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Conclusion  While BFR conferred slightly greater haemo-
dynamic stress than CON, this was lower for walking than 
leg-press exercise. Given similar response magnitudes 
between YA and OA, these data support aerobic exercise 
being a more appropriate BFRE for prescription in older 
adults that may contribute to limiting the effects of age-
related muscle atrophy.

Keywords  BFR · Vascular occlusion · Kaatsu · Ageing · 
Walking · Resistance exercise

Abbreviations
BFRE	� Blood flow restriction exercise
HLRE	� Heavy load resistance exercise
LLRE	� Light load resistance exercise
YA	� Young adults
OA	� Older adults
BFR	� Blood flow restriction exercise bout
CON	� Control exercise bout
LP	� Leg-press trial
TM	� Treadmill walking trial
LOP	� Limb occlusion pressure
1-RM	� One repetition maximum
BP	� Blood pressure
HR	� Heart rate
APHRmax	� Age-predicted maximum heart rate
Q̇	� Cardiac output
SV	� Stroke volume
MAP	� Mean arterial pressure
sBP	� Systolic blood pressure
dBP	� Diastolic blood pressure
TPR	� Total peripheral resistance
DP	� Double product
RPE	� Rating of perceived exertion
RPP	� Rating of perceived pain

Abstract 
Purpose  Light-load blood flow restriction exercise 
(BFRE) may provide a novel training method to limit the 
effects of age-related muscle atrophy in older adults. There-
fore, the purpose of this study was to compare the haemo-
dynamic response to resistance and aerobic BFRE between 
young adults (YA; n = 11; 22 ± 1 years) and older adults 
(OA; n = 13; 69 ± 1 years).
Method  On two occasions, participants completed 
BFRE or control exercise (CON). One occasion was 
leg press (LP; 20 % 1-RM) and the other was treadmill 
walking (TM; 4  km  h−1). Haemodynamic responses 
(HR, Q̇, SV and BP) were recorded during baseline and 
exercise.
Result  At baseline, YA and OA were different for some 
haemodynamic parameters (e.g. BP, SV). The relative 
responses to BFRE were similar between YA and OA. 
Blood pressures increased more with BFRE, and also for 
LP over TM. Q̇ increased similarly for BFRE and CON (in 
both LP and TM), but with elevated HR and reduced SV 
(TM only).
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Introduction

Training using heavy-load resistance exercise (HLRE) is a 
primary intervention for limiting muscle atrophy (Marcell 
2003; Janssen et  al. 2004; Hurley and Roth 2000). How-
ever, older adults and some clinical populations, particu-
larly those unaccustomed to resistance exercise, may be 
contraindicated to perform HLRE according to traditional 
training loads and repetitions and due to the high mechani-
cal/musculoskeletal stress and increased risk of a cardio-
vascular event (Thompson et al. 2007; Frankel et al. 2006). 
While these adverse outcomes may initially be overcome 
by prescribing fewer repetitions and/or reducing the exer-
cise intensity, this limits the stimuli that aim to maximise 
beneficial gains in muscle strength and muscle size/growth 
in response to the resistance training programme (Thomp-
son et  al. 2007; Frankel et  al. 2006; Karlsen et  al. 2009; 
Pollock et al. 2000). Consequently, it is recommended that 
older adults, especially those that are deconditioned, under-
take a larger proportion of light-intensity exercise that is 
more aerobic in nature with significantly reduced prescrip-
tions of HLRE (Thompson et al. 2007; Frankel et al. 2006). 
While this light-intensity exercise still provides benefits to 
cardiorespiratory health, mobility and functional independ-
ence (Fletcher et al. 1996; Frankel et al. 2006), large gains 
in muscle size and/or strength are not expected (Kraemer 
et al. 2002; Loenneke and Pujol 2009).

Blood-flow restriction exercise (BFRE) is a poten-
tial alternative mode of exercise training for older adults 
that may contribute to limiting the progression of skel-
etal muscle atrophy and/or produce muscle hypertrophy. 
Despite utilising light loads [20–30 % one repetition maxi-
mum (1-RM)], BFRE develops muscle size and strength, 
the magnitude of which can be in the range of that also 
reported for HLRE (Clark et  al. 2011; Karabulut et  al. 
2011; Takarada et al. 2000). In addition, significant gains in 
muscle size and strength with aerobic walking BFRE have 
also been reported (Abe et al. 2006; Sakamaki et al. 2011). 
While these gains in muscle size and strength have largely 
been the primary focus of interventional studies of BFRE 
(Abe et al. 2005, 2006, 2010; Yasuda et al. 2011; Karabu-
lut et  al. 2010), the acute haemodynamic and perceptual 
responses to BFRE are less well characterised (Hollander 
et al. 2010; Loenneke et al. 2011; Vieira et al. 2013). These 
would, however, seem essential to evaluate if BFRE is to be 
more widely prescribed.

Prior investigations in young healthy populations dem-
onstrate increased haemodynamic stress with BFRE in 
comparison to light-load resistance exercise (LLRE) 
(Brandner et al. 2015; Takano et al. 2005). At a minimum, 
this suggests that older adults will also likely be exposed to 
a greater haemodynamic stress during BFRE. However, to 
date few investigations of BFRE haemodynamics have been 

made in older adults (Sakamaki et al. 2008), with only one 
study making direct comparisons between young and older 
adults within the same study design (Vieira et  al. 2013). 
While this report demonstrated similar haemodynamic 
responses to BFRE between young and older adults, this 
study used bicep curl exercise and so only targeted a small 
muscle mass (Vieira et al. 2013). A comparison of the acute 
haemodynamic responses to BFRE using large muscle 
groups (e.g. leg press) or even aerobic exercise (e.g. walk-
ing) has not been made between young and older adults 
within the same study design. This is despite these muscle 
groups being used frequently in older adults for mobility, 
activities of daily living and exercise. Similarly, while per-
ceptual responses have been examined for resistance BFRE 
(Hollander et al. 2010; Lagally et al. 2002; Loenneke et al. 
2011), little is known for aerobic BFRE, with no study 
comparing these responses between young and older adults 
despite being relevant to further understanding exercise tol-
erance and programme adherence (Loenneke et al. 2011).

Therefore, this study aimed to assess the acute haemo-
dynamic and perceptual responses to both resistance (leg-
press) and aerobic (walking) modes of BFRE between 
young and older male participants utilising large muscle 
groups, which are highly applicable for use in activities 
of daily living, mobility and exercise. Furthermore, we 
compared these responses with equivalent (and more com-
monly prescribed) light-intensity exercises.

It was hypothesised that BFRE would elevate the per-
ceptual and acute haemodynamic responses over those 
for equal-intensity non-BFRE, with these responses being 
greater for resistance exercise compared with aerobic exer-
cise. Finally, it was hypothesised that the perceptual and 
acute haemodynamic responses to BFRE between young 
and older participants would be similar.

Materials and methods

Subjects

Young male adults (YA, n  =  11, 23  ±  2  year, 
180.7 ±  6.7  cm, 76.5 ±  8.8  kg, mean ±  SD) and older 
male adults (OA, n =  13, 70 ±  5  year, 176.7 ±  8.3  cm, 
83.1 ± 12.9 kg, mean ± SD) were recruited to participate 
in this study. All participants were non-smokers, had not 
undertaken any heavy-load strength exercise within the 
previous 6 months and did not present with any musculo-
skeletal, neurological, or vascular disease/injury. Prior to 
inclusion, participants provided written informed consent 
and underwent a pre-screening procedure that comprised a 
Mini Mental State Examination and a health questionnaire. 
Briefly, participants were excluded if presenting with pre-
existing diagnosed diabetes mellitus or hypertension, or if 
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currently taking prescribed medication for blood pressure 
control. While otherwise healthy, participants were clas-
sified as inactive/sedentary because none indicated par-
ticipation in a consistent, structured, progressive training 
programme, and all participants reported undertaking less 
than 150 min of physical activity per week. This study was 
approved by the Human Ethics Advisory Group, Deakin 
University.

Experimental design

Participants attended the laboratory on three occasions. The 
first was a familiarisation session, with a further two exper-
imental trials conducted in random balanced order. One 
experimental trial comprised two bouts of resistance exer-
cise (45° double leg press, LP), the other trial comprised 
two bouts of aerobic exercise (0° incline/decline treadmill 
walking, TM) (Fig.  1). In each trial, one bout was light-
intensity exercise without blood flow restriction (CON), 
the other bout being of equal light-intensity BFRE (BFR). 
Within each trial, exercise bouts were also conducted in a 
random balanced order. A minimum of 7  days separated 
each experimental trial.

Familiarisation session

Participants were instructed on the correct technique to 
undertake a rebreathing manoeuvre using a closed circuit 
metabolic system to measure cardiac output (Q̇) (Innocor, 
Innovision A/S, Odense, Denmark). This included provid-
ing instruction about the breathing rate, depth and timing 
required to successfully conduct the test. Following this, 

an assessment of 1-RM leg-press strength was conducted 
to determine the load required for the LP trial, according to 
procedures we described previously (Brandner et al. 2015). 
Briefly, repetitions were controlled, with good posture, start-
ing at full knee and hip extension, lowering to 90° knee flex-
ion then returning to full leg extension. 1-RM was defined 
as the final load that could be successfully lifted with proper 
technique where an additional 2.5 kg could not be success-
fully lifted. Rest intervals between 1-RM attempts were 
dependent on participant readiness, but ranged from 3 to 
5 min. In addition, participants underwent a short exposure 
to BFR at a pressure estimated to be in the range of that to 
be determined for the BFR experimental trial.

Experimental trials

Each bout comprised four sets of exercise separated by 
1-min rest periods. For the LP trial, the first set comprised 
30 repetitions and was followed by three sets of 15 repeti-
tions with the load equivalent to 20 % 1-RM. Repetitions 
were performed at a fixed cadence guided by a metronome 
(2-s eccentric; 2-s concentric). For the TM trial, sets were 
2 min duration performed at a velocity of 4  km h−1 (Abe 
et al. 2006; Renzi et al. 2010; Sakamaki et al. 2011).

Rest periods between bouts were 20–40 min and deter-
mined by initially ensuring that heart rate (HR) and blood 
lactate had returned to baseline (tested every 5  min from 
15  min into the rest period), whereby subsequent (every 
5 min) testing of blood pressure (BP) and Q̇ was performed 
to ensure these measures had also returned to baseline prior 
to the commencement of the next exercise bout. Rest peri-
ods in all cases did not exceed 40 min.

Blood‑flow restriction

For all BFR bouts, blood flow restriction was applied using 
an automatic tourniquet system (ATS 3000, Zimmer Inc., 
OH, USA) connected to inflatable pneumatic cuffs (86-
cm long, 10.5-cm wide; bladder width 8  cm). Cuffs were 
placed around the most proximal portion of each thigh. 
Blood flow restriction was applied for the entire duration 
of the bout (i.e. throughout all sets and rest periods) and 
released at the conclusion of the bout, immediately prior 
to the rest period. To provide an individualised cuff pres-
sure, the restriction pressure was set at 60  % of the par-
ticipant’s pre-determined limb occlusion pressure (LOP) 
(Table 2). This was within the range of absolute pressures 
used previously and that have been shown to increase mus-
cle strength and size when used throughout a BFRE train-
ing programme (Yasuda et al. 2011; Takarada et al. 2000; 
Sumide et al. 2009).

LOP was determined separately for each limb and prior 
to each trial. For the TM trial, this was conducted with 

Fig. 1   Study timeline where measurements were taken at H ALL 
haemodynamic variables (sBP, dBP, MAP, SV, Q̇), BP ONLY blood 
pressure variables (sBP, dBP, MAP), L blood lactate, P perceptual 
response variables (RPE, RPP)
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participants standing, while for the LP trial participants lay 
supine. These positions were chosen to allow stable meas-
urement of LOP and to ensure that the level of the heart 
relative to the restrictive cuffs was similar to that when per-
forming exercise during each trial. With the restriction cuffs 
in place on the limb, a plethysmograph (LOP Sensor Kit, 
Zimmer Inc., OH, USA) was applied to the distal process 
of the second phalange of the foot (second toe). Following 
a 5-min rest period, the automated measurement of LOP 
was performed using the inbuilt LOP function (ATS 3000, 
Zimmer Inc., OH, USA), whereby the restriction cuffs 
gradually inflated to produce a continuous rise in pressure 
until tissue blood flow was no longer detected at the toe. 
Measurements of LOP were conducted twice on each limb 
and were typically within 20 mmHg, whereby the average 
was then used to set the cuff pressure for the BFR bout for 
that limb. LOP measurements greater than 20 mmHg apart 
required a third test to be conducted, after which the aver-
age of all tests was used to set the cuff pressure for the BFR 
bout.

Measurements

Haemodynamic parameters

For each trial, haemodynamic parameters were measured 
at baseline immediately prior to each bout and following 
a 5-min rest period while in the exercising posture. Dur-
ing exercise, haemodynamic measurements were also taken 
within the final 30 s of set 2 and set 4, with BP also taken 
during set 1 and set 3 (Fig. 1). To measure Q̇, participants 
completed a standard inert gas rebreathing technique, as 
described previously (Fontana et al. 2010; Brandner et al. 
2015) (Innocor DK-5260, Innovision, Odense, Denmark). 
For LP, all rebreathing manoeuvres were undertaken at a 
breathing rate synchronised with the contraction cycle to 
minimise transmural pressures, provide some haemody-
namic protection and a more consistent approach to haemo-
dynamic measurements. For TM, rebreathing manoeuvres 
were conducted under the participant’s natural respiratory 
frequency and tidal volume. HR was obtained via a stand-
ard chest strap and wrist unit (RS800CX, Polar Electro, 
Kemple, Finland), with stroke volume (SV) subsequently 
derived as the quotient of Q̇ and HR. Brachial artery blood 
pressures (systolic (sBP); diastolic (dBP); mean arterial 
(MAP)) were recorded via a manual sphygmomanom-
eter, with total peripheral resistance (TPR = MAP/Q̇) and 
double product (DP =  sBP × HR) derived during subse-
quent analysis (Nelson et al. 1974). Mean arterial pressure 
(MAP) was calculated according to the methods of Moran 
et al. (1995) (Moran et al. 1995). Age-predicted maximum 
HR (APHRmax) was estimated according to the formula 
[206.9 − (0.67 × age)] (Gellish et al. 2007).

Perceptual responses

At the completion of each bout, participants were required 
to provide a rating of perceived exertion (RPE) and a rating 
of perceived pain (RPP) (Borg 1998) on a modified Borg 
scale ranging from 0 (no exertion/no pain) to 10 (maximal 
exertion/maximal pain).

Lactate

Blood lactate via fingerprick was recorded at baseline and 
immediately upon completion of each exercise bout (Lac-
tate Pro, Arkray Inc, Japan) (Fig. 1).

Data presentation and statistical analyses

An initial analysis of all haemodynamic variables showed 
no difference between exercising values across all sets, 
as such measurements across time (sets) were averaged 
for each parameter to provide an exercising value. These 
were then analysed via a multiple-factor repeated measures 
analysis of variance (ANOVA) for group (YA, OA), bout 
(BFR and CON) and time (baseline, exercise). Perceptual 
responses were also analysed via a multiple-factor repeated 
measures ANOVA for group (YA, OA), bout (BFR and 
CON) and trial (LP, TM).

Upon identification of a significant interaction or main 
effect a subsequent post hoc test (Tukey–Kramer) was used 
to identify specific differences. Unless otherwise stated, all 
data are presented as mean ±  SEM. Significance was set 
at P  <  0.05. All statistical analyses were computed using 
NCSS (v2007, NCSS LLC, Utah, USA). In addition, an a 
priori power analysis was conducted for expected outcomes 
for blood pressure (Takano et  al. 2005; Brandner et  al. 
2015) with power set to 0.8. This deemed 15–18 partici-
pants in total to be suitable (G*Power v3.1.7 free software, 
Institute of Experimental Psychology, Heinrich Heine Uni-
versity, Dusseldorf, Germany).

Results

Physical characteristics

Baseline anthropometric characteristics, resting haemody-
namic measurements and 1-RM leg-press strength obtained 
during the familiarisation session are displayed in Table 1. 
Of note, blood pressures (sBP, dBP and MAP) were higher 
in OA compared with YA, while 1-RM leg-press strength 
was lower. In addition, while restriction pressures were not 
different between limbs, these were greater in OA com-
pared with YA (main effect) and for TM compared with 
LP (Table 2). Moreover, restriction pressures were similar 
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between groups for the TM trial, but lower in YA compared 
with OA for the LP trial (group × trial interaction).

Haemodynamic responses

Leg‑press trial

HR increased from baseline to exercise, and this was greater 
for BFR compared with CON (Table  3). This increase in 
HR during exercise was also greater in YA compared with 
OA independent of bout, but not when expressed relative to 
APHRmax. From baseline to exercise, Q̇ increased similarly 
in both CON and BFR (Table  3). However, this increase 
was greater in YA (group × time interaction) even though 
Q̇ was greater in YA compared with OA (main effect for 
group). In contrast, SV did not change from baseline to 
exercise and was not different between CON and BFR. 
However, SV was greater in YA compared with OA (main 
effect).

Mean and systolic blood pressures (sBP, MAP) were 
higher in OA compared with YA (main effect; Table 4) and 
increased similarly in both groups from baseline to exer-
cise. This increase was greater for BFR compared with 
CON (Table 4). TPR remained unchanged from baseline to 
exercise (Table 4) and was not different between CON and 
BFR. However, TPR was greater in OA compared with YA 
(main effect). DP increased from baseline to exercise, with 
this increase being greater for YA compared with OA. In 
addition, the increase in DP was greater in BFR compared 
with CON.

Treadmill trial

HR increased similarly from baseline to exercise in both 
YA and OA. However, this increase was greater for 
BFR compared with CON. When expressed relative to  
APHRmax, the increase in HR from baseline to exercise was 
also similar between YA and OA, with this increase being 
larger for BFR compared with CON (Table 3). Q̇ increased 
similarly from baseline to exercise in both CON and BFR 
(Table 3). However, Q̇ was lower in OA compared with YA 
(main effect). SV was greater in YA compared with OA 
(main effect). SV increased from baseline to exercise, but 
to a lesser extent in BFR compared with CON for both OA 
and YA.

Mean and systolic blood pressures increased from base-
line to exercise. This increase was greater for BFR com-
pared with CON (Table 4). However, blood pressures were 
not different between OA and YA. TPR was greater for 
CON compared with BFR at baseline only and decreased 
similarly during exercise in both bouts. Additionally, TPR 
was greater for OA compared with YA at both baseline 
and exercise (main effect). DP increased similarly from 
baseline to exercise in both YA and OA. This increase was 
greater in BFR compared with CON.

Table 1   Anthropometrics, resting hemodynamics and 1-RM

* P < 0.01 different from YA

YA (n = 11) OA (n = 13)

Age (years) 22 ± 1 69 ± 1*

Height (cm) 180.7 ± 2.0 176.7 ± 2.4

Weight (kg) 76.5 ± 2.8 83.1 ± 3.7

Blood pressures

 sBP (mmHg) 118 ± 2 130 ± 3*

 dBP (mmHg) 74 ± 2 80 ± 1*

 MAP (mmHg) 89 ± 2 96 ± 2*

HR (beats min−1) 69 ± 3 65 ± 3

APHRmax (beats min−1) 192 ± 0 161 ± 1*

1-RM (kg) 317.3 ± 8.4 247.7 ± 10.6*

Table 2   Exercise characteristics for the BFR bout for the LP and TM trials in both YA and OA

RP restriction pressure applied to each limb (as indicated) by the pneumatic cuff during the BFR bout
ǂ  (P < 0.00001) different from LP (main effect for trial)
§  (P < 0.01) different from OA (age × trial interaction)

RPleft (mmHg) RPright (mmHg) Absolute load (kg) Sets (reps)

Leg press (LP)

 YA 99 ± 3§ 96 ± 4§ 63.5 ± 1.6§ 4 (30, 15, 15, 15)

 OA 121 ± 3 121 ± 4 49.5 ± 2.0 4 (30, 15, 15, 15)

RPleft (mmHg) RPright (mmHg) Walking speed (km h−1) Sets (Reps)

Treadmill walking (TM)ǂ

 YA 128 ± 5 125 ± 4 4 4 (2 min)

 OA 129 ± 6 126 ± 5 4 4 (2 min)
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Lactate

For LP, lactate increased from baseline in all bouts in both 
groups. However, the increase was greater for YA com-
pared with OA. Lactate concentrations were not different 
between bouts in either YA or OA, but tended to be greater 
for BFR compared with CON (P = 0.06) (Table 5).

For TM, lactate remained unchanged from baseline in all 
bouts and was not different between bouts or groups at any 
measurement point (Table 5).

Perceptual responses

RPE and RPP scores reported by participants showed iden-
tical statistical effects (Table  5). There was a main effect 

for trial, such that scores in LP were greater than TM. In 
addition, there was a main effect for bout such that scores 
were greater for BFR compared with CON. Moreover, YA 
reported higher scores following LP compared with OA, 
but these were not different between groups for TM.

Discussion

Major findings

The major findings of the present study were that the acute 
haemodynamic responses to low-load exercise with an 
applied blood flow restriction (BFR) were greater than for 
CON and that these responses were not different between 

Table 3   Cardiac responses to 
CON and BFR bouts during LP 
and TM

* (P < 0.01) different from baseline
†  (P < 0.05)
††  (P < 0.01) main effect for age
#  (P < 0.05)
##   (P < 0.01) different from CON (bout × time interaction)
§  (P < 0.01) different from OA (age × time interaction)

Group CON BFR

Baseline Exercise Baseline Exercise

LP trial

 HR (beats min−1)

  YA 70 ± 4 108 ± 4*,§ 69 ± 4 113 ± 7*,##,§

  OA 65 ± 3 86 ± 3* 64 ± 2 92 ± 5*,##

 APHRmax (%)

  YA 36 ± 2 56 ± 2* 36 ± 2 59 ± 3*,#

  OA 40 ± 2 54 ± 2* 40 ± 2 58 ± 3*,#

 Cardiac output (l min−1)

  YA 7.7 ± 0.4§ 12.0 ± 0.6*,§ 7.9 ± 0.4§ 12.1 ± 0.5*,§

  OA 5.7 ± 0.4 7.4 ± 0.4* 6.0 ± 0.3 7.3 ± 0.4*

 Stroke volume (ml)

  YA 112.9 ± 6.8 113.8 ± 7.8 118.1 ± 8.1 111.2 ± 8.2

  OA† 91.6 ± 8.4 88.7 ± 6.1 95.8 ± 7.1 81.5 ± 5.7

TM trial

 HR (beats min−1)

  YA 76 ± 5 92 ± 4* 75 ± 5 99 ± 4*,##

  OA 69 ± 3 83 ± 4* 70 ± 3 89 ± 4*,##

 APHRmax (%)

  YA 40 ± 2 48 ± 2* 39 ± 2 51 ± 2*,##

  OA 43 ± 2 54 ± 3* 43 ± 2 58 ± 3*,##

 Cardiac output (l min−1)

  YA 5.2 ± 0.3 10.6 ± 0.4* 5.8 ± 0.2 10.4 ± 0.5*

  OA†† 4.0 ± 0.2 8.2 ± 0.4* 4.2 ± 0.1 8.4 ± 0.4*

 Stroke volume (ml)

  YA 71.9 ± 6.7 120.5 ± 7.8* 80.8 ± 5.6 107.4 ± 8.5*,##

  OA† 58.3 ± 2.6 99.6 ± 4.3* 61.0 ± 2.6 96.9 ± 5.9*,##
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young (YA) and older adults (OA). However, these haemo-
dynamic responses were apparently greater for leg-press 
resistance exercise (LP) when compared with treadmill 
walking (TM), which is supported by the greater blood 
lactate and perceptual responses also observed for LP com-
pared with TM.

While we did not compare these haemodynamic responses 
to other modes of exercise (e.g. HLRE) that are more typically 
expected to produce gains in muscle size and strength (Yasuda 

et  al. 2011), cross-sectional comparisons would suggest the 
greater responses for BFR compared with CON were not as 
great as those observed for bilateral heavy-load resistance 
(Mayo and Kravitz 1999), nor intense aerobic exercise (Gos-
selin et al. 2012). As such, these data provide support to the 
proposal that BFRE may be a viable alternative mode of exer-
cise training in older adults, and perhaps even more so when 
undertaken for aerobic exercise such as walking, to elicit gains 
in muscle size and strength to benefit functional fitness.

Table 4   Hemodynamic 
responses to CON and BFR 
bouts during LP and TM

* (P < 0.01) different from baseline
†  (P < 0.05)
††  (P < 0.01) main effect for age
#  (P < 0.05)
##  (P < 0.01) different from CON (bout × time interaction)
§  (P < 0.01) different from OA (age × time interaction)

Group CON BFR

Baseline Exercise Baseline Exercise

LP trial

 sBP (mmHg)

  YA 115 ± 4 144 ± 6* 113 ± 3 156 ± 6*,##

  OA† 122 ± 3 154 ± 3* 123 ± 3 164 ± 3*,##

 dBP (mmHg)

  YA 66 ± 2 84 ± 4* 67 ± 3 91 ± 6*,##

  OA 75 ± 2 87 ± 3* 74 ± 2 99 ± 4*,##

 MAP (mmHg)

  YA 96 ± 3 122 ± 5* 96 ± 3 131 ± 6*,##

  OA† 104 ± 3 128 ± 3* 105 ± 3 140 ± 3*,##

 TPR (TPR-U)

  YA 12.8 ± 0.6 10.5 ± 0.8 12.4 ± 0.7 11.1 ± 0.7

  OA†† 19.3 ± 1.5 17.8 ± 1.0 18.0 ± 0.9 19.9 ± 1.4

 DP (×103 beats min−1 mmHg)

  YA 8.0 ± 0.6 15.9 ± 1.2*,§ 7.8 ± 0.6 17.7 ± 1.8*,§,##

  OA 7.9 ± 0.4 13.3 ± 0.7* 8.0 ± 0.3 15.2 ± 0.8*,##

TM trial

 sBP (mmHg)

  YA 118 ± 2 122 ± 4* 117 ± 2 130 ± 5*,##

  OA 124 ± 3 132 ± 3* 123 ± 3 138 ± 3*,##

 dBP (mmHg)

  YA 77 ± 2 74 ± 3 75 ± 3 80 ± 3##

  OA 83 ± 3 81 ± 2 82 ± 2 87 ± 3##

 MAP (mmHg)

  YA 92 ± 2 93 ± 4* 90 ± 2 100 ± 4*,##

  OA 97 ± 3 100 ± 2* 96 ± 3 108 ± 3*,##

 TPR (TPR-U)

  YA 18.2 ± 1.4§ 8.8 ± 0.5*,§ 15.7 ± 0.8##,§ 10.1 ± 0.8*,§

  OA 24.8 ± 1.1 12.5 ± 0.5* 23.1 ± 0.8## 13.1 ± 0.7*

 DP (×103 beats min−1 mmHg)

  YA 9.0 ± 0.5 11.2 ± 0.7* 8.7 ± 0.5 12.8 ± 0.8*,##

  OA 8.6 ± 0.5 11.0 ± 0.6* 8.6 ± 0.4 12.3 ± 0.7*,##
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LP trial

In the present study, Q̇, HR and SV responded similarly to 
the leg-press exercise between bouts (CON and BFR) in 
both YA and OA, despite being lower overall at baseline 
and during exercise in YA compared with OA. In compari-
son with a control exercise, the similar exercising Q̇ with 
BFRE in conjunction with an elevated HR is typically 
explained by a lower SV as a direct result of the applied 
BFR causing a reduction in venous return (Takano et  al. 
2005; Renzi et al. 2010). In the present study, there was no 
evidence of a reduction in SV in the BFR bout. Most likely, 
this was due to the posture/positioning of participants such 
that the elevation of the legs provided some assistance to 
venous return that is not present with other modes of BFRE 
performed whilst seated or standing (Renzi et  al. 2010; 
Rossow et al. 2012; Takano et al. 2005). However, we have 
also shown previously that SV remains unchanged during 
unilateral bicep curl BFRE of small muscle groups (Brand-
ner et  al. 2015), and while wider cuffs combined with 

lower restriction pressures are known to reduce the haemo-
dynamic stress of BFRE (Rossow et  al. 2012), it remains 
untested as to whether a reduction in SV is a necessary 
consequence that is indicative of suitably prevailing BFRE 
conditions required to maximise the muscle adaptations 
observed with chronic BFRE training.

In contrast, blood pressure responses were similar to 
those observed previously, being greater for BFR compared 
with CON (Takano et al. 2005; Rossow et al. 2012; Renzi 
et  al. 2010; Vieira et  al. 2013). However, with sBP and 
MAP being greater in OA compared with YA at baseline 
and during exercise, the absence of an age-by-bout inter-
action suggests a blood pressure response to BFRE that is 
similar between groups.

The tendency for leg-press BFRE to induce a greater 
increase in blood lactate was similar in both OA and YA 
(P  =  0.06), and similar to that observed previously in 
young participants (Fujita et  al. 2007). However, it is 
expected that the level of applied restriction will some-
what determine the magnitude of the metabolic response to 
BFRE (Lagally et  al. 2002). Given a main effect for age 
such that there was a greater blood lactate response to exer-
cise in YA when compared with OA that was independent 
of bout, it appears this response was not due to any influ-
ence of the applied cuff pressure during the BFR bout. 
Instead, it is possible that the relative exercising load for 
OA may have been underestimated making exercise in 
YA relatively more difficult (Ploutz-Snyder and Giamis 
2001). It is also possible that a different fibre-type pro-
portion and/or distribution between OA and YA may have 
contributed given that type II muscle fibre size and num-
ber, and hence glycolytic capacity, are known to be reduced 
with ageing such that the capacity to produce lactate with 
light-load exercise may also be reduced (Deschenes 2004). 
This apparently different metabolic effect of age between 
YA and OA appears to be supported by the greater RPE in 
YA compared with OA that was also independent of bout. 
However, RPE was greater for BFR than CON, and so for 
BFRE this alone suggests this mode of exercise was more 
difficult in both YA and OA, which is aligned with the ten-
dency for elevated metabolism (blood lactate) (P = 0.06).

TM trial

For the treadmill trial, the increase in Q̇ was also not dif-
ferent between BFR and CON. However, unlike for LP, 
this was driven by a greater HR in BFR combined with a 
lower SV when compared with CON. This haemodynamic 
response is typical for BFRE (Takano et  al. 2005), and 
despite a main effect for age for Q̇, HR and SV with these 
being lower in OA when compared with YA, the response 
to exercise in the CON and BFR bouts was similar between 
groups. This response highlights that an applied blood flow 

Table 5   Perceptual and lactate responses to CON and BFR bouts in 
LP and TM

* (P < 0.01) different from baseline
ǂ  (P < 0.01) different from LP (main effect for trial)
§  (P < 0.01) different from OA (age × trial interaction)
#  (P < 0.01) different from CON (bout × trial interaction)
?  (P = 0.06) tendency towards a bout × time interaction

Group CON BFR

Baseline Exercise Baseline Exercise

LP trial

 RPE

  YA – 4 ± 0§ – 7 ± 1#,§

  OA – 3 ± 1 – 4 ± 1#

 RPP

  YA – 3 ± 1§ – 6 ± 1#,§

  OA – 1 ± 0 – 5 ± 1#

 BLa (mmoL l−1)

  YA 1.8 ± 0.2 3.9 ± 0.5*,§ 1.4 ± 0.2 4.5 ± 0.8*,§,?

  OA 1.6 ± 0.2 2.3 ± 0.4* 1.5 ± 0.2 2.7 ± 0.3*,?

TM trial

 RPEǂ

  YA – 1 ± 0 – 2 ± 0#

  OA – 2 ± 1 – 2 ± 0#

 RPPǂ

  YA – 0 ± 0 – 2 ± 0#

  OA – 0 ± 0 – 3 ± 0#

 BLa (mmoL l−1)

  YA 1.2 ± 0.1 1.3 ± 0.2 1.3 ± 0.1 1.5 ± 0.1

  OA 1.3 ± 0.2 1.4 ± 0.1 1.3 ± 0.1 1.3 ± 0.1
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restriction may limit the rise in venous return and SV dur-
ing exercise and result in greater compensatory sympa-
thetic stimulation to increase HR and maintain Q̇ (Takano 
et al. 2005; Renzi et al. 2010). The absence of this effect in 
LP when seated with slightly raised legs in comparison to 
when upright while walking highlights the importance of a 
postural contribution to the response to BFRE that has not 
previously been examined.

While the blood pressure response to TM was greater 
during BFR in comparison with CON, these responses 
were similar between YA and OA and are similar to previ-
ous observations (Renzi et al. 2010; Sakamaki et al. 2008). 
Indeed, the magnitude of this response in TM was also 
apparently lower than that for LP. This lends support for 
aerobic BFRE training using protocols similar to that of the 
present study to be an alternative to HLRE or even resist-
ance BFRE in older adult populations given such protocols 
have previously been shown to increase both muscle size 
and strength (Abe et al. 2006; Renzi et al. 2010; Sakamaki 
et al. 2011).

This is also supported by the perceptual response for 
TM that showed similar RPE and RPP responses between 
OA and YA. While these were greater during the BFR 
bout, they were typically low, and still lower in comparison 
with LP as shown previously (Loenneke et al. 2011; Wern-
bom et al. 2006; Yasuda et al. 2011). Although we did not 
compare against a high-intensity bout for either LP (e.g. 
80 % 1-RM) or TM (e.g. 80 % V̇O2 max), it is generally 
observed that perceptual responses for resistance BFRE 
are lower than a high-intensity equivalent (Hollander et al. 
2010). In addition, data from our laboratory (unpublished) 
not only supports this for resistance exercise, but aerobic 
exercise as well.

Conclusions

Walking as a form of physical activity is suitable for older 
adults given that the low-to-moderate intensity confers a 
reduction in the apparent musculoskeletal and/or cardio-
vascular stress. The present study shows that when BFR is 
applied during walking exercise, the haemodynamic and 
perceptual responses are lower than for light-load resist-
ance exercise with BFR. Therefore, walking combined 
with blood flow restriction may provide a more favourable 
alternative to HLRE to increase muscle size, strength and 
functional capacity in older adults when undertaken chroni-
cally across a training programme. Moreover, other clinical 
populations may also be suited to BFRE (walking or oth-
erwise) to gain benefits from an achievable and practical 
alternative to HLRE to limit the progression of age-related 
muscle atrophy.
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