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Background and purpose: Despite all efforts to treat hypertension, it is still responsible for 10.8 million deaths
annually. The aim of this study was to compare the effects of continuous moderate-intensity training, strength
training combined with continuous moderate-intensity training and strength training combined with high-
o intensity interval training in adults with high blood pressure.
Concurrent training . .
MICT Methods: A 12-week randomized control trial was performed. A total of 100 volunteers, 51 women and 49 men
HITT with hypertension participated. The sample was randomly assigned into three intervention groups and one
control group.
Results: All intervention groups significantly improved their hemodynamic parameters, body composition, lipid
profile, glucose, and physical fitness as compared to the control group. Both combined training groups showed
greater improvements than the moderate-intensity continuous training group. However, the strength group
combined with the moderate-intensity continuous group showed the greatest benefits in systolic, diastolic and
mean arterial pressure, of —13.4 mmHg, —6.8 mmHg and —8.9 mmHg respectively, abdominal circumference,
upper and lower limb strength and VO:zpeak, versus the continuous moderate-intensity group; it also achieved
greater reductions in systolic and mean blood pressure, up to —6.8 mmHg and 4.3 mmHg respectively, than the
strength group combined with the high intensity interval group.
Conclusion: Performing a strength training program combined with continuous moderate intensity training, 2
days per week for 12 weeks, produces significant improvements in cardiometabolic biomarkers, body compo-
sition, and physical condition of adults with hypertension, with these adaptations being superior to those pro-
duced by continuous moderate-intensity training and strength training combined with high-intensity intervallic
training.

1. Introduction an optimal control is below 130 mmHg and 85 mmHg respectively [3].

An active lifestyle is essential to address this disorder, as exercise acts

Hypertension is a chronic, virtually asymptomatic disorder that de-
teriorates the quality of blood vessels and can lead to target organ
damage if not diagnosed early and properly controlled. It remains the
most prevalent modifiable risk factor worldwide, and is responsible for
more than 10 million deaths per year from cardiovascular disease [1,2].
In this sense, hypertension is considered at 140 mmHg systolic blood
pressure (SBP) and 90 mmHg diastolic blood pressure (DBP); although

as a drug that can prevent and treat many non-communicable diseases,
including hypertension [4,5]. Moderate-intensity continuous training
(MICT) is a priority for this population, according to the main clinical
guidelines in cardiology and hypertension, with a minimum of 3 day-
s/week and with a volume of 150-300 min/week at moderate intensity
or 75-150 min/week at vigorous intensity [6-8], to achieve reductions
in SBP from —4.9 to —12 mmHg and DBP from —3.4 to —5.8 mmHg [8,
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9]. Furthermore, the inclusion of strength training at least 2 days/week
is recommended to benefit from the health improvements provided by
this modality [10], including reductions in SBP from —3.0 to —4.7
mmHg and DBP from —3.2 to —3.8 mmHg [6,7]; Some of these guide-
lines also specify a total of 8-10 exercises per session involving large
muscle groups and performing 8-12 repetitions per exercise [8]. These
exercise guidelines do not include strength training combined with
MICT in the same training session. However, different scientific publi-
cations have shown significant improvements in SBP and DBP levels
with these training modalities [11-15]; Nevertheless, despite the ben-
efits of combined training, further research is needed to establish
dose-response relationships [16,17]. Another training modality that has
also been shown to improve blood pressure levels is high-intensity in-
terval training (HIIT) [18-21]. Recently, this training modality, because
of its time efficiency and the growing evidence available, has been
proposed as an alternative to MICT [18-20]. While this modality alone
has shown similar improvements in blood pressure levels [19,20,22],
even higher in diurnal SBP or vascular function than MICT for the
control of hypertension, according to recent meta-analyses [18-22],
little research has combined strength work with HIIT in this population
group [23,24], even though this tool may provide greater car-
diometabolic health benefits.

On the other hand, the programming of training is a complicated
task, and even more so when it comes to programming the degree of
effort for strength improvement. In the literature that can be found on
strength training and hypertension, strength has been assessed by per-
forming 1RM (one-repetition maximum) tests, a method considered the
gold standard, but which involves an excessive, inaccurate and even
harmful effort [25,26]; and for the volume of work, a fixed number of
repetitions has been determined for all participants, resulting in a
different degree of effort for each of them, as has been shown in previous
work [25-27]. Until recently, it was difficult to truly know the relative
intensity at which one was working, and thus the intensity at which a
certain effect was produced. This was solved when the speed of execu-
tion emerged, a tool that represents a paradigm shift in the field of
training by providing accurate information on the programmed load and
the effects produced by it [28-30]. Currently, a large number of studies

Complementary Therapies in Clinical Practice 59 (2025) 101960

can be found with different population groups, in which the speed of
execution has been used for the dosage of the training load; young men
[29], multiple sclerosis patients [31], older women [32], or cancer
survivors [33]. However, there are no contributions from the measure-
ment of movement velocity in cardiovascular pathology, and more
specifically in hypertension. One of the main problems with previous
works is the lack of rigor in training programming; intensity and volume
were not measured as accurately as possible, and it is therefore not
possible to know whether the participants underwent the same amount
of training, with the same relative intensity and the same degree of
fatigue.

Therefore, the aim of the present study was to compare the effects of
different individualized training programs: continuous moderate-
intensity training, strength training combined with continuous
moderate-intensity training, and strength training combined with high-
intensity interval training, in adults with arterial hypertension.

2. Methodology
2.1. Study design

A randomized controlled clinical trial with several simultaneous
study branches was conducted; the study was single-blind, longitudinal,
and prospective. To distribute subjects into experimental group 1 (EG1),
experimental group 2 (EG2), experimental group 3 (EG3), and control
group (CG) a simple randomization method with the Microsoft Excel
software (version 2016) was used. Four group were established based on
blood pressure values, after which a randomized sequence was gener-
ated using simple randomization. The group assignment was blinded to
the examiner and staff who performed the statistical analysis. This
research followed the guidelines from the Consolidated Standards of
Reporting Trials (CONSORT) statement, and the Template for Inter-
vention Description and Replication (TIDieR) checklist. The trial design
was registered at ClinicalTrial.gov (Code: NCT05914870).

In accordance with de Declaration of Helsinki, this randomized
control trial obtained the approval of the Research Ethics Committee of
the Universidad Catélica de Murcia (CE062107). The Informed Consent

Assessed for Eligibility (n=222)

Excluded (n=113)

o Not meeting inclusion criteria (n=111)
o Declined to participate (n=2)

| Randomized= 109 |

Allocated to Intervention EG1 (n=27) Allocated to Intervention EG2 (n=28)

Allocated to Intervention EG3 (2=27) Allocated to no Intervention CG (n=27)

| Flerlp |

Loss to follow-up (n=2) for health
reasons

Loss to follow-up (n=3) for health
reasons

Loss to follow-up (n=2) for time Loss to follow-up (n=2)

incompatibility and health reasons

== |

Analyzed (n=24) Analyzed (n=25)

Excluded from analysis (n=1) Excluded from analysis (n=0)

Analyzed (n=23) Analyzed (n=25)

Excluded from analysis (n=2) Excluded from analysis (2=0)

Fig. 1. Flow diagram.
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document was signed by all participants prior to the start of the study.
2.2. Participants

A total of 100 volunteers participated, 51 women and 49 men, all of
them with hypertension, a mean age 54 years, and previously sedentary.
The sample was randomly assigned into three experimental and one
control group: EG1, moderate-intensity continuous training or MICT, (n
= 24); EG2, strength training combined with MICT, (n = 25); EG3,
strength training combined with HIIT, (n = 23); and CG, control group,
(n = 25) (see Fig.1).

The inclusion criteria were: a) adults with diagnosed hypertension
and with follow-up by their primary care physician; b) age range 40-65
years; (c) not engaged in at least 150 min of moderate physical activity
per week or 75 min of vigorous physical activity per week or a combi-
nation of both during the past 12 months. The exclusion criteria were: a)
subjects with osteoarticular or musculoskeletal problems that condi-
tioned the development of the intervention; b) uncontrolled or training-
limiting cardiometabolic diseases such as heart disease, unstable coro-
nary artery disease, heart failure, renal failure, diabetes, or morbid
obesity; ¢) neurological problems; d) cognitive impairment that hinders
the understanding and performance of the training; e) subjects who are
dependent in the performance of daily activities; or f) pregnant women.
Participants were instructed not to change their eating habits. The
sample size and power calculations were performed using Rstudio
3.15.0 software. The significance level was set at o« = 0.05 and the power
to 95 % (1-p = 0.95). The standard deviation used was according to the
standard deviation for blood pressure found in previous studies [34]. A
minimum clinically significant change of a total of 10 mmHg in SBP and
5 mmHg in DBP was considered [35]. With a dropout rate of up to 9.57
% [36], the aim was to enroll at least 26 participants in each group. The
final sample provided a power of 95 % if found between and within a
variance of 4.6 mmHg of DBP and 3.2 mmHg in DBP.

2.3. Assessment tools and protocols

The pre-post intervention measurements were carried out in the
morning, between 8:00 and 13:00 h, by two researchers. They were
carried out in a laboratory at a temperature of 24 °C, in two different
assessment sessions, with a difference of 48-72 h between them and
always under the same conditions. The height of the participants was
measured with a SECA 217 stadiometer (SECA, Germany). Body
Composition was assessed with the InBody 770 analyzer using the DSM-
BIA measurement method (Multifrequency and Direct Segmental
Bioelectrical Impedance) [37,38]. The analysis was performed on an
empty stomach, without drinking liquids 30 min before the test, without
drinking alcohol 48 h before the test and without wearing metallic el-
ements in contact with the skin such as chokers, rings, belts, etc. For the
assessment, the subject wiped their hands and feet with the InBody
tissue, then climbed forwards onto the equipment, placing their feet on
the plates, and grasping the electrodes with their hands with arms
extended away from the sides of the body, without speaking and without
moving until the end of the test.

Abdominal girth was measured with a non-elastic tape measure
(SECA 200; SECA) according to the ISAK protocol [39]; standing with
feet together, arms crossed on the chest and abdomen relaxed. The
measurement was taken at the narrowest part of the waist after a normal
exhalation.

The evaluation of the hemodynamic parameters, SBP (systolic blood
pressure), DBP (diastolic blood pressure), MAP (mean arterial pressure),
PP (pulse pressure) and RPP (rate pressure product), was performed
with the BPBIO-750 sphygmomanometer [40]. For the test, the partic-
ipants, after sitting for 5 min before the measurement, placed the left
arm relaxed and supported on the blood pressure monitor, with the cuff
at the level of the heart, their back supported, legs parallel without
crossing and in silence during the test. Three measurements were taken
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3 min apart, and the average of the last two measurements was taken as
the reference value [41].

Blood chemistry analyses were performed from 8:00 to 9:00 a.m.,
after a minimum fasting period of 10 h. Samples were stored in sterile
tubes under refrigeration (4-8 °C) for a maximum of 4 h, and then
analyzed according to standardized procedures. Total cholesterol (TC),
high-density lipoproteins (HDL), and low-density lipoproteins (LDL),
were measured by a homogeneous enzymatic colorimetric assay, while
triglycerides (TG) were measured by an enzymatic assay. (Cobas
8000C702, Roche, Mannheim, Germany); and glucose by an ultraviolet
hexokinase assay (Cobas 8000C702, Roche, Mannheim, Germany).

The manual hydraulic dynamometer Baseline was used to assess the
manual gripping force. The test was performed with the participant
seated on a chair, back supported, feet on the floor, right elbow flexed at
90°, and holding the dynamometer with the wrist in neutral position
with the thumb upwards; on command, the subject squeezed the grip as
hard as possible for 3 s. The same procedure was repeated with the left
hand. Two measurements were made with both hands and the highest
maximum force (kg) of the two attempts was considered [42].

For the assessment of the maximum upper and lower body strength
and the programming of the training, different tests were carried out
using the speed of execution in the concentric motion with the Velowin
optoelectronic encoder (Velowin v.1.7.232, Instruments and Sports
Technology; Murcia, Spain) [28,29]. Two tests were carried out per
body region on the Multipower BH TR machine, one of progressive
loads, and the other of velocity loss in the set (%VL); the exercises
performed were the squat and the bench press [28-30,43]. The tests
were carried out in different sessions, 24 h apart, and before starting the
tests, the participant underwent a standardized general warm-up.

For the technical execution of the progressive load test in the squat
exercise, the protocol described in previous studies was followed [44,
45]. The initial external load for the squat exercise was set at 15 kg for
women and was progressively increased individually with 5 kg, 2.5 kg
and 1.25 kg discs until a mean propulsive velocity (MPV) between 0.76
and 0.68 m s ! was reached, which corresponds to 75%-80 % 1RM in
this exercise; for men, the initial weight was set at 25 kg and progres-
sively increased individually with 10 kg, 5 kg and 2.5 kg discs until an
MPV between 0.76 and 0.68 m s~ ! was reached, which corresponds to
75%-80 % 1RM in this exercise. During the test, 5 sets were performed;
in the first set, the participants performed 3 reps with a very light load
that allowed them to move the bar at a speed <1.28 m s71 (<40 % 1RM);
in the second set, they performed 3 reps with a light load that allowed
them to move the bar between 1.28 and 1.21 m s™~! (40%-45 % 1RM); in
the third set, they performed 3 reps with a medium load that allowed
them to move the bar between 1.14 and 1.00 m s~ (50%-60 % 1RM); in
the fourth set, they performed 2 reps with a medium-high load that
allowed them to move the bar between 0.92 and 0.84 m s~ (65%-70 %
1RM); and in the fifth set, they performed 1 rep with a high load that
allowed them to move the bar between 0.76 and 0.68 m s~ (75%-80 %
1RM) [28,31-33,46]. The velocity loss test was performed 24 h after the
progressive load test. For this test, a workload was defined that allowed
the participant to move the bar at 0.99 + 0.02 m s}, assuming 60 % of
1RM, and a velocity loss magnitude of 10 % was established. The test
ended when the subject reached the prescribed %VL limit, regardless of
the number of repetitions performed in the series [47,48].

For the technical execution of the progressive load test in the bench
press exercise, the protocol described in previous studies was followed
[31,32]. The initial external load for the bench press exercise was set at
10 kg for the women and was progressively increased individually with
5 kg, 2.5 kg and 1.25 kg discs until a MPV between 0.55 and 0.47 m s~}
was reached, which corresponds to 75%-80 % 1RM in this exercise; for
men, the initial weight was set at 20 kg and progressively increased
individually with 10 kg, 5 kg and 2.5 kg discs until an MPV between 0.55
and 0.47 m s—* was reached, which corresponds to 75%-80 % 1RM in
this exercise. For the test, 5 sets were performed; in the first set, the
participants performed 3 reps with a very light load that allowed them to
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move the bar at a speed <1.13 m s7! (<40 %); in the second set, they
performed 3 reps with a light load that allowed them to move the bar
between 1.13 and 1.04 m s~ ! (40%-45 % 1RM); in the third set, they
performed 3 reps with a medium load that allowed them to move the bar
between 0.95 and 0.87 m s~ ! (50%-60 % 1RM); in the fourth set, they
performed 2 reps with a medium-high load that allowed them to move
the bar between 0.70 and 0.62 m s~ (65%-70 % 1RM); and in the fifth
set they performed 1 rep with a high load that allowed them to move the
bar between 0.55 and 0.47 m s~ ! (75%-80 % 1RM) [28,31,32]. The
velocity loss test was performed 24 h after the progressive load test. A
workload was defined that allowed the participant to move the bar at
0.97 +0.03 m s, assuming 50 % 1RM, and a magnitude of velocity loss
of 15 % was established. The test ended when the subject reached the
prescribed %VL limit, regardless of the number of repetitions performed
in the series [29,43].

Cardiorespiratory fitness was assessed with the IC7 cycloergometer,
with a high-precision potentiometer with a direct WattRate measure-
ment and an accurate magnetic resistance of 300°. For the adjustment of
the bicycle, the protocol described in previous studies was followed
[49]. The test consisted of a clinical step test with progressive loads;
the steps lasted 2 min and the pedaling cadence was between 70 and 80
bpm. In the first 2 min, the subject pedaled at 50 W, then the load was
increased by 25 W every 2 min; the test ended when the participant
decided to stop voluntarily due to fatigue [50]. The maximum working
power was established as the last 2 min step that the subject was able to
complete. The VOz2max was estimated using the formula described by
the ACSM [51]: VOzmax = (1.8 *workload (kg.m.min-1))/body weight
(kg) + 3.5 + 3.5 (where 1 W = 6.12 kg m.min-1).

2.4. Procedure

The intervention period lasted 12 weeks, the training frequency was
2 days/week (24 sessions) and the length of time per session was 60 min.

EG1 performed a MICT session starting with 10 min of standardized
general warm-up, 5 min of Nordic walking on an elliptical trainer, joint
mobility exercises, and dynamic stretching. In the main phase, they
performed 40 min of continuous aerobic endurance training on a
cycloergometer, without breaks, maintaining the same intensity range
throughout the session; the intensity was increased every 4 weeks, from
weeks 1-4 they worked at 55%-60 % heart rate reserve (HRR), from
weeks 5-8 at 60%—-65 % HRR, and from weeks 9-12 at 65%-70 % HRR.
Finally, a 10 min post-workout phase with a cool down and static
stretching took place.

EG2 performed strength training, based on an individual load-
velocity ratio assessment, combined with MICT. The session started
with 10 min of standardized general warm-up, 5 min of Nordic walking
on the elliptical machine, joint mobility exercises, and dynamic
stretching. Finally, a more specific warm-up was performed. The par-
ticipants performed 2 sets of each exercise, squat and bench press, only
with the weight of the bar (5 kg); the first set consisted of 8-10 reps and
the second set of 6-8 reps; the rest between sets was 2 min. The main
training phase was divided into two 20-min blocks. During the first 20
min, they performed 2 strength exercises that reproduced basic motor
actions. The first exercise was a lower hemisphere push (squat) with an
intensity of 60 % of their 1RM; 3 sets were performed with the number of
repetitions individualized for each subject using the initial speed loss
test, and the rest between sets and between exercises was 3 min. The
second exercise was a bench press at an intensity of 50 % of their 1RM.
Regarding the selection of volume, the analysis of previous studies
indicated a %VL of 25-30 % in squat and 35-40 % in bench press, as a
medium-high effort value above which the degree of fatigue begins to
increase, causing a significant decrease in performance [27,29,43].
Following a minimum stimulus criterion, in order to guarantee a
low training volume, and considering the intensities proposed in
this study, a 10 % %VL was established for the squat exercise and
15 % for the bench press. In the last 20 min of the main phase, the
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participants performed continuous moderate-intensity training on
a cycloergometer; the intensity of the training increased every 4
weeks. Thus, from weeks 1 to 4, they trained at 55%-60 % HRR,
from weeks 5 to 8, at 60%-65 % HRR, and from weeks 9 to 12, at
65%-70 % HRR. Finally, a 10 min post-training phase with cool
down and static stretching took place.

EG3 performed strength training, based on an individual load-
velocity ratio assessment, combined with HIIT. This group performed
the same warm-up protocol and the first 20 min of the main phase as
EG2. In the last 20 min of the main phase, they performed high-intensity
interval training on a cycloergometer. Following the review of previous
studies, and the lack of a standardized protocol for this training modality
in adults with hypertension [19,20], a work-recovery ratio of 1:1, 2 min
work: 2 min active recovery was established following previous work in
cardiac rehabilitation and cardiovascular pathology [52-54]. In addi-
tion, based on the European Society of Cardiology (ESC) classification of
aerobic training intensity from maximal ergometry [6], an intensity of
80-85 % HRR was determined for the training time, and 55%-60 % HRR
for the active recovery time. The review of the latest ESC documents
allowed for the following ranges of intensity: <40 % low intensity HRR,
40-69 % moderate intensity HRR, 70-85 % high intensity HRR, and
>85 % very high intensity HRR [6,55]. Training intensities were not
modified during the intervention. Finally, a 10 min post-training phase
with a return to calm and static stretching took place. The heart rate was
monitored using the MyZone MZ-3 Heart Rate Monitor, which allowed
the HR to be monitored at all times. In addition, the subjective rate of
perceived exertion (RPE) was recorded simultaneously [56], as well as
the training in watts, with the WattRate direct measurement potenti-
ometer [57], by means of a computer integrated in the cycloergometer.

2.5. Statistical analysis

The Kolmogorov-Smirnov test and Mauchly’s W-test were used to
evaluate the normality and the sphericity of the data. The mean and
standard deviation were calculated from the quantitative variables, and
frequency and percent were used for the qualitative variables. A two-
way analysis of variance (ANOVA) with repeated measurements and
Bonferroni’s correction will be used to compare the changes from the
baseline between groups, the evaluation time interaction, and evalua-
tion time. To protect against a Type I error, Bonferroni’s correction was
used to achieve p < 0.005 for statistical significance. The effect size was
calculated using partial eta-squared (n2p) for analysis of variance, and
will be defined as small: ES > 0.10; moderate: ES > 0.30, large: ES > 1.2;
or very large: ES > 2.0. Lastly, an error of p < 0.05 was used [58]. All
analyses were based on intention-to-treat with an error of p < 0.05. The
statistical analysis was performed using the statistical package SPSS 24.0
for Windows.

3. Results

Table 1 shows the characteristics of the sample, and Tables 2 and 3
show the pre-post intervention results of EG1, EG2, EG3, and CG. In
addition, group * time interaction is also presented.

On the one hand, EG1, EG2, and EG3 showed significant improve-
ments in SBP, DBP, MAP, RHrest, lean mass, waist circumference, TC,
LDL, glucose, handgrip strength, 1RM upper body, upper limb MPV (m/s
50 %), 1RM lower body, lower limb MPV (m/s 60 %), and VOzpeak, with
these changes being significantly greater than those of the CG. On the
other hand, EG2 obtained greater changes in SBP, DBP, MAP, PP, RPP,
waist circumference, 1RM upper body, upper limb MPV (m/s 50 %),
1RM lower body, and lower limb MPV (m/s 60 %) than EG1.

EG2 also showed further improvements in SBP, MAP, RPP, 1RM
upper limb, upper limb MPV (m/s 50 %), and VOzpeak than EG3.

Finally, the EG3 achieved major improvements in SBP, MAP, and
RPP than EG1. Furthermore, it was the only intervention group that
significantly reduced BFP (body fat percentage) with respect to the CG.
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Table 1
Characteristics of the sample.

Variable % (n) or M+SD
Sex Female 51.54 [50]
Male 48.45 [47]
Age 54.17 £ 6.70
Marital Status Married 87.00 [59]
Single 11.00 [11]
Widow 2.00 [2]
Occupation Full-Time Worker 49.00 [49]
Part-Time Worker 4.00 [4]
Unemployed 16.00 [16]
Self-Employed 10.00 [10]
Retired 21.00 [21]
Level of Education No Education 9.00 [9]
Elementary School 32.00 [32]
Secondary School 16.00 [16]
High School 25.00 [25]
University Education 18.00 [18]
Living Status Living with Someone 87.00 [59]
Living Alone 13.00 [13]

4. Discussion

The aim of the present study was to compare the effects of different
individualized training programs, i.e., MICT, strength training combined
with MITC, and strength training combined with HIIT, in adults with
high blood pressure. The results showed that EG1l, EG2, and EG3
significantly improved blood pressure levels, while the CG showed no
change. One of the main findings of this research was that both groups
with combined training showed greater improvements in these vari-
ables, with strength training combined with MICT showing the greatest
benefits. It can be observed that the reductions in blood pressure levels
obtained in this study were significantly greater than the results ob-
tained in previous work with this same modality, despite the fact that
the frequency of training was lower [16]. These improvements could be
linked to the rigorousness with which the intensity and volume of
strength training was quantified, which provided the same training for
all participants and a similar degree of exertion [25,26,28-30]. The
greater changes in the combined training groups can be attributed to an
improvement in endothelial function induced by strength training.
Endothelial dysfunction is associated with several cardiovascular risk
factors, including hypertension. The endothelium plays an important
role in vascular contractile modulation that is largely dependent on the
bioavailability of nitric oxide (NO) [60-62]. When the endothelium is
damaged, it neutralizes NO production and stimulates the production of
vasoconstrictive substances, leading to an increase in blood pressure
[63,64]. Strength training can stimulate NO production by increasing
vascular AMPK/PPARS and suppressing endoplasmic reticulum stress,
thereby improving endothelial function [65-68]. Furthermore, although
the two combined training groups had the same dose of strength
training, the group that performed MICT showed greater improvements
than the group that performed HIIT. This may be because aerobic ex-
ercise, performed over a prolonged period of time and at a moderate
intensity, has been widely shown to have beneficial effects on endo-
thelial function [69,70].

In terms of body composition variables, lean mass and waist
circumference, the intervention groups showed significant improve-
ments, while the CG showed no change. Physical exercise induces
changes in body composition because during muscle contraction, hun-
dreds of exerkines with autocrine, paracrine or endocrine effects are
released into the bloodstream, with major health benefits [4,71,72].
Training can increase muscle mass and reduce fat percentage [68,72], as
the secretion of some of these exerkines promotes muscle hypertrophy
and myogenesis, lipolysis, and fatty acid oxidation, and induces the
browning of white adipose tissue [68,72-74]. Likewise, the participants
in the strength training groups showed the most improvement in these
variables, with the combined MICT group again showing the most
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improvement. These results can be attributed to strength training, which
promotes visceral fat loss by promoting metabolic adaptations in the
abdominal subcutaneous adipose tissue, with a significant increase in
lipolysis in this area, both during and after training [72,75,76]. With
regard to improvements in body composition, it is known that muscle is
an important modifiable risk factor for the development of cardiovas-
cular disease, also for cardiovascular disease mortality and for all-cause
mortality; lean mass appears to have a protective effect against cardio-
vascular and metabolic disease [77]. On the other hand, recent studies
have compared improvements in body composition with MICT vs HIIT
training, showing that the changes brought about by both types of
training are similar and even favor MICT in reducing body fat [78-80].

In line with these changes, it can be observed that participants in the
intervention groups also significantly reduced their total cholesterol,
LDL and glucose values, with these reductions being significantly
different from the CG, which did not change. These improvements can
be brought about by the release of IL-6 during exercise, among other
exerkines, as its signaling within muscle leads to an increase in basal
glucose uptake and translocation of its transporter GLUT-4 [68,72,81],
in addition to increasing intramyocellular or whole-body fatty acid
oxidation through activation of AMPK [68,72,81].

In relation to physical fitness, the results showed significant im-
provements in all three training groups in both strength and cardiore-
spiratory fitness as compared to the CG. Regarding the strength gains of
the three intervention groups, it is known that the practice of exercise,
regardless of the modality performed, is capable of provoking structural
(peripheral) and neural (central) physiological adaptations, as muscular
action is necessary to overcome a load [25,26]. The central adaptations
of these groups were determined by the type of activity performed, the
intensity of the work, and the duration of the action [25]. The combined
strength training group with MICT showed greater improvements in
manual pressure strength and maximal upper and lower limb strength
than the continuous moderate-intensity group. These results may be a
response to strength training, which achieves greater neural adaptations
through increased recruitment and synchronization of motor units and
stimulus frequency, as previously demonstrated in the literature
[82-84]. These adaptations of the central nervous system as a whole
contribute to gains and improvements in maximal strength. In terms of
aerobic endurance, the results revealed significant changes in the
function of the cardiovascular and respiratory systems, with an
improvement observed in maximal oxygen consumption and an increase
in stroke volume and cardiac output. Exercise can lead to important
adaptations in skeletal muscle, such as increased mitochondrial
biogenesis and capillary density, with these responses to exercise re-
flected in an improved ability to transport and use oxygen to generate
energy [85-87]. Many studies support the important role of PGC-1a
(peroxisome proliferator-activated receptor gamma la coactivator) in
these muscle adaptations induced by aerobic endurance exercise,
including its possible role in the complex regulation of mitochondrial
quality [86,59,88]. Despite the controversy that combined training may
interfere with the adaptations induced by the different metabolic
pathways AMPK and m-TOR, activated by aerobic and strength training
respectively, in the present study, it can be observed that EG2, strength
training combined with MICT, obtained greater improvements in
VO:peak than EG1, which performed a single modality of continuous
moderate-intensity training, showing the compatibility of the two mo-
dalities in the same session and showing a similarity with previous
studies [89,90]. These results can be justified by the large adaptive
reserve that sedentary subjects have at the start of any exercise program.
Previous studies have shown that sedentary subjects who begin a com-
bined strength and endurance training program achieve a positive and
additive response to the two exercise modalities, favoring a generic
adaptation in the absence of a true specificity of the training effect [91].
Another important factor to consider is the low degree of fatigue in
strength training, which could explain the possible interference of this
training modality, thus achieving a greater maintenance of the MHC IIX
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Table 2
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Effect of multicomponent training and cardiovascular training on blood biomarkers and body composition.

Outcome Group  Pre-test (M+SD) Post-test (M+SD) No Adjusted Group time interaction
Difference post-pre (M+ p 95 % CI (Mpost- F Sig ES
SD) Mpre)
SBP (mmHg) EG1 144.46 + 8.83 136.17 + 7.86 —8.29 + 1.46>%¢ <0.001  —-11.20; —5.38 36.00 <0.001 0.54
EG2 143.44 + 7.53 121.76 + 8.52 —21.68 + 1.43>™¢ <0.001  —24.53; —18.82
EG3 143.87 + 8.49 128.96 + 10.40 —14.91 + 1.49%>¢ <0.001 —17.88; —11.94
CG 147.92 + 11.83 146.56 + 11.52 ~1.36 + 1.43%%¢ 0.346  —4.21;1.49
DBP (mmHg) EG1 90.00 + 6.90 82.92 +6.12 —7.08 + 1.10™¢ <0.001  —9.27; —4.89 19.46  <0.001 0.38
EG2 88.28 + 5.72 74.36 + 5.09 —13.92 +1.08%" <0.001 —16.06; —11.77
EG3 88.30 + 6.98 77.61 +7.91 -10.69 + 1.12° <0.001  —12.93; —8.45
CG 92.16 + 7.28 89.32 + 6.95 —2.84 + 1.08"¢ 0.01 —4.98; —0.69
MAP (mmHg) EG1 108.17 + 5.96 100.67 + 5.87 —7.50 + 1.00%%¢ <0.001  —9.49; —5.50 37.06 <0.001 0.54
EG2 106.52 + 5.27 90.12 + 5.34 —16.40 + 0.98%>¢ <0.001 —18.35; —14.44
EG3 106.78 + 6.90 94.74 +7.85 —12.04 + 1.02%"¢ <0.001 —14.08; —10.00
CG 110.60 + 7.25 108.28 + 7.80 —2.32 + 0.98"%¢ 0.021  —4.27; -0.36
PP (mmHg) EG1 54.46 + 10.29 53.25 £ 6.72 —1.20 £ 1.49¢ 0.419 —4.16; 1.75 7.84 <0.001 0.20
EG2 55.16 + 7.48 47.40 + 7.68 —7.76 + 1.46™" <0.001  —10.65; —4.86
EG3 55.54 + 6.17 50.83 + 9.58 —4.73 £ 1.52" 0.002  -7.76;-1.71
CG 55.76 + 11.32 57.20 + 8.51 1.44 + 1.46¢ 0.327  —1.45;4.33
RPP EG1 11379.67 + 1442.92 10005.00 + 1365.80 —1374.66 + 251.81%¢ <0.001 —1874.71; —874.61 22.88 <0.001 0.42
EG2 11254.00 + 1735.96 8507.64 + 1309.88  —2746.36 + 246.72:" <0.001  —3236.30;
—2256.41
EG3 11545.13 + 1554.06 9528.30 + 1474.82 —2016.82 + 257.23%>¢ <0.001 —2527.63;
—1506.01
CG 11827.56 + 1474.97  11875.68 + 1132.23  48.12 + 246.72 0.846  —441.82; 538.06
RHR EG1 79.04 £ 11.20 73.54 £ 9.51 —5.50 £ 1.64" 0.001 —8.77; —2.23 7.02 <0.001 0.18
EG2 78.40 + 11.05 69.72 + 8.49 —8.68 + 1.61° <0.001 —11.88; —5.47
EG3 80.17 + 8.95 73.57 £9.38 —6.60 + 1.68" <0.001  —9.94; —-3.26
CG 80.00 + 8.23 81.28 + 8.06 1.28 + 1.61"%1 0.430 —1.92;4.48
Weight (Kg) EG1 91.45 + 16.59 91.32 + 16.45 —0.20 + 0.16 0.212  —-0.53;0.12 0.73 0.531 0.24
EG2 78.11 + 14.18 77.75 + 13.89 -0.17 £ 0.16 0.282  —0.49; 0.14
EG3 87.88 +16.01 86.98 + 16.62 —0.40 + 0.16 0.019 -0.74; —0.68
CG 88.94 + 15.94 88.86 + 16.28 —0.04 + 0.16 0.806  —0.36; 0.28
LBM (Kg) EG1 30.28 + 6.34 30.77 £ 6.31 —0.12 + 0.38" 0.756  —0.89; 0.64 0.76 0.514 0.24
EG2 28.98 + 6.73 29.56 + 6.77 —0.35 + 0.37° 0.351  -1.11;0.39
GE3 29.93 + 5.77 30.38 £ 6.21 —0.89 + 0.39" 0.026 —1.68; —0.11
CG 30.56 + 5.98 30.38 + 5.92 —0.08 + 0.37"%¢ 0.825  —0.83;0.67
BFP (%) EG1 39.70 + 8.09 38.73 £ 8.20 —0.96 + 0.33 0.004 -1.62; —0.30 3.78 0.013  0.11
EG2 32.62 +10.27 31.55+9.75 —1.07 +£ 0.32 0.001 —1.71; —0.42
EG3 38.00 + 9.08 36.83 +9.15 -1.17 + 0.33" 0.001  —1.84; —0.49
CG 37.69 + 8.44 37.89 £ 8.70 0.19 + 0.32¢ 0.547  —0.44; 0.84
BMI (Kg/mz) EG1 32.61 +5.14 32.40 £5.11 —0.90 + 0.39 0.024 —1.68; —0.12 3.23 0.026 0.09
EG2 27.43 + 4.87 27.25 + 4.56 —1.09 + 0.38 0.006 —1.85; —0.32
EG3 31.85 + 5.59 31.44 + 5.56 —1.46 + 0.40 <0.001 -2.26, —0.66
EG 31.90 + 4.99 31.86 + 5.09 0.18 + 0.38 0.628  —0.57;0.95
VF (cmz) EG1 183.60 + 59.58 178.39 + 59.24 —-5.21 + 2.12 0.016 —9.42; —0.99 3.32 0.023 0.09
EG2 125.19 + 58.83 119.74 + 54.32 —5.44 + 2.07 0.010 —-9.57; -1.31
EG3 165.07 + 56.86 156.66 + 56.29 —8.41 + 2.16" <0.001  -12.71; —4.10
CG 165.25 + 54.58 166.10 + 55.82 0.84 + 2.07¢ 0.684 —3.28; 4.97
Waist circumference EG1 110.08 + 13.26 106.83 + 15.27 —3.25 + 0.88™¢ <0.001 —5.00; —1.49 12.66 <0.001 0.29
(cm) EG2 98.76 + 10.54 92.16 + 10.58 —6.60 + 0.86™" <0.001  —8.32; —4.87
EG3 106.60 + 14.32 102.26 + 16.12 —4.34 + 0.90" <0.001  —6.14; —2.55
CG 105.80 + 12.33 106.52 + 12.64 0.72 + 0.86™%¢ 0.409 —1.00; 2.44

Legend: SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; MAP: Mean Arterial Pressure; PP: Pulse Pressure: RPP: Rate Pressure Product; RHR: Resting Heart
Rate; BMI: Body Mass Index; LBM: Lean Body Mass; BFP: Body Fat Percentage; VF: Visceral Fat.

@ Significantly different from corresponding CG value at the p < 0.05 level.

b Significantly different from corresponding EG1 value at the p < 0.05 level.
¢ Significantly different from corresponding EG2 value at the p < 0.05 level.
4 Significantly different from corresponding EG3 value at the p < 0.05 level.

fibers [92].

This study has some limitations that should be taken into account for
future research, such as the total intervention time. It is possible that
longer periods of time training will lead to more significant results in
some of the variables. Another point to consider is an intervention group
with only strength training that could have been compared with the
other modalities, and the effects on blood pressure as compared to the
other modalities could have been known more precisely. Finally,
another limitation was the daily intake of the participants, as the diet
could have been controlled by making a daily dietary record.

Despite these limitations, this would be the first study in a hyper-
tensive population comparing different strength training modalities,

based on an individual assessment of the load-velocity relationship,
combined with MICT and HIIT, versus continuous moderate-high in-
tensity training. Another contribution and strength of this study is the
precision with which the effort was dosed through the speed of execu-
tion, which allowed the workload to be individualized for each partic-
ipant, ensuring that the stimulus programmed for strength training was
truly the one applied and executed by each of them. More importantly,
this quantification of load allowed all hypertensive participants to
perform the same training and reach a similar degree of fatigue.
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Table 3
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Effect of multicomponent training and cardiovascular training on metabolic biomarkers, and physical fitness.

Outcome Group Pre-test (M + ED) Post-test (M + ED) No Adjusted Group” time interaction
Difference post-pre (M=+ ED) P 95 % CI (Mpost-Mpre) F Sig ES
TC (mg/dl) EG1 192.25 + 40.54 185.04 + 23.10 —7.20 + 5.43" 0.18 —18.00; 3.58 7.34 <0.001 0.19
EG2 199.72 + 30.11 192.08 + 29.20 ~7.64 + 5.32% 0.15 —18.21; 2.93
EG3 195.73 + 38.36 177.16 + 35.48 —18.47 + 5.54" 0.001 —29.50; —7.45
CG 191.76 + 28.50 208.00 + 29.89 16.24 + 5.325%¢ 0.003 5.66; 26.81
HDL (mg/dl) EG1 48.21 +£7.15 50.00 + 10.37 1.79 + 1.00 0.078 —-0.20; 3.79 0.89 0.447 0.02
EG2 54.44 £9.92 55.32 + 11.29 0.88 +0.98 0.375 —1.07; 2.83
EG3 48.17 £ 11.63 49.17 £ 12.30 1.00 + 1.02 0.333 —1.04; 3.04
CG 48.76 + 11.09 48.48 +12.48 —0.28 4+ 0.98 0.777 —2.23;1.67
LDL (mg/dl) EG1 118.27 + 36.36 110.45 + 21.58 -7.82 + 4.71° 0.100 —17.18; 1.53 6.65 <0.001 0.17
EG2 120.61 + 24.77 114.14 + 24.54 —6.47 + 4.61° 0.164 —15.64; 2.70
EG3 118.15 + 36.26 105.30 £ 32.60 —12.85 + 4.81° 0.009 —22.41; —3.29
CG 116.82 + 23.25 131.34 + 31.29 14.52 + 4.61>%¢ 0.002 5.34; 23.69
TG (mg/dl) EG1 126.08 + 52.16 121.91 + 36.94 —4.16 + 7.42 0.576 —18.91; 10.58 3.01 0.034 0.09
EG2 122.32 £+ 59.16 113.72 £+ 43.21 —8.60 + 7.27 0.240 —23.05; 5.85
EG3 137.21 + 55.82 121.43 + 65.24 —15.78 + 7.58" 0.040 —30.84; —0.71
CG 133.44 + 64.33 147.96 + 79.97 14.52 + 7.27¢ 0.049 0.70; 28.97
Glucose (mg/dl) EG1 107.33 + 13.49 99.91 + 14.06 —7.41 £+ 1.60" <0.001 —10.60; —4.22 11.73 <0.001 0.27
EG2 98.16 + 14.69 91.36 + 10.77 -6.80 £+ 1.57° <0.001 —9.92; —-3.67
EG3 97.60 + 13.05 87.65 + 13.14 —9.95 + 1.64" <0.001 —13.21; —6.69
CG 97.24 + 22.48 99.80 + 19.94 2.56 + 1.57"%¢ 0.107 —0.56; 5.68
Handgrip RA EG1 32.85+7.61 35.56 + 10.23 2.70 &+ 0.59" <0.001 1.53; 3.88 7.91 <0.001 0.20
EG2 31.18 +£9.80 33.24 +£11.18 2.06 + 0.57 0.001 0.91; 3.20
EG3 31.80 £ 7.79 35.45 + 8.26 3.65 + 0.60" 0.80 2.45; 4.84
CG 31.42 £ 8.73 31.56 + 8.81 0.14 + 0.57"¢ <0.001 —1.00; 1.28
1RM (Kg UL) EG1 51.33 + 21.18 59.87 + 24.99 8.54 + 1.58™¢ <0.001 5.40; 11.68 41.34 <0.001 0.57
EG2 46.24 + 23.68 65.12 + 30.34 18.88 + 1.54%>¢ <0.001 15.80; 21.95
EG3 51.09 + 20.52 62.78 + 26.91 11.69 + 1.61™° <0.001 8.48; 14.90
CG 54.24 + 24.26 52.20 + 23.20 —2.04 £ 1.54>%4 0.191 —5.11; 1.03
MPV (m/s 50 %) EG1 0.97 + 0.02 1.08 + 0.07 0.10 + 0.01* <0.001 0.08; 0.13 78.17 <0.001 0.71
EG2 0.96 + 0.03 1.20 £ 0.06 0.23 + 0.01%"4 <0.001 0.20; 0.26
EG3 0.96 + 0.03 1.10 + 0.06 0.13 + 0.01™ <0.001 0.10; 0.16
CG 0.97 + 0.02 0.92 + 0.04 —0.05 + 0.01"%¢ <0.001 —0.07; —0.02
1RM (Kg LL) EG1 70.75 + 34.09 87.96 + 38.71 17.20 + 1.92* <0.001 13.38; 21.03 49.49 <0.001 0.61
EG2 73.08 + 35.11 98.32 + 41.42 25.24 + 1.88%" <0.001 21.49; 28.98
EG3 79.26 + 32.24 97.65 + 37.24 18.39 + 1.96" <0.001 14.48; 22.29
CG 79.92 + 32.17 76.44 + 30.72 —3.48 + 1.88"%¢ 0.068 —7.22; 0.26
MPV (m/s 60 %) EG1 0.99 £ 0.02 1.15 + 0.08 0.16 + 0.01™° <0.001 0.13; 0.19 76.50 <0.001 0.71
EG2 0.99 + 0.02 1.21 + 0.05 0.22 + 0.01*" <0.001 0.19; 0.25
EG3 0.98 + 0.02 1.16 + 0.06 0.17 + 0.01° <0.001 0.14; 0.20
CG 0.99 £ 0.02 0.95 £+ 0.05 —0.03 £ 0.01>%4 0.006 —0.06; —0.01
VO2p (ml/kg/min) EG1 22.01 + 4.34 26.71 + 5.38 4.69 + 0.34" <0.001 4.00; 5.38 57.55 <0.001 0.65
EG2 25.08 + 3.82 30.86 + 4.40 5.78 + 0.33%¢ <0.001 5.10; 6.45
EG3 21.13 + 3.64 24.56 + 4.56 3.43 + 0.35™° <0.001 2.73,4.13
CG 21.61 + 3.58 21.43 + 3.57 —0.18 + 0.33%%¢ 0.588 —0.85; 0.49

Legend: TC: Total Cholesterol; HDL: High Density Lipoprotein; LDL: Low Density Lipoprotein; TG: Triglycerides; RA: right arm; LA: left arm; 1RM: One-Repetition

Maximum; UL: Upper Limb; LL: Lower Limb; MPV: mean propulsive velocity; VO2p: Peak oxygen consumption.

2 Significantly different from corresponding CG value at the p < 0.05 level.

b Significantly different from corresponding EG1 value at the p < 0.05 level.
¢ Significantly different from corresponding EG2 value at the p < 0.05 level.
4 Significantly different from corresponding EG3 value at the p < 0.05 level.

5. Conclusion

The results of the present study indicate that the implementation of a
strength training program, based on an individual assessment of the
load-velocity relationship, combined with MICT in the same session, 2
days per week for 12 weeks, produces significant improvements in blood
and metabolic biomarkers, body composition, and physical condition, in
adults with hypertension, with these adaptations being superior to those
produced by MICT and strength training combined with HIIT, which
also show improvements, but to a lesser extent.
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