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Abstract 

Introduction: Blood flow restriction exercise has proven to be an effective training method to promote 
neuromuscular adaptations, however, a consensus about the effect on other physiological and safety variables, 
such as cardiovascular responses, has yet to be reached. Purpose: The aim of this study was to compare the 
acute cardiovascular responses during and after three different resistance training protocols. Material & 

methods: Fifty-two participants (27.3±7 years; 177.6±11 cm; 72.2±13.7 kg) were randomly allocated into three 
groups: low-intensity exercise without (LI, n=13) and with blood flow restriction (LI-BFR, n=24), and high-
intensity exercise (HI, n=15). Participants from LI and LI-BFR groups performed four sets (1x30 + 3x15 reps) at 
30% 1RM, while HI group performed four sets (1x30 with 30% 1RM + 3x10 reps with 75% 1RM) of dominant-
side plantar flexion exercise. For LI-BFR group, a cuff was placed under popliteal region and inflated at 30% of 
the individual´s occlusion pressure (47.6 ± 19.8 mmHg). Results: Blood pressure (BP), heart rate (HR) and 
oxygen saturation (SpO2) were assessed at baseline, after each set and post-exercise. HR increases significantly 
during exercise across all protocols, with greater increases for HI group after 4th set (p<0.001; G=1.072) but 
without differences between groups. HI and LI-BFR protocols showed higher significant post-exercise 
hypotension and greater reduction in MAP (p<0.05) than LI group. RPP during exercise was different from HI to 
LI and LI-BFR (p<0.05). HI protocol reduced SpO2 during all sets of exercise (p<0.05). Conclusions: The 
results of this study indicate that LI-BFR promotes similar hypotensive response to HI, with equal or lower 
cardiovascular responses during exercise than traditional resistance training.  
Key words: Low-load exercise, occlusion training, hemodynamics responses, blood pressure, hypotension. 

 
Introduction 

High-intensity resistance training (HI-RT) (70-85% 1RM) is widely recommended to achieve increases 
in muscle mass and strength (Krzysztofik et al., 2019). However, this training method may be inappropriate and 
even contraindicated for several populations (e.g., elderly, injured). In this sense, the use of low-intensity 
resistance training associated with blood flow restriction (LI-BFR) is presented as an effective alternative, due to 
low-loads used (Lixandrão et al., 2018). LI-BFR includes the application of an inflatable cuff to the most 
proximal portion of a limb, promoting a highly metabolic environment.  

Despite the effectiveness of both training methods on muscle adaptations, a consensus about the effect 
on other physiological and safety variables, such as cardiovascular responses, has yet to be reached. The 
cardiovascular system responds to different types of training according to the exercise design (load, sets, 
repetitions, and muscle mass involved) (McCartney, 1999). In this context, it has been demonstrated that both, 
HI-RT and LI-BFR, increase hemodynamic responses (blood pressure, heart rate and rate-pressure product), 
amplifying myocardial workload and additional stress on the vasculature (Neto, et al 2016a, Pedon, et al. 2022).  

Studies that have investigate the effects of LI-BFR on vascular function have reported that metabolic 
stress derived by this training method may increase the exercise of pressor reflex to the cardiovascular control 
center, causing exacerbated increases in sympathetic activity and prompting the need for caution when 
prescribing LI-BFR training (Cristina-Oliveira et al., 2020; Da Cunha Nascimento et al., 2020; Spranger et al., 
2015). Additionally, it has been demonstrated that the magnitude of this cardiovascular responses during and 
after LI-BFR is directly related to different variables such as: a) the intensity of effort; b) the external levels of 
restrictive pressure applied; c) the exercise performed or muscle mass involved; d) the type and duration of 
restriction (continuous vs intermittent) (Brandner et al., 2015). In this sense, Chulvi-Medrano et al. (2023) 
suggest that methods using 100 mm Hg and the resting brachial systolic blood pressure could represent the safest 
application prescriptions as they resulted in applied pressures between 60% and 80% LOP. Additionally, a recent 
meta-analysis (Kesrouani et al., 2022) indicates that the load and intensity of the exercise affect proportionally to 
the increase in heart rate, a fact that also directly affects the post-exercise recovery behavior. Likewise, the 
muscle mass involved in the exercise, when comparing the upper and lower limbs, also affect to cardiovascular 
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responses, since the larger the muscle group involved in performing the exercise, the more arterioles will be 
dilated, providing lower values of peripheral vascular resistance and lower blood pressure.  

Several studies have evaluated the acute cardiovascular responses during and after resistance training 
with and without blood flow restriction using different methodological designs (Poton & Polito, 2014b; Poton & 
Polito, 2015). However, none of them used intermittent and low restrictive pressure (< 100mmHg) and a single 
exercise for ankle joint. To our knowledge, only three studies (Rossow et al., 2011; Downs et al., 2014; 
Bunevicius et al., 2016) compared the acute effects on cardiovascular responses after resistance training with and 
without blood flow restriction, using plantar flexion exercise (added to other exercises for lower body) and 
restrictive cuff pressures from 100 mmHg to 200 mmHg.  

In general, researchers analyzed the effects of one or more lower limb multi-joint exercises (e.g. leg 
press, leg extension, leg flexion) in order to achieve specificity or functionality, both in healthy patients and 
within rehabilitation programs (Werasiritat & Yamlamai, 2022). However, this type of exercise has been related 
to higher cardiovascular responses since it involved larger muscle mass (Assunção et al., 2007; Monteiro et al., 
2008). Recently, plantar flexion exercise has been associated to improving the functionality, mainly in elderly, a 
proportion of population that needs a very close monitoring on acute cardiovascular responses following exercise 
(Ema et al., 2017). Thus, although several studies analyzed the acute physiological effects of LI-BFR using 
different exercise design, further investigation is still needed.  

The aim of this study was to compare the acute effects on blood pressure (BP), heart rate (HR) and 
oxygen saturation (SpO2) during and after three different resistance training protocols performing a single plantar 
flexion exercise in healthy population. We hypothesized that lower muscle mass involved in plantar flexion 
exercise may not negatively affect the cardiovascular system regardless of the resistance training protocol 
applied. Additionally, the lower restrictive pressure used in our study would be an effective and safe stimulus. 
We assume that healthy subjects do not have any cardiovascular limitation during resistance training, however, 
the results of this study could elicit future investigations in other populations, such as elderly or hypertensive 
individuals.  
 
Material & methods 

Participants 

Fifty-two healthy young individuals (33 males and 19 females) were recruited to participate in this 
study (as described in Table 1). Prior to commencement of the study, all participants were properly informed in 
detail of the aim and requirements of the research and were invited to ask any questions related to the nature of 
the study. Participants were instructed to refrain from physical activity and alcohol consumption, caffeine and/or 
other performance stimulants ergogenic 48h before trials. The exclusion criteria were the use of any medication 
that could influence the cardiovascular responses, presence of any diagnosed cardiovascular disease, 
hypertension, diabetes, or a history of blood clotting (Rossow et al., 2012). Participants completed a medical 
health history form and signed the informed consent document. All procedures of this study were performed in 
accordance with the Declaration of Helsinki and approved by the Institutional Review Board of the University of 
Alicante (Exp. UA-2016-09-18).  
 
Table 1. Characteristics of the participants.  
                HI-RT (n=15)              LI-RT (n=13)               LI-BFR (n=24)    

Age (yr)               26.9  8.5                27.8  8.7                       24.4  3.9 
Height (m)    1.80  11.0                      1.75  11.0                          1.78  11.0  
Body mass (Kg)               73.4  12.0              70.5  16.2                           72.7  13.0 
BMI (Kg·m2)                 23.9  3.0               23.8  3.7                  22.8  2.7 
AOP (mmHg)                  -         -                  158.8  66.0 
30% of AOP (mmHg)                 -         -                   47.6  19.8 
1RM Calf extension (Kg)       166.7  51.1                    158.6  35.1                 133.2  22.1 
30% of 1RM (Kg)   50.0  15.3                      47.5  10.5                      39.9  6.6               
HR (bpm)    70.0  10.0                      68.3  11.0                     66.1  12.9 
SBP (mmHg)                        126.1  11.7                    119.2  12.0                  123.6  15.7 
DBP (mmHg).                            76.8  9.3                       75.8  10.8                    74.5  11.2 
MAP (mmHg)     93.2  6.9                        90.2  9.5           90.88  10.3 
RPP (%)     86.0  11.6                      81.1  14.0             82.0  20.2                         
SpO2 (%)        99.0  1.1               99.2  0.8                  98.0  0.8 
HI-RT, High-intensity resistance training; LI-RT, Low-intensity resistance training; LI-BFR, Low-intensity 
associated with blood flow restriction; BMI, body mass index; AOP, arterial occlusion pressure; 1RM, one 
repetition maximum; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean 
arterial pressure; RPP, rate pressure product; SpO2, oxygen saturation. Values are presented as Mean  SD.  
Experimental Design 



MOISÉS PICÓN-MARTÍNEZ, JUAN MANUEL CORTELL-TORMO, DIEGO ALEXANDRE ALONSO-
AUBIN, IVÁN CHULVI-MEDRANO 

--------------------------------------------------------------------------------------------------------------------------------------- 

---------------------------------------------------------------------------------------------------------------------------- 

JPES ®      www.efsupit.ro  
706 

A familiarization session was completed by all participants one week prior to experimental trials. In this 
phase, one repetition maximum test (1RM), training protocols and arterial occlusion pressure (AOP) 
measurement were simulated. Afterwards, participants attended the laboratory on three separate days, each one 
at the same time in the morning. Additionally, the participants were instructed to keep normal hydration and 
refrain physical activities during the intervention. The first visit consisted in the measurement of anthropometric 
parameters, AOP and 1RM test of dominant-side plantar flexion exercise. All measurements were performed 
after 15 min of rest. During the second visit, each participant performed the assigned exercise trial: high-
intensity (HI); low-intensity (LI); low-intensity resistance training associated with blood flow restriction (LI-
BFR). During this visit, cardiovascular responses were recorded at baseline, during and after exercise, using an 
automatic heart rate monitor. Finally, 24h after the intervention, participants attended the laboratory for post-
exercise assessments.  

 
Exercise trials 

Prior to trials, all participants rested quietly for 15 minutes followed by a measurement of 
cardiovascular responses. Afterwards, participants completed a standardized warm-up that consisted in five 
minutes on a bicycle at 70W, followed by two sets of 15 repetitions of unilateral plantar flexion exercise in the 
dominant leg, at ≤20% 1RM. Thereafter, participants from LI-RT and LI-BFR groups performed four sets (1x30 
+ 3x15 reps) at 30% 1RM, resting 60s between sets, whereas the participants from HI group performed four sets 
(1x30 at 30% 1RM + 3x10 reps at 75% 1RM) resting 90s between sets. Exercise trials were performed in a leg 
press exercise machine (TYH Fitness), with the dominant foot placed approximately to the width of the hip, a 
slight external rotation of the same and avoiding knee valgus. Additionally, participants were instructed to 
perform the movement in a full range of motion and with the total phase of contraction cycle lasting 3s (1.5s 
concentric; 1.5s eccentric), being monitored by a digital metronome. For the LI-BFR trial, a blood pressure cuff 
was positioned on the dominant calf and inflated at 30% of the individual AOP (47.6 ± 19.8 mmHg) during the 
exercise and released immediately after the end of each set. 

 
One Repetition Maximum Test (1RM) 

Maximal dynamic strength of plantar flexion muscles was measured by a one-repetition maximum test 
(1RM) on a leg press machine. Participants began the test following a neuromuscular warm-up consisting in 
performing 2 sets of 10 repetitions at 40% of the individual’s perceived maximum strength. All subjects were 
instructed to perform the movement in a full range of motion and to avoid assistance from any other body part 
(e.g. the thigh). After 3 min, participants performed eight repetitions with a load estimated at 50% 1RM, 
obtained during the familiarization sessions. In the second test, after other 3 min of rest, the participants 
performed three to five repetitions at 75% of their estimated 1RM. Thereafter, the loads were adjusted 
individually, and the participants were instructed to perform repetitions until volitional failure. If more than five 
repetitions were completed successfully, the load was progressively increased by 5%. If participants were unable 
to complete the five repetitions, 1RM was estimated by Epley’s formula (1RM = load [kg] * [1 + (0.033 * 
number of repetitions)]) (Martín-Hernández et al., 2013). After each attempt, participants rested for 5 min and 
then, they had up to new attempts to achieve their 1RM. 

 
Determination of Arterial Occlusion Pressure (AOP) 

Prior to the arterial occlusion pressure measurement, participants rested in the supine position for 15 
minutes. Then, a vascular Doppler probe (US-B, Logiq-e; General Electric Healthcare, Wauwatosa, WI, USA) 
was placed over the posterior tibial artery to capture its auscultatory pulse. In order to determine the AOP, a 
pneumatic cuff (57 cm length x 9 cm width; Riester Komprimeter, Riester, Jungingen, Germany) was placed on 
the dominant leg under the knee joint and then progressively inflated up to the point in which the auscultatory 
pulse was interrupted (arterial occlusion pressure) (Gualano et al., 2010).  

 
Cardiovascular measurements 

Prior to experimental protocols, participants rested for 15 minutes in order to stabilize the 
cardiovascular variables. Afterwards, systolic/diastolic blood pressure (SBP/DBP) and HR were assessed using 
an automatic pneumatic blood pressure machine (Tensoval Duo Control Hartman; OMROM). These 
measurements were repeated immediately after each set of training (during exercise) and post-exercise (15min, 
30min, 45min, 60min and 24h). SpO2 was also assessed at baseline, during exercise (after each set) and post-
exercise (60min and 24h) using a finger pulse oximeter (Contec: CMS50D). For all three conditions, 
cardiovascular measurements were obtained from the right arm, using the same equipment. The rate pressure 
product (RPP) was calculated as index of myocardial oxygen consumption using the formula RRP = SBP 
(mmHg) x HR (bpm) / 100. Mean arterial blood pressure (MAP) was obtained using the formula MAP = 1/3 
(SBP-DBP) + DBP. 

 
Statistical Analysis 
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All data are presented as means  standard deviation (SD). Prior to analysis, data normality and 
homogeneity of variance were assessed through the Shapiro-Wilk and Levene tests. Two-way repeated-measures 
ANOVA (group x time) was applied for dependent variables analysis. Significant interactions between exercise 
trials were analyzed using DMS post-hoc test. A t-test for paired samples was used across time within each 
group. Effect size was calculated to determine the magnitude using Hedges’ G, and the data obtained were 
categorized as follows: no effect (d<0.2), small effect (d<0.5), medium effect (d<0.8), or large effect (d>0.8). 
Statistical significance was set at p<0.05. All data were analyzed using SPSS version 17.0 software packages. 
 

Results 

Heart rate 

There was a significant interaction effect of all protocols x time during exercise (p<0.05) (as shown in 
Fig. 1a). This increase of HR was greater for HI protocol after 4th set of exercise (p<0.001; G=1.072). The 
comparative analysis of HR during exercise revealed no significant differences between protocols (p>0.05). 
Post-exercise, intergroup analysis revealed significant differences in post-30min value when comparing HI and 
LI-BFR protocols (p<0.05) (as shown in Fig. 1b).  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIG. 1. A) Hearth rate (HR) responses during exercise. * Significant difference to pre (baseline) across all 
protocols. B) HR responses after exercise. * Significant difference to pre for LI-BFR protocol; † Significant 
difference to pre for HI protocol; ‡ Significant difference from HI to LI-BFR protocols.  

 
Blood pressure, mean arterial pressure and rate pressure product 

During exercise, there was no significant interaction effect x time in SBP for either protocol (p<0.05) 
(as shown in Fig. 2a). The comparative analysis of SBP during exercise revealed significant difference in the 
first set from LI to HI and LI-BFR protocol (p=0.03 and p=0.04, respectively) and the third and fourth set from 
HI to LI protocol (p=0.03 and p=0.04, respectively). Regarding the acute responses of SBP after exercise (as 
shown in Fig. 2b), significant reduction was observed at 15min, 30min, 45min and 60min post-exercise for all 
three groups (p<0.05).  

The greater significant reductions in SBP were observed at 30min and 45min post-exercise for HI 
protocol (p=0.001 for both time points; G=1.06, G=1.18, respectively) and 45min and 60min post-exercise for 
LI-BFR protocol (p=0.001 for both time points; G=0.55, G=0.56, respectively). Intergroup analysis and post-hoc 
test of SBP at post-exercise revealed no significant differences between protocols (p>0.05). 
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FIG. 2. A) Systolic Blood Pressure (SBP) responses during exercise. * Significant difference from LI to HI and 
LI-BFR protocol; † Significant difference from HI to LI protocol; B) SBP responses after exercise. * Significant 
difference to pre across all protocols; † Significant difference to pre for LI-BFR protocol.  

There was a significant reduction of DBP from pre to third set of training for LI-BFR protocol (p=0.04, 
G=0.357) (as shown in Fig. 3a). The analysis of interaction revealed no significant differences between protocols 
(p>0.05). After exercise, DBP decreased significantly for HI protocol at 45min (p=0.035, G=0.487) as well as 
post-45min and post-24h for LI-BFR group (p=0.04 for both time points, G=0.467 and G=0.474, respectively) 
(as shown in Fig. 3b). Intergroup analysis and post-hoc test of SBP revealed no significant differences between 
protocols (p>0.05). 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIG. 3. A) Diastolic Blood Pressure (DBP) responses during exercise. * Significant difference to pre for LI-BFR 
protocol; B) DBP responses after exercise. * Significant difference to pre for HI and LI-BFR protocols; † 
Significant difference to pre for LI-BFR protocol. 

The within protocols analysis and the comparative analysis indicated no significant differences in MAP 
from pre to four sets of exercise for any group (p>0.05) (as shown in Fig. 4a). After exercise, intragroup analysis 
showed the greater reductions of MAP at post-30min, post-45min for HI protocol (p=0.008, G=0.66; p=0.000, 
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G=0.96, respectively) and LI-BFR protocol (p=0.003, G=0.54; p=0.004, G=0.62, respectively) (as shown in Fig. 
4b). The comparative analysis revealed no significant differences between groups (p>0.05). 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIG. 4. A) Mean Arterial Pressure (MAP) responses during exercise. No significant effect was observed. B) 

MAP responses after exercise. * Significant difference to pre for HI protocol; † Significant difference to pre for 
LI protocol; ‡ Significant difference to pre for LI-BFR protocol. 

During exercise, there was no significant interaction effect x time in RPP for either protocol (p<0.05) 
(as shown in Fig. 5a). Significant increases were observed from pre to during exercise for all protocols, with 
greater differences after first and fourth set of exercise for HI (p=0.002, G=1.11; p=0.000, G=1.45, respectively) 
and LI-BFR protocols (p=0.003, G=0.51; p=0.013, G=0.40, respectively). Intergroup analysis revealed 
significant differences for all sets of exercise from HI protocol to LI and LI-BFR (p<0.05). After exercise (as 
shown in Fig. 5b), significant reduction in RPP was observed at 60min for LI protocol (p=0.029, G=0.47) and 
post-45min, post-60min and post-24h for LI-BFR group (p=0.006, G=0.49; p=0.005, G=0.49; p=0.037, G=0.27, 
respectively). Intergroup analysis and post-hoc test revealed no significant differences between protocols 
(p>0.05). 
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FIG. 5. A) Rate Pressure Product (RPP) responses during exercise. * Significant difference to pre (baseline) for 
HI protocol; † Significant difference to pre for LI protocol; ‡ Significant difference to pre for LI-BFR protocol; § 
Significant difference from HI to LI and LI-BFR protocol; B) RPP responses after exercise. * Significant 
difference to pre (baseline) for LI protocol; † Significant difference to pre for LI-BFR protocol. 
Oxygen saturation 

There was a significant interaction effect x time during exercise for HI group (p=0.01, p=0.004, 
p=0.002, p=0.02, respectively for each set) (as shown in Fig. 6a).  The comparative analysis of SpO2 during 
exercise revealed significant difference pre-exercise from LI-BFR to HI and LI groups (p<0.05) and from LI to 
HI and LI-BFR after first (p=0.02, p=0.009) and fourth set (p=0.03, p=0.008). After exercise, the interaction 
between effect and time revealed significant reduction of SpO2 post-60min for HI group (p=0.03, G=0.505) (as 
shown in Fig. 6b). Intergroup analysis revealed significant differences in post-60min across all groups (p<0.001) 
and in post-24h value when comparing LI and LI-BFR protocols (p=0.02). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

FIG. 6. A) Oxygen saturation (SpO2) responses during exercise. * Significant difference to pre (baseline) for HI 
protocol; † Significant difference from LI-BFR to HI and LI protocol; ‡ Significant difference from LI to HI and 
LI-BFR protocol. B) SpO2 responses after exercise. * Significant difference to rest for HI protocol; † Significant 
difference from LI-BFR to LI protocol; ‡ Significant differences across all protocols.  
 
Discussion  

The present study compared the acute cardiovascular responses during and after different resistance 
training protocols in healthy individuals. To our knowledge, this is the first study that evaluated the acute effect 
of LI-BFR on cardiovascular responses using a single exercise of ankle joint and very low restrictive pressure. 
The main findings of this study indicate that, (1) all three protocols promoted increases in HR during exercise, 
with greater effect for HI protocol, (2) HI and LI-BFR groups resulted in similar post-exercise hypotension 
effect, (3) MAP post-exercise was reduced significantly for HI and LI-BFR protocols, (4) RPP increased during 
exercise for HI protocol, with significantly differences to other two protocols, (5) HI exercise promoted a 
significant reduction in SpO2 during training. It has been suggested that HI-RT promotes acute physiological 
alterations due to the increases of the supply of oxygenation to active muscles and, in turn, the exercise design 
affects the magnitude of these responses (McCartney, 1999). In the present study, HR increased significantly 
during all protocols without differences between them. These results are in line with previous studies in healthy 
young individuals (Figueroa & Vicil, 2011; Downs et al., 2014; Neto et al., 2016b) but not others. For instance, 
several studies found greater increases on HR for HI-RT compared with LI-RT protocols with and without blood 
flow restriction (Poton & Polito, 2014b; Brandner et al., 2015; Poton & Polito, 2015), while others revealed 
more significant increases during LI-BFR compared with HI and/or LI (Vieira et al., 2013; Poton & Polito, 
2014a; Takano et al., 2015; Bunevicius et al., 2016). These contrasting findings could be attributed to the 
different manipulation of exercise variables between research. In our study, the use of a single exercise may not 
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affect the total training volume between protocols. Additionally, it is likely that the intermittent low restrictive 
pressure applied in plantar flexion exercise does not confer great cardiovascular workload for LI-BFR compared 
to other two protocols.  
 Despite LI-BFR being presented as an effective and safe training method for a variety of population, 
Spranger et al. (2015) and Da Cunha Nascimento et al. (2020) reported that the reduction of blood flow may 
promote an increase of exercise pressor reflex, causing sympathetic hyperreactivity with consequent BP increase. 
However, in the present study, we found no significant increase in blood pressure and MAP during exercise for 
any protocol. These results are in line with those obtained by Bunevicius et al. (2016) and could be explained by 
the magnitude of the training load since both studies used a single exercise for a relatively small muscle (calf 
muscle). In contrast, for instance, Poton & Polito (2014b) and Takano et al. (2015) used a leg extension exercise 
and high restrictive pressure (close to 160-180 mmHg) which triggered exacerbated increases on cardiovascular 
parameters (SBP, DBP, HR, RPP and cardiac output). Additionally, it has been demonstrated that healthy 
individuals present more efficient autonomic regulation through adaptation to the regular practice of training (Fu 
and Levine, 2003), which also could explain the lower increase of BP during our protocols. Nevertheless, higher 
SBP values were observed in the 1st, 3rd and 4th set for HI-RT group compared with LI-RT, as well as in RPP 
during exercise when compared HI-RT with LI-RT and LI-BFR training. These findings are consistent with 
other studies (Poton & Polito, 2014b; Brandner et al., 2015) and may have occurred because the training volume 
was higher for HI exercise compared with LI-RT protocols.    

It has been demonstrated that a single session of HI-RT results in a hypotensive response that can 
maintain until 24 hours (Figueiredo et al., 2014). However, the effect of LI-BFR on this phenomenon remains 
unclear (Neto et al., 2016a). To the authors knowledge, this is the first study that revealed a hypotension effect 
using a single exercise for lower body, with greater post-exercise reduction for HI and LI-BFR conditions. 
Several studies revealed hypotensive responses in normotensive population after resistance exercise with and 
without blood flow restriction (Moriggi et al., 2015; Neto et al., 2015) although unlike the present study, this 
research applied four exercises for upper body and full body, respectively. Similar to our study, Maior et al. 
(2015) shown that HI-RT and LI-BFR protocols can promote a post-exercise hypotensive effect when used a 
single exercise for upper body. These findings suggest that low load (20-30% of 1RM) and a low restrictive 
pressure (close to 50-100 mmHg) may be enough stimulus to promote an accumulation of metabolites, 
peripheral vasodilatation and the consequent reduction of BP (Rezk et al., 2006). Nevertheless, it is necessary to 
remark that, unlike to Maior et al. (2015), if analyzed our results in terms of ES, it was observed that HI 
condition elicited a greater hypotensive response, that could be explained by the resistance exercise intensity. In 
this sense, Rossow et al., (2011), after performing three exercises for lower body, revealed post-exercise 
hypotensive effect only for HI-RT when compared to LI-RT with and without blood flow restriction. Therefore, 
new research is necessary to examine the acute effect of LI-BFR on hypotensive response when used different 
training design, including single or multi-joint exercises for a small and/or larges muscles. 

Related to SpO2, several studies have found that resistance exercise can promote a reduction in supply 
of intramuscular oxygen, providing an increase in oxidative stress and an anabolic environment (Tanimoto et al., 
2005; Loenneke et al. 2010), although few studies have verified these acute responses after LI-BFR and the 
findings are controversial. In this sense, our results differ from the studies conducted by Tanimoto et al. (2005) 
and Neto et al. (2016b) that found greater reductions on SpO2 after LI-BFR compared with HI-RT and/or LI-RT. 
However, Downs et al. (2014) shown that SpO2 decreased during exercise for all protocols analyzed (HI-RT, LI-
RT, LI-BFR) with the recovery to baseline levels during rest period for LI-RT and HI-RT. These controversial 
results between research may be justified by the different exercise design of each study (particularly, the 
restrictive pressure, muscle mass involved and total training volume of each session). Thereby, in our study, it is 
likely that plantar flexion exercise is not capable of promoting great blood mobilization and, consequently, of 
avoiding the reduction of muscle oxygenation compared to LI exercises. The findings of this study are limited by 
several aspects. First, the material used for cardiovascular responses measurement, since the use of 
photophethysmographic device would have provided greater reliability to our findings. Additionally, this 
technique would have allowed us the assessment of other important variables such as stroke volume, cardiac 
output and total peripheral vascular resistance, that could have explained the possible mechanisms behind our 
results. Second, the different sample size from each group may have decreased statistical power. Lastly, the 
authors evaluated cardiovascular responses in healthy individuals so these results should not be extended to other 
populations, such as elderly or hypertensive patients. Therefore, new research is necessary to analyze the acute 
and chronic cardiovascular responses of exercise with and without blood flow restriction, particularly comparing 
different populations and study designs. 

 
Conclusions 

The main conclusions of the present study were: a) HI-RT promoted greater increases in HR and RPP 
during exercise compared with LI-RT and LI-BFR protocols; b) similar post-exercise hypotension effect and 
reduction of MAP were observed after HI-RT and LI-BFR; c) oxygen saturation was reduced during training 
only after HI-RT. The findings of the present study shown that LI-BFR training may be considered a safe and 



MOISÉS PICÓN-MARTÍNEZ, JUAN MANUEL CORTELL-TORMO, DIEGO ALEXANDRE ALONSO-
AUBIN, IVÁN CHULVI-MEDRANO 

--------------------------------------------------------------------------------------------------------------------------------------- 

---------------------------------------------------------------------------------------------------------------------------- 

JPES ®      www.efsupit.ro  
712 

effective strategy for healthy population in terms of cardiovascular parameters although the evidence is still 
heterogeneous. Therefore, to maximize the positive effects of this training method and apply it safely, it is 
suggested to attend the particularities of each study design, considering specially the muscle mass involved in the 
exercise performed, the duration of protocol and the restrictive pressure applied. For clinicians/researchers 
planning future studies of LI-BFR, consideration should be given to the standardize protocols and so facilitate 
comparison of findings. 
Acknowledgments The authors would like to acknowledge all the participants of this study. We do not have any 
grant or funding to acknowledge.  
Declaration of interest statement The authors have no conflict of interest. 

 
References 

Assunção, W., Daltro, M., Simão, R., Polito, M., & Monteiro, W. (2007). Acute cardiovascular responses in 
strength training conducted in exercises for large and small muscular groups. Revista Brasileira de 

Medicina do Esporte, 13(2), 118-122. https://doi.org/10.1590/S1517-86922007000200010 
Brandner, C. R., Kidgell, D. J., & Warmington, S. A. (2015). Unilateral biceps curl hemodynamics: low-pressure 

continuous vs high-pressure intermittent blood flow restriction. Scandinavian Journal of Medicine & 

Science in Sports, 25(6), 770-777. https://doi.org/10.1111/sms.12297 
Bunevicius, K., Sujeita, A., Poderiene, K., Zachariene, B., Silinskas, V., Minkevicius, R., & Poderys, J. (2016). 

Cardiovascular response to bouts of exercise with blood flow restriction. Journal of Physical Therapy 

Science, 28(12), 3288-3292. https://doi.org/10.1589/jpts.28.3288 
Chulvi-Medrano, I., Cortell-Tormo, J.M., Hernández-Sánchez, S., Picón-Martínez, M., & Rolnick, N. (2023). 

Blood flow restriction training in clinical rehabilitation: Occlusion pressure methods relative to the limb 
occlusion pressure. Journal of Sport Rehabilitation, 14, 1-8. doi: 10.1123/jsr.2022-0240 

Cristina-Oliveira, M., Meireles, K., Spranger, M.D., O’Leary, D.S., Roschel, H., & Peçanha, T. (2020). Clinical 
safety of blood flow-restricted training? A comprehensive review of altered muscle metaboreflex in 
cardiovascular disease during ischemic exercise. American Journal of Physiology-Heart and 

Circulatory Physiology, 318(1), 90–109. Doi:10.1152/ajpheart.00468.2019. 
Da Cunha Nascimento, D., Schoenfeld, B.J., & Prestes, J. (2020). Potential implications of blood flow restriction 

exercise on vascular health: a brief review. Sports Medicine 50(1):73–81 doi:10.1007/s40279-019-011 
Downs, M. E., Hackney, K. J., Martin, D., Caine, T. L., Cunningham, D., O’Connor, D. P., & Ploutz-Snyder, L. 

L. (2014). Acute vascular and cardiovascular responses to blood flow-restricted exercise. Medicine and 

Science in Sports and Exercise, 46(8), 1489-1497. https://doi.org/10.1249/MSS.0000000000000253 
Ema, R., Ohki, S., Takayama, H., Kobayashi, Y., & Akagi, R. (2017). Effect of calf-raise training on rapid force 

production and balance ability in elderly men. Journal of Applied Physiology, 123(2), 424–433. 
https://doi.org/10.1152/japplphysiol.00539.2016 

Figueiredo, T., Freitas, B., Dias, I., Machado, V., Fleck, S. J., & Simão, R. (2014). Acute hypotensive effects 
after a strength training session: A review. International SportMed Journal, 15(3), 308-329. 

Figueroa, A., & Vicil, F. (2011). Post-exercise aortic hemodynamic responses to low-intensity resistance 
exercise with and without vascular occlusion. Scandinavian Journal of Medicine & Science in Sports, 
21(3), 431-436. https://doi.org/10.1111/j.1600-0838.2009.01061.x 

Fu, Q., & Levine, B. D. (2013). Exercise and the autonomic nervous system. Handbook of Clinical Neurology, 
117, 147-160. https://doi.org/10.1016/B978-0-444-53491-0.00013-4 

Gualano, B., Ugrinowitsch, C., Neves, M. Jr., Lima, F. R., Pinto, A. L., Laurentino, G., Tricoli, V. A. A., 
Lancha, A. H., & Roschel, H. (2010). Vascular occlusion training for inclusion body myositis: a novel 
therapeutic approach. Journal of Visualized Experiments, 5(40), 1894. https://doi.org/10.3791/1894 

Kesrouani, L., Toledo, C.A., Mendes, T., de Souza, A.P., Pizzo, E., de Oliveira, S., & Marques, F. (2022). Acute 
effects of resistance exercise with blood flow restriction on cardiovascular response: a meta-analysis. 
Journal of Comparative Effectiveness Research, 11(11), 829-842. doi: 10.2217/cer-2021-0272. 

Krzysztofik, M., Wilk, M., Wojdala, G., & Gola´s, A. (2019). Maximizing muscle hypertrophy: a systematic 
review of advanced resistance training techniques and methods. International Journal of 

Environamental Research & Public Health, 16(24), 4897. doi: 10.3390/ijerph16244897 
Lixandrão, M. E., Ugrinowitsch, C., Berton, R., Vechin, F. C., Conceição, M. S., Damas, F., Libardi, C. A., & 

Roschel H.  (2018). Magnitude of muscle strength and mass adaptations between high-load resistance 
training versus low-load resistance training associated with blood flow restriction: a systematic review 
and meta-analysis. Sports Medicine, 48(2), 361-378. https://doi.org/10.1007/s40279-017-0795-y 

Loenneke, J. P., Kearney, M. L., Thrower, A. D., Collins, S., & Pujol, T. J. (2010). The acute response of 
practical occlusion in the knee extensors. Journal of Strength and Conditioning Research, 24(10), 2831-
2834. https://doi.org/10.1519/JSC.0b013e3181f0ac3a 

Maior, A. S., Simão, R., Rocha, M. M. S., Freitas, B., & Willardson, J. (2015). Influence of blood flow 
restriction during low-intensity resistance exercise on the post-exercise hypotensive response. Journal 



MOISÉS PICÓN-MARTÍNEZ, JUAN MANUEL CORTELL-TORMO, DIEGO ALEXANDRE ALONSO-
AUBIN, IVÁN CHULVI-MEDRANO 

--------------------------------------------------------------------------------------------------------------------------------------- 

---------------------------------------------------------------------------------------------------------------------------- 

JPES ®      www.efsupit.ro  
713 

of Strength and Conditioning Research, 29(10), 2894-2899. 
https://doi.org/10.1519/JSC.0000000000000930 

Martín-Hernández, J., Marín, P. J., Hernández, H., Ferrero, C., Loenneke, J. P., & Herrero, A. J. (2013). 
Muscular adaptations after two different volumes of blood flow-restricted training. Scandinavian 

Journal of Medicine & Science in Sports, 23(2), 114–120. https://doi.org/10.1111/sms.12036 
McCartney, N. (1999). Acute responses to resistance training and safety. Medicine and Science in Sports and 

Exercise, 31(1), 31-37. https://doi.org/10.1097/00005768-199901000-00007 
Monteiro, W. D., Souza, D. A., Rodrigues, M. N., & Farinatti, P. T. V. (2008). Cardiovascular responses to acute 

resistance exercise performed in three different forms of execution. Revista Brasileira de Medicina do 

Esporte, 14(2), 94-98.  
Moriggi, R. Jr., Mauro, H. D., Dias, S. C., Matos, J. M., Urtado, M. B., Camarço, N. F., Sousa-Neto, Iv., 

Nascimento, D. C., Tibana, R. A., Assumpção, C. O., Prestes, J., & Urtado, C. B. (2015). Similar 
hypotensive responses to resistance exercise with and without blood flow restriction. Biology of Sports, 
32(4), 289-294. https://doi.org/10.5604/20831862.1163691 

Neto, G. R., Sousa, M. S. C., Costa, P. B., Freitas, B., Novaes, G., & Silva, J. (2015). Hypotensive effects of 
resistance exercise with blood flow restriction. Journal of Strength and Conditioning Research, 29(4), 
1064-1070. https://doi.org/10.1519/JSC.0000000000000734 

Neto, G. R., Sousa, M. S. C., Costa e Silva, G. V., Gil, A. L. S., Salles, B. F., & Novaes, J. S. (2016b). Acute 
resistance exercise with blood flow restriction effects on heart rate, double product, oxygen saturation 
and perceived exertion. Clinical Physiology and Functional Imaging, 36(1), 53-59. 
https://doi.org/10.1111/cpf.12193 

Pedon, W., Lima, F., Cipriano Jr, B., da Silva, W., Fernandes, M., Gomes, N., Chiappa, A. Pena de Sousa, R., 
Pereira, M.E., & Chiappa, G. (2022). Acute hemodynamic responses from low-load resistance exercise 
with blood flow restriction in young and older individuals: A systematic review and meta-analysis of 
cross-over trials. Clinical Physiology and Functional Imaging, 42(3), 396-412. doi: 10.1111/cpf.12779 

Poton, R., & Polito, M. D. (2014a). Cardiovascular responses during resistance exercise with blood flow 
restriction. Revista Brasileira de Cardiologia, 27(2), 104-110. 

Poton, R., & Polito, M. D. (2014b). Hemodynamic response to resistance exercise with and without blood flow 
restriction in healthy subjects. Clinical Physiology and Functional Imaging, 36(3), 231-236. 
https://doi.org/10.1111/cpf.12218 

Poton, R., & Polito, M. D. (2015). Hemodynamic response during lower-limb resistance exercise with blood 
flow restriction in healthy subjects. The Journal of Sports Medicine and Physical Fitness, 55(12), 1571 

Rezk, C. C., Marrache, R. C., Tinucci, T., Mion, D. Jr., & Forjaz, C. L. (2006). Post-resistance exercise 
hypotension, hemodynamics, and heart rate variability: Influence of exercise intensity. European 

Journal of Applied Physiology, 98(1), 105-112. https://doi.org/10.1007/s00421-006-0257-y 
Rossow, L. M., Fahs, C. A., Sherk, V. D., Seo, D. I., Bemben, D. A., & Bemben, M. G. (2011). The effect of 

acute blood-flow-restricted resistance exercise on postexercise blood pressure. Clinical Physiology and 

Functional Imaging, 31(6), 429-434. https://doi.org/10.1111/j.1475-097X.2011.01038.x 
Rossow, L. M., Fahs, C. A., Loenneke, J. P., Thiebaud, R. S., Sherk, V. D., Abe, T., & Bemben, M. G. (2012). 

Cardiovascular and perceptual responses to blood flow-restricted resistance exercise with differing 
restrictive cuffs. Clinical Physiology and Functional Imaging, 32(5), 331-337. 
https://doi.org/10.1111/j.1475-097X.2012.01131.x 

Spranger, M. D., Krishnan, A. C., Levy, P. D., O’Leary, D. S., & Smith, S. A. (2015). Blood flow restriction 
training and the exercise pressor reflex: a call of concern. American Journal of Physiology. Heart and 

Circulatory Physiology, 309(9), 1440-1452. https://doi.org/10.1152/ajpheart.00208.2015 
Takano, H., Morita, T., Iida, H., & Asada, K. (2005). Hemodynamic and hormonal responses to a short-term 

low-intensity resistance exercise with the reduction of muscle blood flow. European Journal of Applied 

Physiology, 95(1), 65-73. https://doi.org/10.1007/s00421-005-1389-1 
Tanimoto, M., Madarame, H., & Ishii, N. (2005). Muscle oxygenation and plasma growth hormone 

concentration during and after resistance exercise: comparison between “KAATSU” and other types of 
regimen. International Journal of KAATSU Training Research, 1(2), 51-56. 
https://doi.org/10.3806/ijktr.1.51 

Vieira, P. J. C., Chiappa, G. R., Umpierre, D., Stein, R., & Ribeiro, J. P. (2013). Hemodynamic responses to 
resistance exercise with restricted blood flow in young and older men. Journal of Strength and 

Condition Research, 27(8), 2288-2294. https://doi.org/10.1519/JSC.0b013e318278f21f 
Werasiritat, P., & Yimlamai, T. (2022). Effect of supervised rehabilitation program combined with blood flow 

restriction training on muscle activity and postural control in athletes with chronic ankle instability: A 
randomized controlled trial. Journal of Physical Education and Sport, 22(5), 1145-1154. 
doi:10.7752/jpes.2022.05144 

 


