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Aim: To compare the acute effects of low-load resistance training associated with blood flow
restriction (LLRT-BFR) with low-load resistance training (LLRT) and high-load resistance training (HLRT)
on cardiovascular outcomes in healthy individuals. Methods: This review was registered and the studies
were selected using seven databases. Randomized controlled clinical trials were included that evaluated
LLRT-BFR compared with LLRT and HLRT in young individuals for the cardiovascular outcomes. Results:
19 studies were included. In the comparison of LLRT-BFR with HLRT, there were significant differences
for cardiac output and heart rate — with reduced values and in favor of LLRT-BFR. Conclusion: There are
no greater acute effects of the addition of blood flow restriction, with the exception of the reduction in
cardiac output and heart rate for LLRT-BFR compared with HLRT.
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Resistance training is a training modality performed to gain muscle strength and hypertrophy in several populations,
such as older adults and trained individuals [1-3]. Individuals with musculoskeletal dysfunction, in the process of
rehabilitation and/or diagnosed with cardiovascular disease are not suitable to perform high-load resistance training
(HLRT) 13,41. For this reason, resistance training associated with blood flow restriction (BFR) appears as an alternative
training model for strength gain and muscle hypertrophy in this population [s,6].

The methodology of low-load resistance training associated with blood flow restriction (LLRT-BFR) includes
the application of a pressure cuff on the proximal portion of the limb to be trained and an exercise intensity
varying between 20 and 50% of one maximum repetition (1RM) [5,6]. Although the BFR method has been used
as an alternative model for patient population, it is currently also being used by active and healthy populations to
optimize muscle strength and hypertrophy (7,8].

In addition, cardiovascular outcomes such as systolic blood pressure (SBP), diastolic blood pressure (DBP), mean
arterial pressure (MAP) and heart rate (HR) are influenced by the BFR that is modulated by the pressor reflex of
the exercise, which increases sympathetic activity and decreases parasympathetic activity by the resistance training
stress [9,10]. This feedback system is necessary to perform any physical activity and is important in the adaptation of
the individual to stress [9,10]. However, the cardiovascular safety must be considered, and the impact of LLRT-BFR
and its training variables on cardiovascular outcomes is not yet known when applied to a healthy population.

Domingos and Polito [11] demonstrated, in a systematic review with meta-analysis, that there is a hypotensive
effect for 30~60 min after resistance training associated with BFR. However, these findings were related to a
heterogeneous population composed of trained older individuals [11]. Thus, the application of this exercise model
on cardiovascular repercussions is still questionable, as there are gaps to be clarified for the healthy population,
among which we can highlight the partial blood occlusion method (intermittent or continuous) and the region to
be occluded: upper limbs or lower limbs. Understanding the cardiovascular effects of resistance training associated  Fyytyre s~

with BFR is necessary to better comprehend this exercise modality and to establish a better training prescription  Medicine ™
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prior to prescribing it for musculoskeletal injuries as the population ages. Therefore, the objective of this systematic
review with meta-analysis was to compare the acute effects of LLRT-BFR with low-load resistance training (LLRT)
and HLRT on cardiovascular outcomes in healthy individuals.

Methods

This systematic review was conducted according to the guidelines of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA), and the protocol was registered in an international database of systematic
reviews in health and social assistance, PROSPERO (registration number CRD42019142900, www.crd.york.ac.
uk/PROSPEROY/). According to Elkins [12], this process is important to increase transparency and accountability
of the information presented.

Search strategies

The studies were selected from seven databases (MEDLINE, EMBASE, the Cochrane Library, Scientific Electronic
Library Online [SciELO], SportDiscus, the Cumulative Index to Nursing and Allied Health Literature [CINAHL],
and Physiotherapy Evidence Database [PEDro]) from the oldest record in each database until 13 January 2022. The
terms and keywords used to optimize the search were related to BFR, venous occlusion, hemodynamic responses,
strength training and randomized clinical trial (see details in Supplementary Material Appendix 1). There were no
restrictions on the language of the studies.

Selection criteria
The selected studies involved resistance training associated with BFR in healthy participants and cardiovascular
outcomes of SBP, DBP, MAP, HR, stroke volume, cardiac output, partial oxygen saturation, peripheral vascular
resistance and double product (calculated by the formula SBP x HR).

To be eligible, studies were required to include the following criteria:

e Randomized controlled clinical trials comparing LLRT-BFR versus LLRT, comparing LLRT-BFR versus HLRT or
comparing LLRT-BFR versus LLRT and HLRT;

e Studies that evaluated the acute cardiovascular effects before and after LLRT-BFR for at least one of the
following cardiovascular outcomes: SBP, DBP, MAP, HR, stroke volume, cardiac output, partial oxygen saturation,
peripheral vascular resistance and double product;

o Studies with healthy participants aged 18-35 years.

Studies that did not perform a comparison between LLRT-BFR and the proposed comparators and studies
composed of individuals with a cardiovascular, metabolic or musculoskeletal injury were excluded.

The study selection process was carried out initially by excluding duplicates, followed by exclusions according
to the title, abstract and reading the full text. The reference lists of the selected full texts were manually reviewed
to obtain potentially eligible studies that were not retrieved electronically. These steps were carried out by two
independent evaluators, and in case of disagreements in the final selection of the studies, a third evaluator decided
on the exclusions.

Data extraction

Outcome data, including final mean values, standard deviations and sample size, were extracted by two independent
researchers. The data extraction process was carried out using a standardized form, which included details such
as characteristics of the participants, procedures of resistance training regarding the volume of load and intensity
of the exercise, and procedures for applying the BFR and methodological characteristics. Disagreements between
authors regarding data extractions were resolved by a third reviewer. In cases where data were not reported in the
article, the corresponding author was contacted by email and an email reminder was sent after 1 week. Answers or
missing answers were noted. It is noteworthy that all reviewers involved in these processes were familiar with the
topic investigated.

Description of interventions
Intervention information was extracted using the Template for Intervention Description and Replication (TI-
DieR) (13]. The TIDieR is a checklist of 12 items developed to improve the reporting of interventions.

Risk of bias assessment
All included studies were assessed for risk of bias using the PEDro scale [14], carried out by independent researchers.
The PEDro scale isan 11-item scale (eligibility criteria; random allocation; hidden allocation; baseline comparability;
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blind participants; blind therapists and evaluators; adequate follow-up; intention-to-treat analysis; comparison
between groups; point estimates and variability) — presenting a maximum score of 10 points (the item ‘eligibility
criteria’ is not counted in the final score) — and is a valid tool to measure the risk of bias and the statistical analysis
of clinical trials, in which the higher the score, the lower the risk of bias [15,16]. None of the included studies were
indexed in PEDro; therefore, all scores were performed manually by the researchers. Methodological quality was
not an inclusion criterion.

Quality of evidence

The quality of the evidence was assessed using the Grading of Recommendations Assessment, Development and
Evaluation System (GRADE) [17]. The GRADE approach establishes the quality of evidence as high, moderate,
low and very low. The tool includes five domains that are able to decrease the quality of the evidence: study design
and risk of bias, consistency of results, directness (generalizability of the findings), precision (i.e., sufficient data
to produce narrow confidence intervals) and other factors (e.g. reporting bias, publication bias). The effect of
publication bias was verified through funnel plot analysis (Supplementary Material Appendix 2).

The quality of evidence was then classified for each outcome according to the following criteria: high-quality
evidence (consistent findings among at least 75% of eligible studies with low risk of bias; consistent, direct and
precise data and no known or suspected publication biases; further research is unlikely to change ecither the estimate
or confidence in the results), moderate-quality evidence (one of the GRADE domains is not met; further research
is likely to have an important impact on our confidence in the estimate of effect and may change the estimate),
low-quality evidence (two of the GRADE domains are not met; further research is very likely to have an important
impact on our confidence in the estimate of effect and is likely to change the estimate) and very low quality evidence
(three of the GRADE domains are not met; we are very uncertain about the results). Single studies with a sample
size smaller than the optimal information size (n = 400) were considered to yield very low quality evidence if there
was also a high risk of bias (PEDro score <6) [18].

Data synthesis & analysis
Data were extracted for acute-effects follow-up (recovery period immediately after the exercise protocol and up
to 60 min after the exercise). For the exploratory analyses of the present review, the data were extracted from the
anatomical limb that performed the resistance training (upper limbs or lower limbs) and technique of BFR used
(intermittent or continuous).

All meta-analyses were conducted using the software Review Manager — RevMan (version 5.3, Copenhagen: The
Nordic Cochrane Centre, The Cochrane Collaboration, 2014). Pooled estimates were calculated using a random
effect model. Data were grouped in meta-analyses and described as mean differences (MDs) with 95% Cls [17].

Results

The search identified 6166 studies from the following databases: MEDLINE (5857 studies), EMBASE (21 studies),
COCHRANE (165 studies), SCIELO (27 studies), SportDiscus (26 studies), CINAHL (24 studies) and PEDro
(46 studies). Of this total, 1183 duplicates were removed and 4983 studies were analyzed according to titles and
abstracts. In the end, 29 studies remained for full text review. Of these studies, 19 clinical trials [19-37] met all
eligibility criteria and were included for qualitative analysis. For quantitative analysis, 17 studies were included, as
two studies [27-34] did not send the data for the meta-analysis.

Figure 1 shows the schematic process for selecting the studies based on a PRISMA flow chart.

Description of the studies
The 19 eligible studies were published between 2010 221 and 2019 [31]. Of these, 13 studies [20-24,27,30,32-37] were
randomized crossover clinical trials and six [19,25,26,28,29,51] randomized clinical trials with parallel groups. The
comparison group was considered as any study group that performed some type of resistance training without BFR
(LLRT, HLRT or LLRT and/or HLRT). The studies came from Australia [20], Brazil [21,23-25,27-30,32-34,36,37], the
USA (22,26,31,35) and Iran [19].

The sample size of the studies ranged from eight to 90 participants with a mean (standard deviation) of
21.94 £ 22.78 participants and 472 participants. Almost all studies included young, healthy adults aged 18-
35 years. Only the study of Vieira ez al. [36) included healthy young and older adults — who were analyzed separately
and included in this systematic review. The included studies reported the characteristics of the participants as being
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Figure 1. Flowchart of study selection.
BFR: Blood flow restriction; CINAHL: Cumulative Index to Nursing and Allied Health Literature; HLRT: High-load

resistance training; LLRT: Low-load resistance training; LLRT-BFR: Low-load resistance training associated with blood
flow restriction; PEDro: Physiotherapy Evidence Database; RCT: Randomized clinical trial; SciELO: Scientific Electronic

Library Online.
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‘healthy young men’ [19,23,24,27,28,30,37], ‘physically active and healthy young men’ (20,21,25,33,35], ‘healthy, trained
young men’ [29,32,34] and ‘healthy men and women’ [22,26,31].

Regarding the intervention used, as a method of comparison, six studies [19,22,25,28,30,57] compared LLRT-BFR
with LLRT, three studies [21,23,24] compared LLRT-BFR with HLRT and ten studies [20,26,27,29,31-36] performed
both comparisons.

Regarding the training methodology, seven studies [19,20,26-28,30,34] used a wide pressure cuff, six studies [23-
25,31,35,37) used a narrow pressure cuff, three studies used both [21,33,34] and three studies [22,29,36] did not report the
size of the cuff.

With respect to the type of restriction, nine [21-23,30,32,33,35-37] used intermittent restriction, five [19,27,28,31,34]
used continuous restriction, three studies [20,24,25] used both and two [26,29] did not report which method was used.

Considering the value of occlusion pressure used during LLRT-BFR, nine studies [19,22,25,27,28,30,32,33,36,37] used
occlusion pressure <120 mm Hg, five studies [21,23,24,29,34] used pressures >120 mm Hg, three studies [20,26,35]
used both occlusion pressures and only one study [31] did not report the pressure of occlusion used.

The lower limb exercises performed were ‘knee extension’ [19,21,26,34], ‘knee flexion and extension’ [22,32,33,35],
‘leg press’ [27,35], ‘squat’ [29] and ‘plantar flexion” [35]. The upper limb exercises performed were ‘elbow flexion and
extension’ [20,21,23-25,30,32,33], ‘elbow flexion’ (24,28,51,36,37], ‘bench press’ [23-25), ‘seated shoulder lift’ (30] and ‘pull
down’ [23-25].

Regarding blood pressure (BP) outcomes, 17 studies [19-23,25-31,33-37] analyzed SBP and DBD, and of these, 11 [20-
23,25,27,28,33,35-37] performed MAP analysis. The instruments used to measure each cardiovascular outcome were
diverse. Seven studies [19,25,26,28,31,33,35] used the automatic method, five studies [20,21,23,29,37] used the auscultatory
method, two studies [22,30] used the oscillometric method and three studies [27,34,36] used photoplethysmography.

For the HR, 11 studies [19-22,24,25,27,52,34-36] were found, of which seven studies [19-21,25,32,36,37] used pulse
cardiofrequency, two studies [25,35] used the automatic method, one study [27] used the electrocardiogram, one
study [22] used the oscillometric method and one study (34] used photoplethysmography. For the double product,
six studies [21,24,29,32,36,37) measured the variable using arithmetic formulas.

Four studies [20,27,34,35] performed the analysis of cardiac output and stroke volume. To measure the cardiac
output, the following were used: partial rebreathing of carbon dioxide [20], photoplethysmography (341, echocardio-
gram [35] and mathematical formulas [27], whereas for stroke volume, photoplethysmography (34] echocardiogram [35)
and arithmetic formulas [20,27) were used.

Only three studies [27,34,35] performed analysis for the peripheral vascular resistance using arithmetic formulas [27]
and photoplethysmography (34,35], whereas three studies [19,29,32] performed partial oxygen saturation measurement
using a pulse oximeter. It was not possible to perform any meta-analysis for the peripheral vascular resistance and
partial oxygen saturation due to the insufficient number of studies. Full descriptions of the included studies can be

found in Table 1.

Quality of studies

To evaluate the methodological quality of the included studies, the PEDro scale was used, with an average of
5.05 =% 0.4 points. All studies lost points in the items: blind therapists, blind subjects, blind assessors and intention-
to-treat analysis. Supplementary Material Appendix 3 shows the description of the clinical trials that met each
criterion.

Regarding the evaluation of the quality of the evidence, low or very low evidence results were observed. Thus, it
is quite likely that further research will have an important impact on the confidence of the estimate of the effect
and may alter the estimate. Details of the evaluation of the quality of the evidence of the included studies according
to the GRADE system are summarized in Supplementary Material Appendix 4.

Meta-analyses

The results of the grouped data did not show differences between LLRT-BFR compared with LLRT in the acute
effects for SBP (14 studies, n = 366; MD: -1.03, 95% CI: [-4.54; 2.49]; p = 0.57; 12 = 64%), DBP (14 studies,
n = 366; MD: 1.41, 95% CI: [-0.85; 3.60]; p = 0.22; I? = 45%), MAP (ten studies, n = 231; MD: 1.57, 95%
CL [-1.07; 4.22]; p = 0.24; I? = 44%), cardiac output (three studies, n = 56; MD: -0.02, 95% CI: [-0.36; 0.32];
p =0.90; 12 = 37%), stroke volume (three studies, n = 56; MD: -0.77, 95% CI: [-3.31; 1.77]; p =0.55; I2 = 0%)
and HR (nine studies, n = 201; MD: 1.50, 95% ClI: [-4.07; 7.07]; p = 0.60; 2 = 56%; Figure 2).
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Blood flow restriction on cardiovascular response

LLRT-BFR LLRT Weight Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total (%) IV, random, 95% CI IV, random, 95% CI
3.2.1 SBP
Bazgir et al. 2016 120.8 135 6 1272 9.6 10 0.4 -6.40 [-18.73, 5.93] —
Bonorino, 2019 136 10 10 124 11 10 0.7 12.00 [2.79, 21.21]
Brandner et al. 2014 112 " 12 118 8 6 0.7 -6.00 [-14.93, 2.93] —
Brandner et al. 2014 113 16 12 118 8 6 0.5 -5.00 [-16.09, 6.09] —
Figueroa et al. 2011 130 19 23 129 14 23 0.6 1.00 [-8.65, 10.65] —_—
Mattocks et al. 2018 134 12 23 138 10 10 0.9 -4.00 [-11.90, 3.90] —_—
Mattocks et al. 2018 123 10 22 138 10 11 1.0 -15.00[-22.24, -7.76]
Mouser et al. 2018 134 18 17 129 16 11 0.4 5.00 [-7.75,17.75] —
Mouser et al. 2018 126 17 20 129 16 11 0.4 -3.00 [-15.04, 9.04] [
Neto et al. 2015 118 8.9 24 119.2 10.9 24 1.6 -1.20 [-6.83, 4.43] Ju—
Neto et al. 2018 136.3 7.6 8 1414 75 4 0.7 -5.10[-14.14, 3.94] _
Neto et al. 2018 146.1 104 9 1414 75 4 0.6 4.70 [-56.31, 14.71] —
Rossow et al. 2011 120 3 10 118 3 10 5.0 2.00[-0.63, 4.63] 4
Vieira et al. 2013 137.4 11.63 15 130.8 9.9 15 0.9 6.60 [-1.13, 14.33] i
Subtotal (95% Cl) 211 155  14.2 -1.03 [-4.54, 2.49] -
Heterogeneity: Tau? = 24.87; Chi? = 35.69, df = 13 (p = 0.0007); I = 64%
Test for overall effect: Z = 0.57 (p = 0.57)
3.2.2 DBP
Bazgir et al. 2016 848 152 6 908 15.8 10 0.2 -6.00 [-21.61, 9.61] ——
Bonorino, 2019 93 6 10 83 11 10 0.9 10.00 [2.23, 17.77]
Brandner et al. 2014 74 17 12 80 11 6 0.3 -6.00 [-19.04, 7.04] —
Brandner et al. 2014 78 12 12 80 11 6 0.5 -2.00[-13.12,9.12] e
Figueroa et al. 2011 69 8 23 70 13 23 1.3 -1.00 [-7.24, 5.24] e
Mattocks et al. 2018 73 7 22 77 4 11 3.1 -4.00 [-7.76, -0.24] ——
Mattocks et al. 2018 77 9 23 77 4 10 2.4 0.00 [-4.44, 4.44] —
Mouser et al. 2018 91 1" 17 85 7 11 1.2 6.00 [-0.67, 12.67] —_—
Mouser et al. 2018 85 12 20 85 7 11 1.2 0.00 [-6.69, 6.69] —_—
Neto et al. 2015 66.1 " 24 641 158 24 1.0 2.00 [-5.54, 9.54] R E—
Neto et al. 2018 86.6 6.5 9 784 82 4 0.7 8.20 [-0.89, 17.29] 4
Neto et al. 2018 87.8 8.7 8 784 82 4 0.6 9.40 [-0.65, 19.45] J
Rossow et al. 2011 64.2 2 10 64 3 10 6.0 0.20 [-2.08, 2.43] 4
Vieira et al. 2013 73.6 5.6 15 696 83 15 1.9 4.00[-1.07, 9.07] 4
Subtotal (95% Cl) 211 155 213 1.41 [-0.85, 3.66] »
Heterogeneity: Tau? = 6.94; Chi? = 23.74, df = 13 (p = 0.03); I? = 45%
Test for overall effect: Z = 1.22 (p = 0.22)
3.2.3 MAP
Bazgir et al. 2016 102.8 13.1 6 109 117 10 0.4 -6.20 [-18.95, 6.55] —
Bonorino, 2019 107 7 10 97 10 10 0.9 10.00 [2.43, 17.57]
Brandner et al. 2014 89 " 12 95 8 6 0.7 -6.00 [-14.93, 2.93] —
Brandner et al. 2014 91 1" 12 95 8 6 0.7 -4.00 [-12.93, 4.93] e —
Figueroa et al. 2011 88 10 23 88 8 23 1.8 0.00 [-5.23, 5.23] _
Neto et al. 2015 91.7 117 24 90 83 24 1.6 1.70 [-4.04, 7.44] —_—
Neto et al. 2018 107.3 8.8 8 994 76 4 0.6 7.90[-1.73,17.53] -
Neto et al. 2018 103.2 5.9 9 994 76 4 0.8 3.80[-4.59, 12.19] —_
Rossow et al. 2011 82 2 10 82 3 10 6.0 0.00 [-2.23, 2.23] -
Vieira et al. 2013 948 65 15 9 69 15 2.1 4.80[0.00, 9.60] I
Subtotal (95% Cl) 129 112 15.6 1.57 [-1.07, 4.22] <>
Heterogeneity: Tau? = 6.83; Chi? = 16.00, df = 9 (p = 0.07); I = 44%
Test for overall effect: Z = 1.16 (p = 0.24)
3.2.4 Cardiac output
Brandner et al. 2014 4.6 0.7 12 42 07 6 1.2 0.40 [-0.29, 1.09]
Brandner et al. 2014 4.3 0.5 12 42 07 6 1.4 0.10[-0.53, 0.73]
Rossow et al. 2011 3.4 0.3 10 36 02 10 122 -0.20 [-0.42, 0.02] o
Subtotal (95% CI) 34 22 347 -0.02 [-0.36, 0.32]
Heterogeneity: Tau? = 0.04; Chi? = 3.17, df = 2 (p = 0.20); I? = 37%
Test for overall effect: Z = 0.12 (p = 0.90)
3.2.5 Stroke volume
Brandner et al. 2014 56 9.4 12 51 16.3 6 0.3 5.00 [-9.09, 19.09] —
Brandner et al. 2014 51.1 9 12 51 16.3 6 0.3 0.10[-13.90, 14.10] _
Rossow et al. 2011 53 3 10 54 3 10 5.0 -1.00 [-3.63, 1.63] —t
Subtotal (95% CI) 34 22 5.6 -0.77 [-3.31, 1.77] L 3
Heterogeneity: Tau? = 0.00; Chi? = 0.69, df =2 (p = 0.71); I = 0%
Test for overall effect: Z = 0.59 (p = 0.55)
3.2.6 HR
Bazgir et al. 2016 94.6 14 6 853 94 10 0.4 9.30 [-3.33, 21.93] =
Bonorino, 2019 81 12 10 87 18 10 0.3 -6.00 [-19.41, 7.41] —
Brandner et al. 2014 83 13 12 86 16 6 0.3 -3.00[-17.76, 11.76] _—t
Brandner et al. 2014 85 14 12 86 16 6 0.3 -1.00[-16.05, 14.05] —
Figueroa et al. 2011 85 17 23 94 14 23 0.7 -9.00 [-18.00, 0.00]
Neto et al. 2015 1193 212 24 1126 21 24 0.4 6.70 [-5.24, 18.64] —
Neto et al. 2018 107.1 175 9 82 17.3 4 0.1 25.10 [4.65, 45.55] —_—
Neto et al. 2018 100.6 16 8 82 17.3 4 0.1 18.60 [-1.66, 38.86] —
Rossow et al. 2011 66 3 10 68 2 10 6.0 -2.00 [-4.23, 0.23] —]
Subtotal (95% CI) 114 97 8.6 1.50 [-4.07, 7.07] .
Heterogeneity: Tau? = 33.12; Chi? = 18.24, df = 8 (p = 0.02); I* = 56%
Test for overall effect: Z = 0.53 (p = 0.60)
Total (95% ClI) 733 563 100.0 0.26 [-0.51, 1.02]
Heterogeneity: Tau? = 1.24; Chi? = 102.69, df = 52 (p < 0.0001); I> = 49% T

Test for overall effect: Z=0.66 (p = 0.51)
Test for subgroup differences: Chi? = 3.81, df =5 (p = 0.58), 1> = 0%

Figure 2.

T T T
20 -10 O 10 20
Favors [LLRT-BFR] Favors [LLRT]

Forest plot illustrating the acute effects of low-load resistance training associated with blood flow

restriction compared with low-load resistance training. DBP: Diastolic blood pressure; HR: Heart rate; IV: Interval
variable; LLRT: Low-load resistance training; LLRT-BFR: Low-load resistance training associated with blood flow
restriction; MAP: Mean arterial pressure; SBP: Systolic blood pressure; SD: Standard deviation.
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General analyses considering the comparison between LLRT-BFR and HLRT in the acute effect were performed
and are described in Figure 3. The results of the grouped data demonstrated significant differences for the variables
cardiac output (three studies, n = 56; MD: -0.63, 95% CI: [-0.86; -0.40]; p = 0.0001; I> = 0%) and HR (ten studies,
n = 232; MD: -15.19, 95% CI: [-24.70; -5.69]; p = 0.002; I = 88%). Both variables presented reduced values in
favor of LLRT-BFR.

For the SBP (15 studies, n = 371; MD: -1.09, 95% CI: [-4.48; 2.30]; p = 0.53; 12 = 72%), DBP (15 studies,
n = 371; MD: 1.25, 95% CI: [-1.45; 3.95]; p = 0.37; I? = 64%), MAP (seven studies, n = 164; MD: 0.40, 95%
CI: [-1.02; 1.82]; p = 0.58; I? = 0%) and stroke volume (three studies, n = 56; MD: 2.81, 95% CI: [-0.57; 6.19];
p=0.10; I? = 15%), there were no statistically significant differences between the two exercise modalities.

Some exploratory analyses were carried out. There was no difference of LLRT-BFR in lower limb exercises
compared with LLRT and HLRT. As for upper limbs, DBP showed an increase in LLRT compared with LLRT-
BFR (six studies, n = 130; MD: 4.46, 95% CI: [1.04; 7.88]; p = 0.01; I? = 11%), whereas in comparison with
HLRT, there was no difference.

For intermittent restrictions, LLRT-BFR was different from HLRT for HR (eight studies, n = 172; MD: -33.12,
95% CI: [-44.79; -21.46]; p = 0.00001; I? = 91%). For continuous restrictions, there was difference of DBP
favorable to HLRT compared with LLRT-BFR (five studies, n = 131; MD: 4.67, 95% CI: [2.15; 7.19]; p = 0.0003;
I = 13%). The figures of these exploratory analyses can be found in Supplementary Material Appendix 5.

Discussion

The present systematic review with meta-analysis aimed to compare the acute effects of LLRT-BFR with LLRT and
HLRT on cardiovascular outcomes in healthy individuals. The results of the present study demonstrated that there
was no difference in the addition of BFR to resistance training for most of the cardiovascular parameters, with the
exception of the cardiac output and HR, which presented lower values for LLRT-BFR compared with HLRT.

In addition, exploratory analyses showed that HR also presented lower values and was favorable to LLRT-BFR
compared with HLRT for intermittent restriction, and DBP was shown to be increased for LLRT when analyzed
in upper limbs and increased for HLRT when analyzed at continuous restriction.

Exercise with BFR is characterized by reduced or disrupted blood flow to a muscle group during exercise. The
decrease in the supply of oxygen associated with muscle contraction provides a highly metabolic environment, which
increases the afferent activity of the exercise pressor reflex, causing an increase in sympathetic nervous activity and,
consequently, changes in cardiovascular responses [9].

During physical exercise, a cardiovascular imbalance occurs, mainly characterized by elevated BP. This increase
occurs, in part, through activation of baroreceptors located in the carotid artery and aorta that generate action
potentials [38]. These afferent signals are conducted to the central nervous system (CNS), which emits an efferent
response in the heart, allowing the change in BP by sympathetic stimulation. After the end of the exercise, the
suppression of the inputs coming from the CNS system and the cessation of the action of mechanoreceptors on
the skeletal muscles provide a reactivation of the parasympathetic autonomic nervous system [38]. In addition, after
exercise, metabolites produced by muscle contraction are removed, such as lactate and hydrogen ions, and there
is a reduction in circulating catecholamines, a return of blood pH to baseline condition and normalization of
temperature [38].

The regulation of these factors makes it possible to reduce the action of chemoreceptors, muscle metaborecep-
tors and thermoreceptors [38], producing a slow and steady decline in HR, mediated by the association of vagal
reactivation [38]. In addition, the sympathetic tone for the heart and vessels is reduced, providing a decrease in
cardiac contractility and in peripheral vascular resistance, leading to a reduction in BP

However, this BP regulation is directly related to the intensity of the effort that promotes increases in cardiac
output and peripheral vascular resistance, which impact on the proportional increase in SBP. Thus, when performing
LLRT, lower HR values and, consequently, cardiac output, are expected during and after exertion, which justifies
the findings of these favorable cardiovascular parameters for LLRT-BFR when compared with HLRT. Therefore,
these findings can be explained by the intensity of the proposed exercise itself, which generates a proportional and
linear increase in the face of increased metabolic demand and time of effort, a fact that also directly affects the
post-exercise recovery behavior. Furthermore, this reinforces that the addition of BFR does not promote greater
acute effects to HLRT in healthy individuals.

In relation to exploratory analyses, there was an increase in DBP for LLRT when analyzed in upper limbs and
an increase in DBP for HLRT when analyzed with continuous restriction. The increase in DBP found in HLRT
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LLRT-BFR HLRT Weight Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total (%) IV, random, 95% CI IV, random, 95% CI
3.3.1 SBP
Brandner et al. 2014 112 " 12 17 12 6 13 -5.00 [-16.44, 6.44] T
Brandner et al. 2014 113 16 12 17 12 6 11 -4.00 [-17.20, 9.20] —_—
Maior et al. 2015 1669 27 15 1664 4.7 15 382 0.50 [-2.24, 3.24] T
Mattocks et al. 2018 123 10 22 136 8 10 23 -13.00 [-19.48, -6.52] —_—
Mattocks et al. 2018 135 12 23 136 8 1 22 -1.00 [-7.81, 5.81] —_——
Moriggi et al. 2015 1332 83 8 1477 1841 8 1.0 -14.50 [-28.30, -0.70]
Mota et al. 2018 166.4 47 10 166.9 2.7 10 341 -0.50 [-3.86, 2.86] —
Mouser et al. 2018 134 18 17 131 14 10 12 3.00[-9.19, 15.19] I
Mouser et al. 2018 126 17 20 131 14 10 13 -5.00 [-16.44, 6.44] [
Neto et al. 2016 171 179 10 165 15.8 5 07 6.00 [-11.74, 23.74]
Neto et al. 2016 154 217 10 165 158 5 06 -11.00 [-30.31, 8.31] ]
Neto et al. 2015 118 106 24 119.9 10.6 24 24 -1.90 [-7.90, 4.10] [
Rossow et al. 2011 120 3 10 121 4 10 3.2 -1.00 [-4.10, 2.10] F
Vilaga-Alves et al. 2016 132.6 7 12 1319 136 12 18 0.70 [-7.95, 9.35] b
Vilaga-Alves et al. 2016  129.5 125 12 103.7 122 12 16 25.80 [15.92, 35.68] ——
Subtotal (95% CI) 217 154 27.0 -1.09 [-4.48, 2.30]
Heterogeneity: Tau? = 24.59; Chi? = 49.64, df = 14 (p < 0.00001); I?’=72% <
Test for overall effect: Z = 0.63 (p = 0.53)
3.3.2DBP
Brandner et al. 2014 74 17 12 73 16 6 08 1.00 [-15.01, 17.01] — w
Brandner et al. 2014 78 12 12 73 16 6 1.0 5.00 [-9.49, 19.49] 1=
Maior et al. 2015 90 27 15 844 24 15 34 5.60 [3.77, 7.43] =
Mattocks et al. 2018 77 9 23 77 4 1 2.8 0.00 [-4.37, 4.37] =T
Mattocks et al. 2018 73 7 22 77 4 10 3.0 -4.00 [-7.83, -0.17] —
Moriggi et al. 2015 912 16.5 8 76 79 8 12 15.20 [2.52, 27.88]
Mota et al. 2018 699 94 10 725 77 10 20 -2.60 [-10.13, 4.93] JE
Mouser et al. 2018 85 12 20 83 1 10 18 2.00[-6.61, 10.61] —
Mouser et al. 2018 91 " 17 83 1 10 18 8.00 [-0.59, 16.59]
Neto et al. 2016 91 87 10 97 94 5 16 -6.00 [-15.85, 3.85] |
Neto et al. 2016 955 64 10 97 9.4 5 17 -1.50 [-10.64, 7.64]
Neto et al. 2015 66.1 11 24 668 134 24 22 -0.70 [-7.64, 6.24] A
Rossow et al. 2011 64 2 10 64 4 10 32 0.00 [-2.77,2.77] T
Vilaga-Alves et al. 2016 53 126 12 465 15 12 14 6.50 [-4.58, 17.58] T
Vilaga-Alves et al. 2016 625 1563 12 627 194 12 1.0 -0.20 [-14.18, 13.78] e
Subtotal (95% CI) 217 154 28.9 1.25 [-1.45, 3.95] . —
Heterogeneity: Tau?= 13.13; Chi? = 38.83, df = 14 (p = 0.0004); I>= 64% *
Test for overall effect: Z = 0.91 (p = 0.37)
3.3.3 MAP
Brandner et al. 2014 91 1 12 9 13 6 12 1.00 [-11.12, 13.12] .
Brandner et al. 2014 89 16 12 90 13 6 1.0 -1.00 [-14.79, 12.79] ——
Maior et al. 2015 118.1 2.2 15 1161 3.4 15 3.4 2.00 [-0.05, 4.05] -
Neto et al. 2016 12 123 10 1196 9.7 5 13 -7.60 [-19.02, 3.82] —_—
Neto et al. 2016 120 941 10 1196 9.7 5 15 0.40 [-9.80, 10.60] RN E—
Neto et al. 2015 917 1.7 24 926 9 24 24 -0.90 [-6.81, 5.01] P
Rossow et al. 2011 82 2 10 83 3 10 3.3 -1.00 [-3.23, 1.23] ol
Subtotal (95% CI) 93 14.2 0.40 [-1.02, 1.82]
Heterogeneity: Tau?= 0.00; Chi2 = 5.97, df = 6 (p = 0.43); I?= 0%
Test for overall effect: Z = 0.55 (p = 0.58)
3.3.4 Cardiac output
Brandner et al. 2014 46 07 12 48 08 6 3.5 -0.20 [-0.95, 0.55]
Brandner et al. 2014 43 05 12 48 0.8 6 3.5 -0.50 [-1.20, 0.20]
Rossow et al. 2011 34 03 10 41 03 10 3.5 -0.70 [-0.96, -0.44] o
Subtotal (95% CI) 34 22 10.6 -0.63 [-0.86, -0.40] |
Heterogeneity: Tau?= 0.00; Chi2 = 1.66, df = 2 (p = 0.44); 1= 0%
Test for overall effect: Z = 5.27 (p < 0.00001)
3.3.5 Stroke volume
Brandner et al. 2014 511 9 12 543 94 6 17 -3.20 [-12.28, 5.88] _
Brandner et al. 2014 56 9.4 12 543 94 6 17 1.70 [-7.51,10.91] —
Rossow et al. 2011 53 3 10 49 3 10 33 4.00 [1.37,6.63] —
Subtotal (95% CI) 6.7 2.81[-0.57 6.19] 7S
Heterogeneity: Tau?= 2.16; Chi2 = 2.36, df = 2 (p = 0.31); I>= 15%
Test for overall effect: Z = 1.63 (p = 0.10)
3.3.6 HR
Brandner et al. 2014 83 13 12 88 12 6 12 -5.00 [-17.10, 7.10] —_—
Brandner et al. 2014 85 14 12 88 12 6 12 -3.00 [-15.45, 9.45] —_—
Neto et al. 2017 113 134 10 136.8 274 10 06 -25.50 [-44.40, -6.60]
Neto et al. 2017 118.7 20.4 10 159.2 141 10 0.9 -40.50[-55.87 -25.13]
Neto et al. 2017 1171 143 10 1542 13.6 10 12 -3710[-49.33, -24.87]
Neto et al. 2017 1522 191 10 1689 8.1 10 11 -16.70 [-29.56, -3.84]
Neto et al. 2016 1193 212 24 1087 216 24 12 10.60 [-1.51, 22.71] 1
Rossow et al. 2011 66 3 10 91 1 10 3.4 -25.00[-26.96, -23.04]
Vilaga-Alves et al. 2016 ~ 132.8 17.8 12 136.3 18.9 12 09 -3.50 [-18.19, 11.19] =
Vilaga-Alves et al. 2016 133 184 12 140.1 19.7 12 09 -7.10 [-22.35, 8.15] T
Subtotal (95% Cl) 122 110 127  -15.19 [-24.70, -5.69] —_—
Heterogeneity: Tau? = 190.18; Chi? = 74.02, df = 9 (p < 0.00001); I2= 88% -
Test for overall effect: Z = 3.13 (p = 0.002)
Total (95% CI) 717 533 100.0 -1.99 [-3.65, -0.34] 4
Heterogeneity: Tau? = 20.07; Chi?= 802.10, df = 52 (p < 0.00001); I> = 94% T T T T

-50 -25 0 25 50

Test for overall effect: Z = 2.36 (p = 0.02)

Test for subgroup differences: Chi? = 16.78, df =5 (p = 0.005), I> = 70.2%

Figure 3.

restriction compared with high-load resistance training.
DBP: Diastolic blood pressure; HR: Heart rate; HLRT: High-load resistance training; IV: Interval variable; LLRT-BFR:
Low-load resistance training associated with blood flow restriction; MAP: Mean arterial pressure; SBP: Systolic blood

pressure; SD: Standard deviation.

Favors [LLRT-BFR] Favors [HLRT]

Forest plot illustrating the acute effects of low-load resistance training associated with blood flow
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may be related to the exercise load performed, characterized by greater sensitization of the chemoreceptors located
in the muscle itself during exercise and due to the high concentration of hydrogen ions and lactate during effort,
as seen in the study of Rodrigues Neto et al. [25].

Another finding that deserves attention is in relation to the muscle mass involved in exercise. When analyzing
the behavior in upper limbs, it is reported that BP values are higher compared with lower limb exercises (38]. This
increase is due to vasoconstriction of inactive muscle groups, so 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
BP [38]. In addition, another plausible factor that justifies the increased DBP in LLRT is the production of nitric
oxide, reducing the peripheral vascular resistance and, consequently, BP values [39].

Finally, HR also showed lower values and was favorable in LLRT-BFR compared with HLRT for intermittent
restriction. It is believed that the exercise load was a determining factor for the findings of the present study since
there is a proportional increase in HR with the intensity of the exercise. It is hypothesized that the application of
BFR provides an increase in the action of the muscle pump by increasing the stroke volume and decreasing the HR
values. Brandner ez a/. [20], when comparing two types of LLRT-BFR (intermittent and continuous) with HLRT
and LLRT, observed that there was an increase in cardiac output in all groups, although only significant in HLRT.
This increase may be linked to the increase in exercise intensity and, consequently, to the proportional increase in
HR.

Regarding the clinical applicability of BFR, the results of the present review indicate that LLRT-BFR is an
alternative and safe method for acute cardiovascular effects on a healthy population aged 18-35 years. However, it
is necessary to highlight the limitations of the present study. Although this review included a comprehensive search
in seven different databases and was composed of a large number of studies, they presented low methodological
quality and low and very low levels of evidence assessed by the GRADE system. In addition, few studies investigated
the effects of the variables HR, cardiac output, stroke volume, peripheral vascular resistance and partial oxygen
saturation, which directly reflected on the level of evidence and, above all, on the impossibility of carrying out new
exploratory analyses for these variables.

Finally, a major contributing factor that can be negatively affected by small but potentially significant differences
between BRF exercises is the use of repetitions to failure versus the standard repetition scheme, so the physiological
results must be interpreted with caution. Thus, attention should be paid to the criteria for the development of
studies with high quality, especially, random allocation, blind advisor and intention-to-treat analysis, which would
result in research with a higher level of scientific evidence. For future studies, it is reccommended that clinical trials
be conducted with more rigorous and robust methods in healthy populations.

Based on our knowledge, this is the first meta-analysis to investigate the effect of LLRT-BFR on acute effects
of cardiovascular outcomes in healthy individuals. There are no greater effects of BFR for most cardiovascular
outcomes with the exception of reduced cardiac output and HR favorable to LLRT-BFR compared with HLRT.
Thus, the review’s findings indicate that LLRT-BFR appears to represent a viable alternative intervention for this
kind of population.

Conclusion

The findings of the present review suggest that there are no greater acute effects of BFR to resistance exercise
for most cardiovascular outcomes, with the exception of reduced cardiac output and HR favorable to LLRT-BFR
compared with HLRT.

Supplementary data
To view the supplementary data that accompany this paper please visit the journal website at: www.futuremedicine.com/doi/
suppl/10.2217 /cer-2021-0272
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Blood flow restriction on cardiovascular response

Summary points

e Low-load resistance training associated with blood flow restriction (LLRT-BFR) is an alternative training modality
for strength gain and muscle hypertrophy.

e The cardiovascular safety must be considered, and the impact of LLRT-BFR and its training variables on
cardiovascular outcomes is not yet known.

e The aim of this systematic review with meta-analysis was to compare the acute effects of LLRT-BFR with low-load
resistance training and high-load resistance training (HLRT) on cardiovascular outcomes in healthy individuals.

e This systematic review was conducted according to the guidelines of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses, and the protocol was registered in PROSPERO (no. CRD42019142900).

e The studies were selected from seven databases from the oldest record in each database until 13 January 2022,
and for quantitative analysis, 17 studies were included, as two studies did not send the data for the meta-analysis.

e The methodological quality of the included studies was 5.05 & 0.4 points, and the quality of the evidence was low
or very low evidence.

e The results demonstrated that there was no difference on the addition of BFR to resistance training for most of
the cardiovascular parameters, with the exception of the cardiac output and heart rate, which presented lower
values for LLRT-BFR compared with HLRT.

e The review's findings indicate that LLRT-BFR appears to represent a viable alternative intervention for this type of
healthy individuals.
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