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Abstract There was a lack of literature on the effect of
high-intensity resistance training on the ankle-brachial
index (ABI). This study aimed to investigate the effects of
high-intensity and varied-intensity resistance training on
vascular parameters: ABI, brachial systolic blood pressure
(bSBP), and ankle systolic blood pressure (aSBP), as well
as muscle strength in recreational university athletes.
Eighteen athletic participants (age: 21.1 +0.5 years, body
weight: 68.8 + 11.3 kg, height: 174.1 +5.3 cm) were
randomly assigned to one of two different training
programs: the high-intensity resistance training (HIRT, n =
10) and the varied-intensity resistance training (VIRT, n =
8). Pre-testing and post-testing included maximum strength
ratio (MSR) testing of knee extension and preacher curl,
ABI, bSBP, and aSBP measurements. A two-way repeated
measure ANOVA was used to compare between groups
and time effects. The results demonstrated that both groups
significantly increased MSR for both preacher curl
(A30.4%, CI95% = 0.10 — 0.17 kg/kg-bw and A19.3%,
Cl95% = 0.05 — 0.17 kg/kg-bw in HIRT and VIRT,
respectively, all p < 0.001) and knee extension (A18.9%,
Cl195% = 0.12 — 0.24 kg/kg-bw and A25%, C195% =0.13 —
0.40 kg/kg-bw in HIRT and VIRT, respectively, all p <

0.001). Despite similar strength gains, OMNI-RES scores
were significantly lower in the VIRT group after the first
and second weeks (p < 0.05). Moreover, no significant
change was observed after training for ABI, bSBP, and
aSBP in both groups (all p > 0.05). In conclusion, both
HIRT and VIRT did not significantly affect ABI, bSBP,
and aSBP in recreational university athletes but
significantly improved muscular strength. Interestingly,
VIRT induced lower perceived effort during the initial
training sessions.

Keywords ABI, Systolic Blood Pressure, Strength,
Vascular Function, High Intensity Resistance Training

1. Introduction

Resistance training (RT) was a method of exercise that
involved contracting muscles against external resistance.
This resistance could come from body weight, gravity, free
weights such as dumbbells, or even pin-loaded machines
[1]. Extensive literature documented the numerous benefits
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of RT, including increased strength, muscle mass, power,
and athletic function [2]. The American College of Sports
Medicine generally recommended a training intensity of
around 70% of 1RM for various goals, including strength
and hypertrophy [3]. Consequently, a number of previous
studies relied on this recommended intensity to explore the
effectiveness and benefits of RT, consistently finding it
beneficial for enhancing athletic performance [4], body
composition [5], and general health [6].

Although this high-intensity RT was highly beneficial
for athletic training, there were concerns about its effects
on the vascular functions. For instance, a classic study
reported that very high-intensity RT at 95% of 1RM could
significantly increase systolic blood pressure acutely to
over 300mmHg during exercise [7]. Additionally, some
studies indicated that high-intensity RT might decrease
arterial compliance, a key measure reflecting vascular
function, in various aspects such as decreased central
arterial compliance [8], decreased small arterial
compliance [9], and decreased carotid arterial compliance
[10]. Furthermore, previous research demonstrated that
high-intensity training could reduce flow-mediated dilation,
another important measure of vascular ability to dilate,
immediately following training [11]. This suggested that
high-intensity training, while useful and effective, might
pose some risks to vascular function.

One of the most reliable and non-invasive methods to
assess vascular function is the ankle-brachial index (ABI)
measurement [12]. This method is cost-effective and
highly clinically relevant, as it can reflect peripheral
vascular function and indicate the risk of peripheral
vascular disease (PAD) [13]. The ABI is measured by
taking the ankle systolic blood pressure (aSBP) and
brachial systolic blood pressure (bSBP) and then dividing
these values to obtain a ratio [14], with a value less than 0.9
or more than 1.4 indicating dysfunction in peripheral
vascular function [15]. Moreover, relationships were
observed between the poor ABI and the risk of poor
physical function, such as the quadriceps strength test
[16], as well as the increased risk of mortality from
cardiovascular disease at the ABI of more than 1.0 [17].
Although ABI is primarily used to diagnose PAD and
assess cardiovascular risk in middle-aged and older
adults, its evaluation in young athletes, who frequently
engage in high-intensity RT, could provide insights into
acute vascular responses and potential long-term
adaptations. The extreme spikes in systolic blood pressure
during high-intensity RT may impair vascular function or
contribute to long-term vascular impairment. Given that
ABI reflects changes in both aSBP and bSBP,
investigating its response to high-intensity RT in athletes
may help determine whether repeated exposure to such
hemodynamic stress influences vascular health over time.

In RT setting, the recent systematic review about the
ABI demonstrated that low-intensity RT (< 50% of 1RM),
combined with blood flow restriction (BFR), did not affect
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the ABI after a short period of training [18]. However,
there was a notable lack of studies on the effects of
high-intensity RT on ABI, particularly in the athletic
populations, despite its common use in training settings for
performance enhancement. Therefore, this study aimed to
address this gap by investigating the effects of
high-intensity and varied-intensity RT on vascular
parameters, including ABI, bSBP, and aSBP, as well as
strength development in recreational university athletes.

2. Materials and Methods

2.1. Study Design and Ethics

This study utilized a two-group experimental design to
explore the research question. Eligible participants were
young recreational university athletes aged between 18
and 22 years. All participants met the inclusion criteria:
they had at least one year of experience in a specific sport
but no prior experience in structured RT within the last 6
months, no functional limitations of movement, and no
history of use of pharmacological substances, ergogenic
drugs, or anabolic steroids. All six weeks of RT were
closely supervised by a certified personal trainer in a
controlled environment. Pre- and post-testing for ABI,
aSBP, bSBP, and 1RM were measured. Each participant
also completed the Blood Flow Restriction Training Risk
Stratification questionnaire for safety assessment [19],
with general health screening conducted by a registered
physician at the University Hospital. The study received
approval from the Institutional Review Board of the
University Ethics Committee (G-HS046/2566(C1) and
followed the Declaration of Helsinki, with written consent
obtained from all participants.

2.2. Participants

Twenty young, healthy recreational university athletes
(aged 18-22) volunteered to participate in this study. The
required sample size was justified using a priori power
analysis in G*Power (version 3.1.9.7), specifying an
F-test for ANOVA repeated measures (within-between
interaction) with an effect size of 0.75, a = 0.05, and
power = 0.80. These input parameters are based on a
previous study where two training groups were assessed
for muscle strength improvement after training [20]. The
analysis suggested a minimum sample size of 8
participants. However, to enhance the statistical power
and account for potential dropouts, we recruited all 20
participants, evenly allocating them to the two training
groups. Participants were randomly assigned to either a
High-Intensity Resistance Training (HIRT, n=10) or
Varied-Intensity Resistance Training (VIRT, n=10) group
using the research randomizer website (www.randomlists.
com).
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2.3. The One-Repetition Maximum Testing

The one-repetition maximum (1RM) test was conducted
at one week prior to training (pre-test) and one week after
the final training session (post-test). Knee extension 1RM
testing was performed first, followed by the 1RM test for
the preacher curl, with a four-hour interval between
sessions. Both tests utilized the Body-Solid machine (USA)
to maintain equipment consistency. Each knee extension
test commenced with a warm-up involving light resistance
to allow participants to perform several repetitions,
facilitating muscle activation and reducing injury risk. The
initial load, set to approximately 6-10 repetitions, was
progressively increased by 10% per attempt, with a
3-minute rest period between trials to ensure sufficient
recovery. This progression continued until participants
failed to complete a full repetition with a proper form. The
maximum load lifted successfully was recorded as the knee
extension 1RM. Four hours later, an identical protocol was
followed for the preacher curl, with weights increasing by
5% per attempt. The 1RM values obtained were then used
to calculate the maximum strength ratio (MSR) by dividing
the 1RM by the participant’s body weight.

2.4. High-Intensity and Varied-Intensity Resistance
Training

High-intensity  resistance training (HIRT) was
progressively structured for 6 weeks, with the frequency of
one training session per week. In the first two weeks,
participants performed 3 sets of knee extensions and 3 sets
of preacher curls on machines (Body-Solid, USA). The
training intensity was set at 70% of 1RM throughout the
program. All training sets were carried out to muscular
failure and supervised carefully by a personal trainer. The
repetition tempo was fixed at 2 seconds for each eccentric
and concentric phase. Resting period was 60 seconds
between sets and exercises. Knee extension was performed
in the first order. In the third and fourth weeks, numbers of
sets were progressively doubled in both exercises and, in
the last two weeks, the set volume was increased again up
to 8 sets of each exercise.

Varied-intensity resistance training (VIRT) was
similarly structured in training frequency and duration as
well as exercises and order as HIRT. However, the
intensity of training was varied. In the first two weeks,
participants performed 2 sets of high-intensity at 70% of
1RM and 1 set of low-intensity at 30% of 1RM with BFR.
The BFR protocol was practically implemented using
elastic wraps (GRIZZLY FITNESS, Canada), which were
tightened around the upper and lower limbs to a perceived
pressure of approximately 40% of arterial occlusion
pressure (AOP) [21]. Before the study began, each
participant was determined for their own 100% AOP using
pneumatic cuffs (H+Cuff, USA) and confirmed by a

vascular Doppler (EDAN SD3, USA) [22] and familiarized
with their perceived 40% of AOP using both pneumatic
cuffs and elastic wraps. The average 40% of AOP was
101.5 £13.1 mmHg for the leg and 57.5 7.2 mmHg for
the arm. These pressures were within the recommended
safe range for BFR during RT [22]. In the third and fourth
weeks, participants performed 3 sets of high-intensity and
3 sets of low-intensity with BFR for both knee extension
and preacher curl. Finally, in the fifth and sixth weeks,
participants performed 4 sets of high-intensity and 4 sets of
low-intensity with BFR for both exercises. All training
variables were kept similar between groups. Training
protocols were summarized in figure 1.

2.5. Ankle-Brachial Index Measurement

The ABI, bSBP, and aSBP measurements were
performed on each participant at pre-test (3 days before the
first training session) and post-test (3 days after the last
training session). The protocol adhered to the previous
study which measured ABI via an automatic blood
pressure device [23]. For the procedure, after coming to the
laboratory, participants were instructed to rest in a supine
position for a period of 5 minutes. They were
recommended to take breaths slowly with the aim of
promoting relaxation. Participants were also advised to
refrain from consuming alcohol, coffee, or caffeine the
night before the test and to ensure they got at least 6 hours
of sleep. The bSBP and aSBP were determined by using
the automatic blood pressure device (YUWELL, YEGSOE,
China) in a random order. The blood pressure cuff of the
automatic instrument was placed just above the ankles or
on the upper arms, thus measuring blood pressure
automatically. The calculation of the ABI was performed
as follows: ABI = The highest pressure of lower leg / the
highest pressure of upper arm. This measurement method
had been proven to have a very good correlation with the
standard Doppler method (r = 0.81-0.85, p < 0.001) [23].

2.6. Perception of Effort

The perception of effort was measured using the
OMNI-Resistance  Exercise  Scale  (OMNI-RES).
Immediately after completing the final training set of each
session, participants were asked to rate their perceived
exertion by answering the question, “How hard do you feel
this workout was?” on a scale from 0 (easiest) to 10
(hardest) while being shown the OMNI-RES picture for
reference [24]. They were also reminded during the rating
“thinking about your feelings of exertion”. This subjective
measurement was recorded to evaluate the perceived
internal intensity of the training sessions. Participants were
familiarized with the scale during the initial testing session
to ensure accurate and consistent reporting throughout the
study.
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HIRT

Session 1-2
a: 3 sets of Knee extension (70% of 1RM)
b: 3 sets of Preacher curl (70% of 1RM)

Session 3-4
a: 6 sets of Knee extension (70% of 1RM)
b: 6 sets of Preacher curl (70% of 1RM)

Session 5-6

a: 8 sets of Knee extension (70% of 1RM)
b: 8 sets of Preacher curl (70% of 1RM)

VIRT

Session 1-2
/ /' a: 2 sets of Knee extension (70% of 1RM)
b: 1 set of Knee extension (30% of 1RM + BFR)
c: 2 sets of Preacher curl (70% of 1RM)
d: 1 set of Preacher curl (30% of 1RM + BFR)

Session 3-4

a: 3 sets of Knee extension (70% of 1RM)
b: 3 sets of Knee extension (30% of 1RM + BFR)
c: 3 sets of Preacher curl (70% of 1RM)

% d: 3 sets of Preacher curl (30% of 1RM + BFR)

Session 5-6
a: 4 sets of Knee extension (70% of 1RM)
(\ b: 4 sets of Knee extension (30% of 1RM + BFR)

c: 4 sets of Preacher curl (70% of 1RM)
d: 4 sets of Preacher curl (30% of 1RM + BFR)

Exercise order: a>b or a>b>c>d; Rest interval: 60 seconds; Tempo: 2-0-2-0; Number of repetitions: to failure

Figure 1. Summary of high-intensity resistance training (HIRT) and varied-intensity resistance training (VIRT) programs

2.7. Statistical Analysis

All data were analyzed using IBM SPSS Statistics
software version 20. The Shapiro-Wilk test was used to
assess the normality of the data distribution. Descriptive
statistics, expressed as mean and standard deviation (SD),
were calculated to summarize baseline characteristics. A
one-way ANOVA was conducted to compare baseline
characteristics ~ between  groups. A  two-way
repeated-measures ANOVA was employed to evaluate
changes in ankle-brachial index (ABI), brachial systolic
blood pressure (bSBP), ankle systolic blood pressure
(aSBP), preacher curl maximum strength ratio, and knee
extension ~ maximum  strength  ratio,  assessing
between-group effects (HIRT vs. VIRT) and between-time
effects (Pre vs. Post). Changes were also reported with
95% confidence intervals (C195%). Cohen’s d effect sizes
were calculated using the formula: mean change divided by
pooled SD, with interpretation based on Hopkins’
recommendations: 0.00-0.19 (Trivial), 0.20-0.59 (Small),
0.60-1.19 (Moderate), 1.20-1.99 (Large), and >2.00 (Very
large) [25]. Additionally, a one-way ANOVA was used to
compare differences in OMNI-RES scores across training

weeks. Statistical significance was set at a = 0.05.

3. Results

Out of a total of 20 participants, 2 participants from
VIRT withdrew. The final analysis included 10
participants in HIRT and 8 participants in VIRT.
Statistical analysis showed no significant differences
between groups at baseline (Table 1).

Across the six weeks, high-intensity sets for preacher
curls and knee extensions averaged 11.5 £2.2 and 13.7
1.3 repetitions per set, respectively. In contrast,
low-intensity sets with BFR averaged 29.4 +5.4 and 43.6 =
6.9 repetitions per set for preacher curls and knee
extensions, respectively. There were no main group-, time-,
or interaction-effects observed for ABI, bSBP, and aSBP
(all p>0.05) (Table 2).

Specifically, both groups showed no significant changes
in ABI (HIRT: A-0.02, C195% = -0.11 — 0.06, d = Small
and VIRT: A-0.05, CI95% = -0.20 — 0.11, d = Small)
(Figure 2).
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Table 1. Baseline characteristics of participants

HIRT (n=10) (X+SD) VIRT (n=8) (X+SD) F p-value
Age (years) 21.3+0.7 21.0+0.0 1.27 0.28
Height (cm) 173.1+5.5 1749+5.3 0.48 0.50
Body weight (kg) 68.5+114 69.0+11.9 0.01 0.93
Ankle-brachial index (ratio) 1.10+0.10 1.17+0.15 1.40 0.25
Brachial systolic blood pressure (mmHg) 127.90 £ 0.24 124.00 £ 0.28 0.89 0.36
Ankle systolic blood pressure (mmHg) 140.20 £ 15.33 144.00 + 16.76 0.25 0.62
Preacher curl maximum strength ratio (kg/kg-bw) 0.46+0.18 0.57+0.21 1.28 0.27
Knee extension maximum strength ratio (kg/kg-bw) 0.95+0.16 1.04+£0.29 0.68 0.42
Football player (n) 5 3
Basketball player (n) 2 3
Volleyball player (n) 1 1
Road Cyclist (n) 0 1
Table Tennis player (n) 1 0
Badminton player (n) 1 0
Table 2. Changes in ABI, bSBP, aSBP, and MSR
HIRT (n=10) VIRT (n=8) p-value
—
=
Pre Post Change d Pre Post Change d E? = e
S =
(X+SD) | (X+SD) (95% CI) (X£SD) | (X+SD) (95%CI) s 2 §’
3
ABI 1.10 1.08 -0.02 1.17 1.12 -0.05
. -0.25 -0.37 | 0.16 | 0.33 | 0.74
(ratio) +0.10 +0.09 (-0.11; 0.06) +0.15 +0.11 (-0.20; 0.11)
bSBP 127.90 | 125.60 -2.30 124.00 120.50 -3.50
-0.28 -0.66 | 0.17 | 027 | 0.82
(mmHg) | +1024 | +5.15 (-7.88; 3.28) +628 | +10.84 | (-14.84;7.85)
aSBP 140.20 | 135.00 -5.20 144.00 133.00 -11.00
-0.37 -0.54 | 0.88 | 0.10 | 0.54
(mmHg) | +1533 | £12.72 | (-14.94; 4.54) +16.76 | +17.28 | (-31.87;9.87)

Abbreviation: ABI = Ankle-brachial index; bSBP = Brachial systolic blood pressure; aSBP = Ankle systolic blood pressure; PC = Preacher Curl; KE
= Knee extension; MSR = Maximum strength ratio; ES = Effect size. * indicated p < 0.05.
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Figure 2. Mean changes in ankle-brachial index from high-intensity only program (white bar) and varied-intensity program (grey bar). The dashed
lines represent the normal range for ABI
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In the same way, no significant changes in bSBP (HIRT:
A-2.30 mmHg, C195% =-7.88 —3.28, d = Small and VIRT:
A-3.50 mmHg, C195% = -14.84 — 7.85, d = Moderate) and
aSBP (HIRT: A-5.20 mmHg, CI95% = -14.94 — 4,54, d =
Small and VIRT: A-11.00 mmHg, CI195% = -31.87 — 9.87,
d = Small) were observed (Figure 3).

For MSR, there were the main time-effects of both
preacher curl MSR (Fy,16) = 68.328, p = 0.000, n, =0.810)
and knee extension MSR (Fp1.16) = 55.812, p = 0.000, 7, =
0.777). However, no main group- or interaction-effects
were observed. Specifically, both groups demonstrated
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significant increases in MSR for both preacher curl (HIRT:
A0.13 kg/kg-bw, C195% = 0.10 — 0.17, d = Moderate and
VIRT: A0.11 kg/kg-bw, CI95% = 0.05 — 0.17, d = Small)
and knee extension (HIRT: A0.18 kg/kg-bw, C195% =0.12
—0.24, d = Moderate and VIRT: A0.27 kg/kg-bw, CI195% =
0.13 - 0.40, d = Moderate) (Figure 4).

For perception of efforts, significant differences in
OMNI-RES scores between groups were observed during
the first week (p = 0.010) and the second week (p = 0.000),
with HIRT demonstrating higher OMNI-RES scores
compared to VIRT (Figure 5).
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Figure 3. Mean changes in ankle systolic blood pressure and brachial systolic blood pressure with individual analyses in black circles
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Figure 4. Mean changes in maximum strength ratio (MSR) of preacher curl and knee extension (solid black lines), with individual analyses in dashed

lines. * indicated significant difference from pre-test (p<0.05)
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Figure 5. Means and standard deviations of OMNI-RES from first to last week. * indicated significant difference between groups (p<0.05)

4. Discussion

To the author’s knowledge, this was the very first study
to directly investigate the effect of high-intensity RT
programs on ABI in recreational university athletes.
Findings showed that neither HIRT nor VIRT produced a
statistically significant effect on ABI (p =0.33), bSBP (p =
0.27), or aSBP (p = 0.10). Besides, both training programs
led to significant increases in the preacher curl MSR (p =
0.000) and knee extension MSR (p = 0.000), with more
favorable psycho-affective benefits from VIRT.

It was well-accepted that the ABI value below 0.9 and
above 1.4 suggested PAD or arterial stiffness, respectively
[13]. In this study, the average ABI remained unchanged
from pre- to post-testing in both groups. The values were
within the normal range, indicating stable wvascular
function and no increased risk of PAD or arterial stiffness
from training programs. From a mechanistic standpoint, it
was suggested that high-intensity RT might cause
vascular dysfunction through mechanisms such as an
increase in plasma norepinephrine [26], elevation of blood
pressure [27], and repetition of the Valsalva maneuver
during exercise [28]. However, our results showed that
the vascular function, as assessed by ABI, remained stable
after periods of training. This stability indicated that these
proposed mechanisms leading to arterial dysfunction
might not have been sufficiently triggered or sustained to
impair arterial health in the short term.

Moreover, our findings aligned with the previous study
of Clark and team who specifically trained the lower body
only of their young male participants, using only knee
extension exercise over four weeks. They compared
high-intensity (80% of 1RM) and low-intensity (30% of
1RM) RT with BFR. The results demonstrated that there

was no significant effect of training on ABI scores for both
the high- and the low-intensity groups (from 1.0820.04 to
1.0740.04 and from 1.1540.03 to 1.0940.02, respectively
[29]. The findings aligned with our current finding that
high-intensity RT was not affecting ABI. However, their
participants were not the university athletes. Moreover, our
study extended the previous findings by including both
upper and lower body exercises, demonstrating that a
training program incorporating both regions also did not
significantly affect ABI in healthy recreational university
athletes.

Additionally, a previous study did examine the effects of
combining high-intensity RT and aerobic training over six
months, with participants performing seven exercises at
50% of 1RM, thrice weekly. Those with a baseline ABI
above 1.0 showed a slight decrease (1.09 +0.01 to 1.07 +
0.01), while individuals with an ABI below 1.0 had a
significant increase (0.92 £0.02 to 1.06 +0.03), indicating
greater benefits for participants with lower initial ABI [30].
This partially explained the findings in our study that ABI
of both groups remained stable from pre- to post-test. It
was likely due to both groups having an average baseline
ABI above 1.0, consistent with Barone Gibbs’ findings
[30].

In terms of aerobic exercise, our findings were
comparable to a previous study, which reported that
moderate-intensity continuous aerobic training and
high-intensity interval aerobic training did not significantly
alter ABI, with values changing from 1.0 £0.14 to 1.01 =
0.09 and 0.95 £0.12 to 1.04 £0.12, respectively [31].
Similarly, our results contributed to the growing body of
evidence indicating that high-intensity RT did not
negatively impact ABI as well, supporting its safety from a
vascular health perspective.
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Besides, a recent systematic review indicated that
low-intensity RT (30% of 1RM) with BFR did not
significantly impact ABI [18]. Our study extended this
research by demonstrating that even when low-intensity
with BFR was paired with high-intensity RT, ABI
remained unaffected, as seen in the VIRT group. These
findings suggested that RT could be performed at any
intensity — whether low-intensity with BFR, high-intensity
alone, or a combination of the two — without significantly
affecting the ABI, particularly in healthy athletes.

Furthermore, Yasuda and colleagues were the very first
to examine the effects of moderate-to-high intensity elastic
band training on ABI. They found that there was no change
in ABI after 12 weeks of band squats and band knee
extensions, with ABI scores remaining at 1.11-8.05 and
1.11£0.08, respectively [32]. However, like Clark’s study
[28], Yasuda's research focused only on lower body
exercises [32]. This left the gap in the literature about the
effect of upper body training on ABI. While our study
partially addressed this gap by incorporating both upper
and lower body exercises from machine training, we
recommended that future research investigate the effects
of moderate-to-high intensity elastic band training on
ABI, incorporating upper body exercises like elastic band
curls alongside band squats to confirm our results.

Additionally, Yasuda’s study observed a slight reduction
in blood pressure, with bSBP decreasing from 13018
mmHg to 125418 mmHg after 12 weeks of training [32]. In
the same way, our study found similar, slightly
non-significant reductions of bSBP after 6 weeks: -2.3
mmHg in the HIRT and -3.5 mmHg in VIRT. These results
were consistent with a meta-analysis of randomized
controlled trials, which showed that dynamic RT could
lower blood pressure by about -1.8 mmHg in healthy adults,
whereas traditional aerobic endurance training can reduce
it by up to 3.5 mmHg [33]. Given that high blood pressure
was associated with various cardiovascular diseases [34],
and that reducing systolic blood pressure by just 5 mmHg
could help lower the risk of major cardiovascular events by
approximately 10% [35], our findings suggested that both
HIRT and VIRT programs in long-term could be beneficial
for lowering blood pressure and potentially reducing
cardiovascular risk.

Finally, our study demonstrated the effectiveness of both
training programs in increasing MSR, consistent with
previous research indicating that high-intensity RT
effectively promotes positive neuromuscular adaptations
[36-38]. We attributed these findings primarily to neural
adaptations, such as increased motor unit recruitment of
agonist muscle and reduced antagonist muscle activation
[39], because they were known to occur earlier than
hypertrophic changes [40]. Moreover, our findings
con-tributed to the literature by suggesting that these
training protocols were not only effective but also safe for
vascular function, with the potential to positively influence
systolic blood pressure over time. Besides, the important
finding in our study was that participants in the VIRT
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group reported significantly lower perception of effort
compared to those in the HIRT group, particularly after the
first and second weeks. This suggested that VIRT might
provide a more manageable training experience with the
assistance of BFR [41] while still promoting substantial
neuromuscular adaptations [42]. This aligned with research
suggesting that BFR could reduce the perceived effort of
training, potentially leading to better adherence and
improved psychological outcomes [43].

This study was not without limitations. Firstly, the
study's sample consisted exclusively of healthy
recreational university athletes, which limited the
generalizability of the findings to other populations, such
as females or older adults. Larger studies including diverse
demographic groups were necessary to confirm these
findings and understand how different populations might
benefit from or be affected by these high-intensity
programs. Moreover, the duration of this study might not
have been sufficient to observe longer-term effects on
vascular function, which could vary with extended training
periods. Future research should consider a more extended
training duration (> 6 weeks) and also examine other
exercises on ABI.

5. Conclusions

This study demonstrated that both HIRT and VIRT had
no significant impact on their ABI, bSBP, and aSBP, as
well as resulting in increases in muscular strength in
recreational university athletes. This suggested that both
HIRT and VIRT were useful for performance enhancement
and safe for vascular function. Moreover, VIRT appeared
to be a very interesting protocol, offering a psychoaffective
benefit by reducing the perception of effort without
compromising strength adaptation, making it a viable
alternative to HIRT.
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