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Abstract

Isometric handgrip or (wall) squat exercise performed three times per week produces

reductions in systolic blood pressure (SBP) in adults with hypertension. We aimed to

compare these interventions and the potential to retain benefitswith one exercise ses-

sion per week. We compared blood pressure changes following handgrip and squat

isometric training interventions with controls in a randomized controlled multicen-

tre trial in 77 unmedicated hypertensive (SBP ≥ 130 mmHg) adults. Exercise sessions

were performed in theworkplace and consisted of four repetitions—three sessions per

week for the first 12 weeks (phase 1), and one session per week for the subsequent

12 weeks (phase 2). Office blood pressure (BP) was measured at baseline, post-phase

1 and post-phase 2. Post-phase 1, mean reductions in SBP were significantly greater

in handgrip (–11.2 mmHg, n = 28) and squat (–12.9 mmHg, n = 27) groups than in

controls (–.4 mmHg; n = 22) but changes in DBP were not. There were no signifi-

cant within-group changes during phase 2 but SBP was 3.8 mmHg lower in the wall

squat than the handgrip group—a small magnitude but clinically important difference.

While both interventions produced significant SBP reductions, the wall squat appears

to be more effective in maintaining benefits with a minimal training dose. The low

time investment to achieve and retain clinically significant SBP reductions—42 and 12

min, respectively—andminimal cost, particularly of the wall squat, make it a promising

intervention for delivery in public health settings.
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1 INTRODUCTION

Hypertension (HTN) affects 1.39 billion individuals worldwide.1 It is

one of the most significant modifiable risk factors for cardiovascu-

lar diseases (e.g., coronary artery disease, stroke, and heart failure),

the leading cause of death worldwide, and the third leading cause

of disability-adjusted life years lost.2 Guidelines for the management

of elevated BP recommend non-pharmacologic lifestyle modifications

as the first line of treatment, with physical activity levels as a key

component.3

As a lack of time is cited as one of the major barriers to participa-

tion in physical activity/exercise,4 low time-cost exercise, effective in

reducing BP is of interest from a compliance/adherence perspective.

Evidence has accumulated demonstrating that low intensity isometric

resistance training (IRT) involving a total time investment of up to 14

min per session, performed three times perweek can produce clinically

and statistically significant reductions in systolic blood pressure (SBP)

and diastolic blood pressure (DBP) in people with hypertension.5,6

These interventions, identified in a meta-analysis as being superior to

aerobic exercise or dynamic resistance training in reducing BP have

mainly been implemented using a handgrip dynamometer or resis-

tance device,7 with three to four repetitions (reps) of 2-min isometric

contractions at 30% of the individual’s maximum handgrip strength

completed.6–8

While themajority of IRT interventions in people with hypertension

have examined handgrip exercise, several studies have examined the

effect of instead using the wall squat, a lower equipment cost, lower

body, alternative.9 Remarkably, a wall squat intervention10 using the

same 4 × 2 min, three session per week protocol for only 4-weeks

showed BP reductions of similar magnitude as that reported follow-

ing handgrip interventions of longer duration. However, the efficacy

of handgrip training has not been compared with that of wall squat

training within a sample of adults with hypertension. This comparison

is important because on the one hand, the lower cost associated with

implementing wall squat training makes it more feasible to scale and

make accessible to large numbers of people with hypertension. On the

other hand, the far larger body of evidence demonstrating the efficacy

of handgrip exercise might favor its prescription.5,6,8,9 Another aspect

of the IRT program that has yet to be examined is a change in training

frequency—all wall squat and handgrip studies to date involve at least

three sessions per week. If BP reductions achieved with this frequency

could be maintained with a lower frequency (and therefore lower

time investment), as has been demonstrated with respect to other

adaptations to exercise,11 this might enhance long-term compliance.

Therefore, the principal aims of this randomized controlled trial

delivered within the workplace during the working day to adults with

hypertension, were as follows: (1) to compare the effects of hand-

grip and wall squat training on office measured BP after a 12-week

3 sessions per week training protocol (phase 1); and (2) to exam-

ine BP changes following a subsequent 12-week, once per week

“maintenance” protocol (phase 2).

2 METHODOLOGY

2.1 Study design

The study was a parallel randomized controlled multi-centre clinical

trial. Adults were recruited across seven businesses and clinics in the

cities of Bucaramanga and Barranquilla, Colombia. The inclusion crite-

ria for the present analysis, were as follows: aged between 35 and 65

years, individuals with a SBP of >130 mmHg (the 2017 American Col-

lege of Cardiology/American Heart Association cut-point for HTN),3

but had not been prescribed medication for the condition. The sam-

ple therefore included individuals who were not aware that they were

hypertensive. Inclusion and exclusion criteria are shown in Figure 1.

All participants were provided with, and signed informed consent and

were told that they were free to withdraw at any time. Power analysis

determined that with the inclusion of 144 individuals across the con-

trol and two intervention groups, with a type I error (α) of 5%, power
(1-β) of 90%, a mean difference of 6 mmHg (±9 mmHg) SBP between

control and intervention groups. Based on the final sample size of the

77 non-medicated hypertensive participants, the study had an α of 5%
and a power of 99%.

2.2 Measurements

All potential participantswere interviewedat theirworkplace toobtain

their medical history and sociodemographic data. Using an automatic

device (OMRON HEM 705 CP, Tokyo, Japan) BP was measured fol-

lowing the recommendations of the British Hypertension Society and

repeated after sitting for a further 5–10 min with the mean used as

day 1 BP. Day 2 BP was taken when this procedure was repeated

2 to 3 days later when body composition was also assessed, with

bioimpedance analysis (Ironman, BC-554, Hawaii, USA), and waist cir-

cumference. Maximal isometric handgrip strength was then assessed

with a handgrip dynamometer (JAMAR, Model J00105, Lafayette

Instrument Company, USA) in a seated position.

For most participants, the mean of day 1 and day 2 BP measure-

ments was used to determine inclusion and as the baseline value

for those randomized. However, if day 1 and day 2 values differed

by >10 mmHg, a third-day measure was taken (on the first day of the

intervention but prior to the training session), and a mean of these 3

days was used instead. Participants with SBP values>160mmHgwere

encouraged to seek a medical appointment for treatment, whereas

those with between 130 and 160 mmHg SBP were directed to the

4 × 4 recommendation,12 a national strategy based on WHO guide-

lines for lifestyle intervention and includes video and written material

in Spanish.

Wall squat performance was then evaluated with the participant

in a squat position with their back against the wall, arms crossed on

the chest (Figure 2A) and feet at shoulder width, 95◦ of knee flexion

(measured using a goniometer at the level of the knee joint).13
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COHEN ET AL. 3

F IGURE 1 Study flow diagram summarizing recruitment, inclusion/exclusion criteria, randomization, and timing of measurements.

F IGURE 2 (A) Position for initial wall squat evaluation (B)Wall squat training@95◦ (C) Handgrip training.

The participantwas asked to try andmaintain this position for 2min.

If they could not do so the time (seconds) at which participants volun-

tarily ended the testwas recorded. At endof the test, participantswere

asked to provide a rating of perceived effort using the modified Borg

scale.

3 INTERVENTION

During phase 1, individuals in both intervention groups performed

their exercise supervised by qualified physiotherapists who contacted

the participants andmet them in their office (Figure 2B,C) orwork area

at scheduled times.

3.1 Handgrip group (n = 28)

Participants randomized to the handgrip group performed four reps

of a 2-min isometric contraction with 2 min of rest between each rep.

For the 2-min duration of each rep, participants produced and sus-

tained a force value of 30% of handgrip strength. For the first 4 weeks

this value was calculated using the maximum value they had achieved

in the initial baseline measurement. After the first 4 weeks and then

every 4 weeks thereafter, maximal isometric handgrip strength was

re-evaluated using the protocol described above, and the 30% value

used in the exercise training session adjusted if this value changed.

This trainingwas performed using a digital hand dynamometer (Zhong-

shan Camry Electronic Co. Ltd. Zhongshan Guangdong, China), with
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4 COHEN ET AL.

TABLE 1 Blood pressure at baseline, post phase 1 and post phase 2.

CONTROL (n= 22) HANDGRIP (n= 28) WALL SQUAT (n= 27)

Pre

Post

P1

p
ES

Post

P2

p
ES Pre

Post

P1

p
ES

Post

P2

p
ES Pre

Post

P1

p
ES

Post

P2

p
ES

SBP 138.9

(6.4)

138.5

(12.6)

.86

.04

139.4

(13.9)

.69
0.06

140.0

(7.4)

128.8

(12.5)

<0.001
1.09

129.3

(13.5)

.74

.03

141.2

(7.4)

128.3

(10.0)

<0.001
1.46

126.5

(9.2)

.34

.19

DBP 86.0

(4.6)

85.1

(6.5)

.52

.15

85.0

(7.6)

.95

.01

86.7

(4.6)

82.7

(8.2)

<0.001
.60

81.6

(8.8)

.38

.12

87.0

(4.7)

82.9

(9.1)

.03
0.56

80.4

(9.1)

.09

.27

Note: P1, Phase 1; P2, Phase 2. p and effect size are based on within-group changes between baseline and end of P1, and P1 and between end of P1 and end

of P2, respectively.

Bold script indicates a significant within group change.

real-time feedback of force (kg) being applied and displayed on an LCD

screen allowing the physiotherapist to ensure that the target valuewas

beingmaintained.

3.2 Wall squat group (n = 27)

This group also performed four reps of 2 min with 2 min rest between

each rep but instead, this consisted of maintaining a squat position

with their back against the wall as described above for the initial wall

squat test. The knee joint angle was set using a fixed goniometer fas-

tened with Velcro to the thigh and leg (Figure 2A). Between each set

participants were given 2min of rest while seated.

We assigned wall squat group participants to one of two standard-

ized program progressions based on an initial assessment of their

ability to sustain the wall squat position at a knee joint angle of 95◦ for

2 min, or not. Those that were able to do so performed the exercise at

125◦ for the first 3weeksof the intervention, 115◦ forweeks4–6, 105◦

for weeks 7–9, and 95◦ for weeks 10–12. Those that were unable to do

so performed the exercise at 135◦ for weeks 1–2 of the intervention,

125◦ for weeks 3–4, 115◦ for weeks 5–6, 105◦ for weeks 7–9, and 95◦

for weeks 10–12. As there is a curvilinear relationship between these

joint angles and heart rate response (greater knee flexion is associated

with a higherHR)13 wall squat intensity progressively increased during

phase 1 for all participants. In phase 2, during the singleweekly session,

all participants performed the exercise at 95◦.

3.3 Control group (C) (n = 22)

The control group was involved in the same pre- and post-study 3-

month BP, anthropometric, body composition, handgrip, andwall squat

assessments but did not undertake any isometric training. They were

however provided via e-mail with a link to the 4 × 4 recommendations

for healthy lifestyles referred to above.

3.4 Statistical analysis

An ANCOVA was used to evaluate potential intergroup differences in

BP (adjusted for baseline values) between baseline and end of phase

1 and between baseline and the end of phase 2, respectively. Partial

eta squared (η2), was used to quantify magnitude of effect size differ-

ences in this analysiswith a small effect indicatedby η2= .01; amedium

effect=; η2 = .06 and η2 = .14 a large effect. We also assessed the sig-

nificance and magnitude of within-group changes in BP using paired

samples t-tests. The magnitude of between and within group change

was quantified using Cohen d’s effect size, 14 with values classified as

follows: <.2 trivial, .2–.5 small, .5–.8 moderate, .8–1.2 large, >1.2 very

large.

4 RESULTS

The 77 non medicated people with hypertension who were recruited,

randomized and assessed at baseline all completed both phases of

the intervention and completed all training sessions, with no adverse

events reported. The mean age of the sample was 44.9 (±9.6) and

67% were male. Anthropometric measures and lean body mass are

shown in supplemental material/appendix. Mean SBP and DBP at

baseline, post-phase 1 and post-phase 2 are shown in Table 1 and

Figure 3.

There were significant large and very large magnitude decreases in

SBP between baseline and post phase 1, in the handgrip andwall squat

groups respectively and significant moderate magnitude decreases in

DBP in both intervention groups.

Comparing BP between groups at baseline versus post phase 1

(ANCOVA adjusted for baseline values), there were significant, large

magnitude differences between groups in SBP (p < .001, F = 7.9,

η2 = .156) and small magnitude, non-significant differences in DBP

(p = .366, F = 1.019, η2 = .024). Post hoc analysis (Table 2) revealed

large magnitude, significant differences in SBP between the handgrip

and control groups and very large magnitude, significant differences

between the wall squat and the control.

There were no significant changes within any group (Table 1)

between post phase 1 and phase 2. Comparing post-phase 2 with

baseline, there were significant differences between groups in SBP

(p = <.001, F = 10.9, η2 = .194). Post-hoc analysis (Table 2) showed

significant differences of moderate magnitude between handgrip and

controls and of very large magnitude between wall squat and control

groups. There was also a small magnitude, non-significant difference

between handgrip and wall squat groups post phase 2. Table 2 also

showsbetweengroupdifferences inDBPwereofmoderatemagnitude,
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COHEN ET AL. 5

F IGURE 3 Systolic blood pressure (SBP) and diastolic blood pressure (DBP) mean and 95% confidence intervals by group at baseline, post
phase 1 and post phase 2.Mean and 95% confidence intervals by group pre intervention, post phase 1 and post phase 2 for systolic blood pressure
(SBP) and diastolic blood pressure (DBP). * Indicates significant difference between pre intervention and post phase one. † Indicates significant
difference between pre intervention and post phase 2.

TABLE 2 Between group differences in blood pressure after phase 1 and phase 2

PHASE 1 PHASE 2

SBPMean

(95%CI)

p/
ES

DBPMean

(95%CI)

p/
ES

SBPMean

(95%CI)

p/
ES

DBPMean

(95%CI)

p/
ES

CONTROL vs.

HANDGRIP

10.3

(2.8 to 17.8)

.004*

.819

2.8

(–2.5 to 8.1)

.418

.369

10.9

(3.3 to 18.5)

.003*

.797

3.9

(–1.7 to 9.5)

.224

.466

CONTROL vs.

WALL SQUAT

11.7

(4.1 to 19.3)

<.001†

1.03

2.8

(–2.5 to 8.1)

.427

.345

14.7

(6.8 to 22.4)

<.001†

1.26

5.3

(–.32 to 11.)

.068

.622

HANDGRIP vs.

WALL SQUAT

1.4

(–5.7 to 8.4)

.89

.119

–.01

(–5.0 to 5.0)

1
0.001

3.75

(–3.5 to 11.0)

.432

.323

1.4

(–3.8 to 6.7)

.795

.158

Abbreviations: SBP, systolic blood pressure;DBP, diastolic blood pressure; ES, effect size.

*= p< .01; † = p< .001 for difference between groups at end of phase compared to baseline (ANCOVA adjusted for baseline values).

Bold script indicates a significant within group change.

but non-significant (p= .076, F=2.67, η2 =0.06)with post hoc analysis

showingamoderatemagnitudedifferencebetweenwall squat andcon-

trol and a small magnitude difference between handgrip and control

groups.

There were no significant within group changes or between group

differences in body weight, BMI, waist circumference or lean body

mass (Table: supplementarymaterial)

5 DISCUSSION

The present study confirms previous findings demonstrating signifi-

cant 11.2–12.9 mmHg reductions in SBP in adults with hypertension

following three times per week isometric resistance training, changes

which compare favorably with the average SBP reduction (9.1 mmHg

SBP) with a single, standard dose antihypertensive drug.15,16 We also

present some important novel findings. This is the first study to com-

pare the BP reducing effects of isometric handgrip and wall squat

exercise training. Following the initial 12-week training phase, the two

modes of IRT led to similar, clinically and statistically significant reduc-

tions in office-measured SBP. However, after phase 2, during which

training frequency was reduced to 1 session per week, in the handgrip

group SBP increased by .5 mmHg, while there was a further 1.8 mmHg

decline in the wall squat group, representing a small magnitude but

clinically relevant 3.8 mmHg greater SBP reduction in the wall squat

group over the whole intervention–which aligns with the estimated
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6 COHEN ET AL.

>3 mmHg difference favoring wall squat over handgrip training in a

recent meta-analysis.17

The present study is the first to examine whether reductions

achieved with the standard three times per week intervention can be

retained with a reduced training frequency or “maintenance dose.”

While a weekly single session of wall squat exercise not only main-

tains, but potentially continues to promote SBP reductions, handgrip

exercise begins to show a reversal of gains and may require a higher

frequency to sustain the benefits achieved. The larger muscle mass

recruitedand therefore areaof vascular occlusionduring thewall squat

exercise17 might explain its ability to maintain adaptations at a lower

frequency of training.

5.1 Blood pressure changes-phase 1

We observed reductions in SBP of lower magnitude to that reported

in medicated participants following a 12-week handgrip intervention

using the same protocol,18 but higher than determined by meta-

analyses which also included non-supervised and shorter intervention

durations—both associated with smaller BP reductions.5,6,8 There

are few wall-squat intervention studies relative to the substantial

literature examining isometric handgrip training. During phase 1,

reductions in SBPwere of largermagnitude (although not significantly)

in the wall squat group than in the handgrip group and of similar mag-

nitude as the only previous study of wall squat in unmedicated adults

with hypertension.10 That study found office measured SBP and DBP

reductions of 12.4 and 6.2 mmHg, respectively, after 4-weeks of three

exercise sessions/week.

While SBP benefits were large and robust in both IRT groups

and despite significant, moderate magnitude reductions within both

intervention group during phase 1, maintained during phase 2, DBP

reductions were not significantly different from that of the controls at

the end of either phase. However, significant DBP reductions are not

a consistent finding of handgrip studies,6,18 and it is SBP control that

is critical to cardiovascular health outcomes/mortality with reductions

associated with reduced cardiovascular mortality.10

5.2 Blood pressure changes-Phase 2

The present study is the first to evaluate whether an IRT “maintenance

dose” can be used to maintain BP reductions obtained with a three

sessionsperweekprotocol. Taylor et al.10 demonstrated thatBP reduc-

tions achieved during a 4-week, three session per week wall squat

intervention in adults with hypertension had returned to pre inter-

vention values after a 3-week “washout” (training cessation) period.

We found that clinically and statistically significant SBP reductions

achieved in phase 1were largely retainedwith only a single session per

week, a time commitment even easier to adhere to, likely to enhance

long termcompliance.Althoughour study involved supervised sessions

within the workplace, and partly took place during the difficult condi-

tions associatedwith the COVID-19 pandemic, no participant dropped

out with 100% compliance to the 3 sessions, and then 1 session per

week program.

While our phase 2 findings show maintenance of adaptations, they

do not indicate that significant reductions in BP could be achieved

with a single weekly session of IRT. However, a single weekly session

of dynamic resistance training can stimulate strength development20

and epidemiological evidence suggests that significant diabetes and

cardiovascular risk reduction is achieved with participation in once-a-

week training strength training.21 The only previous study examining

dose-response of IRT compared 3 versus 5 handgrip training sessions

per week, finding no significant difference in SBP reduction.22 Future

research should examine the degree towhich lower frequency IRT (1-2

sessions per week) can promote BP reduction.

The minimal equipment requirement and associated cost of wall

squat training make it a more scalable and widely applicable prescrip-

tion for unsupervised home and/orwork-based training IRT than hand-

grip exercise. We used a relatively economic dynamometer (approx-

imately $50), purchasing several devices which were shared within

each workplace. While affordable to an institution, in a public health

setting it may still be a prohibitively expensive to provide patients

with dynamometers, particularly within the budget constraints of low-

middle income country (LMIC’s). This is an important consideration

as the burden of hypertension and other cardiometabolic disease is

larger in LMIC than in high income countries.2 Based on our findings

and other recent evidence,10,17 the wall squat appears to therefore

provide the best cost-benefit in BP in hypertensives and is well tol-

erated, well adhered to and with no reports of adverse events in the

present or previous wall squat interventions. Indeed, no dropouts and

a 77% compliance with exercise sessions was reported in a recent

year-long-wall squat intervention.23 Nonetheless, handgrip exercise

may be an important alternative for individuals with knee pain or

pathologies.

A limitation of our study is the office rather than ambulatory blood

pressure measures, the latter considered the gold standard.24 How-

ever, Taylor et al.10 reportedvery similar reductions in24-hambulatory

and office BP measures, and of similar magnitude as observed in the

present study, indirectly validating our officeBPobservations. Another

potential limitation of the wall squat arm of our study was the use of a

pragmatic approach to reduce the time cost of stratifying participants,

whereby according to their performance in a 95◦ wall squat test, par-

ticipants began the program at either of the two easiest joint angles,

with intensity (angle) progressed every 2–3weeks during phase 1. This

provided a crude stratification of baseline ability to perform the exer-

cise. It also meant that for a number of participants, it was likely that

during the earlyweeks of the intervention the intensitywas below that

necessary to stimulate adaptations. In contrast, Wiles and colleagues

incremental wall squat test identifies the baseline training angle asso-

ciated with 95%HR peak in each participant with HRmeasured during

the last 30 s of 2-min tests at progressively greater knee flexion angles,

starting at 135◦.13,25 This individualized approach to identify the train-

ing angle used throughout a 4-week intervention10 also ensures that

each participant is physiologically challenged from the start of the

program. It is also time-consuming when delivered to a large sample.
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COHEN ET AL. 7

Our pragmatic stratification was conceived as a less time-consuming

practical alternative that also implemented standardized progressive

loading across phase 1 to compensate for the built in underloading dur-

ing the initial weeks of the intervention. This early underloading may

explain why Taylor et al.10 achieved a similar magnitude SBP reduc-

tion in 4weeks of wall squat as we observed in 12weeks. Nonetheless,

our approach, allowing participants a period of accommodation to this

novel exercise before challenging them, may be beneficial from a self-

efficacy and comfort perspective. Lastly, the greater attention/contact

that the intervention groups receivedmay also have contributed to the

beneficial trends of IRT, although a previous study which compared

wall squat with a sham wall squat (inadequate intensity) only demon-

strated BP reductions in the “true” intervention group suggesting that

the effects are specific to the exercise itself.26

While we did not evaluate physiological parameters which might

explain the SBP reductions observed, a recentmeta-analysis concluded

that the principal driver of IRT induced BP reduction is reduced total

peripheral resistance, potentially mediated through enhanced auto-

nomic vasomotor control. Changes in cardiovascular function including

significantly decreased heart rate and increased stroke volume (with

stable cardiac output) are also consistently reported.17

Importantly, from an adherence perspective, IRT overcomes one of

the most cited barriers to exercise participation—lack of time—and

reduces barriers to implementation associated with equipment costs.

It can be performed with limited space, at home or in the workplace,

without even requiring a change of clothes. IRT also represents an

alternative to aerobic exercise for those who are unable to adopt that

form of exercise or an adjunct to it.27

The feasibility of scaling of the wall squat intervention in a public

health setting has begun to be examined in the United Kingdom,28 and

such scaling should also be examined in other LMIC regions with lower

healthcare budgets. Finally, longitudinal studies of sufficient duration

are needed to examine the ability of IRT to impact on HTA progression

and cardiovascular events in people with hypertension.

6 CONCLUSION

Our study is the first to compare the BP reducing effects of the two

mostwell researched andpotentially applicable IRTprotocols, in adults

with hypertension. The large decreases in SBPwe observed alignswith

previous studies and provides further evidence to support the pre-

scription of IRT to hypertensive individuals. Three sessions per week

of wall squat and handgrip produce comparable SBP reductions. We

also showed that SBP reductions are largelymaintained after 3months

of single session per week training, but the wall squat appears to

better retain benefits with this minimal dose of training—with impor-

tant implications for longer term adherence. The effectiveness of this

dose—12minof time investment—shouldbe confirmed in future longer

duration studies and in unsupervised interventions. Future research

should also determinewhether initial benefits can also be achievedwith

lower frequency training interventions involving 1 or 2 sessions per

week, to better define theminimum effective dose.
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