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Abstract
This study aims to study the effects of concurrent training with blood flow restriction (BFR-CT) and (CT) on the aerobic
fitness, muscle mass and muscle strength in a group of older individuals. 25 healthy older adults (64.7 ± 4.1 years;
69.33 ± 10.8 kg; 1.6 ± 0.1 m) were selected as experimental groups: CT (n = 8, endurance training (ET), 2 days/week
for 30–40 min, 50–80 % VO2peak and RT, 2 days/week, leg press with 4 sets of 10 reps at 70–80 % of 1-RM with 60
s rest), BFRCT (n = 10, ET, similar to CT, but resistance training with blood flow restriction: 2 days/week, leg press with
1 set of 30 and 3 sets of 15 reps at 20–30 % 1-RM with 60 s rest) or control group (n = 7). Quadriceps cross-sectional
area (CSAq), 1-RM and VO2peak were assessed in pre-test and post-test (12 wk). The CT and BFR-CT showed similar
increases in CSAq post-test (7.3 %, P < 0.001; 7.6 %, P < 0.0001, respectively), 1-RM (38.1 %, P < 0.001; 35.4 %, P
= 0.001, respectively) and VO2peak (9.5 %, P = 0.04; 10.3 %, P = 0.02, respectively). The BFR-CT develops similar
neuromuscular and cardiorespiratory adaptations as CT.

INTRODUCTION

maintaining its adaptive potential during a
combined ET and RT program (CT program).
Several studies indicated that low-intensity RT (20
% 1-RM) combined with partial blood flow
restriction (BFR-RT) is useful at inducing similar
gains in muscle strength and mass in comparison
with conventional HI-RT (80 % 1-RM) [20, 21].

Aging causes a progressive decrease in aerobic
fitness, strength and muscle mass [2]. These
reductions are related to the increased incidence
of type 2 diabetes [11], cardiovascular disease
[30] and the risk of deaths due to accidents like
falls [7]. Regarding this, it is widely recommended
that both resistance (RT) and endurance (ET)
training be combined due to its positive effects
on the maintenance and/or increase in skeletal
muscle mass and strength, and in aerobic fitness
[2, 4]. According to the present guidelines it can
be understood that to improve the function of
the
cardiovascular
and
neuromuscular
systems,the ET and RT should be performed with
intensities of ≥ 60 % of the maximal oxygen
consumption (VO2max) and ≥ 60 % of the 1-RM
load (high-intensity RT), respectively[2, 4].
However, some studies proved that the
relationship between high-intensity RT (HIRT) and
ET (i. e. concurrent training – CT) can disrupt the
increasing of muscle mass in elderly [17, 29], this
has been referred to as the interference
phenomenon [6]. Accordingly, Sillanpää et al.
[29] reported that in elderly who performed 21
weeks of RT, there has been an increase in lowerlimb muscle mass, and not in those who
undertook a CT program.
In a more recent study, Karavirta et al. [17] did
not find any increase in type II fiber CSA when RT
sessions were alternated with ET. While,
Izquierdo et al. [13] found an increase in muscle
mass in elderly group undergoing CT.
Significantly, CT volume dropped to a lower total
volume of HI-RT (i. e. sets x repetitions x load)
weekly [13]. Therefore, there is a crucial need for
strategies to reduce the total volume of RT while

The low intensity of this training methods seems
equivalent to those in activities of daily life (10-30
% of maximal work capacity) [1]. This low
intensity approach additionally results in a lower
risk of injury in comparison with conventional HIRT, mainly for the elderly [16, 28]. Significantly,
the lower intensity existent in BFR-RT also makes
the total volume of RT decrease, this has been
considered as an important factor inhibiting the
CT induced interference phenomenon. Thus, it
seems reasonable to hypothesize that the
association of BFR-RT with ET may dull the
interference phenomenon observed after CT
protocols, comprising an interesting and
alternative approach to exercise aiming to
increase aerobic fitness, muscle mass and
strength compared to regular CT. Therefore, the
present study aimed to study the effects of an
exercise training program associating ET and
BFRRT (i. e. BFR-CT) compared to the traditional
CT approach (ET + HI-RT) on aerobic fitness,
muscle mass and muscle strength among a
comrade of older individuals. We hypothesized
that only the BFR-CT would cause muscle
hypertrophy. An additional hypothesis was that
both the BFR-CT and CT would induce increases
in aerobic fitness and muscle strength, similarly.
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USA), gas exchange data were constantly
collected [23]. The protocol consisted of a 2-min
warm-up at 4 km · h−1, then increases were
shown in increments of 0.3 km · h−1 every 30 s
until exhaustion. A 1 % grade was used to
reproduce athletic track conditions [14]. The
highest 30 s mean oxygen consumption value
was defined as the peak oxygen consumption
(VO2peak), as no VO2 plateau was seen in any of
the individuals. 3 experienced researchers
detected the ventilator threshold (VT) and
respiratory compensation point (RCP) by standard
visual analysis [26].

25 older individuals (over 60 years of age) took
part as volunteers in this study. Inclusion criteria
were as follows: a) being inactive or irregularly
active
according
to
the
international
questionnaire of physical activity level [8]; b)
having no cardiovascular and neuromuscular
disorders and; c) not being considered as obese
(BMI > 30 kg · m2). The participants were
categorized into quartiles according to their
muscle strength and CSAq. Participants from
each quartile were then randomly put in one of
the following groups: concurrent training group
(CT, n = 8, age = 65 ± 3.7 years, weight = 68.2 ±
8.1 kg, height = 1.66 ± 0.1 m, BMI = 24.8 ± 2.6
kg · m2), concurrent training with moderate
blood flow restriction (BFR-CT, n = 10, age = 64
± 4 years, weight = 70.3 ± 8.0 kg, height = 1.63
± 0.1 m, BMI = 26.3 ± 3.0 kg · m2) and control
group (CG, n = 7, n = 8, age = 65 ± 4 years,
weight = 69.2 ± 15.1 kg, height = 1.61 ± 0.1 m,
BMI = 26.6 ± 4.4 kg · m2). A one-way ANOVA
ensured an almost zero level of the betweengroup differences (P > 0.05) in the pre-training
VO2peak, muscle strength and CSAq values. The
study was done in accordance with the
Declaration of Helsinki, and ethical approval was
granted by the ethics committee of the local
university. Our study was in accordance with the
ethical standards of the International Journal of
Sports Medicine [12]. This study aimed to
investigate the efficacy of an alternative training
model in which older individuals performed BFRRT instead of regular HI-RT in combination with
ET. Before the experimental protocol, quadriceps
cross sectional area (CSAq) was gained through
magnetic resonance imaging (MRI). Afterwards,
the participants enlisted into 2 familiarization
sessions to get familiarized with the training
protocol and testing procedures. Seventy two
hours after the last familiarization session, the
participants were asked to perform a leg press
one-repetition maximum test (1-RM) and a
VO2max test. Participants were then categorized
into one of the following groups: a) regular
concurrent training group (CT: combination of HIRT and ET); b) blood-flow restriction CT group
(BFR-CT: combination of BFR-RT and ET) and; c)
control group (CG). Training was done 4 days
weekly (Monday and Thursday – RT and Tuesday
and Friday – ET) for 12 weeks. The CSAq, leg
press 1RM, and VO2peak were reevaluated after
the experimental period. The 1-RM and VO2peak
were also studied at mid-point (i. e. after 6 weeks
of intervention) to adjust the training load. The
participants were asked to perform a maximum
graded exercise test on a treadmill (Quinton
TM55, Bothell, Washington, EUA). Using an
automated breath-by-breath metabolic system
(CPX, Medical Graphics, St. Paul, Minnesota,

The criteria were described by the procedures for
the 45 ° leg press 1-RM test which was followed
previously [5]. In a nutshell, participants were
asked to perform a general warm-up on a cycle
ergometer at 20 km · h − 1 for 5 min, and then a
set of specific warm-ups of 45 ° leg press exercise.
In the first set, individuals were asked to perform
8 repetitions with a load corresponding to 50 %
of their estimated 1-RM, obtained during the
familiarization sessions. In the second set, they
were asked to perform 3 repetitions at 70 % of
their estimated 1RM. A 2-min interval was
allowed between warm-up sets. Having done
warming-up, the participants performed the legpress 1-RM test protocol. First, they sit in the
machine and then both their feet were placed in
a self-selected position. The area of the leg press
platform was divided into 10-cm squares to keep
record of the feet location, which was
reproduced thereafter. The machine was then
unlocked, and the platform was lowered to
obtain a relative knee angle of 90 ° (i. e. measured
with a manual goniometer). Fixing a plastic device
on the sliding track of the machine, the
displacement of the leg press platform was
reproduced in each trial. The repetition started at
complete knee extension, and participants were
asked to lower the platform until it touched the
plastic device and then were returned to full
extension. Participants were asked to perform up
to 5 attempts to achieve an estimation of the leg
press 1-RM. A 3-min interval was enforced
between attempts.
Quadriceps cross-sectional area (CSAq) was
obtained through magnetic resonance imaging
(MRI) (Signa LX 9.1, GE Healthcare, Milwaukee,
WI, USA). Participants laid on the device in supine
position with their knees extended. To confine leg
movements during image acquisition Velcro
stripes were used. To determine the
perpendicular distance from the greater
trochanter to the inferior border of the lateral
epicondyle of the femur, defined as the segment
length, an initial image was captured. CSAq
image was obtained at 50 % of the segment
length in 0.8 cm slices for 3 s. The pulse sequence
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was conducted with a view field between 400
and 420 mm, time repetition of 350 ms, eco time
from 9 to 11 ms, 2 signal acquisitions, and matrix
of reconstruction of 256 × 256. To determine
CSAq, the images were transferred to a
workstation (Advantage Workstation 4.3, GE
Healthcare, Milwaukee, WI, USA). The segment
slice was divided into skeletal muscle,
subcutaneous fat tissue, bone, and residual
tissue. CSAq was finally evaluated by
computerized planimetry on 2 different days, 72
h apart (Typical error 0.36 cm2, 1.69 %).
The ET protocol was the same between the 2
training groups. The RT in the BFR-CT group
included of 1 × 30 repetitions and 3 × 15
repetitions 20 % 1-RM associated with partial
blood-flow restriction (i. e. BFR-RT) in the leg
press exercise. After the 6th week of training, the
exercise was intensified to 30 % 1-RM. A 1-min
rest interval was taken between sets. Participants
trained with an air cuff were placed at the
inguinal fold, and throughout the training session
(50 % of the complete occlusion pressure)
including the rest intervals, a moderate bloodflow restriction was sustained. There were no
adverse effects from the blood flow restriction
protocol (e. g., excessive fatigue or pain) observed
by any of the participants.
Data are presented as mean ± standard deviation.
Data normality and variance equality were
evaluated through the Shapiro-Wilk and Levene
tests. A mixed model, with group and time as
fixed factors and subjects as a random factor, was
applied for the analysis of total volume of RT (sets
x repetitions x load) and volume of ET (distance in
meters), VO2peak, leg press 1-RM, and CSAq. A
Tukey adjustment was used for multiple
comparison purposes in case of significant Fvalues. The significance level was set at P < 0.05.
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Fig. 1). There were no significant differences in
VO2peak values between groups at the post-test
(P > 0.05). Also no significant difference was
observed in VO2peak from pre- to posttest in the
CG ( − 1.1 %, P > 0.05).
Maximum dynamic strength test (1-RM)
Both the CT and BFR-CT groups showed an
increased leg press 1-RM values from pre- to posttest (38.1 %, P < 0.001 and 35.4 %, respectively;
P = 0.001) ( Fig. 2), there were no differences
between the 2 groups at post-test (P > 0.05). No
significant changes were detected in leg press 1RM for the CG from pre- to posttest ( − 4.3 %, P
> 0.05).
Quadriceps cross-sectional area (CSAq)
The CT and BFR-CT groups showed increased
significantly in CSAq from pre- to post-test (7.3
%, P < 0.0001 and 7.6 %, P < 0.0001,
respectively) ( Fig. 3). There were between-group
differences in the post-test (P > 0.05). Also no
compelling difference was seen in CSAq from
pre- to post-test in the CG ( − 2.2 %, P > 0.05).
DISCUSSION
To improve aerobic fitness, strength, and muscle
mass in the elderly, the American College of
Sports Medicine suggests performing endurance
training (ET) and high-intensity resistance
training (HI-RT) simultaneously[2, 4]. As an
alternative
model
to
the
traditional
recommendation (i. e. ET + HI-RT), the present
study aimed to investigate the effects of ET in
combination with low-intensity RT related to
partial blood-flow restriction (RT-BFR) [2]. The
main findings of the present study indicated a
similar improvement between the VO2peak,
muscle strength and CSAq between the 2
training methods.

RESULTS
Training volume
Table 1 illustrates the difference in training
volume between the two training groups. Total
RT volume (sets x repetitions x load) in the BFR-CT
was lower than that of in the CT group (41 %
from week 1 to 6, P = 0.02 and 34 % from week
7 to 12, P = 0.02). There were no significant
differences in ET volume between the 2 groups (P
> 0.05). Both groups showed a significant
increase in ET (CT:
43.1 % and BFR-CT: 49.7 %; P < 0.0001) and RT
(CT: 40.5 % and BFR-CT: 69.6 %, P < 0.0001)
volumes during the training period (when
comparing weeks 1–6 and 7–12).

Regarding the improvements in aerobic fitness,
our data confirm the previous findings that have
shown increases in VO2peak after traditional CT
(i. e. ET combined with HI-RT) [17, 29]. Similarly,
Karavirta et al. [17] increased by 10 % in
VO2peak after 21 weeks (40–90 min of ET at an
intensity with an aerobic and anaerobic
threshold) of CT. In this study, both the CT and
BFR-CT groups showed a similar ET intensities
(60–85 % VO2peak) and volumes (60 min,
~4245.7 m per session), generating comparable
improvements in VO2peak (9.5 and 10.3 %,
respectively). These findings support the inclusion
of ET that is associated with either HI-RT or BFRRT in exercise training routines targeted at
improving aerobic fitness in the elderly. This is of
great significance as older individuals showing
higher VO2peak values are at a lower risk of
developing metabolic syndrome [15, 35],

Peak oxygen uptake (VO2peak)
The CT and BFR-CT groups showed a significant
increase in VO2peak from pre- to post-test (9.5
%, P = 0.04 and 10.3 %, P = 0.02, respectively) (
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diabetes [18] and cardiovascular diseases [19].
Muscle strength has also decreased with aging
[9]. In this regard, HI-RT (i. e. ≥ 60 % 1-RM) has
been widely suggested to compensate for some
of the age-related loss in muscle function [2].
Previous studies showed similar increases in
muscle strength after traditional CT in
comparison with isolated HI-RT in older adults
[17, 29]. For instance, Sillanpää et al. [29]
indicated similar increases in lower-limb muscle
strength after 21 weeks of either CT or HI-RT (17
and 15 %, respectively). In this study, a similar
increase was also detected in muscle strength
between the CT (38.1 %) and BFR-CT (35.4 %)
groups. Significantly, the BFR-CT group,
compared to the CT group, pursued lowerintensity RT as well as lower total volume of RT.
This may be caused by fatigue in BFR-RT during
BFR-CT, which can result in an increase in the
recruitment of muscle fibers, in particular type II
fibers [31–33]. Suga et al. [31] indicated that the
recruitment of fast-twitch fiber, assessed by Pisplitting, was due to supplementing the lowintensity resistance exercise with blood flow
restriction. Additionally, the study also indicated
that recruitment of fast fibers in BFR-RT was
similar to HI-RT [31]. The mechanism through
which fatigue increases the recruitment of motor
units is not well understood. It is recommended
that the partial restriction of blood flow during RT
results in inadequate oxygen supply to the active
skeletal muscle [34], which causes increased
metabolite
accumulation
and
decreased
intramuscular pH. Consequently this cause an
altered motor unit firing rate and recruitment
patterns [32], which results in neuromuscular
adaptations and increased muscle strength.
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respect, Izquierdo et al. [13] reported a significant
rise in muscle mass after a low-volume HI-RT + ET
training. In this study, total RT volume differs with
different conditions. The BFR-CT showed a
decrease in total volume of RT in comparison with
CT group. However, opposed to our initial
hypothesis, both training methods showed an
equal effectiveness in increasing muscle mass in
the elderly (BFR-CT: 7.6 % and CT: 7.3 %).
Disregarding the fact that the total volume of RT
was higher by ~37.5 % in the CT than that of in
the BFR-RT group, it was still lower than those
shown in previous studies with a blunted
hypertrophy response while combining HI-RT and
ET in older individuals [17, 29]. It is therefore
possible that a low total volume of either HI-RT or
BFR-RT is necessary to avoid the interference
phenomenon associated with ET. Although both
training methods have shown similar results, the
lower lifting loads applied in the BFR-CT groups
causes less mechanical stress on the knee joints,
which may result in an interesting advantage for
the elderly, particularly those with joint
problems. The equipment applied in our BFRmodel is an adapted sphygmomanometer that
has the capability of restricting the thigh blood
flow. Therefore, this simple and inexpensive
device may be useful in health clubs, fitness clubs,
and so on. The fact that a couple large-scale
studies have affirmed the safety of BFR-RT
method, even for the elderly [25, 27, 36],
supports this suggestion. Evidenced by the small
decrease in muscle function and increase in
muscle soreness after its execution, muscle
damage caused by BFR-RT additionally appears to
be minimal [24]. Minimization of these 2 factors
can be crucially important for the elderly, because
it helps to the maintenance of daily life activities
without increased risk of injury due to falls caused
fatigue and muscle weakness.

The reduction in functionality caused by aging is
also related to a progressive decline in muscle
mass [22]. Adults are reported to lose only 5–10
% of muscle mass from ages 20 to 50. However,
losses increase from the ages 50 to 80, by 30–40
% [22]. To minimize losses and also to improve
muscle hypertrophy, HI-RT has been highly
suggested [2– 4]. However, HI-RT being
associated with ET (i. e. CT), impairments in
muscle hypertrophy are predicted to occur [17,
29]. This interference phenomenon appears to be
related to greater total volumes of HI-RT. In this

Finally, we concluded that aerobic fitness,
strength, and muscle hypertrophy were increased
in a similar way after the combination of ET with
either HI-RT (traditional CT) or BFR-RT (BFR-CT).
Our findings indicate that BRF-CT can be an
effective alternative approach to the current
recommendations in terms of exercise
prescription for the elderly.
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