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Low-load resistance training and blood flow
restriction improves strength, muscle mass and
functional performance in postmenopausal women: a

controlled randomized trial

Abstract

Background: Evidence on the effectiveness of low-intensity resistance training and
blood flow restriction (LRT-BFR) in postmenopausal women is scarce.

Objective: to analyze and compare the effects of high-load resistance training (HRT)
and LRT-BFR with reduced pressure of blood flow restriction on maximal dynamic
force (1RM), cross-sectional area of quadriceps (CSAq) and functional performance
in postmenopausal women.

Methods: Twenty-four postmenopausal women (63.1+£5.2 years) were randomly
allocated into three groups: LRT-BFR (n=9); HRT (n=9) and control (CON; n=6).
1RM, CSAq, Rising from the floor (RFF), sit and stand up (SSU) and timed up and go
test (TUGT) were applied before, after 8, and 16 weeks of resistance training.

Results: After 16 weeks, there were significant (p <0.05) and similar changes (p>0.05)
for LRT-BFR and HRT for IRM and CSAq, TUGT and SSU. RFF significantly
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decreased with LRT-BFR (p<0.001).

Conclusions: Both HRT and LRT-BFR improved 1RM, CSAq, and functional

performance in postmenopausal women.
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Introduction

Changes in hormonal status related to menopause exert negative
effects on muscle mass and strength,! and may influence physical
fitness and functional performance. Resistance training has been
shown to maintain or increase strength,” muscle mass,* and functional
performance* when using intensities greater than 65% of maximal
repetition (IRM).” However, high intensities may not be well tolerated
by frail elderly or those with joint problems. Thus, resistance training
performed with loads between 20 and 50% of 1RM combined with
blood flow restriction (LRT-BFR) may be an efficient strategy to
promote neuromuscular adaptations similar to high-load resistance
training (HRT) without BFR.

However, specifically in postmenopausal women, researches
on the effect of LRT-BFR on strength, muscle mass, and functional
performance are scarce.”” However, in Thiebaud et al.® training
was performed with elastic bands and in Arafijo et al.” in an
aquatic environment. To use LRT-BFR, it is necessary to increase
the safety in the application of the method to avoid potentially
negative physiological factors, such as, for example, reduction
of nerve conduction velocity, thrombus formation or induction to
microvascular occlusion and discomfort’, especially in the presence
of hypertension, diabetes and endothelial dysfunction, a frequent
condition in postmenopausal women. '

In this study, it was hypothesized that in LRT-BFR, the application
of moderate restrictive pressure (RP) during exercise associated with
the release of pressure at low levels during rest among series could
induce gains similar to those of HRT and would minimize risks and
discomfort related to training, favoring adherence. Thus, the aim of
this study was to analyze the effects of an LRT-BFR protocol, with
reduced RP, on maximum dynamic force, cross-sectional area of the
femoral quadriceps and functional performance in postmenopausal
women. Additionally, compare the effects of this type of training with
HRT on the same variables.

Methods

A randomized, open label, controlled trial with two parallel arms
was performed. With the approval of local Research Ethics Committee
(Protocol no. 817.007) the study included twenty-four women
(63.1£5.2 years, 66.1+8.5 kg, 153.7£7.4 cm) physically active,"
functionally independent, with central systolic blood pressure, pulse
wave velocity and normal ankle brachial index,>' who did not
exercise with weights in the previous six months. Participants who
missed three or more consecutive sessions and/or did not attend 75%
of training sessions were excluded. Figure 1 depict the flowchart
CONSORT diagram.

All participants received information about the benefits and
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possible risks related to the research and signed the informed consent
form. The study was approved by local Research Ethics Committee
No. 817.007, and by Brazilian Registry of Clinical Trials: RBR-
4hgbmf (Figure 1).

Experimental design

Figure 2 shows the experimental design and the order for each of
the measurements performed during the experimental period.

Participants were balanced by the estimated 1RM values and then
randomized for the secret allocation into groups with randomizer.org.
At the end of intervention, HRT (n=9 of 11), LRT-BFR (n=9 of 10)
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and control groups (CON; n=6 of 10) participated in the analyses.
The HRT group performed three series of ten repetitions, with a 60-s
interval between series and load of 70% of 1RM,’® while the LRT-BFR
group performed four series of 15 repetitions, with a 30-s interval
between series, with load of 30% of 1RM. The pressure applied to the
cuff for the training was 50% of RP (mean+SD: right leg [83.94+16.12
mmHg], left leg [85.83+£19.94 mmHg]); however, during the recovery
intervals between series, cuffs were deflated and maintained at 50
mmHg. The CON group did not perform the investigated exercise,
free squat with bar. Cadence of two seconds for each phase of the
movement was adopted (digital metronome; Korg, MA-30, Brazil).

Assessed for eligibility (n = 40)

Excluded (n = 8)
- Not meeting inclusion criteria (n=7)
- Declined to participate (n=2)

l | Randomized (n= 31) | l
v

HRT (n=11)
Allocated to intervention (n= 11)
Received allocated intervention (n=11)

LRT-BFR (n=10)
Allocated to intervention (n= 10)
Received allocated intervention (n=10)

CON (n=10)
Allocated (n= 10)

l

l l

Discontinued intervention
Low back pain (n=1)
External Cal_.ISES (n =1)

Discontinued intervention
External causes (n=1)

Discontinued intervention
Absent in the tests (n=4)

Analysed (n=9) ||

Analysed (n=9)

“ Analysed (n=6)

Analysis “ Follow-Up “ Allocation " Enroliment

Figure | CONSORT diagram showing the flow of participants through the study.
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Figure 2 Experimental timeline. IRM: One maximum repetition; CSAq: femoral quadriceps cross-sectional area; HRT: high-load resistance training; LRT-BFR:

low-load resistance training and blood flow restriction; OP: occlusion pressure.
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Before starting the session, warm-up with a five-minute walk was
performed, followed by 10 repetitions of squat with no additional
load. To motivate participants, after squat exercises, all groups
performed three series of 10 repetitions of exercises of elbow flexion
and extension and shoulder abduction with dumbbell, ending with 10
minutes of stretching.

To ensure safety, promote adaptation and adherence to training,
from the 1st to the 8th weeks, HRT and LRT-BFR trained with constant
loads. From the 9th to the 16th week, training loads were increased
by 1 kg when the participant was able to perform two repetitions
in addition to those prescribed in the last series. Participants were
evaluated before (PRE), after eight weeks (INTER) and sixteen
weeks (POST). CON participants were evaluated at PRE and POST
intervention.

Maximum dynamic strength

The maximum dynamic strength was estimated with the one
repetition maximum test in the free squat exercise with bar, with the
same cadence as the training. To increase the estimation accuracy,
a maximum of seven repetitions was allowed. The load required to
perform IRM was estimated using the Wathen equation.'® Tests were
repeated after 72 h until the difference between measurements was no
more than 1 kg. Tests were performed by a single trained evaluator,
ICC of 0.98.

Femoral quadriceps cross-sectional area

CSAq was performed on the thigh of the dominant limb by means
of computed tomography (Toshiba Aquilion 64, Japan), as previously
described.'® The analyzed image was the closest to the midpoint
between the greater trochanter of the femur to the inferior border of
the lateral epicondyle of the femur through the Aquilion software
(Toshiba Aquilion 64, Japan). All measurements were performed by a
single evaluator, ICC=0.99.

Arterial occlusion pressure determination

The arterial occlusion point (mmHg) was identified with a
vascular doppler (DV 610B, MedMega, Brazil) as previously
described.” Briefly, with the participants in a supine position an
adapted sphygmomanometer (18 cm widex80 cm long) was placed
on the most proximal portion of both thighs and inflated to the point
of arterial occlusion.

Functional performance tests

Functional performance was assessed through the following tests:
a) Rising from the floor (RFF) as described by Alexander et al.'”; b)
sit and stand up (SSU) according to the Bohannon'® and ¢) Timed Up
and Go Test (TUGT) previously described in Araujo et al.” All tests
were performed by a single evaluator trained using a digital timer (JS-
307-Junsd®-Brazil). ICC values 0f 0.93, 0.86, 0.88 were observed for
RFF, SSU and TUGT, respectively.

Statistical analysis

Data normality and homogeneity were evaluated by the Shapiro-
Wilk and Levene test. Variable 1RM had no normal distribution, so
a logarithmic transformation was made. Repeated measures ANOVA
for factors time (PRE, INTER and POST) and group (HRT and LRT-
BFR) was used to evaluate the results of IRM, CSAq measurements
and functional performance (RFF, SSU and TUGT). The Bonferroni
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post hoc test was used when the F statistic presenteg statistical
significance, set at p<0.05. The effect size (ES) with 7] p was used
for multiple comparisons and with Cohen’s d for the comparisons
between pairs."’

To guarantee the validity of results, reproducibility analysis (n=10)
was performed by ICC. The sample size was estimated a priori to
detect differences (power of 0.90, o of 0.05, ES of 0.26 and correlation
of 0.75) in 1RM force in squatting with data from a pilot study. Thus,
a minimum of 24 participants was necessary to compose the three
groups. The G*Power statistical software version 3.0.10 and SPSS
20.0 were used.

Results

There was no significant difference among groups at PRE
intervention time (p>0.05) for all variables.

Maximum dynamic force

In the multiple comparisons, there was a significant effect of
time (p<0.001; ES=0.98) and significant time x group interaction (p
<0.001; ES = 0.55). HRT group differed significantly from INTER to
POST; ES:0.78 [-0.149; -0.034], p=0.004 and from PRE to POST; ES:
1.21 [-0.181;-0.101], p<0.001, while LRT-BFR differed from PRE to
POST; ES: 0.53 [-0.139; -0.060], p <0.001. There was no significant
difference among experimental groups (HRT and LRT-BFR);
however, both differed from the CON group at POST (Figure 3A).

Femoral quadriceps cross-sectional area

CSAq showed a significant effect of time (p<0.001; ES=0.97) and
significant time x group interaction (p <0.001; ES=0.53). Both HRT;
ES:0.28 [-3.927;-0.530], p=0.013 and LRT-BFR groups; ES:0.34
[-5.506; -2.108], p<0.001, differed significantly from PRE to POST.
There was no significant difference among groups at any time (Figure
3B).

Functional performance

There was a significant effect of time (p<0.00; ES>0.55) and
significant time x group interaction for all functional tests (p<0.001;
ES>0.45). There was no significant difference among experimental
groups HRT and LRT-BFR; however, both differed from the CON
group in RFF, SSU and TUGT tests at POST (Figure 4).

There was a reduction in the RFF execution time only for the LRT-
BFR group from PRE to POST; ES: -0.69 [0.733;2.049], p<0.001
(Figure 4A). Significant increases in the number of repetitions in
the SSU test were observed in the HRT group from PRE to INTER;
ES:1.21 [-4.873;-1.127], p=0.003 and from PRE to POST; ES: 2.01
[-6.826;-3.174], p<0.001, while in the LRT-BFR group, significant
differences were observed from INTER to POST; ES: 1.81 [-6.656;-
2.233], p<0.001 and from PRE to POST; ES:1.77 [-6.937;-3.285], p
<0.001 (Figure 4B).

In relation to the TUGT test, there was a significant difference in
the HRT group from PRE to POST; ES:-0.73 [0.075; 1.179], p=0.028,
while in the LRT-BFR group, there was a significant difference from
INTER to POST;ES:-2.04 [0.726;1.830], p<0.001 and from PRE to
POST; ES: -2.04 [0.726; 1.830], p<0.001 (Figure 4C). There was
no change in the CON group from PRE to POST test for any of the
variables studied.
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Figure 3 A) Strength to perform maximum repetition and B) femoral quadriceps cross-sectional area in groups: high load (HRT), low load with blood flow
restriction (LRT-BFR) and control group (CON) at conditions pre (PRE), after 8 (INTER) and 16 weeks (POST). } Significant difference from INTER; } Significant
difference from PRE; § Significant difference from HRT; q Significant difference from LRT-BFR. p <0.05.
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Figure 4 Functional performance tests:A) rising from the floor; B) sit and stand up; C) timed up and go test, groups: high load (HRT), low load with blood flow
restriction (LRT-BFR) and control (CON) in conditions before (PRE), after 8 (INTER) and 16 weeks (POST). 1 Significant difference from INTER; 1 Significant
difference from PRE; § Significant difference from HRT; q Significant difference from LRT-BFR. p <0.05

Discussion

To our knowledge, this was the first study to investigate the effects
of an LRT-BFR protocol that, in addition performed with low RP
values, partially released limb compression during recovery intervals
on functional performance, 1RM and CSAq in postmenopausal
women. The main findings of this study were: 1) both HRT and
LRT-BFR promoted significant increases in functional performance
for TUGT and SSU, 1RM strength and CSAq; 2) only the LRT-BFR
group showed significant improvements for RFF; 3) HRT and LRT-
BFR differed significantly from CON in RFF, SSU, TUGT and 1RM.

The efficacy of HRT to induce adaptations in strength and muscle
mass in the elderly is well established in literature.>® Regarding LRT-
BFR, similarly to the present study, Thiecbaud et al.® Aradjo et al.”
Yasuda et al.**?' Yokokawa et al.> and Karabulut et al.”® observed
significant increases (p<0.001) in the 1RM strength in exercises
involving the lower limbs in older men and women. However, Vechin
et al.>* observed no significant differences in 1RM after an exercise
program with LRT-BFR (p=0.067). Among the studies cited, only
Thiebald et al.® and Aratjo et al.” investigated a sample specifically of
postmenopausal women; however, methodological procedures were
different from the present study, as Thiebald et al.® used elastic bands
as resistance and Araujo et al.” performed exercises in the aquatic
environment. Like the present study, Vechin et al.** observed no
differences between HRT and LRT-BFR.

According to Yasuda et al.** and Vechin et al.>* there was a
significant difference of CSAq in POST. Such adaptations demonstrate

important clinical relevance when moderate effect sizes are observed,
since the adaptive capacity of muscle tissue in menopausal women is
able to minimize the debilitating effects of sarcopenia.

Differently from Henwood and Taaffe’ no improvement in
performance for RFF with HRT was observed in the present study. In
LRT-BFR, there was a significant reduction in time for RFF at POST
(Figure 3A) with a very high effect size. It is assumed that the best
performance in RFF was influenced by the free squat exercise used
in the intervention, since it is multi-articular and involves the largest
muscle groups of the lower limbs and resembles activities of the daily
living such as rising from the floor or from the chair. However, no
investigation was found on the effect of LRT-BFR on RFF.

In the SSU test, there was a significant difference between HRT
and LRT-BFR groups at INTER; however, the difference was not
maintained after the end of intervention (Figure 3B). Since muscle
strength and power are determinants of performance in the SSU
test, the influence of muscle activation is determinant for rapid force
development,”” and based on the 1RM and CSAq results, there is
evidence® that the force gain in HRT had predominance of the neural
contribution, while in LRT-BFR, it was due to intrinsic muscular
factors such as the composition of the myosin heavy chain and the
cross-sectional area of muscle fiber.? At POST, HRT and LRT-BFR
groups showed significant improvements in SSU such as Yasuda et
al.?

Similar to the effects of LRT-BFR on TUGT performance observed
in the present study (Figure 3C), Yokokawa et al.”> and Aradjo et al.
observed significant differences at POST.
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High and continuous RP contributes to early muscle fatigue;
however, before fatigue is achieved, muscle activation levels are
similar when compared to intermittent RP use;*® however, in most
studies,?*?!?%2 high RP values were used and maintained throughout
the exercise. In the elderly, only one study used RP of 50% of the
occlusion pressure;* however, it was maintained in intervals
between series. Regarding tolerance to training discomfort, it is
important to point out that among HRT participants test interruption
due to discomfort, while for the LRT-BFR group, there was no test
interruption due to this reason.

Some limitations may be highlighted in the present study, such as
the lack of diet control of study participants. However, studies 20212325
showed positive effects on strength and hypertrophy gains with HRT
and LRT-BFR strategies in older adults without dietary control.

The results of the present study indicate that the protocol used for
low-load resistance training and blood flow restriction, with wider
cuffs, moderate restrictive pressure (50% of the arterial occlusion
point) and pressure release between series up to one a fixed point
of 50 mmHg can be used as an alternative method to training with
high loads, since it was able to favor the metabolic accumulation
necessary to trigger the physiological chain to produce increased
muscle strength, femoral quadriceps cross-sectional area and improve
functional performance.
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