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Abstract It has been suggested that circulating hormones
and cytokines are important in the adaptive response to
low-load resistance training (LLRT) with blood flow
restriction (BFR); however, their response following this
type of training in older men is unclear. Seven healthy
older men (age 71.0 & 6.5 year, height 1.77 4+ 0.05 m,
body mass 80.0 = 7.5 kg; mean £ SD) performed five sets
of unilateral LLRT knee extensions (20 % 1-RM) of both
limbs, with or without BFR in a counterbalanced order. For
the BFR condition, a pressure cuff was applied on the
upper thigh and inflated to ~110 mmHg. Venous blood
samples were taken at rest and 30-, 60- and 120-min post-
exercise and measured for plasma concentrations of growth
hormone (GH), insulin-like growth factor 1 (IGF-1), vas-
cular endothelial growth factor (VEGF), cortisol and
interleukin-6 (IL-6). GH increased (P < 0.05) from rest to
30-min post-exercise and was greater (P < 0.05) during
LLRT with BFR than without. VEGF was significantly
(P < 0.05) elevated from resting levels at 30-, 60- and
120-min post-exercise following LLRT with BFR with no
change seen following LLRT without BFR. IL-6 increased
(P < 0.05) from 30- to 60-min post-exercise and remained
elevated at 120-min post-exercise in both conditions.
Cortisol and IGF-1 were unaffected following exercise. In
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Introduction

The ageing process is associated with a reduction in
strength (Lindle et al. 1997; Skelton et al. 1994) and
muscle blood flow (Dinenno et al. 1999; Proctor and Parker
2006), both of which contribute to the decline in physical
function. It is well established that the decline in strength
and blood flow can be attenuated or halted by regular
physical activity such as resistance training. A large
number of studies have demonstrated gains in maximal
muscle strength in older people following resistance
training, with increases in l-repetition maximum (1-RM)
ranging from 23 to 134 % (Frontera et al. 1988; Harridge
et al. 1999; Reeves et al. 2004), which is associated with an
improved ability to perform functional tasks, such as chair
rising, stair climbing and walking speed, over a wide age
range (60-90 years; Judge et al. 1993; Beyer et al. 2007;
Caserotti et al. 2008). As well as the positive effects on
skeletal muscle strength, resistance training can influence
the age-associated decline in limb blood flow. Resistance
training has been shown to increase both basal limb blood
flow and vascular conductance in older people (Anton et al.
2006). Indeed, older men who have engaged in resistance
training do not exhibit the age-related decrease in limb
blood flow as seen in non-trained age-matched controls
(Miyachi et al. 2005).
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One model of resistance-type exercise that is gaining
popularity is that of low-load resistance training (LLRT)
with blood flow restriction (BFR). This technique has been
shown to induce gains in strength (Burgomaster et al. 2003;
Moore et al. 2004; Patterson and Ferguson 2010) and
muscle size (Takarada et al. 2002; Laurentino et al. 2008),
as well as peripheral vascular adaptations (Evans et al.
2010, Patterson and Ferguson 2010) in young men and
women (under 35 years of age). Similar observations have
also been made in older women (Over 60 years of age;
Patterson and Ferguson 2011), thus demonstrating its
potential applicability to the older population.

Despite these observations, it is still not clear what the
potential mechanisms of LLRT with BFR are, especially in
relation to older people. Evidence suggests a role for cir-
culating hormones and cytokines in the adaptation process
to conventional resistance training (Gavin et al. 2007a;
Izquierdo et al. 2009) and recent evidence from LLRT with
BFR suggests similar adaptive responses (Abe et al. 2005;
Reeves et al. 2006; Takano et al. 2005; Takarada et al.
2000a. For example, following LLRT with BFR there are
acute elevations in circulating hormones and cytokines
such as GH (Reeves et al. 2006; Takano et al. 2005;
Takarada et al. 2000a), IGF-1 (Abe et al. 2005; Takano
et al. 2005) and VEGF (Takano et al. 2005). Additionally,
skeletal muscle IL-6 protein expression does not change
following LLRT with BFR (Fry et al. 2010), however
systemic IL-6 is acutely elevated (Takarada et al. 2000a),
whilst cortisol is elevated post-exercise (Fujita et al. 2007).
These acute changes may give an indication of the strength,
hypertrophy and blood flow changes that are associated
with LLRT with BFR.

Therefore, the aim of this study was to investigate the
mechanisms of LLRT with BFR by examining the effect of
an acute bout of LLRT with and without BFR on plasma
concentrations of cortisol, GH, IGF-1, IL-6 and VEGF in
older men. It was hypothesised that LLRT with BFR would
provide a sufficient stimulus to increase anabolic (GH and
IGF-1), anti-catabolic (cortisol), inflammatory (IL-6) and
angiogenic (VEGF) hormones and cytokines in response to
an acute bout of exercise.

Methods
Participants

Seven older males volunteered to participate in the study
(age 71.0 £ 6.5 years, height 1.77 £+ 0.05 m, body mass
80.0 £ 7.5 kg; BMI 25.6 &+ 3.0 kg/mz; mean £ SD) and
were selected according to the criteria of Greig et al. (1994)
for ‘healthy’ older participants. These criteria ensured
individuals were not on any medication throughout the
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study. All participants were habitually physically active
(assessed during pre-screening by asking participants to
detail the type, frequency, and volume of exercise per-
formed per week), and, performed regular physical activity
such as walking, jogging or gardening (two or three times
per week, 30 min at a time), but none specifically per-
formed resistance-exercise training. The participants were
fully informed of the purposes, risks and discomfort asso-
ciated with the experiment before providing written,
informed consent. The sample size for this study was based
on previous data from Takano et al. (2005) and was pow-
ered (>0.80) to detect significant increases in GH, VEGF,
IGF-1, IL-6 and cortisol at P < 0.05, with a sample size of
at least six participants required. This study conformed to
current local guidelines and the Declaration of Helsinki and
was approved by Loughborough University Ethics Advi-
sory Committee.

1-RM testing and familiarisation

At least 7 days prior to conducting the study unilateral
1-RM knee extension of both legs was assessed on a leg
extension machine (Ortus Fitness, Valencia, Spain). Par-
ticipants began with a warm-up of two sets of 10 repeti-
tions at 5 kg, each separated by 2 min. Thereafter, the load
was set at 80 % of the predicted 1-RM (Baechle and Earle
2008). Following each successful lift, the load was
increased by ~5 % until the subject failed to lift the load
through the entire range of motion. A test was only con-
sidered valid when the participant used proper form and
completed the entire lift in a controlled, unassisted manner.
Approximately 2-3 min of rest was allowed between each
attempt to ensure full recovery. After it was judged that
1-RM had been achieved and a sufficient rest period had
been adhered to, each participant had the load increased
one last time to ensure that they could not lift any more
weight. On average, each participant needed five attempts
to reach 1-RM. Participants were then familiarised to the
nature of LLRT with BFR by performing the resistance
exercise protocol as described below. This also provided an
indication of the number of repetitions that could be per-
formed in the BFR condition which would be replicated in
the non-restricted condition and allow a counterbalanced
order in the main experimental protocol. This ultimately
allowed the work done during the BFR and control trials to
be matched.

Experimental protocol

Participants arrived at the laboratory in the morning (7-9
am) following an overnight fast and having abstained from
caffeine, alcohol or strenuous exercise for the 24-h period
prior to testing. With the participant resting in a semi-supine
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position, a cannula (21 G) was inserted into the antecubital
vein for blood sampling. The cannula was kept patent
throughout the trial by regular flushing with 0.9 % NaCl
saline solution. Following a 30-min rest period, a blood
sample was taken. Participants then performed five sets of
unilateral knee extension exercise at 20 % 1-RM with 30-s
rest between each set. Immediately after the fifth set, par-
ticipants repeated the exercise with the contralateral leg. In
the experimental condition, blood flow was partially
occluded with an inflatable cuff (SC12D-13 cm width,
Hokanson Inc, Bellevue, WA) which was placed around the
most proximal potion of the thigh. The cuff pressure
(110 mmHg) was maintained throughout the duration of
exercise (8—10 min), including rest periods. The number of
repetitions was pre-determined from the habituation session
with each set performed to fatigue. The participant then
remained in the seated position and further blood samples
were taken 30-, 60- and 120-min post-exercise. In the
control condition, participants performed the identical
exercise protocol (number of sets and repetitions) as during
the occlusion trial, except the cuff was not inflated and no
pressure was applied to the legs. Participants completed the
two trials in a counterbalanced order with 7 and 10 days
between trials.

Blood sampling and analysis

All blood samples were drawn into 2 x 10 ml vacutainers
(KTEDTA, BD Biosciences, San Diego, USA). Blood
samples for plasma were placed on ice for approximately
30 min, before centrifugation at 4,000 rpm for 10 min at
4 °C. The plasma was then frozen and stored at —80 °C
until further analysis. Haematocrit was determined from
whole-blood in triplicate, using the microcapillary tech-
nique (Hawksley Ltd, Lancing, UK). Haemoglobin con-
centration was measured in duplicate using a commercially
available kit (Randox, Co Antrim, UK). Plasma volume
changes were estimated using the method described by Dill
and Costill (1974) and presented data are corrected for any
changes in plasma volume from rest.

Plasma IGF-1 and GH concentration were measured in
duplicate by ELISA (Quantikine Immunoassay; R&D
Systems, Inc., Minneapolis, MN, USA). The mean intra-
and inter-assay coefficient of variation was 3.0 and 8.0 %
for IGF-1 and 2.4 and 6.9 % for GH. Plasma IL-6 was
determined via a non-commercial ELISA as previously
described (Leggate et al. 2010). Briefly, plates were coated
with anti-human IL-6 monoclonal capture antibody (Opt-
EIA, BD Biosciences, Oxford, UK) diluted 1:250 in 0.1 M
sodium carbonate. The following day, the plates were
washed and blocked with 5 % bovine serum albumin
(BSA; Probumin, Millipore, Illinois, USA) in Tris buffered

saline (TBS). The plates were incubated for 1 h at room
temperature after which they were washed and samples or
standards were added to the wells. Samples were diluted 1:5
in TBS with 10 % foetal calf serum. After 2 h, plates were
washed and 100 pL IL-6 detection antibody (OptEIA, BD
Biosciences, Oxford, UK) diluted 1:250 in TBS-T with 1 %
BSA was added per well. Plates were incubated for further
1 h before being washed. The enzyme streptavidin alkaline
phosphatase was diluted 1:2,000 in TBS with 1 % BSA and
100 pL was added per well. Plates were then incubated for
45 min. After washing, an ELISA amplification system was
used (Invitrogen, Paisley, UK). The reaction was stopped
with 10 % sulphuric acid, and the absorbance of the wells was
read at 490 nm with a correction of 690 nm (Varioskan Flash,
Thermo Scientific, Vantaa, Finland). Samples were analysed
in duplicate with an inter-assay coefficient of 7.4 %. This
assay measures total IL-6 content and does not distinguish
between free and receptor-bound IL-6. Plasma VEGF was
determined in duplicate by ELISA (Bendermedsystems,
Vienna, Austria). The mean intra- and inter-assay coefficient
of variation was 6.2 and 4.3 %, respectively. Plasma cortisol
was measured in duplicate by ELISA (DRG Instruments,
Germany). The mean intra- and inter-assay coefficient of
variation was 5.6 and 6.6 %, respectively.

Statistical analysis

Statistical analysis was carried out using SPSS software
(SPSS 15). Data were analysed by a repeated measures
two-way (Trial (2) x Time (4)) ANOVA. Post hoc anal-
ysis was performed with paired ¢ tests with Bonferonni
corrections. IL-6 and VEGF data were log-transformed
prior to the ANOVA as they failed to meet the assumptions
of normal distribution. Statistical significance was accepted
as P < 0.05. Data are presented as mean =+ SD.

Results

The experimental and control trials were matched for
the number of repetitions performed which were: first set
30 + 10, second set 9 + 3, third set 6 £+ 3, fourth set
5 + 2, fifth set 4 & 2. BFR continued for a total duration
of 564 £ 55 s.

Plasma GH concentration (Fig. 1) demonstrated a sig-
nificant time effect (P < 0.001), trial effect (P < 0.01) and
time x trial interaction (P < 0.01). Following LLRT with
BFR, GH increased (P < 0.05) from rest to 30-min post-
exercise and was greater (P < 0.05) when compared to
LLRT without BFR at this time point. GH concentration
following LLRT with BFR returned to baseline levels after
60 min.
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Fig. 1 Plasma GH concentration following LLRT with and without
BFR. *Significantly (P < 0.05) different from LLRT without BFR.
#Significantly (P < 0.05) different from rest following LLRT with
BFR
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Fig. 2 Plasma IGF-1 concentration following LLRT with and
without BFR

There were no changes in plasma IGF-1 concentration
(Fig. 2) at any time point following exercise in either
condition.

Plasma VEGF concentration (Fig. 3) demonstrated a
significant time effect (P < 0.05), trial effect (P < 0.05)
and time x trial interaction (P < 0.01). Following LLRT
with BFR, VEGF increased (P < 0.05) and was signifi-
cantly elevated at all time points compared to resting
VEGF. Plasma VEGF was higher (P < 0.05) at 60 and
120 min following LLRT with BFR compared to LLRT
without BFR.

Plasma IL-6 concentration (Fig. 4) demonstrated a sig-
nificant time effect (P < 0.01), but no trial (P > 0.05) or
group X trial interaction (P > 0.05). In both the condi-
tions, IL-6 increased (P < 0.05) from 30- to 60-min post-
exercise and remained elevated at 120-min post-exercise.

Plasma cortisol concentration (Fig. 5) demonstrated a
significant trial effect (P < 0.05) and time X trial interac-
tion (P < 0.05); however, Bonferroni-corrected post hoc
tests did not locate any differences.
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Fig. 3 Plasma VEGF concentration following LLRT with and
without BFR. *Significantly (P < 0.05) different from LLRT without
BFR. *Significantly (P < 0.05) different from rest following LLRT
with BFR
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Fig. 4 Plasma IL-6 concentration following LLRT with and without
BFR. *Significantly (P < 0.05) different from 30 min in both the
conditions

300.0 - —— Nomal —{1— Restricted
250.0
200.0 4

150.0 4

100.0 A

Cortsol (ng.mt!)

50.0

0.0 T T T d
0 30 60 120

Time (Mins)

Fig. 5 Plasma cortisol concentration following LLRT with and
without BFR

Discussion

This study has demonstrated that in older men LLRT with
BFR increased plasma GH and VEGF when compared to
LLRT without BFR. It has also been demonstrated that
LLRT with and without BFR increased circulating IL-6.
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The increase in plasma VEGF following LLRT with
BFR in older men is in agreement with the findings of
others who demonstrated elevated levels of VEGF fol-
lowing similar exercise in younger men (Takano et al.
2005). It is likely that the reduced oxygen tension that
occurs during LLRT with BFR (Manini and Clark 2009)
plays a role in the increase in VEGF concentration. Fur-
thermore, it is well established that VEGEF is critical in the
stimulation of angiogenesis and arteriogenesis (Prior et al.
2004; Zhang et al. 2010). It has been suggested that exer-
cise-induced increases in capillarisation would be similar
irrespective of age, as both young and older men have been
shown to increase both capillary contacts and capillary to
fibre ratio following a period of endurance training (Gavin
et al. 2007b). The increase in VEGF following LLRT with
BFR would, therefore, support the recent findings of
increased calf filtration capacity, an indirect measure of
capillarisation (Brown et al. 2001; Gamble et al. 2000),
following 4 weeks of ischaemic exercise training in young
men (Evans et al. 2010). Whether an increase in capillar-
isation occurs in older people in response to this type of
training has yet to be established; however, vascular
adaptations, including an enhanced reactive hyperemic
blood flow in young females and older male and females
(Patterson and Ferguson 2010, 2011), arterial remodeling
in young men (Hunt et al. 2012) and artery compliance in
older men and women (Ozaki et al. 2011) have been
observed suggests it is a distinct possibility and may,
therefore, be a useful method to offset the age-associated
decline in muscle blood flow (Dinenno et al. 1999; Proctor
and Parker 2006).

There are numerous studies reporting that an acute bout
of LLRT with BFR can increase circulating GH in young
adults (Pierce et al. 2006; Reeves et al. 2006; Takarada
et al. 2000a; Takano et al. 2005). Takarada et al. (2000a)
reported a 290-fold increase in GH following five sets of
bilateral knee extension with BFR at 20 % 1-RM. This is
much higher than seen in the work by Pierce et al. (2006)
who reported a ninefold increase in serum GH following
knee extensions with BFR. Both these studies in younger
individuals show greater responses than seen in this study
on older men, which represented only a 3.3-fold increase.
The differences may be due to the lower secretion of GH in
older men following acute exercise, when compared to
younger individuals (Kraemer et al. 1998) as a result of a
blunted pituitary response to resistance exercise as happens
with any GH challenge test in the elderly (Kern et al. 1996;
Pyka et al. 1994). Another reason for the different
responses may be due to the occlusion pressure applied to
the exercising limb. In this study, BFR was maintained
using a pressure of 110 mmHg compared to 214 (Takarada
et al. 2000b) and 280 mmHg (Pierce et al. 2006) used
previously. The greater pressure leads to a greater

stimulation of sensory nerves such as type III and IV
afferents in response to an increased acidic environment
(Fujita et al. 2007; Takano et al. 2005) within the muscle,
thus causing a greater GH response.

GH is secreted from the anterior pituitary gland in a
pulsatile manner; however, the physiological role of exer-
cise-induced GH is unknown. One proposed function is to
stimulate the release of IGF-1 from skeletal muscle and the
liver (Harridge 2003). In this study, plasma IGF-1 did not
change following an acute bout of LLRT with BFR in older
men, which is in agreement with other studies following
acute bouts of LLRT with BFR (Abe et al. 2005; Fujita
et al. 2007). However, there is contradictory evidence to
suggest that LLRT with BFR may have an influence on
circulating IGF-1 as two studies have demonstrated sig-
nificant increases in circulating IGF-1 following exercise in
young men (Abe et al. 2005; Takano et al. 2005). It is
possible that the acute increases in GH seen in this study
may have not had an immediate impact on circulating IGF-1
because the response of IGF-1 to GH pulses is delayed by
3-9 h and peak IGF-1 may not be reached until 16-28-h
post-exercise (Kraemer and Ratamess 2005), implying that
the measurement times for IGF-1 may have been taken too
early. However, whether IGF-1 plays a role in hypertrophy
at all has been questioned, with evidence suggesting that in
response to acute loading IGF-1 mRNA increases over a
period of days (Adams and Haddad 1996; Hameed et al.
2003), compared to an increase in mTOR activation within
a few hours of exercise (O’Neil et al. 2009).

The elevation in IL-6 in this study following LLRT with
and without BFR is similar to Takarada et al. (2000a) who
found an increase in IL-6 in young men, following LLRT
with BFR, although they did not see an increase during
LLRT alone. The mechanism behind the increase in IL-6 is
unclear as this type of exercise is unlikely to have resulted
in glycogen depletion, which is considered to be an
important stimulus for IL-6 release from the skeletal
muscle during exercise (Steensberg et al. 2000). Acute
bouts of LLRT with BFR have been reported to result in
mild exercise-induced muscle damage and sarcolemmal
permeability (Umbel et al. 2009; Wernbom et al. 2012).
This would suggest an increased inflammatory response
following acute exercise and may explain the findings by
Takarada et al. (2000a). The timing of blood sampling in
this study do not allow for a comparison to those studies
that have demonstrated skeletal muscle damage in their
participants as their sampling continued for 168 h in some
cases (Wernbom et al. 2012). It is possible, however, that
the slight increase in IL-6 in both the conditions in this
study may have continued to a greater extent following
LLRT with BFR. Evidence also suggests that IL-6 may
play a role in enhancing plasma cortisol levels in humans
(Steensberg et al. 2003). Cortisol is a glucocorticoid
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secreted by the adrenal cortex and is involved with
increasing glyconeogenesis and promoting fat mobilisation
and utilisation (Duclos et al. 2003). It is also described as
the primary catabolic hormone as it increases protein
degradation and decreases protein synthesis (Hammarqvist
et al. 1994; McNurlan et al. 1996). In this study, cortisol
levels increased to a greater extent following LLRT with
BFR, however IL-6 may not have played a role as it
increased following both the conditions. This is similar to
previous work showing elevations in cortisol in older men
following LLRT with BFR, but no increase with LLRT
alone (Fry et al. 2010). It is also unlikely that the increase
in cortisol observed following LLRT with BFR would lead
to a decrease in protein synthesis as previous literature has
demonstrated an elevation in muscle protein synthesis
levels following LLRT with BFR in young (Fujita et al.
2007) and older men (Fry et al. 2010).

The present findings need to be considered in respect to
some limitations. The small sample size of the study
(n = 7) could have reduced the power to detect significant
differences between trials and, therefore, limit the gener-
alisation of the present findings to all older men. However,
the observed power for significant changes was over 0.9 in
all cases and similar sample sizes have previously been
used when investigating hormone responses to LLRT with
BFR in young men (Fujita et al. 2007; Reeves et al. 2006).
Second, the increase in IL-6 following exercise is minimal;
however, the increase from pre-exercise to 120-min post-
exercise is more than double the coefficient of variation of
the measurement, thus seems a legitimate increase.

In conclusion, a single bout of LLRT with BFR
increased circulating levels of GH and VEGF in older men.
Plasma cortisol levels also increased when compared to
LLRT alone; however, post hoc tests could not reveal
where differences lay. There was no change in IGF-1 fol-
lowing LLRT with BFR, and IL-6 increased post-exercise
irrespective of the trial. It is possible that the acute
responses observed, specifically increased GH and VEGF,
may play a role in adaptations to the vascular system and
within skeletal muscle (hypertrophy) following longer term
LLRT with BFR.
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