BP in RHT, duration of exercise varied from a 
single bout (e.g. 45 min) [17, 18] to time periods of up to 6 
months [13, 18–21]. Exercise interventions of more than 4 
weeks duration have been shown to be more therapeutically 
effective than shorter term exercise [22].

Of the meta-analyses that have addressed the influence of 
physical activity or exercise in individuals with hyperten-
sion, only a few have considered 24 hour ambulatory blood 
pressure (24h ABP) as the key outcome measurement [10, 
23, 24]. A recent network meta-analysis reported that the 
BP lowering effects in response to exercise were similar to 
the effects caused by the commonly used antihypertensive 
medications in individuals with hypertension [7]. For peo-
ple with RHT the evidence regarding the effect of exercise 
or physical activity on change in magnitude of 24h ABP 
is unclear. Thus, the aim of this systematic review was to 
explore the effectiveness of physical activity and/or exer-
cise on change in 24h ABP, by pooling the results of trials 
conducted in populations with RHT. The specific objectives 
were to: (1) compare the mean differences in 24h ABP in 
experimental and control groups in individuals with RHT; 
and (2) compare the change in magnitude of 24h ABP and/
or office BP for individuals with RHT with different types of 
exercise (e.g. aerobic training, resistance training, isometric 
exercise or a combination) and/or physical activity.

2 � Methods

Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis Protocols (PRISMA-P) [25] was followed 
to develop the protocol and PRISMA guidelines were 
used to report this systematic review. The protocol [26] 
was prospectively registered with the PROSPERO registry 
(CRD42019147284).

2.1 � Search Strategy

Search terms were piloted prior to the initial database 
search. Scopus, MEDLINE (Ovid), CINHAL, Web of Sci-
ence, Embase, SPORTDiscus and Cochrane Central Register 
of Controlled Trials were used to search article abstracts 
and titles. For unpublished literature, Open Grey, Current 
Control Trials, ClinicalTrials.gov, and the World Health 
Organization (WHO) International Clinical Trials Registry 
Platform were searched. The cut-off date for included lit-
erature was September 30, 2019. A subsequent update was 

undertaken on January 6, 2021. The steps in the search using 
keywords and combination of results is summarised below:

1.	 “Resistant hypertension”; “Refractory hypertension”; 
“Apparent resistant hypertension”; “Drug resistant 
hypertension”; “Uncontrolled hypertension”; “Uncon-
trolled blood pressure”, combining with Boolean logic 
‘OR’

2.	 “Exercise”; “Physical activit*”; “Physical exercise”; 
“lifestyle modification*”; “Exercise training”; “Exer-
cise protocol*”; “water based exercise”, combining with 
Boolean logic ‘OR’

3.	 The two search results were combined using Boolean 
logic ‘AND’

A manual search of the reference lists of included arti-
cles (n=4) was undertaken independently by each of the two 
reviewers (SD and EG), to search for additional studies not 
identified in the initial searches. A search in Google Scholar 
was undertaken for missing publications and compared 
with the first 100 records. No additional studies were found 
through screening of the reference lists. The initial search 
and screening were undertaken by the primary author (SD) 
and duplicates were removed (by SD). Two authors (SD & 
EG) then screened titles and abstracts for possible inclusion. 
Any disagreements were resolved by discussion between the 
reviewers and research team.

2.2 � Inclusion and Exclusion Criteria

Inclusion criteria were met if studies included adult partici-
pants (age ≥18 years) with RHT, defined by the European 
Society of Cardiology and European Society of Hyperten-
sion (ESC/ESH) 2018 guideline [15], and without cardiovas-
cular defects (such as congenital defects) or other diseases 
(such as kidney disease); compared exercise or physical 
activity to no exercise; used any type, duration and fre-
quency of exercise, physical activity or lifestyle modifica-
tion by means of physical activity and exercise; and used 
24h ABP as the primary or secondary outcome. Studies 
were excluded if the period of intervention was less than 4 
weeks and/or the studies that were considered included other 
non-pharmacological interventions (including acupuncture, 
diet, and surgery) without any exercise or physical activity 
intervention. Studies with comparisons of types of exercises 
were also excluded.

2.3 � Data Extraction and Synthesis

Data were extracted by SD and checked by EG. The authors 
were contacted for missing or unpublished data. Extracted 
data included details of the interventions (type of exercise 
or physical activity, duration, frequency), populations (age, 
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gender, ethnicity, and comorbidities), study methods and 
outcomes. The meta-analysis was conducted using Review 
Manager (RevManVersion 5.3. Copenhagen: The Nordic 
Cochrane Centre, The Cochrane Collaboration, 2014 [27]). 
Mean difference from baseline to follow up were calculated 
both to control and experimental groups [28]. Those mean 
differences were entered into RevMan. The statistical hetero-
geneity was assessed using I2 statistics (I2 ≥ 50% indicating 
significant heterogeneity) and the random effect model was 
used to determine the effect.

The RevMan Cochrane online resource was used for the 
sensitivity analysis. Forest plots were used to determine 
between-group mean differences and 95% confidence inter-
vals for ambulatory SBP and DBP. The overall evidence 
quality was assessed with the Grading using the Recom-
mendation Assessment, Development and Evaluation 

(GRADE) [29] tool. The methodological quality (risk of 
bias, consistency, directness, precision and publication bias) 
of the included full texts was independently assessed by the 
two reviewers (SD and EG) using the Cochrane risk of bias 
tools for randomised controlled trials (RoB -2, 2019 version) 
(Supplemental Digital Content 1.1) [30]. Any disagreements 
between the reviewers were resolved by consensus between 
the reviewers and the research team.

3 � Results

The initial search yielded 2282 studies (Fig. 1), 55 of which 
were included for the full text screening. Five articles were 
originally included in the study. The included studies were 
clinically homogenous, based on the inclusion criteria. Two 

Fig. 1   Flow diagram for the 
study selection process
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of the five included articles [20, 31], appeared to have the 
same participant group, and one study [31] was removed 
following correspondence with the primary author. Thus, 
four articles [19, 20, 32, 33] were included in the review 
(178 participants) and the meta-analysis. Three studies [19, 
20, 33] considered aerobic exercise and were included in 
the subgroup analysis I. One of the three studies [20], used 
heated water-based exercise. Thus, a separate analysis was 
conducted using the remaining two studies with land-based 
aerobic exercise.

3.1 � Overview of Studies

All trials with aerobic exercise were parallel group ran-
domised control trials with land-based interval training 
[19] or endurance exercise [33], or heated water-based 
aerobic exercise [20]. In this review no studies were identi-
fied which investigated the effects of resistant or isometric 
exercise compared to a control group. Sample sizes ranged 
from 16 to 27 participants for the experimental groups. The 
period of intervention ranged from 8 to 16 weeks. Duration 
of the individual sessions was reported in only one study. 
The control groups received no exercise interventions, and 
were informed to continue with their usual medication and 
lifestyle, that is, followed usual care. The study characteris-
tics and reported primary and secondary outcomes from the 
studies are summarised in Table 1.

The sample size and details of the participants for the 
included studies are summarised in Table 2. The mean ages 
of the participants in the studies ranged from 55 to 65 years. 
Three studies reported ethnicity: one study included Euro-
peans [19], one included Brazilian participants [20], and one 
included Chinese participants [33]. The mean body mass 
indices (BMIs) were high (obese range) except in one study 
[33]. Most participants had a previous history of cardiovas-
cular disease. Reported office BP values prior to the inter-
ventions were above 130/80 mmHg which came under ‘high 
normal’ (European guideline) [15] or Stage II hypertension 
(American guideline) [14] categories, despite all participants 
being on three or more medications.

3.2 � Risk of Bias and Quality Assessment

Two studies had low [19, 20] and one study had moderate 
[33] risk of bias while one study [32] had a high risk of bias 
(Supplemental Digital Content 1.1). One study (high risk of 
bias) [32] used physical activity while the other three stud-
ies used exercise [19, 20, 33]. The categorisation of moderate 
or high risk of bias was based on the domain ‘blinding’ of 
both the participants and assessor (Fig. 2). Kappa correlation 
coefficient for the reviewers’ agreement of risk of bias assess-
ment was 0.69 which implied a ‘moderate’ interrater agree-
ment [34]. Publication bias was not assessed as the number of 

studies was less than 10 [26]. Following the GRADE assess-
ment criteria indirectness and publication bias were marked as 
‘moderate’. Risk of bias, inconsistency and imprecision were 
rated as ‘low’. Thus, the overall quality of the evidence was 
considered to be ‘low’ (Supplemental Digital Content 1.2).

3.3 � Meta‑Analysis

The meta-analysis for effectiveness of physical activity and 
exercise compared to usual care on 24h ABP included 178 
participants (90 experimental and 88 control). Day and night 
measurements were not used in the meta-analysis as those 
has been undertaken at different time intervals and durations 
across the studies. Thus, the clinical heterogeneity of the stud-
ies could have been high.

The experimental group had a greater mean difference in 
24h ABP than the control group, namely − 9.88 mmHg (95% 
CI: − 17.62, − 2.14) for SBP and − 6.24 mmHg (95% CI: 
− 12.65, 0.17) for DBP at follow up. The effect of physical 
activity or exercise on reducing ambulatory SBP was statisti-
cally significant (z = 2.50; p < 0.01) while DBP did not show 
a statistically significant difference (z = 1.91; p < 0.06). The 
heterogeneity was reported as ‘high’ in the analysis for both 
systolic I2 = 72% (chi2 = 10.75, df = 3; p = 0.01) and dias-
tolic I2 = 93% (chi2 = 41.87, df = 3; p = 0.00001) 24h ABP 
(Fig. 3).

The sub-group analysis-I of three studies determined the 
effect of aerobic exercise (land-based or water-based) on the 
24h ABP (n = 125; experimental 63, control 62) [19, 20, 33]. 
The intervention groups had greater reductions in 24h ABP 
than the controls: a between-group difference of − 12.06 
mmHg in SBP and − 8.19 mmHg in DPB following exer-
cise. The effects were statistically significant with respective 
effect sizes being z = 2.60 (p < 0.009), z = 2.42 and p values 
< 0.02. The heterogeneity of the subgroup formed was high 
with I2 = 77% (chi2 = 8.57, df = 2; p = 0.01) and I2 = 92% 
(chi2 = 25.48, df = 2; p = 0.00001) (Fig. 3).

After excluding the study on heated water-based exercise 
by Guimarease et al. [20], sub-group analysis-II (experimen-
tal group 47 and control group 46) was carried out using two 
studies [19, 33] that considered land-based exercise only. The 
analysis showed statistical homogeneity, I2 = 0% (chi2 = 0.02, 
df = 1; p = 0.89) for SBP and I2 = 0% (chi2 < 0.001, df = 1; 
p = 0.97) greater mean difference for both SBP (− 7.48 
mmHg, z = 3.16; p = 0.002) and DBP (− 5.05 mmHg, 
z = 3.73; p = 0.0002) in experimental groups and control 
groups at follow up (Fig. 3).
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4 � Discussion

The meta-analysis showed that aerobic exercise and/or 
physical activity programmes led to greater decreases for 
24h ABP in experimental groups than in control groups. 
When comparing baseline to follow-up changes within a 
group, differences were considered clinically meaningful if 
the difference SBP > 4.5–7.5 and DBP > 5 mmHg and in 
previous studies [11, 16, 35–37], considering the mean dif-
ference from baseline to follow up for the physical activity 
or exercise groups in this meta-analysis, the forest plots indi-
cated that most of them had a reduction of around 5 mmHg 
or more for SBP. Those differences compare well with the 
previous meta-analysis for people with hypertension [24]. 
The findings of the present systematic review provided evi-
dence that an 8–12 week exercise programme when added to 
usual care is more effective in reducing 24h ABP than usual 
care alone for individuals with RHT [19, 20, 38]. However, 
the quality of evidence in the review was rated as low.

4.1 � Specific Effects of Heated Water‑Based Exercise 
on Blood Pressure

A large reduction in 24h ABP was reported in the heated 
water based exercise study [20]. A recent systematic review 
[39] reported that heated water based exercise reduced BP in 
hypertensive groups, supporting the hypothesis that there is 
a potential to induce desirable haemodynamic responses to 
heated water immersion (passive heat) [40, 41]. The haemo-
dynamic responses related to decreased vascular tone (arte-
rial stiffness) and pulse wave velocity may be explained as 
the leading mechanism for BP reduction in heated water 
immersion [20, 41]. Heated water immersion or heating the 
tissues passively induces positive haemodynamic effects 
in both central and peripheral arterial systems, especially 
through vasodilatation which in turn reduces the peripheral 
resistance [21, 40, 41].

Arterial stiffness is described as both structural (deter-
mined by the anatomical structures such as elastin, 

collagen) and functional (caused by sympathetic activ-
ity, vasoconstrictive substances). Resulting stiffness will 
reduce the cross-sectional area of the arteries and increase 
the peripheral resistance, leading to increased load on the 
myocardium and, thereby, BP [21, 40, 41]. In particular 
the passive heat deals mainly with functional arterial stiff-
ness [21, 40, 41]. Passive heat will help endogenous pro-
duction of vasodilators such as nitric oxide and reduce 
the vascular tone which reduces the resistance to blood 
flow through the arterial system [21, 40]. The decrease in 
vascular tone will increase the antegrade shear rate which 
will in turn improve the blood flow through the arteries 
leading to reduction in peripheral resistance [21, 40, 41].

Thus, immersion of the lower body in heated water 
improves the conductance of vascular beds in the skin 
and muscles of the lower limbs inducing vasodilatation in 
both muscles and the skin. This reduces the resistance to 
the blood flow, increasing the pressure gradient by which 
the heart needs less force to pump blood in to peripheries 
[21, 40, 41]. Vasodilatation in peripheries, reduces the 
central blood volume and thereby the ventricular filling 
pressure, causing reduced myocardial contractility (iono-
tropic effect) required to maintain cardiac output and thus 
a smaller load on the myocardium [40]. Further, the pres-
sure waves generated with left ventricular systole (pulse 
wave velocity) are also reduced by passive heat generated 
in heated water immersion [21, 40, 41]. Decrease pulse 
wave velocity leads to reduced myocardial work and 
increased perfusion in the coronary arteries. This helps 
to maintain the cardiac output with optimal contractions, 
whilst preventing BP elevations [21, 40, 41]. In addition 
to the physiological effects mentioned, the up thrust of 
the water will be helpful to overcome the axial loading of 
the joint and overcome the barriers such as excess weight, 
involved in exercise [39].

Thus, the reported large reduction in BP could be due to 
the reduction of peripheral resistance induced by the vaso-
dilator effect of heated water [20, 21, 39]. The hydrostatic 
pressure may also improve the venous return which would 

Fig. 2   Risk of bias items across 
the included studies
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lead to a reflexive decrease of heart rate thereby reducing 
BP [39, 42].

4.2 � Additional Benefits of Exercise

A slight reduction in body weight and subsequently in the 
BMI as a result of exercise or physical activity was reported 

Fig. 3   Forest plots—effective-
ness of physical activity and 
aerobic exercise on 24h ambula-
tory blood pressure

Effects of physical activity on 24h systolic blood pressure

Effects of physical activity on 24h diastolic blood pressure

Effects of aerobic exercise on 24h systolic blood pressure

Effects of aerobic exercise on 24h diastolic blood pressure

Effects of land based aerobic exercise on 24h systolic blood pressure

Effects of land based aerobic exercise on 24h diastolic blood pressure
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in two included studies in the present review [33, 43]. Exer-
cise can influence reduction of weight and excess body fat, 
leading to reduced abdominal and visceral adiposity [44, 
45]. Strengthening exercise in particular, increases the lean 
body mass and muscular and general endurance [46]. Exer-
cise improves the blood circulation to the key organs, cardio-
respiratory fitness, insulin sensitivity, lipid profile and sleep 
quality, thereby reducing comorbidities associated with 
those parameters [44, 47, 48].

The findings of the present study suggest that exercise 
and physical activity can be used as a modality to reduce BP 
in RHT to clinically meaningful levels. The magnitude of 
reduction in BP identified in this review may reduce cardio-
vascular disease risk by 6-14%, all-cause mortality by 13%, 
and cardiovascular events' (viz. stroke and ischaemic heart 
diseases) risk by around 20% [22, 49, 50].

4.3 � Strengths, Limitations and Recommendations

To the best of our knowledge, this was the first systematic 
review to determine the effectiveness of exercise/physical 
activity in blood pressure reduction in adults with RHT. The 
review included a meta-analysis with sub-group analyses. 
Several databases were used to identify the published stud-
ies and no language restrictions were applied at the stage 
of inclusion of the studies. Thus, there was a low risk of 
relevant publications not being included.

A major limitation of this review was that the number 
of studies (n = 4) and the combined number of participants 
(n = 178) were small compared to other systematic reviews 
for hypertension and exercise/physical activity.[10, 23, 24] 
As the heterogeneity of the selected studies was high we 
cannot yet have full confidence in the findings. Application 
of the results may therefore be limited. Thus, further inves-
tigations of the effect of exercise/physical activity on BP in 
people with RHT involving larger numbers are needed.

In the systematic review the ‘blinding of participants’ 
domain contributed to a higher risk of bias. However, as the 
intervention modality was ‘exercise’, it would be difficult to 
make a study single or double blinded. Methodologically 
reducing the potentially high risk of bias is a challenge to 
be consider in any similar intervention. Though there is evi-
dence that resistance exercise and isometric exercise have 
positive effects on hypertension [1, 10–12], no study has 
been conducted to determine the effects of various types of 
exercise in cohorts with RHT. Only one study, by de Car-
valho [18] has compared the effects of aerobic and resist-
ance exercise. Although the study had a small sample size 
(n = 11), its results suggest that aerobic and strengthening 
exercise may reduce BP in people with RHT. Thus, it is 
recommended that future studies be developed to determine 
the effects of such exercise types on individuals with RHT 
and a control group.

5 � Conclusions

This systematic review showed that an 8-12 week physical 
activity or aerobic exercise programme may lead to greater 
reductions in 24h ABP in individuals with RHT than for 
control groups receiving only usual care. Heated water-based 
exercise specifically might be beneficial in BP reduction 
and more studies are needed investigating this therapeu-
tic modality. The overall results suggest that exercise pro-
grammes can be used as an effective therapeutic modality in 
the management of BP in RHT. Due to high heterogeneity 
of the meta-analyses and low overall study quality, further 
studies are needed to confirm such findings.
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