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Isometric resistance training (IRT) has emerged as an efficacious therapeutic
intervention to reduce ambulatory blood pressure (BP), and BP diurnal variability.
However, once the required decreases in BP have been achieved the efficacy of
implementing a reduced maintenance dose is not understood. Therefore, the
purpose of this study was to determine the effects of an 8-week maintenance
period (8-week) following the cessation of the prescribed 8-week IRT in young
normotensives. Twenty-two recreationally active, not resistance trained,
normotensive (24-h ambulatory SBP, >130 mmHg) young adults were
randomly assigned to a training-maintenance [TG-MT; n = 13 (female = 5);
age 21 + 2 years] or a non-training control [CON; n = 9 (female = 4); age
23 + 3 years] group. Ambulatory BP, morning BP surge (MBPS) and average real
variability (ARV) were measured prior to, after 8 weeks of bilateral leg IRT (4x2-
minute contractions at 20% MVC with 2-min rest periods, 3 days/week) and
following an 8-week (once per week) maintenance period. On completion of the
maintenance period the significant reductions seen following the IRT were
maintained within the TG-MT group in 24-h ambulatory SBP (6 + 4 mmHg,
p < 0.001), daytime (5 + 5mmHg, p = 0.002), MBPS (7 + 10 mmHg, p = 0.019) and
24-h SBP ARV (2.03 + 1.44 mmHg, p = 0.001), daytime SBP ARV (2.04 +
1.78 mmHg, p = 0.003). These results show that reductions in ambulatory BP
(24-h SBP and daytime SBP), in addition to BP diurnal variations (MBPS, 24-h SBP
ARV and daytime SBP AVR) are maintained following an 8-week maintenance
dose in young adults and add further weight to the growing body of evidence
promoting IRT as an efficacious therapeutic exercise intervention to prevent or
reduce BP.

maintenance, ambulatory blood pressure, isometric, resistance, training

Introduction

At present there is estimated to be over 1.6 billion individuals worldwide with
hypertension, a main risk factor for coronary heart disease (CHD), cardiovascular
disease (CVD) and stroke (WHO, 2013; WHO, 2016; Lopes et al., 2021), which are
responsible for over 8.5 million deaths globally each year (Zhou et al., 2021). Interestingly,
although more prevalent in older adults, the incidence of hypertension is increasing in
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active younger populations (De Venecia et al., 2016; Hamrahain and
Falkner, 2022). As young adults tend to have less health awareness
than older individuals, early identification of “at risk” individuals
accompanied by preventative therapeutic exercise treatments could
prevent the development of hypertension in later years.

Day-to-day variation in 24 hour (24-h) ambulatory blood
pressure (BP), in particular night-time ambulatory BP, are also
strongly associated with these cardiovascular risk factors, more so
than resting BP (Whelton et al., 2018; Mancia et al., 2023; Staplin
etal,, 2023). In addition, morning blood pressure surge (MBPS), the
normal surge in BP seen upon waking, as a result of the drop in
nocturnal BP, has been reported to have a close association with end
organ damage and is considered to be a disabling factor for
atherosclerotic plaques (White, 2001; Kario, 2005; Kario, 2010).
Therefore, research examining the impact of interventions on
hypertension need to consider measuring ambulatory BP and the
morning surge in blood flow in addition to resting BP.

Isometric resistance training (IRT) has emerged as an efficacious
therapeutic intervention to reduce ambulatory BP when performed
up to 10 weeks, when performing handgrip (Somani et al.,, 2017) or
lower body (wall squat, Taylor et al., 2019; knee extension; Baross
et al., 2022b) exercises. Furthermore, IRT is considered to be one of
the leading non-pharmacological therapeutic interventions for the
treatment of hypertension (Whelton and Carey, 2017) and has been
included in the most recently published Australian position stand on
Exercise and Hypertension (Sharman et al, 2019). Research
examining IRT has demonstrated reductions in 24-h, daytime,
and night-time ambulatory BP (Somani et al., 2017; Taylor et al.,
2019) in addition to decreases in MBPS (Baross et al., 2022a) and
average real variability (ARV; Baross et al., 2022b); a measure of the
average absolute changes in BP between consecutive readings over a
set period (24-h, daytime or night-time). Therefore, IRT may be
considered to be an efficacious non-pharmacological strategy to
reduce BP that does not require specialist equipment, however for an
intervention to be effective, patients must adhere to the
recommendations.

Despite the benefits of physical activity interventions, including
IRT, adherence and compliance to prescribed exercise programmes
are unfortunately, low (Bennie et al., 2019; Lopes et al., 2021). Leijon
et al. (2011) and Hennein et al. (2018) reported that the increase in
the prevalence of hypertension is in part due to a lack of patient
adherence to the prescribed pharmacological or therapeutic physical
activity interventions. Indeed, regular exercise adherence tends to
decline over time (Bennie et al., 2019), with only 50% of individuals
continuing with regular exercise within the first 12 months following
the completion of the prescribed therapeutic treatment, with a lack
of perceived time cited as one of the main barriers (Gee et al., 2012).
To minimise the demands of an exercise intervention to potentially
enhance adherence, the volume of training could be decreased once
the initial training-induced adaptations have been elicited (ie., a
maintenance dose). To the author’s knowledge, only Cohen et al.
(2023) has examined the effects of a maintenance dose (one session
of 4 x 2-min contractions a week) once the desired reductions in BP
have been achieved. The most commonly used IRT protocol
employs a thrice-weekly training programme consisting of 4 x 2-
min isometric contractions, separated by 2-min of recovery with
limited research into dose response effects (Smart et al., 2019).
Therefore, once the required decreases in BP (resting or ambulatory)
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have been achieved, the efficacy of implementing a maintenance
dose are not fully understood, despite the possible benefits of a
reduced training frequency on individual’s long-term adherence and
compliance.

Therefore, to further determine the efficacy of IRT as an
alternative therapeutic approach to lower ambulatory BP it is
important to quantify the effects of a maintenance dose following
a successful IRT intervention. Therefore, the aim of the present
study was to determine the effects of a maintenance period (8 weeks)
following the cessation of the originally prescribed IRT (8 weeks)
intervention on ambulatory BP, MBPS and ARV in young
normotensive males and females.

Materials and methods
Participants

Twenty-two moderately active (IPAQ) but not resistance
trained, normotensive (24-h ambulatory SBP, >130 mmHg)
individuals (Females; n = 9; age 21 + 4 years; Males; n = 13; age
22 + 4 years) were recruited and randomly assigned (Urbaniak and
Plous, (2013). Research Randomizer (Version 4.0) [Computer
software]) to either a training-maintenance (TG-MT; n =
13 [female = 5]; age 21 + 2 years, height 169 + 9 cm, mass 73 +

18 kg) or a non-training control (CON; n = 9 [female = 4]; age 23 +

3 years, height 170 + 10 cm, mass 74 + 8 kg) group. As previous
research (Somani et al., 2017) has noted no significant difference in
BP changes between males and females following IRT, mixed-sex
groups were used. Participants undertook three IRT sessions per
week, did not engage in smoking or vaping (Bolinder and de Faire,
1998; Crippa et al, 2018) and were not prescribed medication.
Following the University of Northampton’s institutional ethical
approval, all participants received a detailed information sheet
explaining the experimental protocol and potential risks involved,
then completed and signed an informed consent form and pre-test
medical questionnaire; all procedures were conducted in line with
the Declaration of Helsinki.

An initial session was conducted prior to baseline data
collection to familiarise participants with the measures and
protocols. Participants then undertook 8 weeks of supervised
IRT, performing bilateral isometric leg extensions with post-
intervention testing (mid-point) undertaken following the final
training session. The maintenance period commenced the week
following the final training session and continued for 8 weeks,
with participants undertaking one IRT session week. Post
maintenance measures (end-point) were recorded following
the final week of the 8-week maintenance phase. All data
collection sessions were undertaken at the same time of day
(#2 h) by the same individual in a temperature-controlled
environment (200C-23°C) at least 2 h post prandial and
within 48 h of the final training session with participants
instructed to refrain for training during this time. Participants
were asked to avoid over-the-counter medication, vigorous
12 h and 24 h,
respectively prior to data collection. All data collection

exercise, or caffeine and alcohol for

measures in females were taken in the early follicular phase
(days 1-7 of the menstrual cycle; n = 2) or during placebo pill
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TABLE 1 Participant baseline demographic and ambulatory data.

TG-MT group (n = 13)

10.3389/fphys.2024.1405230

CON group (n = 9)

Age (yrs) 21+2 23+3
Height (cm) 169 + 9 170 + 10
Body Mass (kg) 73 £ 18 74 + 8
Resting Heart Rate 69 + 10 69 +9
Ambulatory BP

24-h SBP (mmHg) 120 £ 6 121 5
24-h DBP (mmHg) 64 + 6 64 + 6
Daytime SBP (mmHg) 123 £ 5 125+ 6
Daytime DBP (mmHg) 71+ 6 66 + 8
Night-time SBP (mmHg) 108 + 7 105 + 3
Night-time DBP (mmHg) 55+ 8 56 + 7
Morning SBP (mmHg) 122+7 120 + 4
Lowest Night-time SBP (mmHg) 96 + 8 97 + 4
MBPS (mmHg) 26+ 7 2316

Values are means + SD. TG-MT, maintenance group; CON, control group; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure; MBPS, morning blood

pressure surge.

ingestion for females taking oral contraceptives (n = 8; Tsai et al.,
2003; Somani et al., 2017). All procedures were conducted with
the intent to treat.

Protocol
Ambulatory blood pressure

A portable BP monitor (P.M.S. Instruments Ltd. Maidenhead,
Berks, United Kingdom) was used to measure 24-h, daytime and
night-time ambulatory BP. Night-time measures (recorded every
60 min) were defined as the time participants went to bed until they
awoke and daytime measures (recorded every 30 min) as the time
participants rose until they retired to bed (Amici et al., 2009; Kario,
2010; Verdecchia et al, 2012). Data for 24-h ambulatory BP
recordings were discarded when there was a missing hour of data
or <86% valid measures were present (Gosse et al., 2004; Herndndez-
del Rey et al., 2007). To standardise the BP measures, participants
reported the activities undertaken during the baseline ambulatory
BP monitoring period, including their sleep patterns, and were
subsequently asked to undertake similar activities and sleep
periods for the ambulatory BP measure at post-intervention and
maintenance data collection.

Morning blood pressure surge and average
real variability calculations

As previously reported (Baross et al, 2022b), MBPS was

calculated as the mean of the four systolic BP (SBP) readings in
the 2-h period just after waking minus the mean of the two readings
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centred around the lowest nocturnal SBP reading but not adjusted
for 24-h ambulatory BP (Kario, 2005; Amici et al., 2009; Verdecchia
etal,2012). ARV of ambulatory (24-h, daytime and night-time) SBP
and diastolic BP (DBP), a measure of BP variability, was calculated
as previously reported (Boardman et al., 2017). Participant baseline
data including mean values for MBPS are presented in Table 1.

Isometric resistance training

Participants completed 16 weeks of supervised, on-site IRT
using an isokinetic dynamometer (Biodex Medical Systems Inc.
New York, United States). During the initial 8 weeks, participants
undertook IRT three times per week (separated by at least 24 h),
and during the second 8 weeks a maintenance phase IRT was
undertaken once per week. Each training session consisted of 4 x
2-min isometric contractions at 20% of maximal voluntary
isometric strength (MVC), with 2-min rest periods between
contractions. MVC was assessed prior to the start of the
programme and reassessed at the end of weeks 2, 4 and 6 of
both the
determined as the greatest value following three 2-4 s

training intervention and maintenance phase,
maximum isometric bilateral knee extensions (Baross et al.,
2013). Additionally, dietary, nutritional and exercise changes
monitored and recorded throughout the 8-week
intervention and maintenance periods using personal logs.

were

Statistical analysis

All data satisfied parametric assumptions (Field, 2000) and are
presented as mean + SDj statistical significance was set at p < 0.05.
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Statistical analyses were performed using IBM SPSS Statistics
v.26 software (SPSS Inc., Chicago, Illinois, United States). Two-
way mixed-model ANOVAs (time [baseline, post-intervention,
post-maintenance] x group [TG-MT, CON]) were used to
examine within- and between-subject effects for ambulatory BP
(mean 24-h, daytime, night-time and diurnal variation), MBPS, and
ARV at baseline compared to post-intervention (mid-point) and the
maintenance period (endpoint). Post-hoc analyses (Bonferroni)
were used to determine the specific location of any significant
differences.

The day-to-day reliability of the ambulatory BP measures has
previously been reported (Baross et al., 2022b; Baross et al., 2022a)
with intraclass correlation coefficient (ICC) values of 0.73, 0.71 and
0.81 and the coefficients of variation (expressed as a percentage of
the mean) of 2.5%, 2.3%, and 2.6%, for 24-h SBP, daytime SBP and
night-time SBP, respectively.

Sample size

A-priori size  calculation G*Power

(v.3.1 Diusseldorf, Germany) was used to determine how

sample using
many participants were required to reach statistical power
using alpha = 0.05 and power = 0.80; effect sizes (24 h SBP
[d = 1.33], Daytime SBP [d = 1.38], MBPS [d = 1.40]) from
similar studies (Somani et al., 2017; Baross et al., 2022a) revealed
that a total of 20 participants were needed. To account for 20%
attrition, a minimum of 24 participants were initially recruited.

Results

Participants completed >95% of the twenty-four training
sessions over the 8-week IRT programme. There was no
significant difference (p > 0.05 in all cases) in baseline data
between the TG-MT and CON groups for age, height, body
mass, and all BP measures (Table 1). No changes in the
participants’ exercise routine or diet were reported throughout
the 16-week training intervention and maintenance period. Body
mass (kg) was maintained throughout the 16-week training and
maintenance period (TG-MT pre-training = 73.4 + 18.4, post-
training = 73.3 + 18.0, post-maintenance = 72.9 + 17.1; CON

738 *
maintenance = 73.4 + 8.4; p > 0.05 in all cases). There were no

pre-training = 73.7 + 8.4, post-training = 8.5, post-
reported adverse effects of the training intervention or the data

collection sessions.

Effects of IRT on ambulatory blood pressure,
MBPS and ARV

Following the 8-week IRT programme there were significant
reductions in 24-h ambulatory SBP (-7 £ 5 mmHg, p = 0.001)
and daytime SBP (-4 + 5 mmHg, p = 0.034) within the TG-MT
group. In addition, MBPS significantly reduced (-8 £ 9 mmHg,
p = 0.008) over time, as did the TG-MT group’s 24-h and
daytime SBP ambulatory ARV (-2.10 + 1.71 mmHg, p =
0.033; —2.34 + 2.49 mmHg, p = 0.002, respectively). However,
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there was no significant change in night-time SPB (-2
5 mmHg, p = 0.685) or night-time SBP ARV (-0.76
4.00 mmHg, p = 1.000). Additionally, over time there were no

+

observed changes in ambulatory DBP (24-h, 0 + 6 mmHg;
daytime, -2 + 7 mmHg; night-time, 1 + 7 mmHg) within the
TG-MT group, (p > 0.05 in all cases), nor were there any changes
in 24-h, daytime and night-time DBP ARV (p > 0.05 in all cases).
Furthermore, there were no significant differences in the CON
group’s ambulatory BP, MBPS or ARV (24-h, daytime, night-
time) over the same period (p > 0.05 in all cases, see Figures
2A, B; Table 2).

Effects of maintenance period on
ambulatory blood pressure, ARV and MBPS

On completion of the 8-week maintenance period, ambulatory
SBP, ARV (both, 24-h, daytime) and MBPS did not change from
post training levels (24-h; 114 + 5 to 114 + 4 mmHg; daytime; 119 +
7 to 119 £ 7 mmHg; ARV; 24-h; 8.20 + 1.51 to 8.26 + 1.07 mmHg;
daytime; 8.43 + 2.07 to 8.72 + 1.16 mmHg; MPBS; 18 + 6 to 19 *
6 mmHg, respectively, p > 0.05 in all cases). As a consequence,
significant reductions were maintained from baseline measures
within the TG-MT group in 24-h ambulatory SBP (-6 + 4 mmHg,
p < 0.001), daytime (-5 + 5 mmHg, p = 0.002), MBPS (-7 +
10 mmHg, p = 0.019) and 24-h SBP ARV (-2.03 + 1.44 mmHg,
p = 0.001), daytime SBP ARV (-2.04 + 1.78 mmHg, p = 0.003, see
Figures 1-3; Table 2). There were no significant changes in night-time
SPB (-1 £ 6 mmHg, p = 0.940) or night-time SBP ARV (-0.66 +
2.80 mmHg, p = 1.000). Additionally, over time within the TG-MT
group there were no significant changes in ambulatory DBP (24-h,
0.0 + 5 mmHg; daytime, 2 + 7; night-time, -2 + 8, p > 0.05 in all cases)
or DBP ARV (24-h, 0.23 + 1.90 mmHg; daytime, 0.10 + 1.93; night-
time, —0.12 + 3.34., p > 0.05 in all cases).

Between group ambulatory blood pressure,
MBPS and ARV analysis

Following the completion of the 8-week training intervention,
the between group (TG-MT and CON) data showed significant
differences in 24-h ambulatory SBP (114 + 7 to 120 + 3 mmHg, p <
0.001), daytime SBP (119 + 7 to 125 + 1 mmHg, p = 0.016), MPBS
(17 £ 7 to 23 £ 5 mmHg, p = 0.029) and 24-h SBP ARV (8.20
1.51 to 10.45 + 1.80 mmHg, p = 0.007), daytime SBP ARV (8.43 +
2.07 to 10.040 + 1.79 mmHg, p = 0.011), with no corresponding
significant differences in night-time SBP (106 + 7 to 103 + 3 mmHg,
p =0.743) or night-time SBP ARV (8.17 + 3.17 to 8.24 + 2.78 mmHg,
p = 0.937). Following the maintenance period these group
differences were maintained (24-h, 114 + 4 to 120 + 5 mmHg,
p = 0.006; daytime, 119 + 7 to 125 + 3 mmHg, p = 0.032; MBPS,
18 + 7 to 24 £ 2 mmHg, p = 0.03; 24-h SBP ARV, 8.26 + 1.07 to
10.39 £ 2.21 mmHg, p = 0.007; daytime SBP ARV, 8.72 + 1.16 to
10.67 + 2.56 mmHg, p = 0.032; see Figures 3-4). The data between
group analysis also confirmed that there were no significant
differences in ambulatory DBP or DBP ARV at the end of the
IRT programme (mid-point) or following the detraining period (p >
0.05 in both cases).
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Baseline measures

calculation of MBPS

8 weeks of IRT @ 20% MVC

mins recovery between
contractions

Post training measures

calculation of MBPS

8 weeks maintenance

once per week

i i : . measures
Including 3 times per week Including 4 x 2min contractions
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completed Physical
Activity logs
throughout the 8-
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FIGURE 1
Study flow diagram illustrating the Isometric resistance training (IRT) and maintenance periods and the points of blood pressure measures.
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FIGURE 2

Effects of 8 weeks of isometric resistance training (IRT) followed by 8 weeks maintenance period for individual participants and mean data on (A), 24-
h (B), Daytime (C), Night-time ambulatory systolic blood pressure (SBP) and (D), morning blood pressure surge (MBPS) for isometric training-maintenance
(TRG-MT) group. *p-value < 0.05, **p-value < 0.01.

TABLE 2 Ambulatory SBP ARV results at baseline, post 8-week IRT and post 8-week maintenance period TRG-MT Control.

Ambulatory SBP ARV  Baseline Post 8- Post 8-week Baseline Post 8- Post 8-week
(mmHg week IRT maintenance week IRT maintenance
24-h 1029+ 172 820 + 1.51% 826 * 1.05** 10.12 + 1.78 1045 = 1.80 1039 * 2.21
Daytime 1077 £2.07 845 + 2,07 872 + 1.16% 1045 + 2.40 10.04 + 1.79 10.67 + 2.56
Night-time 8.92 + 2.84 8.17 £ 3.17 827 + 1.68 8.11 £ 1.97 824 * 278 8.61 + 1.94

Data are presented as mean + SD. (TRG-MT, group n = 13; Control group n = 12). SBP, systolic blood pressure; ARV, average real variability. p values represent changes within groups over time
compared to baseline measures. **p-value < 0.01, *p-value < 0.05.
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FIGURE 3

Effects of 8 weeks of isometric resistance training (IRT) followed by 8 weeks maintenance period for individual participants and mean data on (A), 24-
h (B), Daytime (C), Night-time ambulatory systolic blood pressure (SBP) and (D), morning blood pressure surge (MBPS) for the control (CON) group.
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(CON) groups. *p-value <0.05, **p-value < 0.01.

Frontiers in Physiology

06

frontiersin.org


https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2024.1405230

Baross et al.

Discussion

This study is the first to demonstrate that following an 8-week
IRT intervention that clinically reduced ambulatory BP (24-h SBP
and daytime SBP) and BP diurnal variations (MBPS, 24-h SBP ARV
and daytime SBP AVR) in young normotensives, a reduction of the
training frequency from three to one session (4 x 2 min contractions
with 2 min recovery between contractions) per week is sufficient to
maintain these significant reductions up to 8 weeks compared to
baseline measures. These reductions in ambulatory BP (24-h,
daytime) in addition to those in diurnal variation (MPBS, 24-h
SBP ARV, daytime SBP ARV) are in agreement with previous
research (Baross et al., 2022b), reinforcing the use of IRT as a
therapeutic exercise intervention for the chronic management and
possible prevention of hypertension in young and older populations
(Wiles et al., 2010; Somani et al., 2018; Baross et al., 2022a).

Comparable reductions in the reported ambulatory BP measures
(24-h SBP 7 mmHg; daytime SBP, 4 mmHg) have been seen in
previous normotensive IRT studies (24-h SBP, 4 mmHg; daytime
SBP, 3-5 mmHg; Somani et al., 2017; Baross et al., 2022a; Baross
et al., 2022b), as have the nonsignificant changes in night-time
ambulatory SBP (Stiller-Moldovan et al., 2012; Baross et al., 2022a;
Baross et al., 2022b), although others (Somani et al., 2017; Taylor
et al,, 2019) have reported significant reductions (4-6 mmHg). The
significant reductions in MBPS (8 mmHg) are again similar to
previous works (7 mmHg; Baross et al., 2022a; 6 mmHg; Baross
et al., 2022b) as are the reported significant reductions in 24-h SBP
ARV (2.1 mmHg) and daytime SBP ARV (2.3 mmHg) in
normotensive individuals (24-h  2.216 mmHg, daytime
1.985 mmHg; Baross et al., 2022b), nor does the data differ to
those reported in borderline hypertensive (24-h; 2.33 mmHg,
daytime 2.45 mmHg;
Collectively, these findings add further weight to the efficacy of

Taylor et al, 2019) populations.
IRT to reduce BP in a range of populations with implications for
exercise prescription in a range of exercise-intolerant populations
that difficulty
pharmacological strategy.

and  individuals have maintaining  a

Despite the abundance of research supporting the use of exercise
programmes (aerobic and resistance training) as therapeutic
interventions for reducing BP (Saco-Ledo et al, 2020; Lopes
et al,, 2021) and consequently, the burden placed upon the health
services, the adherence, compliance and continued engagement
following the completion of the programme appears to be low
(Saida et al., 2017; Lopes et al., 2021), with reports of more than
half of patients enrolled on a therapeutic exercise intervention failing
to engage in the exercise within the first 12 months (Resurreccion
etal, 2017; Saida et al., 2017). Although it is not fully understood, a
“lack of time” (Gee et al., 2012) is cited as one of the main barriers to
exercise adherence and compliance, ergo developing a time efficient,
efficacious therapeutic intervention should be a healthcare priority,
which may be achieved via home-based strategies or reduced
training sessions. Potentially of greater importance in the present
study is the novel finding that the decreases seen in ambulatory BP
following 8 weeks of IRT in young healthy normotensives can be
maintained over an 8-week maintenance period when IRT is
reduced to one bout of 4 x 2 min contractions at 20% MVC,
with 2 min recovery between contractions. Thus, a minimal
dosage of one session of IRT per week is sufficient to maintain
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these reductions, a finding with important implications for long-
term clinical exercise prescription.

Maintenance dose studies are seldom examined within the
of the limited work
undertaken, time availability is considered to be a key determinant

exercise medicine literature, however,
of adherence. Therefore, reducing the time demands of the
therapeutic exercise intervention once the desired outcome has
been achieved may elicit an increase in the continued engagement
with the prescribed exercise to further enhance or sustain training-
induced adaptations. It is therefore important to identify the
possibility of a reduced dose of exercise, in this case the number of
weekly sessions once the therapeutic exercise intervention has
provided the required reductions in BP, with the emphasis of the
intervention shifting to maintaining these reductions which may
improve individual’s adherence and compliance.

Previous studies undertaking aerobic and resistance training
interventions have reported similar finding to those presented here.
Hickson and Rosenkoetter (1981) demonstrated that aerobic
capacity was maintained when training frequency was reduced
(6-2 sessions per week) for a 15-week period. As with the
present study the exercise session volume and intensity were
maintained. Further, Hickson et al. (1985) reported short term
aerobic capacity was maintained for a 15-week period following
an equivalent reduction in training volume to the present study
(66% reduction) in aerobic training volume, again similar to the
present study (24 min-8 min, 66% reduction), for a 15-week period
with no changes to the exercise intensity, reported participants
maintained short term aerobic capacity. Additionally, resistance
training interventions such as Bickel et al. (2011) have reported a
reduced training frequency from thrice to once weekly following a
16-week resistance training period was sufficient to further increase
More
have been noted following a once-a-week

myofiber hypertrophy. recently, continued strength
improvements
maintenance resistance training period preceded by a 20-week
(3 sessions per week) training programme (Antunes et al., 2022).
More specifically Cohen et al. (2023) employed a similar
intervention to the present study, demonstrating that a single
isometric training bout (4 x 2-min wall squats) was not only
sufficient in maintaining significant reductions in resting SBP
obtained upon completion of the IRT programme, but elicited
further decrease (1.8 mmHg) in resting BP following the
fulfilment of the maintenance dose. Collectively, these findings
provide further support for the implementation of a maintenance
dose once the initial therapeutic benefits of the intervention have
been achieved, which could overcome self-reported barriers to
exercise, thus increasing the effectiveness of IRT as a non-
pharmacological strategy to counteract hypertension.

One limitation to the present study is that the participants were
normotensive and thus, these findings cannot be generalised to those
that display elevated BP, therefore we recommend that future studies
should investigate if these findings are replicated in hypertensive
cohorts. Although participant numbers were determined using an a
priori sample size calculations we acknowledge that the group
numbers are low, possibly compromising our confidence in the
findings and may explain the lack of change in ambulatory night-
time SBP previously seen in some studies. Additionally, as adherence
and compliance to the training have been reported to decrease over a

short period of time, with “lack of time” to undertake the therapeutic
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exercise intervention cited as the main reason, it is important to
examine if a reduced training volume will maintain the reductions in
BP when unsupervised and therefore, maintain the clinical benefits.

Conclusion

The novel data presented here demonstrates that the observed
reductions in both ambulatory BP (24-h SBP and daytime SBP), in
addition to BP diurnal variations (MBPS, 24-h SBP ARV and
daytime SBP AVR) can be maintained following an 8-week
maintenance dose consisting of one bout of 4 x 2 min isometric
knee extensor contractions in normotensives. The data add further
weight to the growing body of evidence promoting IRT as an
effective therapeutic intervention to reduce BP.
Furthermore, the data indicate that IRT as a therapeutic

exercise

intervention may have an important role in the chronic
management of BP and could be pivotal to reducing the global
prevalence of hypertension.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and
accession number(s) can be found below: https://doi.org/10.
24339/c8613cc2-1757-4063-bebe-f1{263fc1956.

Ethics statement

The studies involving humans were approved by Faculty of Art,

Science and Technology Ethics Committee/University —of
Northampton. The studies were conducted in accordance with
the local The
participants  provided consent to

participate in this study.

legislation and institutional

their

requirements.

written  informed

Author contributions

AB: Conceptualization, Data curation, Formal Analysis,

Funding acquisition, Investigation, Methodology, Project

References

Amici, A., Cicconetti, P., Sagrafoli, C., Baratta, A., Passador, P., Pecci, T, et al. (2009).
Exaggerated morning blood pressure surge and cardiovascular events. A 5-year
longitudinal study in normotensive and well-controlled hypertensive elderly. Arch.
Gerontol. Geriatr. 49, 105-109. doi:10.1016/j.archger.2008.10.003

Antunes, M., Kassiano, W., Silva, A. M., Schoenfeld, B. J., Ribeiro, A. S., Costa, B., et al.
(2022). Volume reduction: which dose is sufficient to Retain resistance training
adaptations in older women? Int. J. Sports Med. 43 (1), 68-76. d0i:10.1055/a-1502-6361

Baross, A. W., Brook, R. D., Kay, A. D., Howden, R., Gaillard, E. C., Gordon, B. D. H.,
et al. (2022a). Effects of isometric leg training on ambulatory blood pressure and
morning blood pressure surge in young normotensive men and women. Sci. Rep. 12 (1),
356-359. doi:10.1038/s41598-021-04092-z

Baross, A. W., Kay, A. D., Baxter, B. A, Wright, B. H., McGowan, C. L., and Swaine, I.
L. (2022b). Effects of isometric resistance training and detraining on ambulatory blood

Frontiers in Physiology

10.3389/fphys.2024.1405230

Validation,
Visualization, Writing—original draft, Writing-review and editing.

administration, Resources, Software, Supervision,
BB: Data curation, Formal Analysis, Methodology, Writing-original
draft, Writing-review and editing. BW: Formal Analysis,
Investigation, Methodology, draft,

Writing-review and editing. AK: Formal Analysis, Methodology,

Writing-original

Writing-original draft, Writing-review and editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. Open Access
Publication fees to be funded by University of Northampton.

Acknowledgments

The authors acknowledge all participants for assisting with data
collection.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors and
do not necessarily represent those of their affiliated organizations, or
those of the publisher, the editors and the reviewers. Any product that
may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fphys.2024.1405230/
full#supplementary-material

pressure and morning blood pressure surge in young normotensives. Front. Physiol. 13,
1872. doi:10.3389/fphys.2022.958135

Baross, A. W., Wiles, J. D., and Swaine, I. L. (2013). Double-leg-isometric-exercise-training-
in-older-men. Open Access J. Sports Med. 4, 33-40. doi:10.2147/OAJSM.S39375

Bennie, J. A., De Cocker, K., Teychenne, M. J., Brown, W. J,, and Biddle, S. J. H.
(2019). The epidemiology of aerobic physical activity and muscle-strengthening activity
guideline adherence among 383,928 U.S. adults. Int. J. Behav. Nutr. Phys. Act. 16 (1), 34.
doi:10.1186/512966-019-0797-2

Bickel, S. C,, Cross, J. M., and Bamman, M. M. (2011). Exercise dosing to retain
resistance training adaptations in young and older adults. Med. Sci. Sports Exerc. 43 (7),
1177-1187. doi:10.1249/MSS.0b013e318207c15d

Boardman, H., Lewandowski, A. J., Lazdam, M., Kenworthy, Y., Whitworth, P.,
Zwager, C. L., et al. (2017). Aortic stiffness and blood pressure variability in young

frontiersin.org


https://doi.org/10.24339/c8613cc2-1757-4063-bebe-f1f263fc1956
https://doi.org/10.24339/c8613cc2-1757-4063-bebe-f1f263fc1956
https://www.frontiersin.org/articles/10.3389/fphys.2024.1405230/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphys.2024.1405230/full#supplementary-material
https://doi.org/10.1016/j.archger.2008.10.003
https://doi.org/10.1055/a-1502-6361
https://doi.org/10.1038/s41598-021-04092-z
https://doi.org/10.3389/fphys.2022.958135
https://doi.org/10.2147/OAJSM.S39375
https://doi.org/10.1186/s12966-019-0797-2
https://doi.org/10.1249/MSS.0b013e318207c15d
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2024.1405230

Baross et al.

people: a multimodality investigation of central and peripheral vasculature. J. Hypertens.
35 (3), 513-522. doi:10.1097/HJH.0000000000001192

Bolinder, G., and de Faire, U. (1998). Ambulatory 24-h blood pressure monitoring in
healthy, middle-aged smokeless tobacco users, smokers, and nontobacco users. Am.
J. Hypertens. 11 (10), 1153-1163. doi:10.1016/s0895-7061(98)00137-x

Cohen, D. D., Aroca-Martinez, G., Carrefio-Robayo, J., Castafieda-Hernandez, A.,
Herazo-Beltran, Y., Camacho, P. A,, et al. (2023). Reductions in systolic blood pressure
achieved by hypertensives with three isometric training sessions per week are
maintained with a single session per week. J. Clin. Hypertens. 25 (4), 380-387.
doi:10.1111/JCH.14621

Crippa, G., Bergonzi, M., Bravi, E,, Balordi, V., and Cassi, A. (2018). Effects of
cigarette smoking on blood pressure in hypertensive patients. Evaluation by non-
invasive continuous ambulatory blood pressure measurement. J. Hypertens. 36, e4.
doi:10.1097/01.HJH.0000538974.96760.A3

De Venecia, T., Lu, M., and Figueredo, V. M. (2016). Hypertension in young adults.
Postgrad. Med. 128 (2), 201-207. doi:10.1080/00325481.2016.1147927

Field, A. (2000). Discovering Statistics using SPSS. California, United States: SAGE
Publications.

Gee, M. E., Bienek, A., Campbell, N. R. C,, Bancej, C. M., Robitaille, C., Kaczorowski,
J.. et al. (2012). Prevalence of, and barriers to, preventive lifestyle behaviors in
hypertension (from a national survey of Canadians with hypertension). Am.
J. Cardiol. 109 (4), 570-575. doi:10.1016/j.amjcard.2011.09.051

Gosse, P., Lasserre, R., Minifié, C., Lemetayer, P., and Clementy, J. (2004). Blood pressure
surge on rising. J. Hypertens. 22 (6), 1113-1118. doi:10.1097/00004872-200406000-00011

Hamrahian, S. M., and Falkner, B. (2022). Approach to hypertension in adolescents
and young adults. Curr. Cardiol. Rep. 24 (2), 131-140. doi:10.1007/s11886-021-01632-x

Hennein, R., Hwang, S.J., Au, R,, Levy, D, Muntner, P, Fox, C. S., et al. (2018).
Barriers to medication adherence and links to cardiovascular disease risk factor
control: the framingham heart study. Intern. Med. J. 48 (4), 414-421. doi:10.1111/
IMJ.13687

Hernandez-del Rey, R., Martin-Baranera, M., Sobrino, J., Gorostidi, M., Vinyoles, E.,
Sierra, C,, et al. (2007). Reproducibility of the circadian blood pressure pattern in 24-h
versus 48-h recordings: the Spanish ambulatory blood pressure monitoring registry.
J. Hypertens. 25 (12), 2406-2412. doi:10.1097/HJH.0b013e3282effed1

Hickson, R. C., Foster, C., Pollock, M. L., Galassi, T. M., and Rich, S. (1985). Reduced
training intensities and loss of aerobic power, endurance, and cardiac growth. J. Appl.
Physiology 58 (2), 492-499. doi:10.1152/jappl.1985.58.2.492

Hickson, R. C., and Rosenkoetter, M. A. (1981). Reduced training frequencies and
maintenance of increased aerobic power. Med. Sci. Sports Exerc. 13 (1), 13-16. doi:10.
1249/00005768-198101000-00011

Kario, K. (2005). Morning surge and variability in blood pressure. Hypertension 45
(4), 485-486. doi:10.1161/01.HYP.0000158313.57142.3F

Kario, K. (2010). Morning surge in blood pressure and cardiovascular risk: evidence
and perspectives. Hypertension 56 (50), 765-773. doi:10.1161/HYPERTENSIONAHA.
110.157149

Leijon, M. E., Faskunger, J., Bendtsen, P., Festin, K., and Nilsen, P. (2011). Who is not
adhering to physical activity referrals, and why? Scand. J. Prim. Health Care 29 (4),
234-240. doi:10.3109/02813432.2011.628238

Lopes, S., Félix, G., Mesquita-Bastos, J., Figueiredo, D., Oliveira, J., and Ribeiro, F.
(2021). Determinants of exercise adherence and maintenance among patients with
hypertension: a narrative review. Rev. Cardiovasc. Med. 22 (4), 1271-1278. doi:10.
31083/].RCM2204134

Mancia, G., Kreutz, R., Brunstrém, M., Burnier, M., Grassi, G., Januszewicz, A., et al.
(2023). 2023 ESH guidelines for the management of arterial hypertension the task force for
the management of arterial hypertension of the European society of hypertension:
endorsed by the international society of hypertension (ISH) and the European renal
association (ERA). J. Hypertens. 41 (12), 1874-2071. doi:10.1097/HJH.0000000000003480

Resurreccion, D. M., Motrico, E., Rigabert, A., Rubio-Valera, M., Conejo-Cerén, S.,
Pastor, L., et al. (2017). Barriers for nonparticipation and dropout of women in cardiac
rehabilitation programs: a systematic review. J. Women’s Health 26 (8), 849-859. doi:10.
1089/jwh.2016.6249

Saco-Ledo, G., Valenzuela, P. L., Ruiz-Hurtado, G., Ruilope, L. M., and Lucia, A.
(2020). Exercise reduces ambulatory blood pressure in patients with hypertension: a

Frontiers in Physiology

09

10.3389/fphys.2024.1405230

systematic review and meta-analysis of randomized controlled trials. J. Am. Heart Assoc.
9 (24), €018487. doi:10.1161/JAHA.120.018487

Saida, T. G. R. H,, Juul Serensen, T., and Langberg, H. (2017). Long-term exercise
adherence after public health training in at-risk adults. Ann. Phys. Rehabilitation Med.
60 (4), 237-243. doi:10.1016/]. REHAB.2017.02.006

Sharman, J. E., Smart, N. A., Coombes, J. S., and Stowasser, M. (2019). Exercise and
sport science Australia position stand update on exercise and hypertension. . Hum.
Hypertens. 33, 837-843. doi:10.1038/s41371-019-0266-z

Smart, N. A, Way, D,, Carlson, D., Millar, P., McGowan, C., Swaine, I, et al. (2019).
Effects of isometric resistance training on resting blood pressure: individual participant
data meta-analysis. J. Hypertens. 37 (10), 1927-1938. doi:10.1097/HJH.
0000000000002105

Somani, Y., Baross, A. W., Levy, P., Zinszer, K., Milne, K., Swaine, I, et al. (2017).
Reductions in ambulatory blood pressure in young normotensive men and women after
isometric resistance training and its relationship with cardiovascular reactivity. Blood
Press. Monit. 22 (1), 1-7. doi:10.1097/MBP.0000000000000222

Somani, Y. B, Baross, A. W., Brook, R. D., Milne, K. J., McGowan, C. L., and Swaine, 1.
L. (2018). Acute response to a 2-minute isometric exercise test predicts the blood
pressure-lowering efficacy of isometric resistance training in young adults. Am.
J. Hypertens. 31 (3), 362-368. doi:10.1093/ajh/hpx173

Staplin, N, de la Sierra, A., Ruilope, L. M., Emberson, J. R., Vinyoles, E., Gorostidi, M.,
et al. (2023). Relationship between clinic and ambulatory blood pressure and mortality:
an observational cohort study in 59 124 patients. Lancet 401 (10393), 2041-2050. doi:10.
1016/50140-6736(23)00733-X

Stiller-Moldovan, C., Kenno, K., and McGowan, C. L. (2012). Effects of isometric
handgrip training on blood pressure (resting and 24 h ambulatory) and heart rate
variability in medicated hypertensive patients. Blood Press. Monit. 17 (2), 55-61. doi:10.
1097/MBP.0b013e32835136fa

Taylor, K. A., Wiles, J. D., Coleman, D. A., Leeson, P., Sharma, R., and O’Driscoll,
J. M. (2019). Neurohumoral and ambulatory haemodynamic adaptations following
isometric exercise training in unmedicated hypertensive patients. J. Hypertens. 37 (4),
827-836. doi:10.1097/HJH.0000000000001922

Tsai, P. S., Yucha, C. B, Sheffield, D., and Yang, M. (2003). Effects of daily activities on
ambulatory blood pressure during menstrual cycle in normotensive women. Appl.
Psychophysiol. Biofeedback 28 (1), 25-36. doi:10.1023/A:1022364832488

Urbaniak, G. C., and Plous, S. (2013). Research randomizer (version 4.0). Available at:
https://randomizer.org/about/.

Verdecchia, P., Angeli, F., Mazzotta, G., Garofoli, M., Ramundo, E., Gentile, G., et al.
(2012). Day-night dip and early-morning surge in blood pressure in hypertension:
prognostic  implications.  Hypertension ~ 60 (1),  34-42.  doi:10.1161/
HYPERTENSIONAHA.112.191858

Whelton, P. K., and Carey, R. M. (2017). The 2017 clinical practice guideline for high
blood pressure. J. Am. Med. Assoc. 318 (21), 2073-2074. doi:10.1001/jama.2017.18209

Whelton, P. K., Carey, R. M., Aronow, W. S, Casey, D. E., Collins, K. J., Dennison
Himmelfarb, C,, et al. (2018). 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/
ASPC/NMA/PCNA guideline for the prevention, detection, evaluation, and
management of high blood pressure in adults: a report of the American college of
cardiology/American heart association task force on clinical practice guidelines. J. Am.
Coll. Cardiol. 71 (19), el127-e248. doi:10.1016/].JACC.2017.11.006

White, W. B. (2001). Cardiovascular risk and therapeutic intervention for the early
morning surge in blood pressure and heart rate. Blood Press. Monit. 6 (2), 63-72. doi:10.
1097/00126097-200104000-00001

WHO (2013). A global brief on hypertension | A global brief on Hypertension.
Available at: http://www.who.int/cardiovascular_diseases/publications/global_brief_
hypertension/en/index.html.

WHO (2016). Global NCD target reduce high blood pressure. Available at: http://
apps.who.int/iris/bitstream/10665/79059/1/WHO_DCO_WHD_2013.2_eng.pdf.

Wiles, J. D., Coleman, D. A., and Swaine, I. L. (2010). The effects of performing
isometric training at two exercise intensities in healthy young males. Eur. J. Appl.
Physiol. 108, 419-428. doi:10.1007/s00421-009-1025-6

Zhou, B., Carrillo-Larco, R. M., Danaei, G., et al. (2021). Worldwide trends in
hypertension prevalence and progress in treatment and control from 1990 to 2019: a
pooled analysis of 1201 population-representative studies with 104 million participants.
Lancet 398 (10304), 957-980. doi:10.1016/S0140-6736(21)01330-1

frontiersin.org


https://doi.org/10.1097/HJH.0000000000001192
https://doi.org/10.1016/s0895-7061(98)00137-x
https://doi.org/10.1111/JCH.14621
https://doi.org/10.1097/01.HJH.0000538974.96760.A3
https://doi.org/10.1080/00325481.2016.1147927
https://doi.org/10.1016/j.amjcard.2011.09.051
https://doi.org/10.1097/00004872-200406000-00011
https://doi.org/10.1007/s11886-021-01632-x
https://doi.org/10.1111/IMJ.13687
https://doi.org/10.1111/IMJ.13687
https://doi.org/10.1097/HJH.0b013e3282effed1
https://doi.org/10.1152/jappl.1985.58.2.492
https://doi.org/10.1249/00005768-198101000-00011
https://doi.org/10.1249/00005768-198101000-00011
https://doi.org/10.1161/01.HYP.0000158313.57142.3F
https://doi.org/10.1161/HYPERTENSIONAHA.110.157149
https://doi.org/10.1161/HYPERTENSIONAHA.110.157149
https://doi.org/10.3109/02813432.2011.628238
https://doi.org/10.31083/J.RCM2204134
https://doi.org/10.31083/J.RCM2204134
https://doi.org/10.1097/HJH.0000000000003480
https://doi.org/10.1089/jwh.2016.6249
https://doi.org/10.1089/jwh.2016.6249
https://doi.org/10.1161/JAHA.120.018487
https://doi.org/10.1016/J.REHAB.2017.02.006
https://doi.org/10.1038/s41371-019-0266-z
https://doi.org/10.1097/HJH.0000000000002105
https://doi.org/10.1097/HJH.0000000000002105
https://doi.org/10.1097/MBP.0000000000000222
https://doi.org/10.1093/ajh/hpx173
https://doi.org/10.1016/S0140-6736(23)00733-X
https://doi.org/10.1016/S0140-6736(23)00733-X
https://doi.org/10.1097/MBP.0b013e32835136fa
https://doi.org/10.1097/MBP.0b013e32835136fa
https://doi.org/10.1097/HJH.0000000000001922
https://doi.org/10.1023/A:1022364832488
https://randomizer.org/about/
https://doi.org/10.1161/HYPERTENSIONAHA.112.191858
https://doi.org/10.1161/HYPERTENSIONAHA.112.191858
https://doi.org/10.1001/jama.2017.18209
https://doi.org/10.1016/J.JACC.2017.11.006
https://doi.org/10.1097/00126097-200104000-00001
https://doi.org/10.1097/00126097-200104000-00001
http://www.who.int/cardiovascular_diseases/publications/global_brief_hypertension/en/index.html
http://www.who.int/cardiovascular_diseases/publications/global_brief_hypertension/en/index.html
http://apps.who.int/iris/bitstream/10665/79059/1/WHO_DCO_WHD_2013.2_eng.pdf
http://apps.who.int/iris/bitstream/10665/79059/1/WHO_DCO_WHD_2013.2_eng.pdf
https://doi.org/10.1007/s00421-009-1025-6
https://doi.org/10.1016/S0140-6736(21)01330-1
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2024.1405230

	Effects of a maintenance period on ambulatory blood pressure and morning blood pressure surge in young normotensives post i ...
	Introduction
	Materials and methods
	Participants

	Protocol
	Ambulatory blood pressure
	Morning blood pressure surge and average real variability calculations
	Isometric resistance training
	Statistical analysis
	Sample size

	Results
	Effects of IRT on ambulatory blood pressure, MBPS and ARV
	Effects of maintenance period on ambulatory blood pressure, ARV and MBPS
	Between group ambulatory blood pressure, MBPS and ARV analysis

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


