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Abstract: Problem statement: Since physical therapy is crucial for helping older individuals
restore their proper function and quality of life, contemporary approaches like blood flow restriction
(BFR) have been used to enhance functional level in these patients. Objective: This study focused
into how BFR affected older patients' functions. Methods: Sixty hypertensive older individuals aged
from 65 to 75 years, were recruited, and divided randomly into two equal groups (30 participants in
each group). Over 12 weeks, BFR group received treadmill moderate-intensity exercise in conjunction
with BFR, whereas the control group received the same treadmill exercise only. Blood pressure(BP),
Timed Up and Go (TUG) Test, and Fatigue Assessment Scale (FAS) were assessed before and after the
intervention. Results: BP, TUG, and FAS showed significant reductions in both groups (p < 0.001).
Furthermore, all assessed variables showed more significant improvements in favor of BFR group
when compared to the control group (p < 0.05). Conclusions: BFR serves as a cost-effective, safe, and
efficient way to reduce BP and enhances older patients' function and quality of life.

CARDIOVASCULAR DISEASEY
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INTRODUCTION

Aging is a natural, progressive, and inevitable
biological process characterized by a gradual decline of
cellular function and progressive structural changes in
many organ systems. In general, the rate of the
physiologic decline is initially difficult to perceive;
however, after certain age (late maturity), it undergoes
acceleration. (Glassock et al., 2012).

The world population is ageing rapidly. Since 1980, the
number of people aged 60 years and over has doubled
to approximately 810 million. The elderly population
will continue to grow to approximately 2 billion in
2050. It has been predicted that 22% of the total
population will be older than 60 years and around 5%
will be older than 80 years in 2050. (Louie et al., 2010)
Metabolic changes of aging like obesity are a
significant contributor to sarcopenia (decrease in
muscle protein synthesis) (Nagy et al., 2025) which
suggests that muscle turnover and repair capacity is
likely decreased with age. (Evans et al., 2010)

Moreover, Hypertension (HTN) which mean increasing
blood pressure (BP) has adverse physiological
alterations in the skeletal muscle response to an acute
muscle contraction among individuals compared to
those with normal BP that includes exaggerated
sympathetic nervous activity, increased
vasoconstriction, and a greater release of reactive
oxygen species. (Greaney et al., 2014)

These alterations create a state of hypoxia in the
skeletal muscle which augments oxidative stress,
eventually leading to vascular wall thickening and
skeletal muscle damage. This pathological chain of

events has been shown to be associated with decreased
muscle strength specially in the elderly hypertensive
patients. (Umbrello et al., 2013)

Blood flow restriction (BFR) and aerobic exercise with
occlusion pressures between 40-60 mmHg and 50%
maximum heart rate (HR Max), systolic and diastolic
blood pressure (SBP and DBP) responses were found to
be like those traditionally found with aerobic intensities
of 62-85% HR max. (Sugawara et al., 2015). BFR
became popular and effective rehabilitative medicine in
hypertensive elderly individuals resulting in a decrease
in vascular resistance and BP by increasing local blood
flow. (Manini et al., 2009)

Empirical evidence indicates that low-load resistance
training combined with BFR elicits hypertrophic
adaptations and muscle activation levels that are
comparable to those achieved through high-load
resistance training. (Ferguson et al., 2018)

Moreover, when contrasted with low-load training
performed without BFR, the BFR-enhanced produces
significantly greater muscular responses, suggesting its
efficacy as a potent alternative for inducing muscle
growth under reduced mechanical load conditions.
(Rolnick et al., 2022).

To address the existing gap in knowledge regarding the
application of BFR training in older adults, the present
study seeks to empirically evaluate the effect of BFR on
functional outcomes within this population. The
findings will help guide clinical practice by healthcare
professionals’ evidence-based recommendations for
improving older people's physical performance.
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MATERIALS AND METHODS

The study design

At Suez Canal University in Ismailia, Egypt, sixty hypertensive older individuals between the ages of 65 and 75 were
recruited for this 12-week randomized controlled study. Following comprehensive clinical assessments, participants were
randomly allocated into two equal groups: BFR group who engaged in a moderate-intensity aerobic exercise regimen
incorporating BFR, while the control group B performed the same aerobic exercise protocol without BFR.

Total Patients

Excluded N= 60
not willing to participate N=26
one of exclusion criteria N=34

Excluded N= 10
Uncooperative patients

5 N=140
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=
e
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Recowed aerobic exercise «8FR

Dropouts and loss of follow up: 5 Follow -up

Final analyzed patients: 30 Analyzed

Irregular patients

Control Group N= 35
Received aerobic exercise only

Dropouts and loss of follow up: 5

Final analyzed patients: 30

Figure 1. flowchart of the study

Every participant gave their consent after being fully
informed about the intervention, including its possible
benefits and drawbacks. This study was approved by
the Ethics Committee Board of Cairo University’s
Faculty of Physical Therapy No: P.T.REC/012/005597,
and it is listed on ClinicalTrials.gov with the
registration No: NCT06877130.

Participants in this study were required to be of both
sexes, be elderly (65-75 years old), had grade | and Il
hypertension (SBP 140:179 mmHg and/or DBP 90-109
mmHg) (Ramzy, 2019), as well as a body mass index
between 30 and 34.9 kg/m2 (class | obesity) (Bouslama
et al., 2019).

Participants presenting with severe neurological,
psychiatric, or cognitive impairments that could hinder
adherence to the exercise protocol were excluded from
the study. Additional exclusion criteria included the
presence of significant pulmonary pathology (either
obstructive or restrictive), clinical manifestations of
advanced cardiovascular  disease (e.g., severe
atherosclerosis or congestive heart failure), uncontrolled
diabetes mellitus, lower limbs peripheral arterial
disease, and serious systemic illnesses such as
malignancies. Furthermore, individuals with
uncontrolled hypertension and those exhibiting severe
tachycardia with resting heart rates exceeding 120 beats
per minute were not eligible for inclusion.

Intervention
Moderate intensity exercise (MIE)

Both groups participated in a moderate-intensity aerobic
exercise program utilizing a treadmill (Grand Fit Ac
88885- China) over a 12-week period. Each training
session was structured into three distinct phases: warm-
up, main exercise, and cool-down. According to
Ebbeling et al., 1991, during the warm-up and cool-
down phases, participants walked on a 0% incline
treadmill for four minutes. The walking speed was
individually adjusted to elicit a heart rate corresponding
to approximately 50-70% of the age-predicted
maximum, typically ranging between 2.0 and 4.5 miles
per hour.

According to the American College of Physicians
(ACSM), the main exercise phase lasted 30 to 35
minutes and was conducted after the participant's heart
rate reached 64-76% of their age-predicted peak heart
rate (Riebe et al., 2018) which predetermined by
Jackson formula [MHR = 206.9 - (0.67 x age)]
(Jackson, 2007). Granzia pulse oximeter (Model No.:
AS-304, Italy) was utilized to track the patients'
changes in heart rate while exercising.

BFR training

During treadmill MIE, BFR was solely used for the
BFR group in the previously mentioned manner. The
thigh was subsequently wrapped with a wide cuff (18
cm wide cuff connected to GT001-110/111 aneroid
sphygmomanometer, Zhejiang, China) ) and inflated
until the blood pulse from the tibial artery was absent.
The obstructed pressure was tracked at this point
(Lorenz et al., 2021). According to Murray et al.
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(2021), each lower limb underwent 60-80% of the limb
occlusion pressure during treadmill training with lower
limb BFR. If the exercise regimen causes chronic
exhaustion, or continuous pain, the program was
modified with special attention to the length and/or
intensity of exercise for each participant.

Outcome measures

BP

Systolic blood pressure (SBP) and diastolic blood
pressure  (DBP) were measured by Aneroid
Sphygmomanometers:  (Model Number: GTO001-
110/111 aneroid sphygmomanometer, Zhejiang, China
)were used to obtain a BP reading according to
Pickering et al.,2005 recommendations.

Functional mobility and dynamic balance (TUG test)
To conduct the TUG test, a durable armchair with a
back was placed at the end of a corridor. Three meters
from the chair's front edge, a piece of tape was placed
on the floor. After getting out of the chair, the patient
was directed to walk three meters at a normal pace, turn
around, walk back to the chair, and then sit down. A
stopwatch was used to measure the test time from
standing up to sitting down again; a score of more than
12 seconds often denotes a higher risk of falling and
restricted mobility. (Hayes et al., 2025).

RESULT AND OBSERVATION

Fatigue level (FAS)

The FAS is a 10-item measure that assesses both mental
and physical symptoms of chronic fatigue. A five-point
rating system, with 1 denoting "never" and 5 denoting
"always," is used to answer each FAS item. The scores
for items 4 and 10 are reversed. The range of total
scores is 10 for the lowest level of fatigue and 50 for the
most. (Bartholomew, et al., 2025)

Statistical analysis

To compare subject characteristics between groups, the
unpaired t-test was used. The chi-squared test was used
to compare the distribution of sexes among groups.
Using Levene's test and the Shapiro-Wilk test,
respectively, the data were examined for homogeneity
of variances between groups and for a normal
distribution.

To examine the impact of therapy on BP, TUG, and
FAS, a mixed MANOVA was performed. The
Bonferroni  correction  for subsequent multiple
comparison was used to do the post-hoc test. For every
statistical test, the significance level was set at p < 0.05.
The statistical software for social sciences (SPSS)
version 25 for Windows (IBM SPSS, Chicago, IL,
USA) was used for all statistical analyses.

Results  From the entire sample, thirty participants each were selected and divided into two equal groups. The
participants' age, sex distribution, anthropometric features, and BP levels did not differ significantly between the two
groups. (p > 0.05). (Table 1)

Table 1. Characteristics of participants:

BFR Group | Control Group
Mean +SD Mean +SD MD t value p value
Age (years) 65.77 + 1.65 66.30 + 2.18 -0.53 -1.07 0.29
Weight (kg) 87.70 + 8.81 86.74 + 8.63 0.96 0.43 0.67
Height (cm) 168.63 +7.92 167.07 +7.37 1.56 0.79 0.43
BMI (kg/m?) 30.86 + 2.56 31.03+ 1.55 -0.17 -0.31 0.76
Blood pressure (BP)
Systolic BP (mmHg) 150.17 £ 6.50 148.67 + 8.60 15 0.76 0.45
Diastolic BP (mmHg) 101.67 + 6.06 102.00 + 7.50 -0.33 -0.19 0.85
Sex, n (%)
women 15 (50%) 15 (50%)
Men 15 (50%) 15 (50%)

BMI: Body mass index, BP: Blood pressure. SD, Standard deviation; MD, mean difference; p value, Probability value.
*Statistically significant at P<0.05.

Differences in BP (systolic and diastolic) within groups

There was a significant decrease in SBP in BFR group post treatment compared with pretreatment (p = 0.001) with mean
difference about 18 mmHg and a percent of change by 11.99%.

There was a significant decrease in DBP of BFR group post treatment compared with pretreatment (p = 0.001) with mean
difference about 9 mmHg and percent of change by 8.85%.

There was a significant decrease in systolic BP in the control group post treatment compared with pretreatment (p =
0.001) with mean difference about 11.5 mmHg and percent of change by 7.74%. In addition, there was a significant
decrease in DBP in the control group post treatment compared with pretreatment (p = 0.001) with mean difference about
5.17 mmHg and the percent of change by 5.07%.
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Table 2. Mean systolic and diastolic BP pre and post training of both groups:

BP (mmHg) BFR Group Control Group
Mean £SD Mean £SD MD (95% CI) P value
Systolic BP
Pre training 150.17 £ 6.50 148.67 £ 8.60 1.5 (-2.44: 5.44) 0.45
Post training 132.17 +7.15 137.17 £8.48 -5 (-9.05: -0.95) 0.01 0.64
MD (95% CI) 18 (14.86: 21.14) 11.5(8.36: 14.64)
p = 0.001* p =0.001*
Diastolic BP
Pre training 101.67 + 6.06 102.00 £ 7.50 -0.33 (-3.86: 3.19) 0.85
Post training 92.67 £ 6.26 96.83 + 7.27 -4.16 (-7.67: -0.66) 0.02 0.61
MD (95% CI) 9 (7.27: 10.73) 5.17 (3.44: 6.89)
p = 0.001* p =0.001*

BP: Blood pressure. SD, Standard deviation; MD, Mean difference; Cl, Confidence interval; p-value, Probability
value; d, Effect size. *Statistically significant at P<0.05.

Differences in TUG between within groups

There was a significant decrease in TUG in BFR group post treatment compared with pretreatment (p = 0.001) mean
difference was 8.2 sec, and the percentage of change was 45.48%.

There was a significant decrease in TUG in the control group post treatment compared with pretreatment (p = 0.001) with
mean difference about 5.07 sec, and the percentage of change was 28.37%.

Differences in FAS within groups
There was a significant decrease in FAS in BFR group post treatment compared with pretreatment (p = 0.001) mean
difference was 22.17, and the percentage of change was 55.15%. There was a significant decrease in FAS in the control
group post treatment compared with pretreatment (p = 0.001) with mean difference about 15.10, and the percentage of
change was 38.20%.

Table 3. Mean TUG and FAS pre and post training of both groups:

BFR Group Control Group

Mean £SD Mean £SD MD (95% CI) P value d
TUG (sec)
Pre training 18.03 + 2.57 17.87 + 3.18 0.16 (-1.33: 1.66) 0.82
Post training 9.83+2.84 12.80 + 2.54 -2.97 (-4.36: -1.57) 0.001 1.10
MD (95% CI) 8.2 (7.36: 9.04) 5.07 (4.23: 5.91)

p =0.001* p = 0.001*

FAS

Pre training 40.20 £ 2.25 39.53 + 2.26 0.67 (-0.50: 1.83) 0.26
Post training 18.03 + 3.27 24.43 + 2.66 -6.4 (-7.94: -4.86) 0.001 2.15
MD (95% CI) 22.17 (21.08: 23.25) 15.10 (14.01: 16.19)

p =0.001* p = 0.001*

FAS: Fatigue assessment scale, TUG: Time up and go. SD, Standard deviation; MD, Mean difference; CI, Confidence
interval; p-value, Probability value; d, Effect size. *Statistically significant at P<0.05.

DISCUSSION

The study's findings demonstrated that following the
intervention, participants' TUG, FAS, and BP were
significantly reduced (p < 0.001). Additionally, the BFR
group demonstrated significant improvements in all
evaluated parameters when compared to the control
group (p < 0.05).

Regarding BP, in line with our findings, Crisafulli et al.
(2018) found that BFRT decreased BP during handgrip
exercises, which may indicate a hypotensive effect of

this training method. Exercise training has been shown
to improve baroreceptor regulation, which may reduce
sympathetic activity.

Miller et al., 2009 also agreed with our results through
study conducted to examine the evels of BP after
aerobic exercise at chronic kidney diseases patients and
showed an improvement at kidney function tests and the
number of antihypertensive agents needed to control BP
decreases after aerobic exercise training.

Jessee et al., 2018 observed dropping in BP after BFR
exercise in athlete trainer as adaptation process which
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result of several interconnected physiological
mechanisms.  Although BFR involves low-load
resistance training, the cardiovascular responses it
triggers are significant and resemble those seen in high-
intensity workouts. The main causes of post BFR
exercise hypotensive response is building up of
metabolites such as lactate, hydrogen ions, and
adenosine which stimulate the vasodilation once the
cuffs are released.

Moreover, Desanlis et al., 2024 founded that exercise
typically shifts the autonomic balance toward
sympathetic dominance. However, after BFR exercise,
there is a rapid shift back toward parasympathetic
activity. This shift reduces heart rate and vascular tone,
contributing to lower BP. Enhanced baroreflex
sensitivity may also play a role in stabilizing BP at a
lower level post-exercise.

In terms of functional mobility, our results align with
those of Clarkson et al. (2017), who randomized
sedentary older men and women to a non-BFR walking
group and a low-intensity BFR walking group. The 30-
second sit-to-stand test, the 6-minute walk test, the
timed up-and-go test, and a modified Queen's College
step test were used to evaluate the participants at
baseline, three weeks, and six weeks. When compared
to the non-BFR group, BFRT generally produced a
larger improvement in performance on all physical
function measures. This highlighted how adding BFRT
can improve mobility for this population, who isn't an
appropriate candidate for heavy-load resistance training.

Clarkson et al. (2019) also found that BFR is linked to
higher improvements in muscle mass and strength
compared to identical training that does not involve
BFR. In a variety of clinical and chronic illness
populations, BFR has been suggested as a potential
substitute for physically demanding exercise. According
to the current data, BFR exercise enhanced objective
physical function measures that are representative of
everyday life activities.

Additionally, Letieri et al. (2019) examined how the
BFR affected the functional capacity of older women
after 16 weeks, even though their Muscle Mass Index
improved. Using physical activity as an auxiliary
technique to reduce sarcopenia and provide a physical
profile during the aging process, the BFR method can
be a successful intervention process.

These promising findings may rely on the BFR training
beneficial effect through  promoting  hypoxic
intramuscular  condition, encourage capillarization
growth, enhance localized muscle endurance
performance and in turn improve functional
performance, balance, and mobility (Larkin et al. 2012)

Additionally, our results are in line with those of
Rodriguez-Bautista et al. (2024), who assessed the

effects, safety, and viability of an aerobic training
program using BFR for women with fibromyalgia.
Tests such as the six-minute walk test, incremental
shuttle walk test, dynamometer knee extension and
handgrip test, 30-second chair stand test, and timed up-
and-go test were used to evaluate functional capacity.
According to Rodriguez-Bautista et al., BFR aerobic
training may be a more effective, safe, and practicable
physical  exercise  prescription  technique than
unconstrained aerobic training for enhancing the
strength, balance, stiffness, and cardiorespiratory fitness
of women with fibromyalgia.

Also, Schwiete et al. (2021) assessed the effects of BFR
during resting intervals that were comparable to
continuous BFR training on the maximum strength,
hypertrophy,  fatigue resistance, and perceived
discomfort among participants who had received
recreational training. They concluded that resting BFR
training could offer a significant substitute for
contentious BFR  because they demonstrated
comparable structural and functional changes along
with less discomfort.

CONCLUSION

The present study demonstrated the positive effects of
BFR on older persons' TUG, FAS, and BP. According
to the results, BFR may be a useful tool for populations
who could have mobility problems or other health
limitations since it is a safe and efficient substitute for
high-load exercise. Standardized training procedures
and recommendations for incorporating BFR into
clinical practice—particularly ~ for managing
cardiovascular health in older adults—should be
developed through more research. Further studies are
recommended to overcome the current study limitations
such as assessment of the cost-effectiveness of BFR
aerobic exercise compare to traditional therapy or
exercise programs, evaluation of the long term
adherence and quality of life and investigation of the
safety and effectiveness of BFR aerobic exercise in
elderly subjects with other sever co-morbidities (eg:
Heart failure).
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