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Extended Abstract

Background and Aim: Aging is a natural biological process accompanied by
extensive physiological and metabolic alterations that contribute to a progressive
decline in cardiovascular efficiency. Among these changes, endothelial dysfunction—
considered an early indicator of vascular injury prior to structural alterations of the
arterial wall—plays a key role in the pathogenesis of cardiovascular diseases. Key
mediators of angiogenesis, such as hypoxia-inducible factor-1 alpha (HIF-10) and
vascular endothelial growth factor (VEGF), are crucial for maintaining endothelial
health and vascular adaptation. However, aging is associated with reduced expression
of these genes and impaired endothelial function. Regular exercise training, particularly
resistance training, has been identified as an effective non-pharmacological intervention
to improve angiogenic signaling and endothelial activity in older adults. Recently, blood
flow restriction (BFR) training has attracted attention as a novel, low-intensity method. In
this approach, individuals can benefit from the advantages of resistance training using
loads equivalent to 20-30% of one-repetition maximum (1RM), which would otherwise
be insufficient to induce hypertrophy under normal conditions. However, based on
the available evidence, few studies have investigated the effects of BFR training on
angiogenesis indices in older adults. Considering the increasing prevalence of aging
and cardiovascular disorders in this population, the identification of effective non-
pharmacological interventions to enhance endothelial function is of great importance.

Since many older adults are unable to perform high-intensity resistance exercises, BFR
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training may represent a novel, low-load approach capable of eliciting physiological adaptations similar to those induced by high-
intensity training. Therefore, the present study aimed to examine the effect of 12 weeks of resistance training with and without
BFR on serum levels of HIF-10,, VEGF, and nitric oxide (NO) in elderly individuals.

Materials and Methods: This study was a randomized controlled clinical trial with a pretest—posttest design. Following a public
announcement at health centers in Zabol County, 45 elderly volunteers aged 60-70 years were selected through purposive
convenience sampling and randomly assigned to three equal groups (n=15 each): resistance training, resistance training with
BFR, and control. Inclusion criteria consisted of being healthy, aged between 60 and 70 years, and not using medications that
could affect the study outcomes. Exclusion criteria included missing more than three training sessions or sustaining an injury,
though no participants were excluded.

The intervention lasted 12 weeks, with two supervised sessions per week conducted in a gymnasium. Each session consisted
of a 10-minute warm-up, a 50-minute main workout, and a 10-minute cool-down period. The resistance training group performed
three lower-body exercises (horizontal leg press, leg extension, and leg curl). During the first four weeks, exercises were
performed at 70% of 1RM for four sets of eight repetitions. In the second four weeks, intensity increased to 75% of 1RM and
repetitions to 10. In the final four weeks, intensity reached 80% of 1RM with 12 repetitions.

In the BFR training group, the same three lower-body exercises were performed at an intensity of 20-30% of 1RM. The repetition
pattern across four sets consisted of 30, 15, and 15 repetitions during the first, second, and third four-week phases, respectively.
Cuff pressure was set to 60% of limb occlusion pressure (LOP) in accordance with safety guidelines. Blood samples were
obtained at baseline (pretest) and after 12 weeks (posttest) to assess serum levels of HIF-10, VEGF, and NO. Statistical
analyses were performed using analysis of covariance (ANCOVA) followed by LSD post hoc tests and the significance level was
set at p<0.05.

Findings: ANCOVA test revealed significant differences among the groups in mean levels of HIF-10l (F(2,41)=19.23, p=0.01,
N?=0.81), VEGF (F(2,41)=85.45, p=0.01, 1?*=0.79), and NO (F(2,41)=38.31, p=0.01, M?=0.77). Post hoc analysis showed
significant increases in HIF-10l (p=0.001), VEGF (p=0.01), and NO (p=0.01) in both resistance and BFR training groups
compared with the control group. Moreover, HIF-10. levels in the BFR group were significantly higher than those in the resistance
training group (p=0.01). However, no significant differences were observed between the two training groups in VEGF (p=0.08)

and NO (p=0.16) levels (Table 1).

Table 1. Description and comparison of mean changes in HIF-10, VEGF, and NO indices after 12 weeks of resistance training and BFR
intervention among study groups

Pre-test Post-test Changes
Mean * SD Mean * SD (%)
2.13+0.29 3.42+0.67 61 -0.91

Variables Cohen’s d F p

Resistance training
HIF-1a

BFR training 2.46 £ 0.56 4.61+0.28 87 -0.92 19.23 0.01*
(pg/mL) Control 2.61+057 2.86+0.54 10 -0.24
Resistance training 134.26 £ 17.72 152.24 + 19.33 13 -0.96

VEGF (pg/mL) BFR training 138.48 + 21.04 159.23 + 18.27 15 -1.05 8545 0.01*
Control 140.46 £ 18.90 141.64 + 18.58 1 -0.06
Resistance training 69.42 +9.45 80.41 £10.19 16 -1.11

NO (nmol/mL) BFR training 7212 +9.34 83.81 + 8.82 16 -1.28 38.31 0.01*
Control 75.93 £ 10.13 76.14 £ 9.61 0.01 -0.02

HIF-1a: Hypoxia-Inducible Factor-1 Alpha; VEGF: Vascular Endothelial Growth Factor; NO: Nitric Oxide; BFR: Blood Flow
Restriction. *Significant difference between groups at p< 0.05.
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Changes in diastolic blood pressure were not significant among the groups (F(2,41)=2.22, p=0.09, 11?>=0.05). However, a
significant difference was observed in systolic blood pressure (F(2,41)=15.84, p=0.02, 1?=0.39). Post hoc analysis revealed
significant reductions in systolic blood pressure in both resistance and BFR groups compared with the control group (p=0.001),
with no significant difference between the two training interventions (p=0.18).

Results revealed a significant difference in body weight among the study groups (F(2, 41)= 17.36, p=0.01, 12=0.49). Post hoc
tests showed significant reductions in body weight in both resistance and BFR training groups compared to the control (p=0.01),
with no significant difference between the two exercise groups (p=0.32).

Conclusion: The findings of the present study demonstrate that 12-week of resistance training, both in the traditional form and with
BFR, led to significant increases in molecular indices related to hypoxia, including HIF-1a, VEGF, and NO, as well as a marked
reduction in systolic blood pressure in older adults, while diastolic blood pressure showed no significant change. These results
indicate that resistance training can effectively enhance vascular function during aging through the activation of hypoxia-related
signaling pathways and improvement of endothelial function. Specially, the upregulation of HIF-1a and VEGF, as key factors in
the angiogenic process, may contribute to increased capillary density and improved oxygen exchange efficiency in muscle tissues,
whereas elevated NO levels promote vasodilation and reduce peripheral resistance. These physiological adaptations are presumably
driven by the enhanced metabolic stress and transient hypoxic conditions elicited during training, which activate cellular signaling
cascades related to angiogenic and vascular responses. Overall, the findings indicate that resistance training—especially when
combined with BFR—can serve as a safe, practical, and effective non-pharmacological intervention to improve vascular health,
mitigate age-related hypertension risk, and enhance the overall quality of life in older adults.

Keywords: Resistance training, Blood flow restriction, Angiogenesis, Elderly.
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1. Prolyl hydroxylases
2. Mitogen-activated protein kinase/extracellular

signal-regulated kinase 4. Focal adhesion kinase

3. Phosphoinositide 3-kinase/protein kinase B
(Akt))mechanistic target of rapamycin
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5. Nuclear factor-kappa B
6. Insulin-like growth factor 1
7. Endothelin 1
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1. Peroxisome proliferator-activated receptor gamma coactivator 1-alpha
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