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Abstract

Prehypertension is a modifiable risk factor for cardiovascular disease observed to affect an
estimated 25-59% of global population and closely associated with body composition. With-
out appropriate interventions, one-third of individuals with prehypertension would develop
full-blown hypertension within 4 years. The existing exercise recommendations need substi-
tutes that appeal more yet accord similar or better outcomes in desire to halt this progres-
sion. This study evaluated the effect of Fixed 7.5-minute Moderate Intensity Exercise (F-
7.5m-MIE) bouts on Body Composition and Blood Pressure (BP) among sedentary adults
with prehypertension in Western-Kenya in a Randomized Control Trial (RCT) performed
throughout the day compared to the single-continuous 30-60-minute bouts performed 3to 5
times weekly. This RCT, with three arms of Experimental Group1 (EG1) performing the F-
7.5m-MIE bouts, Experimental Group 2 (EG2) performing current World Health Organiza-
tion (WHO) recommendation of >30-min bouts, and, control group (CG), was conducted
among 665 consenting pre-hypertensive sedentary adults enrolled from western Kenya.
EG1 and EG2 performed similar weekly cumulative minutes of moderate intensity exer-
cises. Adherence was determined using activity monitors and exercise logs. Data regarding
demographic characteristics, heart rate, BP, and anthropometric measures were collected
at baseline and 12" week follow-up. Data regarding univariate, bivariate and multivariate
(repeated measurements between and within groups) analysis were conducted using
STATA version 13 at 5% level of significance. The study revealed that males (92.1% in
EG1, 92% in EG2 and 96.3% in CG) and females (94.6% in EG1, 89.3% in EG2 and 95% in
CG) in the three arms completed the exercise at follow-up respectively. At 12" week follow-
up from all exercise groups, males’ and females’ measurements for waist-hip-ratio, waist-
height-ratio, systolic BP (SBP), heart rate and pulse pressure showed significant drops from
baseline, while diastolic BP (DBP) and body mass index (BMI) reported mixed results for
males and females from the various treatments. Both treatments demonstrated favourable
outcomes. However, differences in the change between baseline and endpoint yielded
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mixed outcomes (SBP; p<0.05 for both males and females, DBP; p<0.05 for males and
females, waist-height-ratio; p = 0.01 and <0.05 for males and females respectively, waist-
hip-ratio; P = 0.01 and >0.05 for males and females respectively, BMI; p>0.05 for both
males and females, heart rate; p<0.05 for males and females and pulse pressure; p = 0.01
and >0.05 for males and females respectively). The study design however could not test for
superiority. The study demonstrated that the F-7.5m- MIE treatment programme and the
WHO recommended 3-5 times weekly bouts of 30—60 minutes regime produced compara-
bly similar favourable outcomes in adherence and BP reductions with improved body
composition.

Trial registration: Trial registered with Pan African Clinical Trial Registry (www.pactr.
org): no. PACTR202107584701552. (S3 Text)

Introduction

Sedentary lifestyles has contributed to the recent increase in non-communicable diseases in
Kenya, causing a heavy health and economic burden [1]. Hypertension, the commonest car-
diovascular disease (CVD) affects 1 in 7 people globally, contributing the most mortality [2-4].
Traditionally defined as blood pressure (BP) >140/90, revised definition has included lower
values >130/80 [5]. A third (33%) of individuals with higher-normal BP develop hypertension
with age [6, 7]. Identifying at-higher-risk individuals early and intervening before full-blown
disease is critical [6-8]. Prehypertension, the pre-disease state, is defined as systolic BP (SBP)
>120-139 and/or diastolic BP (DBP) >80-89 in individuals aged 18 years and above on >2
consecutive measurements. Although recently the term “elevated” BP (SBP 120-129 and DBP
<80 mmHg) was proposed, these proposals are not yet adopted in Kenya [5-7, 9, 10] and liter-
ature based on this new definition lacks. Prehypertension affects 25-59% of the global popula-
tion [6, 9]. Independently, it is a modifiable risk factor for CVD.

At 26% prevalence in sub-Saharan Africa (SSA), hypertension burden and relationship to
CVD is a growing concern [11]. In 2018, 25% of Kenyans had hypertension, highlighting
extent of the burden locally [4, 12]. The prevalence of prehypertension in SSA ranges from 21-
33% [3, 11] and was 47% (51% for males; 46% for females) in Kenya in 2018 [4], higher than
neighbouring Uganda (33%; 42% for males, 29% for females) [13]. Prevalence peaks at 69
years, dropping thereafter coinciding with increasing hypertension prevalence as individuals
transition to full-blown hypertension [4, 7]. Without interventions, 20-33% of individuals
with prehypertension develop hypertension within 4 years especially if they have higher DBP
before age 50, and the risk doubles at BP ranges 130-139/85-89 mmHg as opposed to 120-129/
80-84 mmHg [6, 14, 15].

Pre-hypertension also poses direct risk to CVD by associating with chronic cardiac and vas-
cular changes like arterial stiffness and decreasing intima-media thickness, left ventricular
hypertrophy, coronary heart disease, chronic kidney disease and end-stage-renal-disease [7,
16, 17]. Modifiable factors such as smoking, being sedentary, obesity, dyslipidaemia, and die-
tary issues are associated with development of prehypertension, although it is unclear how
these factors contribute in progression from prehypertension to hypertension [6, 13, 18].
Waist-Hip ratio (WHR), body mass index (BMI) and weight-height ratio (WHtR) have all
been linked with development of prehypertension and full-blown hypertensive disease for all
ages [19-22].

The cost of screening and treating a hypertensive individual in Kenya is USD 178 monthly
[23]. This is worrying in an economy where while 25% are hypertensive and therefore likely to
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spend heavily on treatment, 36% of them live on <1 USD a day [23, 24]. Currently, first line
management of prehypertension is lifestyle change targeting modifiable factors as opposed to
pharmacologic interventions, unless there is concurrent diabetes, kidney, or cardiac disease [4,
9]. Evidence supporting pharmacological intervention is inconclusive [25]. Exercise indepen-
dently lowers BP in both hypertensive and non-hypertensive individuals [10, 26, 27]. Aerobic
exercise in younger individuals or those with prehypertension not only lowers BP but also mit-
igates occurrence of full blown hypertensive disease even independently of dietary adjustment
and weight loss interventions. Further, it has better results in all forms of hypertension where
drug-therapy has failed [7, 9, 28, 29].

The search for a feasible way to prevent transition of prehypertension to hypertension
therefore is necessary. We recently found that moderate-intensity exercise regimes involving
bouts of <10 minutes but whose cumulative weekly time equals current World Health Organi-
zation (WHO) recommendations of 150 minutes has higher appeal and, yet, confer apprecia-
ble health benefits on sedentary normotensive individuals aged >50 years [30-32]. Existing
guidelines of moderate intensity exercise for adults have traditionally been achieved by per-
forming 30-60 minute bouts of exercise for 3-5 days weekly, and, for hypertension, there is
advocacy to do this daily [27, 32, 33]. Despite our recent findings on beneficial health out-
comes of shorter bouts, [30, 31], it is unclear if these benefits would translate similarly for sed-
entary individuals with prehypertension. Longer regimes of >30 minutes in 3-5 days weekly
as currently recommended are beneficial but lack appeal [27, 34]. Studies on optional regimes
are scanty, with pockets of emerging literature showing accumulating short exercise bouts may
impact BP. Emerging knowledge points that accumulating running time of 30 minutes daily,
in frequent short bouts of >10 minutes lowers SBP in non-hypertensive individuals in 24
hours to a few days [35]. This, however, not only remains inconclusive, but evidence/literature
on longer term effect of short-bouts on BP is lacking. Further, evidence on effect of short-
intermittent exercise on DBP is minimal, but in a study using 10-minutes-walking exercise
tests reduced SBP but not DBP [36]. We are not aware of any randomized-controlled trial that
has examined the effect of sub-10 minutes’ moderate intensity exercise on sedentary individu-
als with prehypertension, a neglected subpopulation.

The current work tested for equally or more appealing exercise regimes amongst individu-
als with prehypertension as a way to control their BP. We evaluated adherence to and BP bene-
fits of cumulative fixed bouts of 7.5-minutes’ moderate intensity exercises (F-7.5m-MIE)
performed throughout the day compared to the single-continuous 30-60 minute bouts among
sedentary adults with prehypertension.

Methods

Ethics statement

This work was approved by Moi Teaching and Referral Hospital (MTRH) / Moi University
Institutional Research Ethics Committee on 17" March 2020 (approval no. 0003551) (S1
Text), received national licensure on 15t May 2020 (NACOSTI/P/20/4938) (S2 Text), and
availed a physician throughout implementation phase to handle any adverse events. Following
explanation of the objectives and procedures of the study, subjects were medically screened
and gave written consent to participate in the study.

Design

This was a randomized controlled field trial amongst residents from western region of Kenya
where >80% are sedentary [37]. This followed an improved adherence and appreciable body
composition and cardio-metabolic finding in an older cohort [38].
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Trial registration

The authors confirm that all ongoing and related trials for this intervention are registered.
This trial was retrospectively registered with Pan African Clinical Trial Registry (www.pactr.
org) (no. PACTR202107584701552) (S3 Text). The investigators earlier felt that being a behav-
ioral as opposed to substance/drug trial, registration would not have been necessary. Upon
learning that it met the WHO definition of a clinical trial being a prospective study that
assigned participants to behavioural interventions and measuring associated effects, and with
the trial already done, retrospective registration became necessary and letter S4 Text was
obtained.

Study population and sampling

We studied 665 sedentary adults who had prehypertension (>18 (range 18-79) years; weekly
metabolic equivalent minutes (MET-minutes) <600; SBP >120-139 mmHg and/or DBP
>80-89 mmHg) following a local print advertisement. For motivation, screened volunteers
received a full physical examination. The study had 3 arms each comprising males and females.
ANOVA sample computation using expected DBP means of 72.9+1.4 mmHg for participants
performing our trial regime (described below) and 72.2+1.8 mmHg for those on the traditional
regime as found in our previous data [39], and, 82 mmHg for the non-interventional group
expected to maintain baseline values at end point, and, further, a considered drop out esti-
mated at 25% yielded 750 participants. For this computation and using our quoted previous
data, DBP gave larger sample than using SBP. We did individual-level randomization for each
sex into trial (F-7.5m-MIE) arm EG1, current standard WHO recommendation (30-60 min
bouts) arm EG2, and the non-intervention group CG (no guidelines exist for prehypertension
care). After signing an informed consent, participants picked sealed envelopes they personally
shuffled, randomly grouping themselves. Thereafter, each was explained to what their regime
entailed. The associated progress from recruitment of participants and through all phases for
the follow-up period is shown in the flow chart in Fig 1.

Protocol description

EGI participants performed 3 bouts of F-7.5m-MIE each daily, their weekly cumulative exer-
cise time reaching 150 minutes. Correspondingly, EG2 participants performed current recom-
mendation of 30-60 minutes’ sessions for 3-5 days weekly, similarly yielding 150 minutes. The
prescribed home-based moderate intensity exercises (jogging and related activities as per
WHO guidelines) were such that they raised heart rate (HR) to 50-70% of participant’s maxi-
mal expected HR (220 —(minus) age in years, or where one could talk while performing but
not sing) [33]. This was performed for 12 weeks. Participants wore activity monitors (Vivoac-
tive 4 Garmin smart watches, Garmin International Inc 1200 East 51% Street, Olathe, Kansas,
66062 USA) on select days but additionally kept exercise logs analysed for adherence and qual-
ity control weekly, and, additionally, for data safety and monitoring board reporting and
assessments, and for discontinuation and/or medical referral if indicated. Phone calls and text
reminders for exercise performance follow-up were done weekly to ensure observance of pre-
scriptions thus reducing attrition and cross-over effects of adopting non-prescribed exercise
regimes. Participants meeting 150 minutes of exercise weekly and whose BP dropped or, at
worst, remained in prehypertension ranges were retained in the follow-up. Those whose BP
rose to hypertensive levels were reviewed by study physician and referred for pharmacother-
apy. The CG continued normal lifestyles but were similarly followed up for BP measurements
alongside intervention arms after 12 weeks.
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Consort Flow Chart

Accessed for eligibility n= 1584

(695 Males; 889 Females)

Excluded: n=919

T 1. Not meeting inclusion criterion n=401
males; 517 females
2. Declined participation n=0 males; 1 Female

Total recruited n= 665
(males n =294 and
females n=371)

Randomization at individual level

\4

y— ~%
Allocated to trial (F-7.5m- Allocated to current standard Not allocated to any
MIE) arm EG1 n= 101 males; 30-60m- MIE bouts arm EG2 intervention (Control) n=
130 females n= 112 males; 140 females 81 males; 101 females
Lost to follow-up / discontinued Lost to follow-up / discontinued Lost to follow-up n=3
for non-adherence n= 8 males; for non-adherénce n=9 males; sidlesssis ferdles
7 females 15 females
y
Included for analysis n= Included for analysis n= Included for analysis n=
93 males; 123 females 103 males; 125 females 78 males; 96 females

Fig 1. Participants recruitment and follow up.

https://doi.org/10.1371/journal.pgph.0000806.9001

Data collection

The first participant in the current trial was recruited on 31*" August 2020 and the follow-up
for the last participant ended on 21* January 2021. Baseline data collected included bio-demo-
graphic characteristics, exercise patterns and HR and BP recordings (described below) using
Omron M2 Basic (HEM-7120-E) automatic BP monitor (Omron Healthcare Co. Ltd, Kyoto,
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Japan). We also measured weight using a mechanical scale (CAMRY, BR9012, Shanghai,
China), height, and hip and waist circumferences using a tape measure (also described below).
The HR, BP, weight, hip and weight circumferences were repeated after 12 weeks.

Measures

The Omrom M2 BP monitor described was used for HR and BP measurements. For both,
measurements were taken as the average of two recordings done 2 minutes apart with partici-
pants awake and in a sitting position, and at rest. The cuff was held at the mid-upper arm and
at level with the heart, and a normalization measurement that was discarded initially done to
test the cuff and allay anxiety for the participant. The next two recorded measurements were
adopted as per guidelines provided by American Heart Association [40]. From their average,
we got the HR and BP measurements used for this study. Body composition measurements
were taken in centimetres with participants upright standing, with feet positioned close
together and arms at the side as provided in the criterion defined by WHO [41]. Specifically,
height was taken with participants without shoes and facing straight ahead. This was done
from the highest point of the head to the plantar of the foot. Where they had to have shoes, the
shoe-sole width was subtracted from final height. For waist circumferences, the tape was run
in direct contact to skin at the umbilicus level or point that yielded the least circumference.
The widest portion of the buttocks was used for hip circumference. Weight was measured in
kilograms with participants on light clothing and without shoes. The WHtR and WHR were
computed through dividing the waist circumference by the height and by the hip circumfer-
ences respectively. The BMI was computed by dividing the weight in kilograms with the height
in metres squared. The pulse pressure (PP) was gotten as the difference between SBP and DBP.

Analysis

Data were analysed using STATA v.13 at univariate (means and standard deviations) for base-
line and week 12, and bivariate level (t-tests; ANOVA) comparing data between groups. Multi-
variate analysis (mixed type MANOVA; RM ANOVA) comparing data between and within
groups (repeated measurements) was also performed. For effect sizes, Cohen’s “d” was com-
puted between groups. A P value of <0.05 signified a difference in BP between and within
groups.

Results

Male (n = 294) and female (n = 371) participants had mean age of 35.3+12.2 and 34.4+11.8
years respectively. For the males, 39% and 50% had highest level of education as secondary and
tertiary respectively. For the females, this was 42% and 35% respectively. For the males and
females respectively, 38.7% and 20.6% were in formal employment, 35.3% and 49.6% were in
business or farming, and 25.7% and 21.4% were still in college while 8.5% of the females were
housewives.

For the males and females respectively, 97.3% (n = 294) and 94.9% (n = 371) had mean SBP
>120 mmHg (129.9+5.4 mmHg and 128.7+4.9 mmHg) at baseline, and 83.7% of the males
(n = 294) and 83% of the females (n = 371) had DBP >80 mmHg (84.0+3.4 mmHg and 84.1
+3.3 mmHg respectively). Analysis of variance showed SBP at baseline was not different
among males and females allocated into the different exercise regimes (p = 0.48 and p = 0.40
respectively). Similarly, DBP was not different for the males and females in the different
regimes at baseline (p = 0.90 and p = 0.88 respectively). Among the males, BMI, WHR, WHIR,
PP and HR means were 24.2+3.8, 0.92+0.08, 0.49+0.07, 98.3+4.0 and 74.1+9.6 beats per min-
ute (bpm) respectively. For the females, the same, respectively, were 25.6+4.7, 0.91+0.08, 0.52
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Table 1. Baseline bio-demographic characteristics of the participants.

M.EGI (n = 101)

Age (years) 35.8+12.8
WHtR 0.49+0.06
WHR 0.92+0.08
BMI (Kg/M?) 23.8+3.4
SBP (mmHg) 129.5+6.1
DBP (mmHg) 82.5£5.1
Pulse Pressure 98.1+4.4
Pulse rate (b/m) 75.249.2

M.EG2 (n=112) M.CG (n = 81) F.EG1 (n = 130) F.EG2 (n = 140) F.CG (n=101)
34.5+11.9 35.7+12.2 35.0+12.8 34.1£11.3 34.2+11.1
0.49+0.06 0.510.07 0.53+0.08 0.53+0.08 0.52+0.07
0.93+0.09 0.92:+0.06 0.900.08 0.90:£0.09 0.92+0.07
242438 24.8+4.22 26.2+4.9 25.9+4.8 24.5+4.3
130.045.7 129.0+5.4 128.6+5.8 127.845.7 127.6+5.6
82.7+4.7 82.7+3.8 82.8+5.0 82.5+4.9 82.5+4.3
98.5:+4.2 98.1+3.2 98.0:+4.2 97.6+3.9 97.5+3.4
73.1+10.0 74.249.5 77.5+11.4 77.049.2 77.5411.9

Data presented as mean+SD. WHtR: Waist-Height ratio, WHR: Waist Hip Ratio, SBP: systolic blood pressure, DBP: diastolic blood pressure, mmHg: millimetres of
mercury, b/m: beats per minute, Groups: M_EGI: short bouts, male; M_EG2: long bouts, male; M_CG: no intervention males; F_EG1: short bouts, female; F_EG2: long

bouts, female; F_CG: no intervention females.

https://doi.org/10.1371/journal.pgph.0000806.t001

+0.08, 97.8+3.89 and 77.3£10.7. Baseline demographic characteristics based on randomised
groups are presented in Table 1.

For the follow-up period, activity data were similar for the two interventional groups with
cumulative exercise minutes 155.6+2.9 versus 154.5+3.2 minutes (M_EG1 and M _EG2 respec-
tively) for the males (p = 0.1). Similarly, among the females, it was 154.6+3.1 versus 154.7+3.1
minutes for F EG1 and F EG2 respectively (p = 0.70). For the overall adherence, 92.9% of the
participants completed the 12 weeks follow-up with 92.1% in M_EG1, 92% in M_EG2 and
96.3% in M_CG for the male groups and 94.6% in F EG1, 89.3% in F EG2 and 95% in F_CG for
the female groups.

After 12 weeks adherence to prescribed exercises for all groups (M_EG1 n = 93, M. EG2
n=103, M.CGn =78, FEG]l n =123, FEG2 n = 125, F.CG n = 96), there were varied effects
on the cardiovascular and body composition measurements as shown in Table 2.

Regression models for differences in the change between baseline and endpoint for the vari-
ous groups all for males and females respectively showed that SBP (p<0.001; F = 31.39 and
p<0.001; F = 41.90), DBP (p<0.001; F = 18.44 and p<0.001; F = 34.45), WH{R (p = 0.18;
F=1.78and p=0.69; F =0.16), WHR (p = 0.01; F = 6.83 and p = 0.44; F = 0.60), BMI
(p=0.28; F=1.16 and p = 0.45; F = 0.58), HR (p<0.001; F = 9.42 and p<0.001; F = 10.72) and
PP (p=0.01; F =6.47 and p = 0.11; F = 2.56) all yielded mixed outcomes.

At baseline, more participants had higher values for various cardiovascular and body com-
position than observed at endpoint. Fig 2 shows the percentage dropping to respective vari-
ables’ cut-offs after the 12 weeks follow-up. It is noteworthy that the mean values changed as
shown in Table 2 even where percentage drop of participants to below cut-offs for the various
variables was marginal. The change difference for the two interventional groups were also
minimal, with Cohen’s d for effect sizes for the various variables between baseline and week 12
for males and females respectively being: WHIR (0.02 and 0.2), WHR (0.1 and 0.3), BMI (0.04
and 0.2), SBP (0.2 and 0.01), DBP (0.03 and 0.1), HR (0.1 and 0.2) and pulse (0.05 and 0.1).

Discussion

All the 665 participants of the current study had prehypertension at baseline, and were seden-
tary as per the WHO global physical activity questionnaire. The fact that majority had at least
secondary level education made it easier to communicate what having prehypertension meant,
the importance of exercise interventions, the prescribed exercise instructions, and how to
monitor exercise activity. Similarly, the participants were predominantly young adults which
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Table 2. Cardiovascular and body composition measurements between weeks 0 and 12.

Variable Group Week 0 Week 12 Mean A (wk12-wk0) P value (A from wk 0)
Male
WHtR M_EGI 0.49+0.06 0.48+0.06 -0.01+0.02 0.00
M_EG2 0.48+0.06 0.48+0.06 -0.01+0.02 0.00
M_CG 0.51+0.07 0.51+0.07 0.00£0.02 0.82
WHR M_EGI 0.92+0.08 0.90+0.08 -0.01+0.03 0.00
M_EG2 0.93+0.09 0.91+0.12 -0.02+0.1 0.00
M_CG 0.92+0.06 0.93%0.06 0.01£0.05 0.06
BMI (Kg/MZ) M_EGI 24.1£3.4 23.7+3.4 -0.4+0.7 0.41
M_EG2 24.0£3.8 23.5+3.6 -0.5+0.7 0.99
M_CG 24.613.7 24.7+3.7 0.1£0.5 0.00
SBP (mmHg) M_EGI 129.7+6.1 123.1+£9.2 -6.618.0 0.00
M_EG2 129.945.6 121.9+9.5 -8.0+8.3 0.00
M_CG 129.3+5.1 129.9+5.7 0.6+6.1 0.08
DBP (mmHg) M_EGI 82.3+£5.1 77.0£5.5 -5.31£6.8 0.04
M_EG2 82.6+4.5 77.5£5.9 -5.1+6.5 0.01
M_CG 82.6+£3.8 81.7+5.4 -0.9+5.7 0.31
Pulse M_EGI 98.1+4.4 92.4%6.1 -5.7+6.7 0.70
Pressure M_EG2 98.414.1 92.3+6.4 -6.1+6.1 0.79
M_CG 98.213.2 97.8+4.5 -0.4+4.8 0.97
Pulse (b/m) M_EGI 75.1£9.1 72.2+7.3 -2.9+6.4 0.00
M_EG2 72.7£9.9 70.1£7.9 -2.616.1 0.00
M_CG 73.819.4 75.1£16.6 1.2+12.6 0.00
Female
WHtR F_EGI1 0.53+0.08 0.52+0.07 -0.01+£0.02 0.00
F_EG2 0.52+0.08 0.52+0.07 -0.01+0.02 0.00
F_CG 0.51£0.07 0.51+£0.07 0.00+0.03 0.00
WHR F_EGI1 0.91+0.08 0.9+£0.08 -0.02+0.04 0.00
F_EG2 0.9£0.09 0.88+0.08 -0.02+0.03 0.00
F_CG 0.92+0.07 0.91+0.11 -0.01+0.1 0.04
BMI (Kg/Mz) F_EGI1 26.3+4.9 25.7+4.6 -0.6+0.9 0.01
F_EG2 25.5+4.5 25.1+4.0 -0.5+1.2 0.06
F_CG 25.5%+4.1 24.8+4.1 0.3£0.7 0.92
SBP (mmHg) F_EGI1 128.6+5.7 121.3+8.4 -7.316.5 0.00
F_EG2 127.74£5.7 120.5+7.5 -7.217.5 0.01
F_CG 127.7£5.4 127.0+7.7 -0.7+6.9 0.00
DBP (mmHg) F_EGI1 82.9+4.8 77.4£5.5 -5.5+5.9 0.12
F_EG2 82.5+4.8 77.4+6.0 -5.1£6.1 0.01
F_CG 82.4+4.3 82.1£5.9 -0.3£6.5 0.26
Pulse F_EGI1 98.1+4.2 92.0£5.6 -6.1£5.3 0.16
Pressure F_EG2 97.6£3.9 91.8+5.6 -5.845.6 0.48
F_CG 97.5£3.5 97.1+5.7 -0.4+5.9 0.35
Pulse (b/m) F_EGI1 77.4£11.0 73.3£8.5 -4.0+6.4 0.00
F_EG2 77.1£9.4 74.1£7.7 -3.0+5.2 0.00
F_CG 77.0£11.0 75.849.3 -1.2+7.3 0.00

WHIR: Waist-Height Ratio; WHR: Waist-Hip Ratio; BMI: Body Mass Index; Kg/M*: Kilogram per metre squared; SBP: Systolic Blood Pressure; DBP: Diastolic Blood
Pressure; mmHg: millimetres of mercury; b/m: beats per minute. M_EG: Male Experimental Group; F_EG: Female Experimental Group; CG: Control Group. All values
are Means+SD. P<0.05: significant difference in mean change between the two regimes.

https://doi.org/10.1371/journal.pgph.0000806.t002
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Fig 2. Percentage attaining recommended cut-offs after 12 weeks.
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allowed ease in exercise participation. However, almost all participants were in formal employ-
ment, in business or still in college and therefore had to purposely make time to follow their
respective exercise prescriptions.

After the 12 weeks follow-up, those retained in the intervention groups had similar cumula-
tive exercise time when groups per sex were compared. This allowed comparisons of the vari-
ous variables yielded. Among the males from the two interventional groups, adherence rates
were similar while females on shorter bouts of exercise had a 5-percentage-points higher
adherence compared to those in the longer bouts’ group. Previous work on similar exercise
regimes from the same setting have equally shown higher adherence in both males and females
performing shorter bouts in an older population, suggesting that such regimes may be more
appealing [30]. The current study equally suggests that across all adult ages, adoption of shorter
exercise bouts may improve exercise adherence since individuals maintaining their exercise
prescriptions matched those performing the WHO standard exercise regimes. Where individ-
uals have prehypertension like in the current study, this may yield more benefits in control of
their BP.

At the end of 12 weeks for body composition measurements, there was a significant reduc-
tion in both WHtR and WHR in the two experimental groups for both sexes compared to the
baseline. The manner of this reduction was similar for the two regimes when compared
between themselves and with the control group. To provide for body fuel during the pre-
scribed exercises, the body mainly breaks down fatty stores. When these fats are in the
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abdominal region, and coupled with fact that height minimally changes over such a short fol-
low-up period, and, further, that the hip region is mainly muscular as opposed to fatty tissue,
the breakdown of the waist-region fats from the two interventions lowered these ratios. For
BMI among males, recorded reduction was insignificant for both interventional groups but
noteworthy was that the control group had a significant increase. Females in the short-bouts
arm had a reduction in their BMI but the changes in the longer bouts and the control groups
were insignificant. It is likely that the 12 weeks follow-up period could not allow clear and
appreciable changes as weight reduction which affects BMI has been shown to be slower than
other anthropometric measurements such as waist circumference change that affects WHR
and WHIR, explaining the differences observed in these measures [42]. We previously
observed positive changes in body composition from the same setting on healthy-sedentary
individuals by use of comparable exercise regimes [31]. Elsewhere, similar follow-up periods
for accumulated shorter bouts of exercise have yielded favourable body compositions [43, 44],
although they were not specific for individuals with prehypertension.

There were mixed outcomes regarding cardiovascular effects of the 12 weeks’ exercise inter-
ventions. For both males and females, there was significant reduction in SBP for both experi-
mental groups but not for the control. The manner of this reduction was similar for both
regimes. The DBP also dropped in both regimes for the males and in the longer bouts for the
female, and there was no change in the control group. There was a reduction of the resting HR
by 3 to 4 BPM for the females and 2.5 to 3 BPM for males in all regimes, with no difference
inter-regimes. For males and females, the 12 weeks follow-up reduced PP by 6 mmHg for both
exercise regimes, although the difference was not significant. While these show that the pre-
scribed exercises improved these cardiovascular measures, probably a longer follow-up is nec-
essary to reduce this further. Still, the absolute PP reduction alludes to the narrowing of the
pressure difference between SBP and DBP, which is an independent risk factor for cardiovas-
cular disease related to stiffening of blood vessels [45]. In this study, short bouts of aerobic
exercises reduced this stiffening in a similar manner to the currently prescribed bouts. A recent
meta-analysis showed that there was no difference between accumulated shorter bouts and the
traditionally longer-continuous bouts of exercise in BP modulation in the general population
[46]. The present work shows similar benefits among a sub-population with prehypertension.

When the mean change in value of the various variables between baseline and endpoint was
modelled for difference between regimes, there were significant differences observed between
the two interventional groups on the one hand and the control group on the other. For SBP,
DBP and HR, all had differences in mean change between the two interventional groups for
both sexes. For WHR and PP, there a difference between the short and the long bouts among
the males only. In both males and females, there was no observable difference between the two
regimes for BMI and WHtR mean change. When we considered the effect sizes in the differ-
ences between the two regimes, computed Cohen’s “d” seemed to suggest that variances were
negligible since the effects sizes were mostly below 0.2. Considering the outcomes, the two
interventional regimes were largely similar showing that the trial regime was comparable to
the existing WHO standard for moderate intensity exercises as currently recommended. The
mechanisms in body composition and cardiovascular measurements change following an F-
7.5m-MIE is somewhat same as that in the longer regime. Previous studies from our set up
and elsewhere have shown that shorter prescribed bouts could actually yield better outcomes
on body composition and cardiovascular measures [30, 31, 39, 47], which differences, although
apparent but minimal in the current work, could not be pursued further for direction because
our design could not support testing for superiority.

The percentage drop for WHR means >0.9 and >0.85 for males and females respectively
was higher for short and long bouts for males and females respectively, but these differences
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were marginal. A similar mixed picture was observed for WHtR >0.5 and also for BMI but
here, the longer regime appeared superior in the percentage drop in both categories for both
males and females. These observations are replicated from an older population in the same set
up [31], but one who although sedentary were not prehypertensive. We were unable to find
any studies that have looked at effect of such short exercise regimes on similar cardiovascular
and body composition variables as ours, and the current attempt is the first we are aware of.
Still, probably a longer follow-up would illuminate these differences better, and, additionally,
reduce those remaining with prehypertensive BPs or with body composition measurements
above their respective cut-offs by an even larger proportion for both sexes and regimes. Of
importance is that even with these mixed results, all variables had mean values drop between
baseline and endpoint, suggesting similar value in the two experimental regimes. Evidence
from previous studies on the effect of short and long bouts of exercises on body composition is
inconclusive. While Alizadeh et al. [48] showed significant reduction in BMI and weight
among females on shorter bouts of exercises compared to the long bouts of exercises, other
studies [49-51] found both intermittent short bouts and continuous exercise programs to be
effective in weight loss and improving body composition with no significant difference
between the programs. On the contrary, a study involving middle aged obese women [52]
showed that long bouts exercise are superior in the reduction of BMI, weight and fat mass.
Further, Chung et al. [52] concluded that multiple short bout exercises are better than pro-
longed exercise when the goal is to reduce waist circumference. However, a meta-analysis on
the effects of continuous compared to accumulated exercise on health showed no statistical dif-
ferences between short and long exercise for any anthropometric or body composition out-
come except body weight [46]. Further studies on the long term effect of short bouts exercises
on body composition are recommended.

In the current study, both the short and the long exercise regimes had at least an 8 percent-
age drop in males who, separately, had SBP >120 and DBP >80 mmHg at baseline. Among
the females, the percentage drop was higher among the long bouts’ group than in the shorter
for SBP, but similar at 8.5% for DBP. This underscores the similarity in effect for the two exer-
cise regimes among individuals needing to regulate their BPs. While the two regimes had simi-
lar percentage drops for SBP and DBP in males and also DBP in females, it was unclear from
the current study why this differed in SBP for the females. While we are not aware of any study
that has looked at effect of aerobic exercises among individuals with prehypertension that
lasted a similar period, one study has found regular moderate-intensity exercises lasting 10
minutes per session have yielded BP reductions of up to 5 mmHg [35]. High intensity exercises
performed for a period slightly longer than in the current study have shown SBP and DBP
decreases by about 8.7 mmHg and 5.4 mmHg respectively, similar to values in our current
moderate-intensity study [53]. This is further supported by a systematic review and meta-anal-
ysis of randomized trials that showed comparable BP changes between high and moderate
intensity individuals with pre- to established hypertension [54]. Given that in BP control
adherence to prescriptions of moderate intensity exercises is higher than that for high intensity
exercises [55], and, further, now that shorter regimes of moderate intensity exercises are com-
parable to the longer regimes of similar intensity in adherence, then prescriptions of shorter-
bouts moderate intensity exercises here demonstrated as similarly beneficial in BP modulation
for individuals with prehypertension become an important intervention for this sub-
population.

Given that the drop-outs in each arm were less than 30% as the set criterion for follow-ups
exceeding 4 weeks [56], and, further, the drop in SBP exceeding 7 mmHg in 12 weeks for the
two interventional groups as has been shown elsewhere using higher intensities and for longer
periods [53], and this a significant drop when compared with the control group, we consider
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the current study a success. It demonstrates that F-7.5m-MIE performed thrice daily and
whose cumulative exercise time reaches the 150 minutes mark as currently advocated for by
WHO to be achieved in bouts of 30-60 minutes is equally beneficial among individuals with
prehypertension. Exercise prescriptions involving shorter regimes which could be more
appealing for some could play a crucial role in prevention of full-blown hypertension for indi-
viduals who have prehypertension. The shorter bouts in the current study had an insignif-
icantly higher adherence rate but probably in a longer follow-up as demonstrated in our
previous studies using normotensive individuals [31] or in a cross-over design, this would dif-
fer more significantly and/or shed more light. With the shorter bouts easier to implement,
adhere to and yiedling similar cardiovascular disease protection as the longer regimes in
sedentery individuals who have prehypertension, they should be considered in quest to reduce
progression of prehypertension to hypertension, and, thus, providing more feasibe options
that positively impact outcomes associated with exercise prescriptions practice. The current
study therefore offers an additional yet equally appealing exercise regime that individuals with
prehypertension could chose from and adopt in mitigating progression to full-blown hypeten-
sive states.

Limitations

Blinding of participants was impossible in the study and as such, interventional group partici-
pants may have had peer interactions that affected adherence, and likely also influenced the
control group. Dietary records, smoking and use of non-medical drugs/stimulants, known
confounders of BP and body compositions were not controlled for. Additionally, activity mon-
itors were limited for the 665 participants and therefore not available for everyone throughout
the follow-up period, with the control group completely missing out. These limitations may
have affected the quality of our data and this may affect the generalisability of the current
results.

Conclusion

In sedentary individuals with prehypertension, F-7.5m-MIE performed over 12 weeks reduce
BP and improve body composition to a similar magnitude as do the traditional longer bouts
that last 30-60 minutes as currently recommended by WHO. The high adherence to this
shorter bouts’ regime offer additional prescriptive options that could be used for individuals
who are sedentary and have prehypertension.
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