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Abstract: The present study examined the effects of a functional high-intensity suspension training
(FunctionalHIIT) on resting blood pressure, psychological well-being as well as on upper body and core
strength and cardiorespiratory fitness in moderately trained participants. Twenty healthy, moderately
trained adults (10 males and 10 females; age: 36.2± 11.1 years, BMI: 23.9± 3.7) were randomly assigned
to a FunctionalHIIT training group or passive control group (CON). FunctionalHIIT performed 16
sessions (2×week for eight weeks, 30 min per session), whereas CON maintained their habitual lifestyle
using a physical activity log. Before and after FunctionalHIIT intervention, resting blood pressure
and quality of life (short version of the WHO Quality of Life questionnaire (WHOQOL-BREF)) were
assessed. Furthermore, maximum-repetition (leg press, chest press, pulldown, back extension) and
trunk muscle strength (Bourban test) as well as cardiorespiratory fitness (Vameval test), were measured
before and after the intervention. Both systolic and diastolic blood pressure and WHOQOL-BREF did
not change significantly but both showed moderate training-induced effects (0.62 < standardized
mean difference (SMD) < 0.82). Significant improvements in the FunctionalHIIT group were evident
on leg press (p < 0.01), chest press (p < 0.05), and left side Bourban test (p < 0.05). Cardiorespiratory
fitness did not reveal any time effects or time × group interactions. The present study revealed that
eight weeks of FunctionalHIIT represents a potent stimulus to improve health-related parameters in
young adults, whereas FunctionalHIIT was not sufficient to improve cardiorespiratory fitness.
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1. Introduction

In the Global Burden of Disease Study 2016, high systolic blood pressure (BP) was mentioned
as one of the three leading risk factors for disability-adjusted life years [1]. To address this issue and
lower resting BP, physical activity is recommended [2]. While the lowering effect of low-to-moderate
intensity aerobic endurance training on resting BP has been evident for a long time [3,4], the positive
effect of resistance training on BP remained unclear for a long period of time [5]. Meanwhile, recent
meta-analysis demonstrates evidence for lowering effects of resistance training on BP [6,7]. Institutions
such as the American Heart Association included resistance training in their guidelines for prevention
of cardiovascular diseases [8].
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While most of the earlier research predominantly focused on submaximal aerobic exercises, more
recent studies have investigated the effect of aerobic high-intensity interval training on BP with positive
results [9,10].

In 1996, Tabata and colleges [11] introduced a high-intensity training protocol with a duration of
3–4 minutes, showing similar or even better effects on aerobic and anaerobic endurance parameters
than a 60 minute training at moderate intensity. For six weeks, the participants performed 7–8 bouts of
20 second cycling intervals at 170% of VO2max with 10 seconds of rest between sets. Due to difficulties
in reproducing the protocol in day-to-day training, different modified Tabata-based protocols were
summarized under the title “Tabata-like protocols” [12]. The use of those protocols was found to
be effective in well-trained athletes [13,14] in individuals with a sedentary lifestyle [15,16], as well
as in top-level athletes [17,18]. Although initially developed in the context of endurance training,
the application of “20 seconds loading—10 seconds resting” protocols in strength training also revealed
positive effects [19,20]. High-intensity functional training (FunctionalHIIT) is described as a form of
exercise including functional, multi-joint movements performed in repeated bouts with high intensities
and short intervals of recovery [21,22]. Exercise programs with repeated high-intensity intervals aiming
to enhance cardiovascular, metabolic, and psychological health are increasingly applied and analyzed
in sport and exercise science [22–25]. In addition to positive adaptations in sedentary and recreational
trained individuals on cardiovascular, metabolic, and psychological levels, researchers advocate that
high-intensive interval training requires less time [23,24], since perceived lack of time appears to be a
major reason for not exercising [26].

Due to the good time–benefit ratio, FunctionalHIIT has been found to be a highly effective
training method for different populations [22,25]. However, the effectiveness of the Tabata protocol in
high-intensity functional suspension training has not been analyzed yet.

Beyond the cardiovascular and metabolic level, an analysis considering the musculoskeletal
system in context with FunctionalHIIT seems reasonable: Low back pain is considered as one of the
leading causes of DALYs that do not cause death [1]. Especially in high-income countries there is a
high prevalence for low back pain [27]. In a large-scale study, including more than 400,000 adolescents
from 28 countries, 37% of participants stated they suffer from low back pain once a month or more
frequently [28]. Low back pain is associated with trunk extensor weakness [29], therefore exercise is
suggested to be effective for prevention of the latter [30]. Constant exercise, associated with an increase
in trunk muscle strength, reduces the risk of back injuries [31]. Higher muscle activity and co-activation
of trunk muscles were found in motions such as bending and twisting [32]. It has also been shown
that training on unstable surfaces provides higher muscle activation [33]. Therefore, it seems likely
that a dynamic exercise, performed on unstable surfaces and with high intensity, increases the muscle
activity and co-activity of trunk muscle and potentially contributes to an increase in chest and upper
back muscle strength. An increase in chest and upper back muscle strength could potentially reduce
the prevalence of low back pain and consequently demonstrate an impact on quality of life.

Therefore, the present study aimed at investigating whether a high-intensity functional suspension
training based on the Tabata protocol (FunctionalHIIT) effects resting blood pressure, perceived quality
of live, and upper body and core strength. Moreover, we aimed to analyze whether such a high-intensity
functional training affects participant’s cardiorespiratory fitness. In the present study, resting blood
pressure and perceived quality of live represent the primary outcomes, strength performance the
secondary outcome, and cardiorespiratory fitness the tertiary outcome.

2. Methods

2.1. Study Design and Participants

The present study was conducted as a longitudinal, two-armed, randomized controlled
interventional pilot study. Pre- and post-testing were intra-individually performed at a similar
time of the day (before noon and after noon). In order to minimize influences of unspecific training
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loads, both groups were asked to refrain from any changes of habitual physical activity and participants
kept a physical activity log. The functional high-intensity suspension training group (FunctionalHIIT)
performed additionally to their habitual physical activities a total of 16 instructed and supervised
high-intensity functional training sessions (two sessions per week) over a period of eight weeks.
The training characteristic and target body regions of interest (exercise type, frequency, volumes,
intensity, heart rate, and perceived exercise exertion) were kept similar in each session of FunctionalHIIT.

In contrast to the FunctionalHIIT group, the control group (CON) merely maintained their weekly
training and physical activity regimen of 1.5 ± 0.9 gym training sessions per week.

Twenty healthy, moderately trained adults (10 females and 10 males; age: 36.2 ± 11.1 years;
BMI: 23.9 ± 3.7 kg/m2) were enrolled in the present randomized controlled training study (Table 1).
Participants fulfilled eligibility criteria if they had at least three months of continuous gym experience
and were currently training in a gym between 1 and 4 sessions per week. Exclusion criteria were
any type of cardiac disease, hypertension, diabetes, use of medication potentially influencing blood
pressure, and total endoprosthesis. Participants were asked to refrain from any other activity 24 hours
before the exercise sessions.

Table 1. Anthropometric characteristics of participants at baseline (Mean ± SD).

FunctionalHIIT (n = 10) CON (n = 10)

Gender [f/m] 5/5 5/5
Age [years] 35 ± 12 37 ± 10

BMI [kg·m−2] 22.8 ± 3.4 24.9 ± 4.4

FunctionalHIIT—high-intensity functional training; CON—control. BMI—body mass index.

The study protocol fulfilled the criteria of the Code of Ethics for human experimentation,
the Declaration of Helsinki [34], and was approved by the local ethical committee of German Sport
University Cologne. All participants received relevant study information, including the potential risks
and benefits of the study protocol and signed a written informed consent prior to the start of the study.

An online software (www.randomization.com) was utilized to randomize the participants to the
FunctionalHIIT group, respectively to the control group.

2.2. FunctionalHIIT Training Sessions

Each session of the FunctionalHIIT group was guided by an experienced instructor. In total,
32 guided FunctionalHIIT training sessions were offered during the eight-week intervention period
(four training sessions per week). Participants were free to choose two training sessions per week,
but participants were obliged to attend two training sessions a week during the eight-week intervention
period. Overall, each participant performed a total of 16 guided group training sessions. None of the
participants had to be excluded due to absence and no participant dropped-out for other reasons.

Mean duration of FunctionalHIIT sessions was 30 ± 2 minutes and each session consisted of eight
different exercises performed with the Tabata protocol. Exercises were mainly performed on a TRX
suspension trainer (V-shaped configuration with two independent anchors). To obtain an effect on
the cardiorespiratory system, participants performed exercises with whole-body muscle activation
(e.g., squats, burpees, jumping jacks, chest press, mountain climbers, squats and rows, stand up/lay
down, high knees, push-ups, and crunches; for the full training program please see supplementary
file). Ratings of perceived exertion, stress, motivation, and heart rate were documented during
FunctionalHIIT sessions to control for internal load. The CON group maintained their individual,
not standardized training. Form of training and duration were recorded in order to trace possible
discrepancies between groups.

www.randomization.com
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2.3. Testing Procedures

2.3.1. Blood Pressure

At the first visit to the laboratory, blood pressure was measured after five minutes of supervised
sitting. Blood pressure was measured manually by an experienced examiner with a mercury column
sphygmomanometer (Erkamater™ E300, Germany). All blood pressure measurements were performed
by the same examiner with the same device. Blood pressure was measured three times on the dominant
arm with a rest interval of 5 min between measurements. The mean of the lowest two values was
calculated and included for analyses.

2.3.2. Questionnaires

The WHO Quality of Life questionnaire (WHOQOL-BREF, validated German version) as well
as the 10-item version of the Perceived Stress Scale (PSS) were used to measure quality of life and
personal well-being. The WHOQOL-BREF consists of 26 questions, which are divided into four
sections (environment, physical, psychological, social relationships). Each question is answered by
using a five-point Likert scale reaching from “not at all/never” to “extremely/completely/always” [35].
The Perceived Stress Scale developed by Cohen and colleagues [36] and transformed into a 10-item
version [37] is widely used to measure the personal perception of stress. The 10-item version is
considered to be reliable and valid [38].

2.3.3. Maximum-Repetition Test

In order to determine local muscular endurance, participants performed a maximum-repetition
test on four different strength machines. Strength was tested on the leg press (LP) with 150% of the
individual’s body weight (BW), the chest press (CP) with 40% BW, pulldown (PD) with 65% BW, and on
the back extension machine (BE) with 80% BW. All tests were performed until (1) volitional exhaustion
was reached or (2) the predetermined speed of two seconds of each eccentric and concentric work phase
could not be maintained during more than two repetitions. Every test was followed by four minutes
of passive recovery. One trial for each machine was performed. Before every maximum-repetition
test was performed, perceived stress was assessed by using the PSS. After the completion of each test,
participants rated their perceived exertion on a scale of 1–10 (CR-10 RPE (rate of perceived exhaustion)
scale) [39]. Originally designed for endurance efforts, the use of the CR-10 RPE scale for perceived
exertion during strength training is also considered reliable [40].

2.3.4. Trunk Muscle Strength

In addition to maximum-repetition tests, core strength was examined by using the Bourban test.
This test was developed by Bourban and colleagues [41] to evaluate trunk muscle strength. It consists
of three exercises for the ventral (Bv) and the lateral (left (Bl) and right side (Br)) trunk muscle chain.
To examine the ventral trunk muscle chain, participants were asked to take the plank position (ventral
position, forearms flat on the ground, toes on the ground) and lift their feet 2–5 cm alternating with
fully extended knees at a rate of one elevation per second. Lateral trunk muscle chain was assessed by
taking the side plank position (on the side, forearm directly below the shoulder flat on the ground,
feet together) and moving the hip toward the floor and back in an extended position (body is in a
straight line from the head to the feet) at a rate of two seconds of elevation and two seconds of lowering.
According to Tschopp and colleagues [42] the ventral and lateral tests can both be considered as reliable
(CV = 14.1%, r = 0.87 and CV = 14.6%, r = 0.81). After each exercise, perceived exertion was assessed
by using the RPE scale. One trial for each position was performed.
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2.3.5. Cardiorespiratory Fitness

In order to assess cardiorespiratory fitness, participants performed an increasing treadmill test
(Vameval test) until volitional exhaustion. During the Vameval test, heart rate was monitored with
a heart rate monitor and chest strap (Polar Electro© Oy, Kempele, Finland). The Vameval test is a
modified version of the University of Montreal Track Test (UM-Track Test) [43]. The Vameval test is
commonly used to determine cardiorespiratory fitness among different groups [44–46]. Following
the initial phase (200 m at a speed of 8.0 km·h−1), velocity increased by 0.5 km·h−1 every 200 m
until exhaustion. A high correlation between maximal running speed before exhaustion and VO2max

determined in laboratory testing is reported for UM-Track Test (r = 0.96) [43]. In the Vameval test,
a good test–retest reliability was demonstrated with a coefficient of variation of 3.5% [47].

2.4. Statistics

Demographic and performance data are provided as means with standard deviations (SD).
All outcome parameters were initially analyzed for normal distribution (Kolmogorov–Smirnov test)
and variance homogeneity (Levene test). Separate 2 (group: INT vs. CON) × 2 (time: pre vs. post)
repeated measures analyses of variances (rANOVA) were calculated for each outcome measure in
order to calculate time × effects as well as time × group interactions. Thereby, baseline values were
included as covariate. In case of significant time × group interactions for the respective parameters,
the Tukey HSD post hoc tests were additionally performed accompanied by computing standardized
mean differences as a measure of pairwise effect size estimation. For pairwise effect size estimation,
standardized mean differences (SMD) were also computed (SMD, trivial: d < 0.2, small: 0.2 ≤ d < 0.5,
moderate: 0.5 ≤ d < 0.8, large d ≥ 0.8). Additionally, baseline data were checked for significant
differences between the two groups, applying Student’s t-test for unpaired samples.

3. Results

3.1. Baseline Data

All parameters measured at baseline did not differ between the two groups (lowest p ≥ 0.213;
SMD ≤ 0.31).

3.2. Blood Pressure

Both systolic and diastolic blood pressure did not reveal any main or interaction effect (p > 0.05)
(Table 2). However, moderate effect sizes (SMD: 0.62) were found for FunctionalHIIT between pre and
post testing.

Table 2. Changes in systolic and diastolic blood pressure (mmHg) in FunctionalHIIT and CON
(Mean ± SD).

Test FunctionalHIIT Pre FunctionalHIIT Post SMD CON Pre CON Post SMD

Sys bp 131.4 ± 15.3 122.8 ± 12.2 0.62 129.7 ± 17.5 128.5 ± 18.0 0.07
Dia bp 82.7 ± 10.1 77.6 ± 12.5 0.44 82.4 ± 11.4 81.2 ± 12.5 0.10

Sys bp: systolic blood pressure. Dia bp: diastolic blood pressure. No significant changes were found, neither for
group × time nor time.

3.3. Questionnaires

No significant group× time interaction was found for the entire WHO-QOL (Table 3). Interestingly,
standardized mean differences (SMD) of FunctionalHIIT group for the subdomains regarding
psychological health (0.38; 0.09), psychological (0.76; −0.50), social relationships (0.38; 0.00), and
environment (0.05; −0.34) revealed partly moderate and relevant changes (Table 3).
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Table 3. Changes in quality of life (points) in INT and CON (Mean ± SD).

Test FunctionalHIIT Pre FunctionalHIIT Post SMD CON Pre CON Post SMD

Physical Health 22.2 ± 2.0 22.8 ± 1.2 0.38 23.6 ± 2.5 23.8 ± 2.1 0.09
Psychological 22.1 ± 2.6 23.8 ± 1.9 0.76 21.6 ± 2.0 20.8 ± 1.2 −0.50

Social Relationships 11.8 ± 1.4 12.4 ± 1.8 0.38 12.7 ± 2.2 12.7 ± 1.7 0.00
Environment 32.8 ± 1.5 32.9 ± 2.9 0.05 32.7 ± 2.7 31.8 ± 2.6 −0.34

No significant changes were found, neither for group × time nor for time.

3.4. Maximum-Repetition Test and Trunk Muscle Strength

A significant group × time interaction was found for maximum-repetition tests on pulldown
(p = 0.008) and chest press (p = 0.016) as well as for the lateral (left) Bourban test (p = 0.024) in favor of
the FunctionalHIIT group (Table 4). A significant time effect between pre- and post-test on leg press
(37.0 ± 23.82 repetitions vs. 52.1 ± 21.38 repetitions; p < 0.01), on chest press (20.6 ± 10.23 repetitions vs.
26.5 ± 11.89 repetitions; p < 0.05), and lateral (left) Bourban test (58.22 ± 28.71 s vs. 70.22 ± 24.53 s;
p < 0.05) was evident.

Table 4. Changes in strength parameters measured with leg press (LP; repetitions), chest press (CP;
repetitions), pulldown (PD, repetitions), back extension (BE, repetitions), Bourban test ventral side (Bv,
seconds), Bourban test lateral left side (Bl), Bourban test lateral right side (Br), in FunctionalHIIT and
CON (Mean ± SD).

Test FunctionalHIIT
Pre

FunctionalHIIT
Post SMD CON Pre CON Post SMD Time Time ×

Group

LP 37.0 ± 23.8 52.1 ± 21.4 0.67 39.6 ± 20.0 46.4 ± 32.3 0.26 p = 0.008 * p = 0.278
CP 20.6 ± 10.2 26.5 ± 11.9 * 0.53 34.2 ± 18.9 34.0 ± 18.5 −0.01 p = 0.024 * p = 0.016 *
PD 23.3 ± 14.2 36.8 ± 22.3 ** 0.74 25.8 ± 13.0 23.3 ± 12.4 −0.19 p = 0.053 p = 0.008 *
BE 45.9 ± 33.1 67.9 ± 59.2 0.48 41.6 ± 13.2 40.1 ± 13.3 −0.11 p = 0.153 p = 0.106
Bv 108.1 ± 75.1 121.0 ± 67.3 0.18 150.2 ± 53.5 152.3 ± 57.5 0.03 p = 0.749 p = 0.892
Bl 58.2 ± 28.7 70.2 ± 24.5 ** 0.45 65.4 ± 17.3 65.8 ± 16.6 0.02 p = 0.018 * p = 0.024 *
Br 58.2 ± 25.7 67.0 ± 26.7 0.34 72.2 ± 19.6 70.6 ± 24.4 −0.07 p = 0.610 p = 0.398

*: significant effect; LP: leg press; CP: chest press; PD: pulldown; BE: back extension. Bv: trunk strength of ventral
side in the Bourban test, in seconds; Bl: trunk strength of lateral left side in the Bourban test, in seconds; Br: trunk
strength of lateral right side in the Bourban test, in seconds.

3.5. Cardiorespiratory Fitness

Maximal running velocity in Vameval test did not reveal any main or interaction effect (p > 0.05)
(Table 5).

Table 5. Changes in maximal running velocity (km/h−1), heart rate (beats per minute), and rates of
perceived exertion (arbitrary units) in Vameval test in FunctionalHIIT and CON (Mean ± SD).

Parameter FunctionalHIIT Pre FunctionalHIIT Post CON Pre CON Post Time Time ×
Group

Vmax 14.0 ± 2.5 14.5 ± 2.2 15.6 ± 2.2 15.6 ± 2.2 0.189 0.189
HRmax 193.1 ± 6.7 190.8 ± 6.8 189.2 ± 7.1 190.3 ± 7.5 0.379 0.158

RPE 9.8 ± 0.4 10.0 ± 0.0 9.7 ± 0.7 9.0 ± 1.5 0.463 0.295

Vmax: running velocity in the last completed stage of Vameval test. HRmax: mean heart rate during last completed
stage of Vameval test; RPE: rates of perceived exertion in the last completed stage of Vameval test.

4. Discussion

The present study aimed at investigating the effect of a suspension training using the “Tabata
protocol” on blood pressure, personal well-being, and life quality as well as on trunk strength
performance and cardiorespiratory fitness. Systolic and diastolic blood pressure and quality of life
were only slightly affected by the FunctionalHIIT intervention, while considerable increases in trunk



Int. J. Environ. Res. Public Health 2019, 16, 5062 7 of 13

strength were revealed. Maximal running velocity in the Vameval test did not change over time, and
no interaction effect between the two groups was evident.

In a meta-analysis by Gillison and colleagues [48], the effect of physical exercise on quality of life
was assessed. A small but significant positive effect was found in clinical populations after three to
six months of exercise. Studies conducted in healthy populations also tend to show positive effects,
although only limited data are available in this regard [49]. Recent studies demonstrated that similar
interventions with functional high-intensity training evoke improvements in certain dimensions of
quality of life in untrained [22] and overweight [25] participants. In a group of healthy adults aged 36–45
years, the WHOQOL-BREF score increased significantly after 13 weeks of moderate-intensity strength
and endurance training combined with basic coordination and flexibility exercises [50]. However,
health-related quality of life scores have repeatedly been found to be higher in studies working with
higher intensities [51,52]. Taking these findings into account, our training intervention consisting
of high-intensity exercise in a group-setting was designed to induce improvements of well-being.
Nevertheless, in the present study, analysis revealed no significant effects of FunctionalHIIT on quality
of life. This may be due to the fact, that participants were members of a fitness club and physically
active before the beginning of the intervention that alteration of the level of physical activity with the
present exercise intervention was not sufficient.

Despite the positive adaptations following aerobic high-intensity interval training in sedentary
and recreational trained individuals in less training time [23,24], some critical considerations on
aerobic HIIT were made. Elevated exertion during and pain following to aerobic HIIT may discourage
untrained individuals from performing regular physical activity in the form of HIIT [53,54]. In contrast
to those concerns, previous studies demonstrated no negative effect of high-intensity exercise on
perceived pain in female participants training with FunctionalHIIT [22], respectively in female patients
performing aerobic HIIT [55]. Nevertheless, future studies should assess whether untrained individuals
can train HIIT habitually for longer periods without an increased perception of exertion during or pain
following HIIT.

As stated previously, the prevalence of low back pain among adolescents is relatively high [28].
This is of particular interest, because adolescents suffering from low back pain are 3.5 times more likely
to be afflicted by low back pain during adulthood [56]. Recent research suggested that exercise is
effective for preventing low back pain [30]. Additionally, regular exercise, contributing to an increase
in trunk muscle strength, reduces the risk of back injuries [31]. The results of the present study are
in line with these findings since the present FunctionalHIIT intervention revealed improvements in
core muscle strength, which represents a protective factor against low back pain and back injuries.
It seems evident that the dynamic exercises in the present study, in combination with training on an
unstable surface and the high intensities caused an increase in trunk muscle strength. In this regard
the improvements in strength in the present study are in line with similar studies demonstrating an
increase in functional strength following nine weeks of high-intensity circuit training [25], compared to
four weeks of functional high-intensity circuit training [22]. Furthermore, a recent study demonstrated
that functional resistance training was sufficient to improve strength and functional strength related
performance as well as body pain in females with chronic low-back pain [57]. The present exercise
intervention of FunctionalHIIT consisted of multi-joint exercises performed with high intensities and
very little rest between intervals. Therefore, the FunctionalHIIT was supposed to improve local
muscle endurance, muscle strength as well as cardiorespiratory endurance performance. As indicated
by the significant effects of FunctionalHIIT for selected strength tests, the present intervention was
sufficient to induce performance improvements in the recreational trained participants. However, it is
unclear whether the FunctionalHIIT training induced adaptions in neuro-muscular structure and/or
function as traditional strength training or if the FunctionalHIIT enhanced local muscular anaerobic
endurance. Even though hypertrophic adaptations to eccentric and concentric strength training occurs
promptly [58], the time span for increases in muscular protein mass require periods up to months [59].
Therefore, we suggest that the enhancement in functional strength, namely, maximum repetition,
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in the present study, induced by the 16 FunctionalHIIT sessions during the eight weeks reflects neural
adaptation or increases in local muscular endurance.

The absence of significant changes in maximum strength at back extension may be due to great
interindividual differences, which can be seen in the high standard deviation (Table 2).

In contrast to the improvements in strength performance, no improvement in running performance
was evident following FunctionalHIIT. A poor cardiorespiratory fitness is considered as a risk factor for
cardiovascular diseases [60] and premature death [61]. Although the FunctionalHIIT exercises consisted
predominantly of resistance training exercises, involving large muscle groups (e.g., squats, burpees,
jumping jacks, squats and rows, stand up/lay down, high knees, etc.) performed with the own body
weight and with high intensities and short recovery periods, endurance performance was unaltered
by FunctionalHIIT. We suggest that several factors may explain this result: (i) the exercise mode
of FunctionalHIIT was predominantly related to functional strength, rather than endurance-specific
exercise modes (i.e., running- or cycling-based exercise modes), this may not have evoked a sufficient
stimulus to improve cardiorespiratory fitness in the participants; (ii) it is possible that the overall
intensities (in terms of % of the one-repetition maximum) during FunctionalHIIT were not high enough
to increase cardiorespiratory fitness. A recent meta-analysis suggested for resistance circuit-based
training programs a total volume of 14–30 sessions during a period of 6–12 weeks performed with
intensities of 60%–90% of the one-repetition maximum for improving VO2peak [62]. Thus, a recent
intervention involving similar functional movements, but longer sessions (>60 vs. 30 min) over a
slightly longer period (9 vs. 8 weeks) than our FunctionalHIIT improved VO2peak by ~10% [25]. On the
other hand, recent studies applying similar FunctionalHIIT protocols, with different populations yielded
just as little improvements in VO2max [22], especially in endurance running performance [63] as in the
present study.

Prolonged elevated blood pressure leads to a reduction of elastin and an increment of collagen
and calcium in arterial walls, which results in a reduced elasticity of the artery [64]. The resulting
impairments in flexibility in combination with hypertension increase the risk of damage of the arterial
wall [65]. Aerobic exercise training has been found to be effective in decreasing arterial stiffness [66],
while studies concerning strength training showed a wide range of results, such as no changes [67],
decrease [68], or increase [69] of arterial stiffness. In particular, it is commonly concluded that the
intensity of strength training affects the outcome of an intervention. In a meta-analysis [70], it was
suggested that intense muscle contraction increases intramuscular pressure, leading therefore to high
stress in artery walls which results in adaptations increasing arterial stiffness. Arterial stiffness being
named as the leading cause for an increase of systolic blood pressure [71], induced some authors to
express a critical view on strength training with heavy weights in high-risk populations [72]. While it
has been shown that exercise intensity, duration of the exercise and activated muscle mass determine
the adaptions of blood pressure during exercise [73], Van Hoof and colleagues [74] mention that in
most of the controlled randomized studies available, strength training did not reduce blood pressure.
Although a short duration of intervention is sometimes speculated to be a possible explanation for
insignificant effects [74], Cornelissen and colleagues [75] did not find a significant relationship between
the reduction of blood pressure and the duration of the intervention or the volume of training in
their meta-analysis.

However, we did find tendencies that indicate changes in blood pressure, but the altering effect
cannot be considered as significant (SMD). This may be because the FunctionalHIIT was only performed
with own body weight. Additional weight could potentially have an important role in blood pressure
adjustments. Thus, further research is needed to determine the mechanism by which strength training,
especially, FunctionalHIIT, influences blood pressure.

The present study includes some limitations which are worth mentioning. During testing for
cardiorespiratory fitness with the Vameval test on the treadmill, we were not able to control for
volitional exhaustion with the help of objective parameters such as blood lactate levels or respiratory
exchange ratio.
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5. Conclusions

The aim of the present interventional pilot study was to analyze the effect of a high-intensity
functional suspension training based on the “Tabata protocol” (FunctionalHIIT) on upper body as well
as core strength, quality of life, resting blood pressure, and endurance performance in moderately
subjects. Our data suggest that FunctionalHIIT has an effect on strength performance in upper body and
lower extremities. Effects on systolic blood pressure profiles and certain subdomains of psychological
well-being were very limited, since differences were not significant and effect sizes revealed only
small-to-moderate effects. FunctionalHIIT exhibits no effect on endurance performance. Future research
should clarify whether FunctionalHIIT could affect blood pressure and psychological well-being by
applying a longer intervention window, higher intensities, and a higher training frequency per week.
In those future studies, the varying aspects of strength training, such as complexity, load, time under
tension, volume, and duration of a training program should be taken into account.
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