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Background 
Blood flow restriction (BFR) training has been reported to have significant benefits on 
local skeletal muscle including increasing local muscle mass, strength, and endurance 
while exercising with lower resistance. As a result, patients unable to perform traditional 
resistance training may benefit from this technique. However, it is unclear what effects 
BFR may have on other body systems, such as the cardiovascular and pulmonary systems. 
It is important to explore the systemic effects of BFR training to ensure it is safe for use in 
physical therapy. 

Purpose 
The purpose of this study was to systematically review the systemic effects of blood flow 
restriction training when combined with exercise intervention. 

Study Design 
Systematic review. 

Methods 
Three literature searches were performed: June 2019, September 2019, and January 2020; 
using MedLine, ScienceDirect, PubMed, Cochrane Reviews and CINAHL Complete. 
Inclusion criteria included: at least one outcome measure addressing a cardiovascular, 
endocrinological, systemic or proximal musculoskeletal, or psychosocial outcome, use of 
clinically available blood flow restriction equipment, use of either resistance or aerobic 
training in combination with BFR, and use of quantitative measures. Exclusion criteria for 
articles included only measuring local or distal musculoskeletal changes due to BFR 
training, examining only passive BFR or ischemic preconditioning, articles not originating 
from a scholarly peer-reviewed journal, CEBM level of evidence less than two, or PEDro 
score less than four. Articles included in this review were analyzed with the CEBM levels 
of evidence hierarchy and PEDro scale. 

Results 
Thirty-five articles were included in the review. PEDro scores ranged between 4 and 8, and 
had CEBM levels of evidence of 1 and 2. Common systems studied included 
cardiovascular, musculoskeletal, endocrine, and psychosocial. This review found positive 
or neutral effects of blood flow restriction training on cardiovascular, endocrinological, 
musculoskeletal, and psychosocial outcomes. 
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Conclusions 
Although BFR prescription parameters and exercise interventions varied, the majority of 
included articles reported BFR training to produce favorable or non-detrimental effects to 
the cardiovascular, endocrine, and musculoskeletal systems. This review also found mixed 
effects on psychosocial outcomes when using BFR. Additionally, this review found no 
detrimental outcomes directly attributed to blood flow restriction training on the test 
subjects or outcomes tested. Thus, BFR training may be an effective intervention for 
patient populations that are unable to perform traditional exercise training with positive 
effects other than traditional distal muscle hypertrophy and strength and without 
significant drawbacks to the individual. 

Level of Evidence 
1b 

INTRODUCTION 

Blood flow restriction (BFR) training has been found to have 
significant benefits for skeletal muscle development. BFR 
uses a belt or tourniquet applied to the proximal portion of 
an extremity to partially or fully occlude blood flow in or-
der to stimulate muscular adaptations that improve mus-
cular mass and strength.1 Traditionally, when attempting 
to improve muscle mass and strength, high intensity resis-
tance training using loads of ~70-85% of a one-repetition 
max (1-RM) is most often indicated.2 However, researchers 
have found that BFR in conjunction with low load resistance 
training, cardiovascular endurance training, and other 
forms of exercise not generally indicated to improve muscu-
lar mass/strength also cause these muscular adaptations.2,3 

These findings may make the use of BFR valuable in the 
rehabilitation of patients who may not be able to perform 
high load resistance training such as the elderly, patients 
undergoing rehabilitation, recovering athletes, or in pa-
tients with other medical conditions such as renal disease, 
metabolic dysfunction, heart disease, or medically compro-
mised high risk patients. Findings also suggest that those 
using BFR during training such as a cycling exercise pro-
gram may receive the benefits of increased skeletal muscle 
mass and strength along with improved cardiovascular/
muscular endurance.4 

Typically, research on BFR training reports the localized 
changes in muscle mass, strength, and muscle endurance of 
the extremity on which the cuff is applied. Research on BFR 
training has suggested other possible benefits or detriments 
involving systems other than the musculoskeletal system; 
however, these effects have not been determined conclu-
sively. The focus of BFR is to cause beneficial adaptations 
to local skeletal muscle, but there is limited information re-
ported on the effects of BFR training on other body sys-
tems. Multiple systems may be affected by BFR training, but 
a thorough analysis of these effects is still needed. 

In order to better understand BFR and its overall impact 
on the human body, the purpose of this study was to sys-
tematically review the systemic effects of blood flow restric-
tion training when combined with an exercise intervention. 
By further understanding the systemic effects of BFR train-
ing, clinicians may be able to incorporate this technique 
safely in the rehabilitation of patients who cannot perform 
high load resistance or aerobic training. 

METHODS 

An original database search was completed in June 2019 
with a focus on the topic of the systemic effects of blood 
flow restriction (BFR) training. The following databases 
were used in the search: MedLine, ScienceDirect, PubMed, 
Cochrane Reviews and CINAHL Complete. Initial search 
terms included “blood flow restriction”, “occlusion train-
ing”, “restriction of blood flow”, “systemic effects”, “blood 
flow restriction training”, “partial occlusion”, “effect or ef-
fects”. Search criteria were filtered by article type (research 
articles, practice guidelines) and the year range 2009-2020. 
Titles and abstracts of articles were assessed by one of the 
four authors and a hand search of the systematic reviews 
by four authors yielded additional articles that were deemed 
relevant based on their titles and abstracts. Exclusion cri-
teria for articles included research focusing on local mus-
culoskeletal changes due to BFR training, studies examin-
ing passive BFR or ischemic preconditioning, and articles 
that did not originate from a scholarly peer-reviewed jour-
nal. Studies with CEBM level of evidence less than two were 
excluded, as the focus of this article was to review meta-
analyses, RCTs, and cohort studies. Additionally, studies 
with PEDro scores less than 4 were excluded, as this score 
has been used previously to delineate “poor” quality from 
“fair”, “good”, and “excellent” quality studies.5,6 Four re-
searchers calculated PEDro scores and CEBM levels of evi-
dence and came to mutual agreement regarding when arti-
cles should be excluded due to inadequate quality. Articles 
were included if researchers used clinically available blood 
flow restriction equipment, used resistance or aerobic train-
ing in combination with BFR, used quantitative outcome 
measures, and were not dismissed by the exclusion criteria. 

Updated database searches were completed in September 
2019 and January 2020. These articles were screened using 
their titles and abstracts for relevance, inclusion, and ex-
clusion criteria, as well as Oxford Centre of Evidence-Based 
Medicine level of evidence by one of four researchers. If 
deemed appropriate, the author evaluated the entire text 
for quality using the PEDro scale. If the article was a sys-
tematic review a hand search of references was performed, 
and results were assessed. 

After the June 2019, September 2019, and January 2020 
searches were completed, Inter-library loans through Mis-
ericordia University and ResearchGate requests were com-
pleted for articles that were unable to be accessed through 
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the original databases. Any articles not received or granted 
access by February 1, 2020 were not included in the review 
due to a lack of access. 

RESULTS 

The initial search completed in June 2019 produced 2299 
results. After refining parameters and removing duplicates, 
281 articles were considered appropriate. Upon assessment 
of the abstracts and titles of all 281 articles, 30 articles and 
three systematic reviews were deemed appropriate for use 
in this review. After hand searching the systematic reviews, 
41 additional articles were found and determined to be suit-
able. The updated search in September 2019 yielded 86 re-
sults, of which five articles were deemed appropriate. The 
updated search in January 2020 yielded 98 results, and six 
articles and one systematic review were determined to be 
suitable. Upon hand search of the systematic review, eight 
additional articles were located and considered to be appro-
priate. Ninety total articles were reviewed, and after 55 were 
excluded due to either lack of relevance, quality, or access, 
a total of 35 articles were included in the systematic review. 
Appendix 1 summarizes the characteristics and results of 
studies included in this review. Figure 1 describes the search 
timeline and methodology. 

CARDIOPULMONARY 

A paramount concern regarding the application of BFR 
training is the effects partial vascular occlusion has on car-
diovascular and pulmonary health. The search found arti-
cles investigating the effects on maximal oxygen consump-
tion (VO2 Max),4,7–11 vascular stiffness and 
compliance,3,12–19 systolic and diastolic blood pressure 
(SBP and DBP, respectively) responses,3,16–23 heart rate 
(HR),7,16–19,24 stroke volume (SV),17,18 cardiac output 
(CO),17,18 ankle brachial pressure index (ABI),3,19 and func-
tional endurance in healthy adults9 and those with renal 
disease25 and heart failure.26 

BLOOD PRESSURE 

Five studies examined the effects of BFR on systolic and di-
astolic blood pressure responses.3,16–23 In young adults us-
ing BFR during resistance training for hypertrophy it ap-
pears the modality causes no differences in SBP or DBP 
responses both during and after exercise when using be-
tween 50-80% aortic occlusion pressure at the proximal 
thighs or proximal upper arms and less than 20% 1-RM.3,22 

In a group of young men performing six week bench press 
training with either proximal arm BFR at pressures of 160 
mmHg and 30% 1-RM (BFR group) or no occlusion and 75% 
1-RM (HIT group), Ozaki and colleagues found thigh SBP 
increased significantly in the HIT group compared to the 
BFR group, while both groups’ resting SBP and DBP re-
mained unchanged throughout the intervention period.16 

In young adults performing BFR and aerobic exercise 
with occlusion pressures between 40-60 mmHg and 50% 
maximum heart rate (HR Max), SBP and DBP responses 
were found to be similar to those traditionally found with 
aerobic intensities of 62-85% HR max. With appropriate in-

dividualized dosing, aerobic exercise with BFR could pro-
vide an appropriate stimulus for aerobic adaptation. Two 
studies using a 15-minute treadmill test with bilateral lower 
extremity 160 mmHg occlusion found central SBP and DBP 
responses were significantly greater than those seen in non-
occluded treadmill testing.17,18 

In older adults one study found that occlusion pressures 
of 196 mmHg (+/-18 mmHg) resulted in no differences in 
SBP and DBP responses between two cohorts of older adults 
performing upper extremity exercises with or without 
BFR.19 

HEART RATE, STROKE VOLUME, AND CARDIAC OUTPUT 

Six articles examined the effects of BFR on heart rate re-
sponses or cardiac output.7,8,16,18,19,24 The majority of 
studies evaluating heart rate (HR) found higher HR re-
sponses compared to intensity matched controls with both 
strengthening and aerobic based exercise.7,16–18,24 One 
study by Yasuda, Fukumura, and Yusuke reported no signif-
icant differences in the HR responses of two groups of older 
adults performing elastic band resistance training with or 
without BFR, when compared to pre-intervention.19 Two 
studies found smaller increases in stroke volume (SV) while 
performing aerobic treadmill sessions for BFR groups using 
160 mmHg bilateral lower extremity occlusion compared to 
controls. These studies also evaluated cardiac output (CO) 
and found both groups increased CO similarly in response 
to treadmill exercise.17,18 

VASCULAR STIFFNESS AND COMPLIANCE 

Nine articles evaluated the effects of BFR on vascular com-
pliance or endothelial function.3,12–19 Ozaki et al. reported 
arterial stiffness increased more prominently in BFR com-
pared to control when using 50-80% AOP.16 Other studies 
found no difference in arterial responses to exercise when 
comparing BFR to controls via brachial artery diameter, an-
kle-brachial index, flow-mediated dilation, and cardio-an-
kle vascular index.3,19 Ozaki et al. in 2013 found carotid ar-
terial compliance was maintained in their BFR cohort using 
160 mmHg bilateral proximal upper arm occlusion during 
bench press training, compared to a 21% decrease in carotid 
compliance in controls.16 Ozaki et al. in 2011 found occlu-
sion pressures up to 200 mmHg applied during walk train-
ing to bilateral proximal thighs resulted in similar increases 
in carotid artery compliance compared to traditional walk 
training.13 Shimizu et al. reported BFR using femoral SBP 
increased transcutaneous oxygen pressure of the foot com-
pared to both control and pre-intervention levels.14 

VO2 PEAK AND VO2 MAX 

Six articles in this review assessed the effects of BFR on 
VO2 peak and/or VO2 max.4,7–11 Two studies evaluating 
VO2 peak found concurrent resistance training and aerobic 
exercise or treadmill exercise resulted in similar increases 
or no change when using occlusion pressures of 50% AOP 
or 110-200 mmHg, respectively.8,9 Three studies evaluating 
the impact of BFR with aerobic exercise on VO2 max and 
found mixed results. Held and colleagues found an average 
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Figure 1. Search timeline and methodology flowchart 

improvement of 9.6% in VO2 max of elite rowers when using 
elastic wrapped BFR during low intensity row training, sig-
nificantly more than exercising controls.10 Oliveira et al. 
used 18 cm wide cuffs at 140-200 mmHg pressure and found 
similar increases in VO2 max with 29.4% of the high inten-
sity training group volume.4 Paton, Addis, and Taylor found 
similar increases in VO2 max between BFR and control with 
the same exercise intensity (running speed as a percentage 
of peak running velocity).7 Mendonca et al. evaluated ex-
cess post-exercise oxygen consumption (EPOC) using 200 
mmHg occlusion pressure with a 6 cm wide cuff and found 
walking with BFR increased EPOC post-intervention signif-
icantly more than walking without the modality.11 

EXERCISE CAPACITY 

Three articles evaluated exercise capacity: one of healthy 
adults,9 one in patients with end stage renal disease 
(ESRD),25 and one in patients with heart failure (HF).26 

In healthy older adults, it appears BFR in combination 
with six weeks of treadmill walking can improve functional 
ability as evaluated by Timed-Up-and-Go and 30 Second 
Sit-to-Stand scores significantly more than walking alone.9 

In two of the most clinically relevant cardiovascular studies, 
BFR was found to improve 6-minute walk test distances 17% 
(compared to 1.5% improvement in exercising control) in 
patients with ESRD on hemodialysis.25 These patients used 
cycle ergometry and 50% AOP while receiving dialysis treat-
ment. The exercise was performed for 20 minutes of the 
four-hour dialysis session three times per week, and the re-
searchers reported no adverse effects correlated to the use 
of the modality. In patients with post-infarction HF with 
an average ejection fraction of 52.9%, BFR at an average 
208 mmHg to bilateral proximal thighs with cycle ergome-
try was found to significantly improve VO2/W and anaerobic 
threshold compared to exercise matched controls.26 

SYSTEMIC MUSCULOSKELETAL 

Along with a large array of systemic cardiopulmonary ef-
fects, BFR training has also demonstrated a variety of sys-
temic effects on the musculoskeletal system.16,27–32 Pre-
vious research on the technique has focused on localized 
muscle hypertrophy, strength, and endurance following ap-
plication and methodization of BFR training.27,28 A vast 
majority of previous research compares the results of low-
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intensity BFR training to high intensity resistance training 
without BFR in order to determine if low-intensity BFR may 
be a comparable training stimulus. Although not all the ar-
ticles were conclusive of definite systemic musculoskeletal 
effects, many of the studies did report systemic effects in-
volving the musculoskeletal system that were attributed to 
BFR. When compared to various other training methods or 
techniques, many of the findings demonstrated noteworthy, 
or at least comparable, results to other groups. Interest-
ingly, six of the seven articles included in the musculoskele-
tal portion of the review reported distal or contralateral 
strengthening,16,27–31 hypertrophy,16,27,29–32 or muscle 
function adaptation16,27–32 that can be attributed to sys-
temic effects of BFR training. 

ENDOCRINE 

MUSCULAR ADAPTATION 

Cook found that when comparing two groups of young men 
performing identical exercise programs, one group using 
BFR and a control group, participants training with BFR see 
a significantly greater increase in free testosterone concen-
trations compared to the control.28 

Another important factor in developing muscle, serum 
growth hormone (GH) concentration was also found to have 
increased significantly more in elderly participants using 
BFR training techniques as compared to a non-BFR control 
group when performing identical low intensity resistance 
programs.14 

Laurentino discovered BFR may induce muscular adap-
tations by inhibiting factors that are detrimental to muscle 
growth.33 Following 8 weeks of low intensity resistance 
training with BFR, myostatin (MSTN) mRNA gene expres-
sion was found to have significantly decreased (45% de-
crease in BFR low intensity groups, 41% in non-BFR high 
intensity group), while Growth and Differentiation- Asso-
ciated Serum Protein-1 (GASP-1) and MAD-related protein 
(SMAD-7) gene expressions significantly increased 
(GASP-1: 82% increase in BFR groups compared to 79% in 
non-BFR; SMAD-7: 88% increase in BFR group compared to 
66% in non-BFR group).33 

In a research study using a sample of healthy elderly 
men, Karabulut reported no significant change in inter-
leukin 6 (IL-6), insulin-like growth factor-1 (IGF-1), and 
free testosterone between participants in high-intensity re-
sistance training, low intensity resistance training with 
BFR, and control groups.34 

OSTEOBLASTIC ACTIVITY 

Karabulut et al.'s study investigated BFR’s influence on bone 
alkaline phosphate (ALP) and C-telopeptide of Type-1 col-
lagen (CTX) as well as ALP/CTX ratio.35 In 6 weeks, par-
ticipants performing low intensity resistance training with 
BFR/ vascular restriction (LI-VRT) and high-intensity re-
sistance training only (HI-RT) demonstrated significant in-
creases in ALP concentration and improved bone ALP/CTX 
ratio as compared to a control group.35 LI-VRT and HI-RT 
saw 21% and 23% increases in concentrations, respectively, 
while the control had an 4.7 % increase. LI-VRT and HI-RT 

saw decreases in CTX concentrations of 7.7% and 4.1%, re-
spectively, while the control group had a 3.3% increase in 
CTX concentration. 

METABOLIC STRESS 

Multiple studies have found that when using BFR in con-
junction with low resistance exercise, blood lactate levels 
are significantly higher than control groups and levels are 
similar to that produced by high intensity training.4,36 

Oliveira et al., found significant increases in blood lactate 
accumulation (measured before and after treatment) be-
tween participates performing low intensity exercises with 
BFR (16% +/- 13% ) and those performing low intensity ex-
ercise without BFR (6% +/- 4 %).4 Neto found that groups 
participating in low intensity exercises with BFR (5.0% in-
crease) provide similar levels of blood lactate accumulation 
as compared to high intensity exercises without BFR (5.2% 
increase).36 Shimizu et al. found when comparing BFR 
groups to non-BFR, participants using BFR have significant 
increases in lactate levels (non-BFR: 10.3 +/- 5.3 before, 
34.3 +/- 13.3 after; BFR: 8.2 +/- 3.6 before, 49.2 +/- 16.1 af-
ter, mg dL-1) as well as increases norepinephrine (non-BFR: 
472.4 +/- 136.8 before, 662.1 +/- 201.5 after; 619.5 +/- 243.7, 
960.2 +/- 373.7 after, mg dL-1). 

Okita et al research finds that metabolic stress is induced 
by decreases in phosphocreatine and intramuscular pH. 
Participants performing low intensity exercises do not have 
significant decrease in intramuscular pH while participants 
using intermittent BFR (-.10 pH) and continuous BFR (-.125 
pH) have significant decrease in pH. 

HIGH RISK PATIENTS 

Tanaka and Takarade’s research investigated the effects of 
BFR with a patient population of 30 men (mean age of 60.7 
+/-11 years) with a history of CHF. Results after six months 
of exercise training showed no change in the serum triglyc-
eride, high-density lipoprotein, LDL-C, total cholesterol, 
glucose, and HbA1c levels.26 Additionally, after the six-
month time frame, brain natriuretic peptide levels de-
creased significantly.26 

PSYCHOSOCIAL FACTORS 

The effects of BFR are not only that of a physical nature, 
but that of a patient’s psychological state. Furthermore, not 
only may the effects of BFR impact a patient’s psychological 
state, but may also affect a patient’s physical state/perfor-
mance. 

To assess these effects multiple studies have assessed an 
individual’s rate of perceived exertion (RPE),19,36,37 overall 
mood,38,39 pain levels,37 and overall levels of discomfort.40 

When investigating effects on RPE, studies have found 
when initially training with BFR and low load resistance 
training RPE was increased in most individuals as compared 
to traditional high load resistance exercise.19,36,37 While 
RPE initially did increase in most cases during the begin-
ning stages of BFR, RPE rates decreased over a longer period 
of time lasting 8 weeks when compared to the traditional 
high load resistance training.40 When comparing the effects 
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of RPE between continuous vs intermittent BFR, the aver-
age RPE levels were lower when using intermittent BFR as 
compared to using continuous BFR.36 

To evaluate general pain level and level of discomfort, a 
0-10 general pain scale and a BORG discomfort scale was 
used to track these complaints over the BFR application pe-
riod. In a study using bilateral leg press, both high and low 
load resistance training using 80% and 30% 1 RM showed 
higher RPE and pain ratings after exercise to muscular fail-
ure than a BFR group training with 30% 1 RM and using 4 
sets of 15 repetitions scheme.37 In a separate study compar-
ing groups performing upper extremity exercises, those par-
ticipants performing the same exercises with BFR reported 
significant increases in discomfort rating.40 

The utilization of BFR with resistance training has been 
found to have a significant effect on an individuals’ overall 
mood state. Silva 2018 measured mood state, total mood 
disturbance, and RPE before and after exercising with and 
without BFR.38 These researchers found that BFR induced 
an acute negative effect on mood state, total mood dis-
turbance, and increased overall participant fatigue.38 Silva 
2019 research investigated mood state after aerobic exer-
cise with BFR and found BFR to cause acute impairments 
in mood state and RPE in most individuals.39 However, this 
affect was comparable to the effects found with traditional 
high load resistance training.39 

DISCUSSION 
CARDIOPULMONARY 

BLOOD PRESSURE 

Previous studies have shown a correlation between resis-
tance training and training-induced arterial stiffening, and 
a low level of arterial compliance has been shown to con-
tribute to heart disease and impaired baroreflex sensitiv-
ity.20,21,23 The studies included in this review suggest BFR 
using occlusion pressures less than approximately 200 
mmHg does not lead to detrimental blood pressure re-
sponses in healthy adults. Rather, BFR under these parame-
ters causes similar blood pressure responses as traditional 
exercise, when prescribed appropriately. 

HEART RATE, STROKE VOLUME, AND CARDIAC OUTPUT 

When evaluated together, these studies show the applica-
tion of BFR does not change CO but does decrease relative 
SV amount and increase HR response accordingly to main-
tain appropriate CO. These findings suggest the increased 
pressure from the occlusion cuffs, when using pressures 
of less than 160 mmHg or 7/10 subject perceived pressure 
with resistance or aerobic exercise, does not negatively im-
pact cardiac output. Additionally, the exaggerated HR re-
sponse may be beneficial for improving cardiac condition-
ing in those who cannot handle traditional stimuli needed 
to attain 70-85% HR Max.41 

VASCULAR STIFFNESS AND COMPLIANCE 

When using BFR with aerobic exercise, Renzi et al. found 
increased arterial stiffness (measured using SV/PP) and de-

creased flow-mediated dilation when using 160 mmHg with 
walk training.18 Iida, Nakjima, and Abe found a six week 
walking program with 140-200 mmHg bilateral lower ex-
tremity BFR significantly increased maximal venous out-
flow and venous compliance compared to no change in their 
control.15 Ozaki et al. in the year 2011 found walk training 
with 140-200 mmHg occlusion pressure did not lead to sig-
nificantly different changes in carotid artery compliance 
compared to control.13 This finding is significant because 
these authors also found a significant increase in thigh 
muscle cross sectional area, knee flexion torque, and knee 
extension torque in the BFR group compared to control. 
While this finding is outside the scope of this literature re-
view, the possibility of improving muscle hypertrophy and 
carotid artery compliance concurrently using BFR with aer-
obic training is worth future investigation.13 

BFR effects on vascular compliance and stiffness varied 
among studies.13,14,16–18 However, it is important to iden-
tify the trend of these results: higher relative pressures tend 
to decrease the benefit and may incur unfavorable changes 
to the vascular system. A possible explanation of the nega-
tive outcomes seen with vascular changes may be explained 
by the pressure gradient created by narrow width occlusion 
cuffs. Studies of surgical tourniquets have found an inverse 
relationship between the width of occlusion cuffs and the 
pressure required to attain total limb occlusion with a cuff 
width to limb circumference ratio less than 0.5 requiring 
sub-systolic pressures.42,43 In BFR training a similar con-
cept may be paramount to elicit favorable adaptations using 
the lowest pressures and lowest pressure gradients possible. 

VO2 PEAK AND VO2 MAX 

These studies show while benefits to VO2 peak may not be 
attainable, VO2 max can be significantly improved given an 
appropriate occlusion pressure and training stimulus. Im-
portantly it appears VO2 max can be improved to a similar 
degree as traditional aerobic exercise, and this benefit can 
be realized with significantly less volume when augmented 
with BFR. Additionally, because BFR seems to increase the 
relative intensity and cumulative oxygen deficit of an aero-
bic activity, lower stimuli may be sufficient to incur benefits 
to VO2 max.11 This may be especially valuable to those who 
are unable to exercise at intensities high enough to improve 
or maintain aerobic capacity. 

EXERCISE CAPACITY 

These studies are novel in their use of medically complex 
patients and display how appropriately dosed BFR training 
with aerobic exercise can safely and significantly improve 
functional capacity. 

In healthy older adults Abe and colleagues found no im-
provement in aerobic capacity following six weeks of tread-
mill walking with BFR, however the BFR group did signif-
icantly improve chair stand and Timed-Up-and-Go 
performance compared to an active control. Importantly, 
the authors did not reach the 50% HR Max reserve intensity 
they hypothesized was required to elicit aerobic changes, 
and previous research included in their study concluded 
“similarly intense walk training without BFR elicits little or 
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no effect on aerobic capacity”.9 

Cardoso and colleagues noted the improvement realized 
in their study could be due in part to the higher metabolic 
stress generated by hypoxia from BFR, a hypothesis that has 
been put forth to explain strength and hypertrophy gains 
experienced with this modality. 

When using BFR with post-infarction heart failure pa-
tients, Tanaka and others found significant improvements 
in anaerobic threshold using BFR with cycle ergometry. This 
study is significant in its use of high occlusion pressures 
(208.7+/- 7.4 mmHg) with exercise in medically complex pa-
tients with no adverse effects of exercise training noted.26 

While a small study, the significant improvement in anaer-
obic threshold compared to exercising control without ad-
verse training effects is encouraging for the safe use of this 
intervention in this population and others with cardiovas-
cular conditions. 

SYSTEMIC MUSCULOSKELETAL 

STRENGTH 

Several studies have determined that low-load BFR training 
may increase strength contralateral and distal to cuff or 
tourniquet placement.16,27–31 Compared to high-load resis-
tance training, low-load with BFR has shown to produce 
similar, and sometimes more significant, effects on muscle 
strength.27 Cook et al. discovered a systemic effect of in-
creased muscle strength of the upper extremities when oc-
cluding bilateral lower extremity blood flow.28 BFR training 
with similar exercise regimen as the control group demon-
strated a significantly greater increase in bench press 
strength compared to the non-BFR group, 1.4% ± 0.8%.28 

Occlusion of lower extremities increasing upper-body 
strength more than a group without BFR validates the idea 
that there is a systemic effects on the body, but the overall 
mechanism of these effects are yet to be fully understood.28 

May et al. used lower extremity BFR training following 
unilateral arm exercises and during lower extremity exer-
cises to demonstrate a larger increase in trained arm 
strength of the BFR group compared to the trained arm of 
the control group, which displays a possible systemic ef-
fect stemming from partial blood flow occlusion. The sys-
temic or “transfer effect” on upper body strength is sup-
ported by the increased elbow flexion 1-RM in the untrained 
arm of the experimental group.29 May et al.29 and Cook 
et al.28 hypothesized that noted systemic musculoskeletal 
effects of BFR can be attributed to what has been called 
the “cross-transfer phenomenon”. According to May et al., 
cross-transfer is common with unilateral resistance train-
ing, with contralateral sites. However, there has not been 
much research on isolated sites and their effect on other 
sites; it is believed in this study BFR of the lower extremities 
had a cross-transfer effect on the upper extremities. May et 
al. also suggests that because cross-sectional area of mus-
culature grew similarly between extremities, the strength 
transfer was not due to hypertrophy of muscle, but rather a 
neuromuscular adaptation.29 

Bowman et al. also found contralateral lower extremity 
strength gains in the low-load BFR group compared to low-
load training alone.27 The control group performed low-

load resistance training of the lower extremities, whereas 
the BFR group performed the same exercises but with par-
tial occlusion to blood flow of the upper thigh of one lower 
extremity.27 Bowman hypothesizes that improved strength 
and increases in muscle hypertrophy are due to metabolic 
stress triggering consequent metabolic, adrenergic, and 
hormonal changes that eventually lead to muscular adapta-
tion.27 Both Ozaki et al.16 and Thiebaud et al.30 discovered 
similar effects on strength gains between BFR and non-BFR 
groups. Ozaki et al. found that when occluding upper ex-
tremity blood flow, the BFR group produced similar gains in 
bench press 1-RM compared to the non-BFR group, but the 
BFR group was working at 45% lower intensity.16 Thiebaud 
et al. found that BFR with cuffs placed on upper extremities 
demonstrated significant increases in strength of chest 
press, shoulder press, and seated row equal to the non-BFR 
group with no significant differences between the two.30 

Again, the BFR group was exercising at a lower intensity, 
but still demonstrated equal gains in strength. 

Yasuda et al. found that when the training intensities re-
main the same, and the only difference between two groups 
is BFR of the upper extremities, the BFR group demon-
strated more significant changes in bench press 1-RM com-
pared to the non-BFR group. Because they also found in-
creases in muscle hypertrophy, Yasuda et al. believes 
strength gains cannot be due to neural adaptation alone.31 

HYPERTROPHY 

Both Thiebaud et al.30 and Ozaki et al.16 compared mod-
erate to high intensity resistance training to low intensity 
resistance training with BFR and their effect on, cross-sec-
tional area (CSA) of pectoralis major when occluding blood 
of the upper extremities. Findings of the studies determined 
that even with a lower workload, the BFR group experienced 
almost equivalent pectoralis muscle hypertrophy as their 
counterpart.16,30 Thiebaud et al. also found that there were 
no significant differences between groups concerning lower 
extremity muscle hypertrophy, but both groups experienced 
significant changes in upper thigh muscle thickness with 
the BFR group exercising at a lower intensity.30 With uni-
lateral LE occlusion, Bowman et al. found greater increase 
in contralateral BFR lower extremity compared to non BFR 
group.27 May et al. found that, with similar exercise regi-
mens, BFR applied to the most proximal portion of bilateral 
lower extremities did not promote a significantly different 
change in upper extremity muscle hypertrophy compared 
to the non-BFR group.29 Because there was strength gain 
without an increase in muscle size, it is clear why May at-
tributes the systemic increase in strength attained from 
BFR to neuromuscular adaptation and not to musculature 
hypertrophy.29 This finding is in contrast to previous find-
ings from Yasuda et al. who reported a measurable increase 
in muscle size. Yasuda et al. determined that, with identical 
resistance training protocol, bilateral upper extremity BFR 
promotes significant increase in unrestricted chest muscle 
hypertrophy (pectoralis major) compared to no BFR.31 Un-
like multiple previous studies, Sakamaki et al. compared a 
BFR exercise group to a non-BFR exercise group and deter-
mined no or minimal difference in systemic muscle hyper-
trophy of gluteus maximus and iliopsoas muscles between 
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the groups.32 The BFR cuffs were placed around the most 
proximal portion of each leg, and the regimen consisted of 
three weeks of treadmill walking training.32 Their findings 
may be due to the fact that the training regimen was not as 
intense as resistance training exercises, making it less likely 
muscles would hypertrophy. 

ENDOCRINE 

Multiple studies have demonstrated that BFR has a pro-
found effect on the endocrine system by affecting the hor-
mones, blood factors, and biological complexes which con-
trol the human body.4,14,28,33–36,44 These changes might 
not only impact muscle, but also multiple body systems. 
Knowing the endocrinological changes induced by BFR is 
not only important to understand how BFR is an effective 
tool, but if/how it can be a danger to potential patients. 

MUSCULAR ADAPTATION 

BFR’s greatest potential as a therapeutic tool comes from its 
ability to improve muscle strength and induce muscle hy-
pertrophy without placing the physical stress of high inten-
sity resistance training on the body. These muscular adap-
tations may come as a result of the hormonal changes BFR 
induces. 

Increases in free testosterone as well as serum growth 
hormone may be one of the mechanisms in which BFR helps 
induce muscular adaptation.14,28 Increases in these hor-
mones promote the growth of muscle tissue allowing for 
potentially greater increases in strength as compared to 
changes induced by low intensity exercise only. 

Laurentino et al. suggest that BFR promotes increased 
muscle growth through its effects on Myostatin (MSTN), 
Growth and Differentiation- Associated Serum Protein-1 
(GASP-1) and MAD-related protein (SMAD-7) gene expres-
sions. MSTN plays a role in controlling/inhibiting muscle 
growth, while GASP-1 and SMAD-7 play roles in inhibiting 
MSTN formation/function. As a result, the increases in 
GASP-1 and SMAD-7 expression will decrease the inhibitor 
actions of MSTN, and the decrease in MSTN expression 
means overall less active inhibition of muscle growth. 

Karabulut’s findings leave questions unanswered regard-
ing the mechanism by which BFR may demand muscular 
adaptation. Finding that there was no significant change 
in growth factors/hormones, such as IL-6, IGF-1 and free 
testosterone, that would promote muscle growth may mean 
that it is not hormonal effects that cause muscular adapta-
tion.34 

OSTEOBLASTIC ACTIVITY 

An important benefit of resistance training, especially in 
the elderly, is its ability to increase bone density/mass. In-
creasing bone density and mass is important in order to pre-
pare for degeneration with natural aging and prevents in-
jury in the future. The results of Karabulut et al.'s research 
found that both treatment groups (low intensity resistance 
training with and without BFR) will benefit from a shift 
in bone turnover/metabolism that favors bone formation. 
However, this positive shift in osteoblastic activity shows 

that BFR in conjunction with low intensity exercise can fa-
cilitate improvements in bone density without placing the 
body through the physical stress of high intensity resistance 
training. 

METABOLIC STRESS 

One of the most significant endocrinological changes that 
is induced by BFR training is increased blood lactate levels. 
Studies have found that when using BFR in conjunction 
with low resistance exercise, blood lactate levels are signif-
icantly higher than control groups and levels are similar to 
that produced by high intensity training.4,36 Increased lac-
tate levels lead to increased muscle soreness and fatigue, 
which might discourage participants from continuing the 
training practice/therapy service. However, it would seem 
that this increase in lactate levels is an important mecha-
nism for beneficial muscular adaptations as one theory be-
hind BFR’s effectiveness suggests that the low oxygen en-
vironment promotes high metabolic stress (by high lactate 
levels). This increased metabolic stress causes the process 
of muscle damage and repair, which leads to muscle growth. 
Not only is it speculated that increases in lactate levels 
cause metabolic stress which induces muscular adaptation, 
but Okita finds that decreases in intramuscular PCr and in-
tramuscular pH cause equivalent stress (with moderate re-
sistance). Their studies suggest that these changes induce 
stress and drive muscular adaptation, similar to the effect of 
lactate. 

Shimizu et al. conducted studies to identify the impact 
of BFR on endothelial function and peripheral circulation in 
the elderly while also looking at blood lactate levels (source 
of metabolic stress). The authors surmise that the increases 
in norepinephrine are needed in order to increase HR and 
BP to levels that allow sustainable, safe exercise while using 
BFR techniques, which induces significant metabolic 
stress.14 However, more research is needed to investigate 
if lactic acid and pH have the potential to reach levels in 
which the participant enters metabolic acidosis. Addition-
ally, specific research is needed to evaluate risk of metabolic 
acidosis during BFR training in patients with diseases such 
as kidney failure. This need for further research should be 
expanded to investigate how the physical and metabolic 
stresses of BFR techniques affect a multitude of conditions. 

HIGH RISK PATIENTS 

To utilize BFR’s potential, research needs to confirm that 
BFR may be used safely with patients that are medically 
compromised/high-risk. Tanaka and Takarade’s research 
specifically investigated the effects of BFR on patients with 
CHF. Overall, their research finds that in a population of 
men (mean age of 60.7 +/- 11 years) there were no notice-
able adverse effects of BFR training in conjunction with aer-
obic exercise.26 Even though a goal of exercise is to improve 
cholesterol and glucose levels, a lack of change in these lev-
els and no described adverse effects shows that the stress 
of BFR can be properly tolerated by elderly patients with 
CHF under proper guidance.26 However, there are signifi-
cant limitations to this study as effects were not investi-
gated for women of any age, men of younger age, and those 
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with other significant diagnoses. 

PSYCHOSOCIAL FACTORS 

As discussed earlier, BFR does not only have physical effects 
but appears to have psychological effects as well. This psy-
chological effect may deter an individual from participating 
in BFR training and may, furthermore, cause a negative im-
pact to one’s physical performance/state. 

Increases in RPE may initially deter individuals as they 
are reporting feelings of having to exert more effort as com-
pared to traditional training.19,36,37 This may be especially 
true in the field of physical therapy as we see many indi-
viduals that do not normally participate in strength training 
or may have individuals that are already poorly motivated 
to participate in physical activity. However, this review also 
shows RPE may initially be significantly higher, but with 
continued training, it appears most individuals build tol-
erance to the practice and RPE levels decrease when com-
pared to traditional training.40 To potentially minimized 
the negative impact of elevated RPE, intermittent BFR may 
be more tolerable compared to continuous BFR as it is found 
to produce lower reports RPE over a training session.36 

When looking at discomfort and pain ratings with BFR 
there is less definable changes. When comparing partic-
ipants performing LE exercises, researchers suggest that 
those using BFR in conjunction with low intensity resis-
tance training may have similar physical effects to those 
performing higher intensity exercise without BFR while 
participants using BFR complained of less pain over time.37 

However, when measuring discomfort in participants per-
forming upper UE exercise, BFR groups were found to have 
higher complaints of discomfort compared to their non-BFR 
counterparts.40 Further research will need to be conducted 
due to the different variables between these studies, but it 
appears that from this data, overall pain ratings decrease 
overtime with use of BFR while overall discomfort rating in-
creased overtime. 

Due to the negative effects to overall mood state and 
total mood disturbance, it is suggested that BFR is not to 
be used directly prior to athletic competitions.38 Decreased 
mood and the described participant fatigue caused by BFR 
may leave an athlete at a disadvantage compared to those 
that feel rested and prepared for competition. 

While BFR has been found to have many positive physi-
ological effects, is it important to consider the potential ef-
fects that it can have on the mood and psychological state. 
The benefits of a decreased RPE over time and negative ef-
fects on acute mood state need to be compared for each in-
dividual in order to determine whether this intervention is 
beneficial for them. 

LIMITATIONS 

While completing this research, several limitations were 
identified that could potentially affect the significance of 
the findings. While all studies were utilizing blood flow re-

striction techniques in combination with exercise, the ap-
plication and dosing parameters were widespread and not 
standardized between studies. It is unclear whether the re-
sults of each study would be significantly changed with dif-
ferent application and dosing parameters, which poses a 
limitation to this review. In addition to the non-standard-
ization seen in dosing parameters, the studies utilized in 
this review did not provide diverse patient demographics. 
Most studies utilized a patient population between the age 
range of 18-39, offering little information on the older adult 
population. Similarly, the studies did not commonly include 
disease-specific populations, as most of the studies were 
performed on healthy individuals. This poses a limitation 
to the generalizability of this findings as they are limited to 
a mainly younger, healthy population. Finally, a potential 
conflict of interest is present due to several articles used in 
this review being authored or contributed to by Dr. Yoshi-
aki Sato, who is credited with inventing KAATSU training, 
a form of BFR, and holds several patents on BFR products. 
Studies coauthored by individuals related to this organiza-
tion have been noted in Appendix 1. As these researchers 
may be invested in seeing beneficial impacts of this tech-
nique, their findings should be scrutinized. 

CONCLUSION 

The results of this systematic review suggest that blood 
flow restriction training has wide reaching effects on multi-
ple body systems including cardiopulmonary, vascular, sys-
temic musculoskeletal, and endocrine, as well as psychoso-
cial factors. Overall, it does appear that BFR is beneficial to 
patients performing this style of training with currently no 
known adverse effects when dosed properly. In studies per-
formed using patients with heart and renal disease, the use 
of BFR was not detrimental and even induced some ben-
efits. It appears the greatest advantage of BFR is its abil-
ity to safely augment exercise intensity in both healthy and 
comorbid individuals. However, more research is needed 
before fully determining the long-term systemic effects of 
BFR. Further research is needed to investigate the appro-
priate dosing parameters, including ideal cuff width, pres-
sure, and duration of partial occlusion. Once a “gold stan-
dard” BFR protocol is developed, the research of this review 
should be replicated to evaluate the reliability of the data. 
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