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ABSTRACT

Introduction: Postmenopause is a physiological phase that
occurs after 45-55 years of age, associated with musculoskeletal,
cardiovascular, metabolic and functional changes. Blood Flow
Restriction Training (BFRT) is an emerging low-intensity exercise
technique that can yield gains in strength and endurance
comparable to high-load Resistance Training (RT).

Need of the study: Menopause-related hormonal changes
contributetoreducedmusclestrength,declineincardiorespiratory
endurance, and impaired Quality of Life (QoL). BFRT has shown
positive effects on muscular outcomes; however, evidence
regarding its impact on cardiorespiratory endurance and QoL in
postmenopausal women remains limited.

Aim: To investigate the effect of BFRT on cardiorespiratory
endurance, QoL and muscle strength among postmenopausal
women.

Materials and Methods: A randomised clinical trial will
be conducted at Maharishi Markandeshwar Institute of

INTRODUCTION

Menopause is a natural and irreversible physiological change
characterised by the permanent cessation of the menstrual cycle,
marked by a decline in ovarian function that causes a significant
reduction in oestrogen and progesterone levels, typically occurring
between 45 and 55 years of age [1]. World Health Organisation
(WHO) defines menopause as an irreversible or permanent
loss of menstrual cycles and a complete absence of ovarian
follicular functions [2]. According to the Indian Menopause Society,
about 65 million women in India are in the menopausal age group
of around 45 years [3]. Vasomotor symptoms such as hot flashes
and night sweats are the most prevalent manifestations women
experience during menopause, which may persist for seven years
or more [4]. The menopausal transition and the postmenopausal
state are associated with several health outcomes like respiratory
disorders, cardiovascular diseases and sarcopenia, which occur
due to oestrogen decline and general age-related physiological
changes [1,5,6].

Menopause accelerates the decline in pulmonary function.
Postmenopausal women exhibit lower Forced Vital Capacity (FVC)
and Forced Expiratory Volume in one second (FEV1), along with
greater spirometric restriction, compared with premenopausal
women [7]. Reduced lung function affects oxygen delivery during
physical activity, contributing to decreased cardiorespiratory
endurance and reduced exercise tolerance [5].

Physiotherapy and Rehabilitation, Maharishi Markandeshwar
(Deemed to), Mullana-Ambala, Haryana, India, from May
2026 to March 2027. A total of 70 postmenopausal women
aged 45-55 years, will be allocated to the experimental group
and control group. The experimental group will receive BFRT
with elastic band exercises. In contrast, the control group
will receive resistance exercises through an elastic band
three times a week for four weeks. Outcomes, including
cardiorespiratory endurance, QoL, and muscle strength, will
be assessed using the Queen’s College step test, a Handheld
Dynamometer (HHD), the 5-times sit-to-stand test, and the
Menopause-Specific Quality of Life (MENQOL) Questionnaire
at baseline and after the intervention period. Shapiro-Wilk
test, Parametric tests (paired and independent t-tests) and
non parametric tests (Wilcoxon Signed-Rank and Mann-
Whitney) will be applied. The p-value <0.05 will be considered
statistically significant.

Keywords: Exercise test, Postmenopause, Resistance training

The decline in oestrogen levels after menopause not only reduces
oestrogen’s cardioprotective effects but also reduces cardiovascular
fitness and impairs aerobic capacity [8]. The initial decade of
postmenopause is considered a critical period for preventive
measures targeting cardiovascular disease [9]. Cardiorespiratory
fitness, or aerobic capacity (VO,max), is an important measure
of overall cardiovascular health and is associated with age-related
changes in cardiovascular risk factors, including dyslipidaemia, insulin
resistance, and chronic inflammation [8]. A decline in aerobic capacity
reflects broader metabolic and cardiovascular dysregulation [10].

Postmenopausal oestrogen reduction alters the hormonal milieu,
affecting energy substrate utilisation during rest and physical
activity, often increasing reliance on carbohydrate metabolism
and reducing fat oxidation [10]. Reduced hormonal support and
physical activity contribute to a loss of muscle mass and strength,
averaging 0.4 to 0.8 kg per decade from early adulthood onward,
with the rate accelerating after menopause [6]. Additional factors
include inadequate protein intake, low calcium intake and vitamin D
availability, and age-associated anabolic resistance [11].

Collectively, the progressive decline in pulmonary function,
cardiorespiratory endurance and muscular strength contributes to
a substantial deterioration in functional capacity. The decrease in
functional capacity affects women’s ability to perform activities of
daily living and may lead to increased morbidity and reduced QoL [8].
Menopause imposes a multidimensional symptom burden affecting
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QoL, vasomotor disturbances (hot flashes and night sweats),
and psychological symptoms (cognitive impairment, depression
and insomnia). Therefore, all these factors affect the QoL in the
postmenopausal age group [12].

Regular physical activity has been recommended to counteract age-
related physiological decline [11]. Traditional training approaches,
such as High-Intensity Interval Training (HIIT) and aerobic training,
improve cardiorespiratory fitness and metabolic health; however,
they are associated with low adherence, greater perceived
discomfort, and musculoskeletal injuries due to high mechanical
loads [13]. RT positively influences inflammatory biomarkers and
improves cardiorespiratory endurance, Qol, muscular strength, and
vasomotor symptoms in postmenopausal women when performed
2-3 times weekly [11]. Therefore, there is a need for an alternative
intervention that is less demanding, safer, and more feasible, yet
effectively promotes physiological function.

REVIEW OF LITERATURE

The BFRT is an advanced and alternative exercise technique that
involves applying external pressure (commonly via pneumatic cuffs)
to the proximal limb during low-intensity RT, restricting venous flow
while partially allowing arterial flow into the muscle [13]. This results
in a hypoxic muscular environment, increasing metabolic stress and
anabolic signalling pathways, leading to hypertrophy and strength
improvements even at low training intensity [13].

Amaral et al., used a large population-based observational study
involving 141,076 women from the UK Biobank to investigate the
association between menopause and lung function. Women with
natural menopause had significantly lower pulmonary function, with
FVC reduced by 42 mL and FEV1 reduced by 34 mL compared with
menstruating women. Natural menopause was also associated with
significantly higher odds of spirometric restriction (adjusted OR=1.27,
95% ClI: 1.18-1.37). The association was more pronounced among
those who had undergone hysterectomy and/or oophorectomy, and
earlier natural menopause was associated with greater reductions in
lung function, while no significant association was found with airflow
obstruction [7].

Ferreira L et al., conducted a systematic review of 13 studies involving
approximately 700 postmenopausal women and reported that aerobic,
resistance, and combined exercise programs significantly improved
arterial stiffness and cardiorespiratory fitness. Combined exercise
programs produced the greatest improvement in arterial stiffness, with
carotid- femoral Pulse Wave Velocity (cfPWV) improving by 0.22-1.56
m/s, while one study reported an increase of 4.4mlL/kg/min in maximal
oxygen consumption (VO,max). Overall, participation in exercise
programs improved arterial stiffness in seven studies, and combined
exercise programs improved pulse velocity by up to 2.6 m/s [14].

Similarly, Khalafi M et al.,, conducted a systematic review and
meta-analysis of 129 randomised controlled trials involving 7,141
postmenopausal women and found that exercise training significantly
enhanced cardiorespiratory fitness (SMD=1.06, 95% Cl: 0.87-
1.42; p-value=0.001), lower- body muscle strength (SMD=1.086,
95% CI: 0.90-1.22; p-value=0.001), upper-body muscle strength
(SMD=1.11, 95% Cl: 0.91-1.31; p-value=0.001), and handgrip
strength  (WMD=1.78 kg, 95% CI: 1.24-2.32; p-value=0.001).
Aerobic and combined training were particularly effective in enhancing
cardiorespiratory fithess and lower-body strength, whereas RT was
more effective in enhancing upper-body strength. These findings
support the role of structured exercise training in improving functional
capacity and muscular strength in postmenopausal women [8].

Linero C and Choi SJ conducted a randomised controlled
experimental study among 26 postmenopausal women and reported
that 12 weeks of low- intensity RT combined with blood flow
restriction increased upper and lower strength by 40%, enhanced
the bone formation marker P1NP by 7.05 ng/mL, improved balance,
and prevented bone mineral density loss in postmenopausal women
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with osteoporosis or osteopenia. In comparison, moderate- to
high-intensity RT increased muscle strength by 65%, whereas low-
intensity RT alone improved only lower-limb strength (28%) and did
not significantly affect bone turnover markers [15].

Similarly, Galvao Pereira PM et al., found in a randomised controlled
trial of 24 postmenopausal women that low-load RT combined with
blood flow restriction for 16 weeks significantly improved maximal
muscle strength, quadriceps cross-sectional area, Timed Up and
Go (TUG) performance, and Sit to Stand performance. These
improvements were comparable to those achieved with high-load
RT (p-value >0.05 between groups), whereas the rise-from-floor
test improved significantly only in the blood flow restriction group
(p-value <0.001), highlighting the effectiveness of low-load BFR as
an alternative to conventional high-load RT [16].

These findings suggest that BFRT may serve as a safe and effective
alternative to high- intensity RT for improving musculoskeletal health
in postmenopausal women. Thus, this study aims to determine the
effect of BFRT on cardiorespiratory endurance, QolL, and muscle
strength among postmenopausal women.

Primary Objectives:

e To evaluate the effect of BFRT on cardiorespiratory endurance
among postmenopausal women;

e To determine the effect of BFRT on the QoL among
postmenopausal women;

e To assess the effect of BFRT on muscle strength among
postmenopausal women.

Secondary Objectives: To compare the effect of BFRT combined
with elastic band RT versus elastic band RT alone in improving
cardiorespiratory endurance, QolL, and muscle strength among
postmenopausal women.

Null hypothesis (H ): The BFRT will have no significant difference in
cardiorespiratory endurance, QolL, and muscle strength compared
with elastic band RT in postmenopausal women.

Alternative hypothesis (H,): The BFRT will result in a significant
difference in cardiorespiratory endurance, QolL, and muscle strength
compared with elastic band RT in postmenopausal women.

MATERIALS AND METHODS

A single-blinded, randomised clinical trial will be conducted
at Maharishi Markandeshwar Institute of Physiotherapy and
Rehabilitation, Maharishi Markandeshwar (Deemed to be University),
Mullana-Ambala, Haryana, India, from May 2026 to March 2027.The
Institutional Research Ethics Committee (IEC-PT26/77) approved
the study, and the trial was prospectively registered under reference
number CTRI/2026/04/109599. During enrolment, participants will
be screened for eligibility, and those meeting the inclusion criteria
will provide written informed consent.

Inclusion criteria: Postmenopausal women aged 45-55 years
who are naturally menopausal for >1 year, are physically active,
functionally independent, have a normal ankle-brachial index (1.00-
1.40) [17], and have not engaged in any weight training for the last
six months will be included in this study.

Exclusion criteria: Participants taking any medication that affects
bone health, medications other than calcium and vitamin D, any
osteoarticular dysfunction in the lower limbs, severe cardiovascular
disease, severe osteoporosis, any neurological disorder, including,
but not limited to, stroke, or Parkinson’s disease will be excluded
from the studly.

Sample size calculation: Sample size calculated with the help of
the formula:

n= 2(Zo/2+ZP)?/d?,
where n is the sample size per group,
Za/2 is the z value at the significance level,
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Zp is the Z value corresponding to the study power,
d is the effect size.

The mean and standard deviation for the Low-Load RT with Blood
Flow Restriction (LRT-BFR) group (preintervention: 47.30+6.17 kg;
postintervention: 51.48+5.28 kg) were used to estimate sample
size [18]. The reference study is referred to estimate the anticipated
effect size for sample size calculation and not to establish clinical
comparability between the study populations. Although the
participants had sarcopenia, both sarcopenia and postmenopausal
status are associated with age-related reductions in muscle
mass, muscle strength, and physical performance. Moreover, the
intervention (low-load RT with blood flow restriction) is similar to that
used in the present study.

Based on these values, the calculated effect size was: Cohen’s
d=0.72.

For an effect size of d=0.72, a=0.05 (Zo/2=1.96), and statistical power
(1-B)=0.80 (Zp=0.84), so, putting these values into the formula:

n=2(1.96+0.84)%/ 0.722
= 2(2.80%/ 0.5184

= 15.68/0.5184

=30.2

The required sample size was 62 (n= 31 per group) participants.
After accounting for a 10% dropout rate, the required sample size
increased to 69 participants; however, it was subsequently rounded
up to 70 participants for equal group allocation and to demonstrate
the randomisation process (i.e., 35 in each group).

The study methodology is summarised in the Consolidated
Standards of Reporting Trials (CONSORT) flow diagram [Table/
Fig-1]. Participants will be recruited using criterion-based
purposive sampling and allocated to two groups via a computer-
generated block-randomisation sequence: the Control group and
the Experimental group. The therapist will conduct all intervention
procedures. Sequential, numbered, sealed, opaque envelopes will
be used for allocation concealment. The outcome assessor will be
blinded to group allocation. In case unblinding is required, it will be
documented with justification.

Enrollment

| Assessed for eligibility(n=X) |

Excluded (n=X)

+ Not meeting inclusion criteria
(n=X)

+ Declined to participate (n= X)

Randomised (n=70)

l | Allocation 1

Allocated to intervention (n=35)

Allocated to intervention (n=35)
+ Resistance training with elastic band
(n=35)

+ Resistance training with blood flow
restriction training (n=35)

Follow-Up

()

Lost to follow-up (give reasons) (n=0)

| ( Analysis | |

Analysed (n=35)

Lost to follow-up (give reasons) (n=0)

Analysed (n=35)

[Table/Fig-1]: CONSORT flow diagram of the study.

The control group will receive elastic-band resistance exercises
for both upper and lower extremities as explained in [Table/Fig-2]
[19,20]. In contrast, the participants in the experimental group will
perform the same exercises with blood flow occlusion and modified
intensity as given in [Table/Fig-3] [19,20]. The occlusion cuff will be
applied at mid-arm during upper-extremity exercises and below the
gluteal fold during lower-extremity exercises.

www.jcdr.net

Exercise Intensity Frequency
Upper extremity exercises:
e Shoulder abduction [19] o 70% of 1AM
. ()
: 222{2 g%ﬂiﬂ%’; (19 e 4 sets of 10 repetitions 3 times a
h for each exercise, week for 4
e Arm curls (biceps curls) [20] performed at 30- weeks
e Arm extensions (overhead triceps second intervals
extension) [20]
Lower extremity exercises:
e |eg curls (prone knee flexion/ ® 70% of 1RM
hamstring curls) [20] ® 4 sets of 10 repetitions 3 times a
e Hip abduction [19] for each exercise, week for 4
® | eg extensions (knee extension) [20] performed at 30- weeks
e Straight leg raises (hip flexion) [20] second intervals

1 RM = Submaximal load (kg)/ (102.78- 2.78 x maximum number of repetitions)/100

[Table/Fig-2]: Exercise protocol for elastic band RT [19,20].

Exercise | Intensity | Frequency
Upper extremity exercises:
. ® 20-30% 1 RMina
* Shoulder abdluct|on (19 progresosive manner (week
* Shoulder flexion [19] 1- 20%, week 2- 20%, 3times a
« A et (iseps cur) 20 wesk 3-4 - 30% week for 4
icep . e 4 sets of 10 repetitions for weeks
e Arm extensions (overhead triceps each exercise, performed
extension) [20] at 30-second intervals
Lower extremity exercises:
® 20-30% 1 RMina
e Leg curls (prone knee flexion/ progressive manner (week
hamstring curls) [20] 1- 20%, week 2- 20%, 3times a
¢ Hip abduction [19] week 3-4 - 30% week for 4
¢ |eg extensions (knee extension) [20] | ® 4 sets of 10 repetitions for weeks
e Straight leg raises (hip flexion) [20] each exercise, performed
at 30-second intervals

Limb Occlusion pressure (LOP): 50% for the upper limb and 80% for the lower limb
of arterial occlusion pressure (AOP) [20].

[Table/Fig-3]: Exercise protocol for elastic band Resistance Training (RT) with BFRT.

Primary Outcome Measure

1. Cardiorespiratory endurance: The Queen College Step Test
(QCST) will be used to measure cardiorespiratory endurance, with
good interrater reliability (CC=0.941-0.971) and intrarater reliability
(ICC=0.914- 0.995) for estimation of VO,max. This involved
stepping on a 16.25-inch platform at gender-specific cadences
(Females: 88 bpm) for three minutes. Participants stepped for
three minutes at a pace of 22 steps per minute for females. The
stepping pattern followed a four-step cadence: ‘up-up-down-
down’. After the 3-minute test, participants stopped immediately,
and their heartbeats were recorded for 15 seconds following a 5- to
20-second rest period. Then, recovery heart rate will be measured
for 15 seconds (x4) to estimate VO,max using a formula.

Women: VO, max(mlL/kg/min)=65.81-(0.1847 xheart rate (bpm)
[21].

2. Muscle strength:

e Upper limb muscle strength- The HHD will be used; showing
excellent intrarater and good-to-excellent interrater reliability
(ICC 0.84-0.96). Participants will be sitting/standing with the
arms parallel to the trunk, elbows at 90°, and wrists in slight
flexion (5-10). The participant will be instructed to perform
a maximum isometric contraction for approximately 3-5
seconds by exerting maximal force against the device during
dynamometric measurements. For each muscle group, the
following three trials will be performed with appropriate rest
intervals between trials, and the best will be used for analysis.
Measurements will be recorded in kilograms (kg) of force [22].

e  Lower limb muscle strength: Muscle strength will be assessed
with the Sit-to-Stand test. Sit-to-Stand (STS) test, also known
as the 5-time sit-to-stand test, with high Intraclass Correlation
Coefficients (ICCs) generally above 0.90 for test-retest (intraclass)
and strong interrater (inter-class/examiner) reliability, often
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exceeding 0.90. It assesses lower-limb strength by having a
person stand up and sit down repeatedly from a chair without
using the armrest, counting the repetitions. It measures the time
required for a participant to stand up and sit down from a chair
five consecutive times as quickly as possible. The participant sits
on a chair with their back straight and feet flat on the floor. Arms
will be crossed over the chest to avoid upper-limb assistance.
During the test, the participant stands up fully and sits down again
five times as quickly as possible. Time begins when the examiner
says “go” and stops when the participant stands up completely
for the fifth time. The total time (in seconds) required to complete
five repetitions will be recorded. Shorter time indicates better
lower limb strength and functional performance [23].

Secondary Outcome Measure

1. Menopause-Specific Quality of Life (MENQOL) Questionnaire:
It shows strong internal consistency (Cronbach’s 0.81-0.89)
and, while widely used for natural menopause, is also effective in
identifying symptoms in clinical populations. This questionnaire
is a self-administered instrument used to measure the impact of
menopausal symptoms on QoL across four domains (29 items):
vasomotor, psychosocial, physical, and sexual. Each item is
scored on a Likert scale ranging from one to eight, where higher
scores indicate greater symptom severity and poorer QolL, and
lower MENQOL scores indicate better QoL [24].

All outcome measures will be assessed at baseline and after
the 4-week intervention.

STATISTICAL ANALYSIS

Data will be analysed using the Statistical Package for the Social
Sciences (SPSS) version 27.0. Data normality will be assessed using
the Shapiro- Wilk test. For variables following a normal distribution,
descriptive statistics will be presented as mean+Standard
Deviation (SD); for non-normally distributed variables, the median
and Interquartile Range (IQR) will be reported. Between-group
comparisons will be performed using the independent-samples t-test
for normally distributed data and the Mann-Whitney U test for non-
normally distributed data. Intragroup (within-group) comparisons will
be conducted to assess pre-post changes within each intervention
arm. For normally distributed data, the paired-samples t-test will
be applied; for non-normally distributed data, the Wilcoxon signed-
rank test will be applied. All statistical tests will be two-tailed, with
value of p-value <0.05 is considered statistically significant.
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