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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-10. (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, 1?>=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.

Ethical Considerations: This study was approved by the Ethics Committee of the University of Zabol (IR.UOZ.REC.1403.035)
and registered in the Iranian Clinical Trials Center under the code IRCT20220322054338N4. All participants were informed
about the study procedures and provided written informed consent.

Compliance with ethical guideline: The study was conducted in accordance with the ethical principles of the Declaration of
Helsinki and institutional guidelines. Participation was voluntary, and confidentiality of participant information was maintained.
Funding: This research was supported by the University of Zabol under grant number 0324.

Conflict of Interest: The authors declare no conflicts of interest regarding the publication of this study.




9399 38 (S P eds (68 y il Olilan 4 yis

YY-AY o FF oslods AY 090 N F-F

b, Alio

(S g Wl Lole w495 U o Codguo o joddy  Soglio (' yod 05980 SO il
Oledlo 50 LT S 50 9 (B9, JLbigusl a;y Jole

ol oo doguare ! S las (5,350 Slaz T (o 0015 wlee (9SS ! counwld ol

VEeX AT i py & 06 AAAIRARRCE <SP
o
ol ol o g Sgan 5> Py Sl slagnly i L satolls 180 § 4inoj
2L ors Oz Cmdgasme L (el aile gl lad Sug, Sl s So s Sl £5-550 (e
c—oslie s yoi atan VY Sl ns ol aalllas 3l Buie e o s By 0, Shas Sy o
JLbgasl oy Jsle «(HIF-10) LT V- S gule LAl Jale 1 (BFR) (3= oylo > cogamme L
ol il (e o i @i (g 05 el ;5 (NO) sylwST S 2 5 (VEGF) (355
aa dolar g bas g oLl aiedan &y ods (Jlw PYFEFNO o o Sike) sl FO
oglie (e (Ao ST S ae )3 T L Ve Su ) BRR Ly (0 el (0,85 10) (5l 09,5
wan VY Sae do Sl el W50l el ;0S8 09,5 g (dion 1,50 S oo o A LY Sal)
o T 5 Sslaez el ) ey s G s sleaisel a S alaie el 5o
lagyse;l 5leola il Ly Laosls o o e )5 g, LuNO g 15 0Y1 3g, 4y VEGF 5 HIF-10L
oo el il o g a2 P/ ()l e s J0 LSD (sl 5 il g Sl
AV g £V 5 5a) HIF-10L zgla w BFR L o 03 5 (s—eglin s yod (slmog )5 30 a3l asan VY
903 s Ay S i (09,5 90 y o gl 00 3 VF)NO 5 (a0, VO 5V Y 5 5as) VEGF (oo
HIF-10 s sz =1+ 0) 330 5 mtne J 5 09,5 Ly sl 13 Sl ol 5 il il
Jloorl b =0 10)) 9 (agliie (7 po3 09,5 5l i (5530 59 b& BFR Lo (5 o3 09,57 0
i odalive (b yaT 09,5 50 10 (p=+/VF)NO 4 (p=+/+A) VEGF slo a>l i o (5)ls e Dol
NO 5 VEGF HIF-10 slo axLs golaw A58 L BFR (90 5 Ly (agliia (o o 35y domd
69 59) Oy wlgioe 5 09-Boe el ;5 By s3lil 5 JLebigail 3, Shes 35t g0
3,5 zrhe garellw L b e (Hgpem s OIS ) (655t )0 1S5e

sl ¢ 213 (a5 b 2 Cudgame o Seglinys yoi (0 lgunds’

VP F[SIY e 1dl 3 g 36

Alio wledMb|

(259 pa—le 095 Lkl )
il pode g Dl_uol ouS_zils

o ey il o8l
Sigdpsd wd)l (i)l Y

5 sy po—de eaSils (354
5 s oSl ol

=l plaaly bzl
(S=ER pode 6,553 seztils Y
(sSdge 5 (S—bj pse 09,5
o8zl ¢ pidlags pode ouS_iils
YL Ga¥s bl oS Ts s oY
S el sa e

(g S5 y0]
il pode g Dl_uol ouS_zils
el ol _zils

1 Sg S Sy

elhamghasemi@uoz.ac.ir

LR

W’



mailto:elhamghasemi@uoz.ac.ir
https://orcid.org/0000-0001-8643-486X
https://orcid.org/0000-0002-9628-2676
https://orcid.org/0009-0003-3632-703X
https://orcid.org/0000-0003-2093-3169

O g (oo plefl

39 po—liguil 5l B i Bg,e cnimogl il JoSJge S
Pz g 0)ls i saste Sjlp b slaan b o as
CVD a4y onie il oo o] Sl jae Ly g o
(Ve Q) e

VEGF oo S o0 ceb HIF-100 i3l ¢ Loles 9 boay
S ST S i 5w JUud 5 5k I VEGF 5 095 0
Jeolss ol s o il381 1, NO a_Jss (eNOS) © L5 4usl
Sl (omilio Layoxa NO g VEGF HIF-10L (Lo Sy5g) g0 jud
S Sbee Lo )3 (b il g 00,5 peal b (ol (23S,
olss Sldlas (A V) 5l Lacdl Sl ,iyss 5 Jlubisall
S 1) VEGF s asilgs oo 3 NO o Jlsd alosls
B9y Lol b ay adibgs ol (il g 0
O Q) asS oSS

slay; olw ol L gandlv a Sepla s a > L
Cl ol an JLlisnil 5, Shos o sl 5 DS, S ;e
S 059t it (o359 Sl pe3 ol LY O Y)
(el Bl S ple—ed aTlgi oo foeglie
So—ge Qhaellis o 1) JLbigail cdlad 5 (5, slaal 8
Sl ool 5 3s waly s o Jls ol L (VY Q) aisy
Slooa b sl 5 pharedlow 5o 03mge 31 ool a b
Ll ped 58 .l 390 5ee NO 4 VEGF HIF-10L ooy
HIF-100 5 s (a3l (Vo VA) 500 57 599l
O Ola Gl 53 (gl (i ped aan VY sl o |,
Q30,5 0155 s (Y2 Y0) ol 550 g (0,5 (VF) wiols
VEGF (oo s s« o—oglite (y yo3 atin Cin JLbon,
aS cul s ol (7)) el 2l ol o
Al (VoY) 1500 5 st o898 slaasdl Ly a8l
oS5y (—teglie (s yoi 4ad Cid 5l ey |, VEGF 4 NO
V) 0s)S (3155 (Ge )l n ey 4 e aillw
IR XU - i (R ERUINNE, N OOy S b PYNIWOT  FNY
sloobsy L Lo gogesl codlss Cndy (ol g5 9
Ol Gl o HS Hsbar il (DS Glapas s o
St 890 joia plaielliw )3 (eglie Sl ped 4 sle
el ity asdlas ajls g ol

Gl Y o Ly —aglie Sl yad alosl  Ki559— 5]
csloocst) 55 -l s el olF g lamid laialls 3l (6 ks

1. Cardiovascular diseases 4. Nitric oxide
2. Hypoxia-inducible factor-10l

3. Vascular endothelial growth factor 6. Holloway

e 0 09ux0 ol joddy  Soglio () pod 0590 SOyl

doddlo

Olymes L 4 el (ST 5l e Slad> 0 sasa]lw
Gl L g o9 ol e 00 S Sgile 9 Sjelg
sl g 4l pals (B9 pem (ol ot (LIS
ol g Sl (o] s (92 o )ladn wile b
RO SR R Q B I PR P ) IO VLY | I P ¢
5 ol i 0, Slos il 1 0 (Sl
S rye s al cezge (ki Sndy 2l
Lo lon j9 s il )3 5 0l (i3S, o Plost
I, (CVD) " Bg,e ool sLnislon aloz 5l (go0sie
3, Slae N el 00l i3S (¥ F) OtiS co g
=58 el Ayl Glagas b 5l (oSG Glsea JLlig!
GOlST B (B9 e 030 ()l Sl 59 5l i
63—, BL (F) 08 o LI CVD g 39,18 lg 51 555950 5o
i yie S el goiall gl SO s 5| 55,
adoz 5l (ol lagaly 9 09—bioo (b (S e
— b8 Slgen Li (ol (S g 4 Ay (23S
wolallle ol (8 ) wigd_ o Jpaws Ly Jlxs 3g,e
dle Jolos (3 b o S e Jslse (o it
JUbgul o, Jle g (HIF-1Q) LT V- __wSsula Ll
3l =S e ay b 0 4S5 a_wa (VEGF) " Bg 0
hobedly ooyl (b S (oS (S gole Lo
(7 D) wig—b o0 gy JLbigail sla ol

prdgnld L (etg p degomme S (S gmla LAl e
sl celes o 45 Cul (HIF-30L 5 HIF-200 HIF-101)
sloaids Lap By nl (ol 5l S 0 5918 092 jloat
HIF10L ool 55 AisS o Uil glite (0, Slac
OeST 39aS d Gl 50 (ol ( gy Jle plgen
L b sloy oS oaiiS oot g 058 0 izl
=515 Gl g (38, S sl S g il
HIF- Goa slay; o ipee 5l =2 (V) Sl (o5 50
=S, S e i 698 Gylg—ieds S e WIVEGF A0
Gl2odi 5 35— ,b 5l VEGF (F-A) 0g—i oo amlii
e Ban la sl ol losé (LS (e
Gl g ol Al g JLligwil 2SS cemge g 00,5
Ole—ieds (5 NO L(A V) 30,5 o (NO) TaylLST S s

7. Blood flow restriction

5. Endothelial nitric oxide synthase




(=S, e b e (HsSge Slo e ity S5
4 CowiNO g VEGFHIF-10L zolao sion inli8l cmg0
plssl laellw ;8 NO § VEGF HIF-1a (sla_as s ooy
—dolas Jloaal s b byl S ol ey
G99 O5—3lm 5 9Tt Tb Lo e
IR Joly o8 zils jo e a e 5l 9200 Szl 5l oy
Ol b (b3S 55 e 4 &d 5 (UOZ.REC.1403.035
ol 59 95,5 |, > IRCT20220322054338N4 o,Le—s L
SBauses o 5l BT cols, g os cole, " Sula
Dem asldbgls aslllas jo o8\l ) imen a0 5 A5
Jew Ve Lfe awon, Lasadlu , 5 0 (ol obiow 50
o s eSS YO LS Y o (BMI) T o 0055 oLl g
dedan (5, Saiged by, Lo g asldbgls &js o (amye
\a) 69L-o 09)_5‘ d—w o ‘H&La.u )Q_EAJ 9 A5 ulJLu‘
9 BFR l_; T,.%Ls.a O3 ‘r‘oab.a O o3 J.ALM.: (o)_a.:

(S JSo) as )5 )1, 8,08 09,5
oaass s Bl 5l 6 Fe e Lo g5l Bolar a8
baw glasSsl 5 il clasSsl (b, 5 Sl
i Tpgly oz il L aigel e 285 050
UH)]) U‘“_Qﬁ)” 5o oolaz_wl S)9— UH)] le_wb.' 9 Y‘,\ ,%,f
o0 Lhas mlh v AY gLl g5 Ly (LusillgsS
S JS gl i FO oy /0 Sl ol g usye
GBol A 9955 SLaliae Ol (sl (0510 09,5 ,0)
sl o el pa e (Jw Ve Lo £e i dals
WSS 0l L eje il 4555 2 g By, 8
PR EETRON R SV WV [ R LAOV-I Y I S - V-
SlplaS e imgh sl Job joaS 05 (S ol

1. One-repetition maximum 3. Body mass index

2. Declaration of Helsinki 4. G*Power

\i4 B)LQ.:J dY 0,99 AN ¢ J’})j)é ‘suw.’}p’].c ‘Sdﬁ)ls Ol 4-’)“*’

=55y Ols=ea BFR) "og 5 ol 2 cmsgazme Ly (o o3
B9y =l S Sl a8 S Az gs 3)5 e )LideS g g
)5_24.: k;).mt_m UP Ul_')} u.\_uuj) l_> iy )l oslaul l_i
Laco)glo E—oZS Al )0 04— oo Sgd—ne R ULy
Sad b eglae oy pod asliiin ol )i o e 4l o
S e SaS i e i3l 4 5 00,5 oLyl YU
Sl el ;0 a S (IRM) "a_ss ), ST S a0 Ve ls
Ll 5l aains Mae o il ay 0l3 Joons
Sl oimste gy il 9D Sieo o (—eglie s yoS
il Yb was U ol jod plodl ag jold a s Slacdlu
;LQ.»)|5 kr')‘LA.C 009_'; Lss> 6‘)-' u—"-"ﬁ QFL:"C d_u)f &S_t
aedlw ol )8l 1S, sl el 3 BFR ol yoi 36
S (VoY) S0 5 ) dalllae Sy y aslazsls
M Q‘)l—ﬁ-:—" 30 o9 ,id ioals g VEGF g HIF-101 w_a|)5|
SR a S b 0 (VW) T S lid gy g ay
O yod Aian ey 3l ey 9ol Las (Y VY) o, K0
OA) cals o e yialS cndlisd ols,—0 0 VEGF,
BFR (y9u g Lo (ooglie (i pe 15l 0)lajo 0250 saly o
‘rss)lo)...c u)l_‘>‘..\.n 4_1 )l_u ch)j U_" )o ‘_rég).c—@b
Sl plasl o Glaellw 5l gl Cdgome am a g
S Ol ol aldie S5els b Slais )55l WSl o
=59y Sl a8 slaiagh plasil )95 (plaellw
Gy a8 Sl 0T i (B8 sy ol 5o ell (]
tr»b}n LF“‘SM OlJL}“ J_.JOAJ BFR l_i o‘)_a.h ‘r..;ojl.‘bo




O g (oo plefl

e Cg 3900 ol poday (Soglio (1 y0d 090 Y U

| s e

£ A=V sl

9 IRMA s

§| Lww” | 8 ]

ﬂ — . oot gk AZAR T i

- e

1 o :"T‘ i 5l graylis 3

i i et i g M M il |_|1..J::'1m| ,1% . BFR A:I"J't -.-E.

(T8 | - K _3

= e (s ;.:}J

A, (a1 g = | S | = I

o l L C il

iz g1yt Jolpo Siled £y ) JSS

sl 5l ey o sl eglie Sl pe3 gl
Lo 353l IRM tpss 59, 50 ¢ o yo3 053 Ly L ogas]
el Uy s Lol mly S o a6y g,
S Jgep bl @lws L oy ety 5 o) 51>

OV a8 Gt (= J9—e,9)

SIS g 10 (S Aiges | s s B> Lo Soge;]
9 9=b i 3ioS gl o g Lo (pg o
J—eS5 Lo 3ge3] lasgi aslalS] jgboay aslicols, o,
Sl pmme SIS (olisl Sld> o (izmen 000 S
Lo iogejl aman sl BFR (50 5 Ly (ooslin Sl o3

1RM (5, —So3lail ogou Ly La Soge)l g o ools gy

1RM =00 b &1 b 8539 (p,55LS) [ (V/+Y YA = (Siwss b 1 ;S5 lowi x +/+YYA))

D4 Pg—w g £gO ‘Jg‘ w)L.P ) )‘)_SA VO 9 VO X
uo&du‘wjmbu_i.auwu.»»‘)‘.wlLLab
Y A(So Jeaz) (VY Vo) ahass S, by saadoa
Syg—ody OIS, > | ST olawy Ly cu i cwl - Sday
ol U5 sl islél slazin gz Jolsd ;5 o ooy

bl 5 oaig iy )loadlol

Sl el gl el 51l

Dgds Cymons 3,8l la g
oo 3 o0laiwl L BFR Ly —aglie (ym yoi cdalllan iyl )0
L=l (o= eyl TLagas!) RTQ310 " S Slogiy eSSy 5
slawsl Lz Sog 5 i ay ol oo sl o i
09 ol Sblag (zms (ol Gk 51 (LOP) *plai
Jolse o il sl Jasdl joiws L 5ollae G157 Lid o]
Slid Sy el S A BT LOP 0 0 £
Sy e yed 0,99 Job o Dl 5 B eS8
oo 0us 0,58 slosls Lulw! jaud> o 4, LOP

1. Brzycki

2. American college of sports medicine 4. Anhuma

3. Pneumatic tourniquet

VY Sas d Sl yod f o pod KT g 1 =2 09—
ool Joallygis bl 5 g a9 sl atin A in
el 01,31 (g1, (ACSM) "5 el ()9 (Sibjp &8
D 2l gl Il 5o o mme e 185
ol Ay 3,5 S Ak Ve el (e Az
09,5 )3 9= 3, 3y 4B V¢ g (BB O0) (5 yeS
(B sl ) 4B mb S d ((aglie (o el
e i e R
it S jlgz> 0 TIRM oo 0 Ve ot L ol el
A el DOl apgd atin g ;0 . E8 S plil )15
30 g8l il Ve a L 1SS slaes g IRM oo )0 YO
slasi g TRM s—s )0 A pod o 5Ll 4 Lg>
S o dw lad BFR L (1 a3 09,5 10 .09 VY Lo | ,SG
Ao Ve lo Ve o ped ol Lol o ploul a5yl
Jolds iy a cw g o Lo )| ,S6 (6951 05— 1RM

5. Limb occlusion pressure




=9 ladige .l Sele b 00l Gl Crsg
=9k dmye 3l g awis el o olil celw VY jlas

1S Laags s gty e

olf

‘«.Lo)’] u*’l'

a3 A (i les ;0 88l o aigel (aiBs ;o o
TS S S SRy S-S - F T B S S SRR X g e
5 o5l lgigesl (b9 A HIF-1OL ooy izl o
ez TeLllS oS sl iVl e Sl eolin il L
&S 8 Joadygis b 5 Sl lndiges og—ate
it § el oo 15 oSS VOIF ol Ly il
(e S i o )3 FIN i (9,0 Ol yss
Oz 558 Colw Tanl o, 1Yl eS L VEGF e bl
b g e eSS VUA Gl S Coulea L
R 3 jg0 ey V¢ Sl S (o (59,0 Sl S
5 Sl g9 i (0w NO et (6l 035 )15
Al 6 =S WINO el slaasld Gl —ea oy 2o
S i d Ladiged 3 09290 Sl i Tl jglane (il 6l
33l 3l ookl Ly cy 125 oo s g 0 5L
g (L S S S JUNIL SP I g S 3
Glhe i oo 5o Joegill S Comnlos L 0] 508
Celw FA 5l (Bas el b 0 s 00d 5w Joadl g
3= sladeSe g Lalic & )as jl 6, —Faiged 5| 3
L ol o Sl paiz ol asile) il ol i
5 (0035 51,8 SlacisT 5 (—xio slmograc sy
YY Cose a3 9,000 slaay g blas sl eolaiul
=9y Ol ials cge pladl ol asald ae celw
225 plosl o sl Ol s (g 3l 1 i) S (U

\i4 B)Ln.& dY 0,99 AV ¢ &j)ﬁ)é ‘;M»J)'F’LC 6&;{)‘5 Ol 4-’)-“*3

el baoe Ly Sl g )3 100i5 S jg0 50 5 (o2
i 5 (el VF) gy sLaddls o ool sae
25 (o S S 2 o 50 5 o0l iy ) (B2
Bed aas L o Coagase L asle (Bl oo oL pglas
4l ol jebots o o ol il Jolsd o Ll
Fe) 00,5 ol s glow, e Lo Wu b 0
4y, loacadld aaa \V Jo b )5 J 8 05,5 (V)
cdled oloml 5l 0t aiulys LagT 5l 5 as,S Jis |, 955
=l Job )0 aiS ey Sae Gl 58 e (S
4ol ( (Dhaem ISl ol aisSae (o o8 S5
e 155 3 e (e S BB ol L ol
Slde (oles o 0l,81 jod ol Gl (L5 sl
aS ol ol gl a7 S s ol 3 by
oS 9 seglie (oS 09,5 93 ;o 50 &5 e (e
=990 md 4S5 5, 9bas 09 a0 y0 A Sl i o BFR L
ol YL mhaw ol ccsla coe a9 5l i
stes =l Yo ol el s el 5 S

o alllne 350 dialls ez o [Sigy
ot S g 2lea—dign LB i 6 S o]
ot pad 605 (glagnly 5 5l ol el T B ol
olie fomped adSloe Lok g 9,5 5l J8 el A
Lagoge3] 0omylid 5 039 smism slooaslod oy
Soa Lo bey alols ol Olsasl o b g, —Sojlall
Wl 0l aie slas 55w 5 ol Sl (L)
Sl slagal 1 w5 plosl (eglie (s pod atin
4l s 4 celu YE b Yy ano b asls oyl
03— S ey el FA o (6, Sojlail g o505 o

BFR L ¢y yoi 9 (oglio oy yoi doliyy ) Jour

1SS Slasy
oS >

o el il ooy
(aido) b >

1. Elisa
2. Cusabio

3. Ray bio
4. Griess

Slaxs

Wiy 41,55 S 1RM ¢(y85 b 3> Codguxe (BFR

5. Seca




O g (oo plefl

Lo syl o 5 J2S an azr g L Lo )5 (ygajl Gy
5 o—lssS Jdo s, 5l (Oo—ssl it Sl eaeleon,
Ot 8l (LSD) Tyl e Soglis JBlos (a5
Cohen’s (y4—;] 5 (izad .0 soliiwl LacdMisl >
3 S 5 oslasl ams )5 eslaiwl 51 oslassl 0,90 sl d
il oglasl <10 LS 1Y s epazls il 30l lyieay < /Y
N ) i g dawgie y Sl olasl /A LS /D s (oS
oalaiwl L Laosls Jdo i ass 5, i s ol 5l oslal
P/ (5,0 e s 10 5 VP a5 5 SPSS )y Sl i 5l
oS 1,

sl

ol el ;e S0g0 3T Sl 15 905 e
Ot Syl s—ine Sl cdnl ) Sy il ly Sl (5]
(o 9l anl 50,8 sl Sy ai I 3odod Lo S
(93 Jgo2) (0> 1+ 0) CBloi 3929 (355 9 95

e Cg 3900 ol poday (Soglio (1 y0d 090 Y U

el M o850 Jlomms 3l L i Lagiogasl 03
Cilw 'S o) =) iz g, lad oK ws lawg
Lyl b o e s o, Soslail ol bl e jeiS

gl ey o o

5 Ao Ve J8las 5l sy o ] ]
2SS eilail ;o ad plail (Hagesl e culy s55Ls 0

S cod (sl e lad g eas Lagy]
)l_,oi (_gl_®&3) )‘ Laosls ) 6‘)_5 6)l—076l@u¢9)
bl [l 1Sl o 5 4525 Sty 5 oo
Sleslaiwl Lo Lsosls ajei 09— (s—rpds 0 oola il
ool l_> uwb)‘j r.io.b 9 Yu_il.:j—s).ul_w UQ_A)—‘
Sla Sy amlio gl 00 5 (s 2 T8 0503 5l
aal, o eblg BT 5l eyg—e)] (s jo asdllas 5,5
o 055a0) Lo 5 aiwly (sl i alio 6l

0903 i 30 G Gog,S 50 69,8 S S g s liio g Uiwogi ¥ Jgus

Slere Syl (5 Kilse

Pk
FYIFYEE/FY

o Gyl e Siln

Y[ PEE/V Y PAIFYEYNY (JW) oy
QAY4 VEEIVYENE/TA VPV AENYNY \F2ZAR = RVAIN (s g6bw) 03
<IYY FOINTLY/YA FANYES/VY FYIYAEO/TY (p556lsS) 39

G ZYIVY = NT=1 /2 0) 095 o oixe Lmog S (s
s 055t LS o Sis s Sl L F
Ot S leine gl (F( )=V OIAF p=e ¥ =+ Y9
dlS i 9ol ol o canlive G slaog,S
s slmes,S o Lt ol Sl o Sils o oins
alo (i 1y J,208 0,5 a CunS BFR Ly (4 yad g (heglie
Ol Sl s Sl o (610 e glas Ll (p=2/+ )
OS99, Ay S (oglie (a3 05,5 )3 a3 ld
O)9 e pog—a )d (p=2/VA) cil o529 BFR L,
Ot 039 meoles ol (Lt (il lgsS” 5l mlid 5
Pp=+/+\ N"=+/F) 3,08 jlo ire gl a3 Loy S
0955 9 ;8 (eind (s3] @l (ulaly (F( =V VIS
(S 09,5 Ly acnlie ;0 BFR L (0 jod g (—egliie (o3
Jlmopl L asols (las (p=2/+Y) (39 )0 &l c—ro HialS
(p=-1YY) a_is oanlie o0 yo3 09,5 90y (5,0 e gl

1. Easy rapid peak 3. Levene

2. Shapiro-Wilk

z—l :NO ¢ VEGF HIF10, b sl b Ol i
D295 glpog,S o a S ols i il lgeS o
P=+/-VYN"=+ /M) HIF-10 sl sl i (Sl L
5 (Fi A0/ p=+/-) M'=+/¥Yd) VEGF «(F g 0,2V UTY
3925 S 3 me Dglis (F | =YAINVp=+/-10"=+ /YY) NO
0955 59 ;2 smwhind 3ol gl (elosly (e J5az) o)l
(J S 09,5 L acglie ;0 BFR L (0 jo3 g (oglite (1 yoS
(p=+/+1) VEGF «(p=+/++\) HIF-10L ;o 5 )lo o me i3l
HIF-10a0 ua.>l_w sQ_g.‘)_) 05)l_c aols ULM..: (p=+/-Y)NO 9
09,5 31 =YL (6,8 c—me b A BFR L (5 a3 09,5 )0
3 Gyloe—ime Dglas Lol d(p=+/+)) 59— —ioglin (y yoi
655 93 oy (p=2/VF)NO 4 (p=+/+A) VEGF sl & 4o
@S bl 308 (939 9 095 L s bg o Ol peidS
Pl 53y ltd Sl ez Jgaz 5 el lgsS G905

4. Least significant difference




A4 G)LM dY 0)9\5 AV ¢

\J‘j)e 39 S jpele (69 3,5 Wil 4 pio

BFR g ¢y yod alsloo aad VY 31 oy NOg VEGF HIF-O Ol puoidi (3ufileo dus Lo g (81l Bl poxil £ 1uKilo) o gi .V Jgur

SRS o 51031050 o yd S35 o3Il oy ¢
> o o an T —— Loy, o
T ] Corened | S [ onon | i
7\

—+ /2N TIEYE [PV YAYE YR eslie o ye
N —-aY AY AT VI$55-10F  BFR L o ye _
e Va/vY (i ol p 5 450 HIF-1Q
—INF \e YIAPE- (0% YIS\ £ [0V Je
LY W VOYINFRVANY  VYENFRIVIVY  aglie oy el )
SNE AISD YN 10 VOUYYEVAIYY  AYA/SARYV/¥  BFR L o ye (e ishool p 5 95) VEGF
—ef-f \ VEVEELVAIDA  VEo/E8EVA/ s
Ry Ve ATEAEY AN FUFYRAURD  aglie el
Nt YA “VIYA \# AYIMEAAY  YYAY2AXF  BFR L e (;‘L—"‘ J-'Jr-' o
i o 59 Jgosil
YR A YENFLAPY  YOAYEY Y s

T 1 09 5 oy 510 Sro Wgldd Ailis* (95 3y Cudguxe BFR ¢ g & JLLiguil uly Jole :VEGF ¢ S g W Jole :HIF-10L

Pe[od 5yl (Sxo

BFR g ¢y yoi alsloo 4iad VY 51 (s (935 9 095 )Likd Oyt (5uflao dunng Lo 9 (0 liliw] Bl yoxil #0055 l0) o gi . F Jgu

g e
el Sl o3l ) ( 7 oillg bog5 (b i
N e
“YE ¥ o

- AARVAREAVAARS

ARR AR EAFSINA

(Soglie
IR TRRYVIN: e v WeAYEIFY AYMBVEVEBY  BFR L e
Jo¥ VAN -£1SY \TASTRISN Jys
I--5 ABISYEEIRY  AB/SYESAN "":ﬁ
4 YRY =
/¥ . AVAYE510F  ADAYEV/-\  BFR L e
[ ASIADEYIY  ASIAVES]+A Js
Ny v SONVEYNY  BVIVAO/EY "":‘
9
[V AVYE (55 sLS)
ns -y SYIVESIEY PAUNYESINY BFR L e £55) 039
ol \ SOIAAEAYY  SONFEVIYA U

Ol 5 ol (V) as S (4155 plasellw jo vt
099 9 Lo (gl o ped a8 a0l LS s (V- V)
i 4 M o les J3 HIF-10L L33l > g0 BFR
oS 09 93 (S 4z ST gD e o> lid
5 =58 B9 Slallas L gueali (VYY) 00 S5 onaline
Cooliiwl oy pod alae iy 90,8 S (VYY) o, s
g JidlS Esl BFR ol pan 4y godgi ey o
Sae S 0l (VA) 0md cendlsgh ls o 8 HIF-10L
((soglie jmlp )3 (Feliiwl) (i pod £95 )0 Dglds am El
by yo Lo gogesl Lo iy s 5 adSlio Dus § o

w5 e wgie eglie el S oo - daiay 0L

P[40 o 50 (og S 10 Lo wglay Al *

L (aglie (o po¥ a5 330l Aty ol (ol gl
sloas bt Aol eel 6l —ne ;5-ba BFR (90—
oA Ld (iomed -8 o plaiellw ;5 NO 5 VEGF HIF-10
31 =YL gyle —xe jeboays BFR L (5 a3 09,5 )0 HIF-10L
7508 o ld 93 )0 aS Jl 50 99 (gl (m ped 09,5

s odnlioe (g )Io mime gl iy ed 09,5 90y
HIF- 5 (—oglie (7 pod ;31 (o) 2 4 SO0 Olalllas
o ol Liagh loasl aslaslh , flacedlw s 10
Gt l3 A e bl e (YY) 53 5 oms)S ol
Sad Ly seglan oy yod aian Sl Sl ey | HIF-10L




O g (oo plefl

o == BFR Lo 5 i« J—do fproay (YV YY) 0yls
IS0 slagly (IRM oo ¥+ L5 Yo ) Sas sl
szl Y ad L eglie 5 yod 51,668 Lo asliee
)_.ol.’> axJllao B r@jl&a 05)_?4_: u.»_w.vBFR 05;)0
VEGF b Lisl3dl il aalllae clmazily 5l , S35 5,
‘ru).a..» °5)j 99 QL».A (_g)lo‘r..m u5l_a_v LJl_>d‘ l_' O
5 oS ol aallae syl Ly bl jon ot soal e
Oyl dian Sl 5l e A, ST SIS (YAY0) o,
asllas cpimen (1Y) o8 nol58l lacedl s o VEGF
o= 30 OLB=25,55 ,0NO Jloine iml¥l g0 BFR L
L 5cab e JU il Ly (YA) 0 o LU, >l |
|, VEGF §NO _ialS (Y+Y+) o, K05 5 yorte s gl
wiadlw (U5 50 loymls eglan oy yod aian Cii 3l sy
5 o=l OV )) ol lss Se lsd i a Mo
soglio (ym yed aan VY ase,S )58 s (V1) o, s
b ol e, Je ARM o s 0 fe L5 Fe oo Ly
u‘.\...o.]l_u )é NO C.E_w e L;)‘ékrﬁ.bo )_..uu Lv\—o_:bsub"
Iy Bo— Oldllae 7ol o Sgla .(V+) 0 sod ol
O&o‘o n)% A_x.an.a ..\...A.H_w ul_a))o LF;LQ)O 5)‘.) 9 w}l_w
L 0,10 Gl 50 (0 yod [STg 5 9 epgd 0l 00,
b ol Jalgh g 6,58 b w5 51 slomls (s o3
sl uaL{D BFR l_t o‘)_o.b l_i &A—M))ls W.ABLM U_UAJ
= Sz b Gl 5 Bo e (LBl s aals
Ao Al Ol s U aslel co 0umay ) A NO i3l

olaelu oy il g e i Jldigail o, Sloe 0

1. Prolyl hydroxylases
2. Mitogen-activated protein kinase/extracellular
signal-regulated kinase

3. Phosphoinositide 3-kinase/protein kinase B
(Akt))mechanistic target of rapamycin
4. Focal adhesion kinase

e 0 09ux0 ol joddy  Soglio () pod 0590 SOyl

u.\_;oolajs Sl O AJGHD 09 B (o0 w_s‘)ﬁ‘
B yas o has was olsoldl > 00 )0 F o )_gb
DS g2 sy slamil e Loy a5 w0y b
LY AY) ..\_;56,0 G —Sgl> HIF-10, 43> 31 (PHDs)
s 6l e PH Lials 5 LS yl58l o yleion
(MAPK/ERK) " y59—e Lo 0aig— Jled LS sl iy
SaafB LS g pl LS Yoo jenl hasla s
as S\.\_;SSA JLss |, (PIBK/AKYMTOR) \‘M'LAL%‘) éu&a
Gk 3l s e sl bl il S s (VY
asile o Lelse (3l Jlad g o SlSe (o S Sy o
L HIF-10 cwoml sl LS S5l s LS
HIF-0L gl b el Sdgilio 5 Sl Lt sloxy]
=S5 A ls plysr T e 09 al 5 tpg—ligal

5y alal B Ly oyl
SlaS e (ol Cob 0529 Ly 5 BFRL, (4 o3
F—oZu Ao oo (69 9 ul_;)> e Sla—dl el —6ed
aSL 5w g0 Slan b [ HIF-100 g 05,5 Lo |, PHDs L5
1 Jlsb slaaiss Al 5 b
I, HIF-10L w55, « (NF-KB) ° LIS sl | ole ay
olts Sl (ol osdle (Y8 XYF 08) 0 S o Sy o0

iy oy (45

gy Sl cel asily o BFR L o o3 45" alosls
30,5 7V - (dgailact ale 5 0t (g Snis
i HIF-10L oyl S ghs 0 AKUMTOR o 3,k 5l aS

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

\i4 B)LQ.:J dY 0,99 AN ¢ J’})j)é ‘suw.’}p’].c ‘Sdﬁ)ls Ol 4-’)“*’

ddge (laS oo a6 S 0mb Colas Joono s by
Loadl —SeXenl o, oo aias (ol plo (V) 05,laNO
s—eglie Sl yad 51 a8 sasesylcs a ST 5l i
Gl SSgy b (e sloanslas I b5k il
5 Jlbgal by St sla Sy 5 el

LW A KON W
S Ses 5 (23S, o (Sh slaas Ll SINO g VEGF | alse
Ols—ear VEGF gy o gmme Jlopligadl (slaJol—
Jlail b oS g s Galy 3 HIF-10L Bas ()5 (s o
S s 195 5 S £ (S 9y Glwosi S A
oot JLsd (Y ) 0S oo JLsb ) (ol ()0 (23 WS
Sl sl &yl 5 iS5 Ly Giml8 g b s (]
e (A #) 053 oo (i) Cmpi mles o 5 JLabigwl
po—ligl 5l it (SS90 glwsl JoSJge S a5 53 NO
sl jo (matr L 5 00l 0 JgieNOS 5 b 3l ol
PIBK/ yme 0 o0 Ll (o5 050 (39— S92 5 B9
;S VEGF g HIF-100 Ly 5 ol eNOS Lol ou S plass Akt
Ly oslio oy o () Q) 0l Jalas JLigwsl o, Shoe 55cgy
s s Jln39)3 pemedS” Al g OGe (S S 20
JEd o2 05 Ol 9 00,5 JLs8 ) (g sndS— (90508
=95 =S| 5 5SS Gk et JLad LalS 00 1S e
O yg0y s (y] 3 o i8], (PGCHT ) ' Lall S
QY Y Q) 0sS oo Sy 25 |, VEGF ol HIF-10L 51 it e
15 I aine Sl soe s i il aallins s Yoz
HIF- (il 0929 Lo (o2 yo5 09,5 9 (2 NO 9 VEGF 5lans
d Fmd ol o asld (e, 5l (5L BFR 05,5 10 101
OF N0 asb HIF-A0L 5] Jaias 6l poane i b sihw 51
S0l JESe o e 75333 (o) Sl cnl L
L5 ol (6 5> o0ts] lalllae o HIF-100 L LT ol
D9 gy NO g VEGF et o genly 535 (glopmnnilSo
e 097 LS ol Sl mgyy 4l S0
Ll)pa 59— BFR (90 5 Lo (o—eglie (pm pod 09,5 5o
(VWD) G508 5 (S0l o Sl ipghy adl Lo
—oglie (i yoi (glaae G io 0,90 S Wololis
PO Frou b o aan 0 el dle aw O g0




O‘)‘i?.éﬁ g;""""l's |°L¢f“ v E9 g0 ob.g.b‘\.! L;..QSL“ Oy oS 059 5 ).ul.'

Elio oyl Iy 55 L8 LialS §NO 5 VEGF HIF-10L gla asLs

8,518 alome JLiS )0 5 oSS Coond pl 4 bgrye o i (Jyils (o lid a S b s 0t el
o Sl ol sl (6,50 Gla o w5l i Alae cpl el Slg ped 4 S aas o il mals o=l sl 6)‘o‘rl.am
5 gl )3 Banin g g cowl ol oo BFR L ol pe dz g (i o JB oz o el

S g Floyud g Sama Ly gy SIS 6l (g5l b L

9 5 wivgad 63 1) Lo Beioes plowl o a5 gol 8l (aloi 5 SeS saielliw 093 0 (950 0, Shoe 90 4 pglign]
23,5 o ilo a8 ]

&lw
1. Lin Y-H, Chen Y-C, Tseng Y-C, Tsai S-t, Tseng Y-H. Physical activity and successful aging among middle-aged and
older adults: a systematic review and meta-analysis of cohort studies. Aging (Albany NY). 2020;12(9):7704.https://doi.
org/10.18632/aging.103057

2. Song BX, Azhar L, Koo GKY, Marzolini S, Gallagher D, Swardfager W, et al. The effect of exercise on blood
concentrations of angiogenesis markers in older adults: A systematic review and meta-analysis. Neurobiology of

Aging. 2024;135:15-25. https://doi.org/10.1016/j.neurobiolaging.2023.12.004

3. Rodgers JL, Jones J, Bolleddu SI, Vanthenapalli S, Rodgers LE, Shah K, et al. Cardiovascular risks associated
with gender and aging. Journal of Cardiovascular Development and Disease. 2019;6(2):19. https://doi.org/10.3390/

jcdd6020019

4. Dungan GD, Kantarcioglu B, Odeh A, Hoppensteadt D, Siddiqui F, Rohde L, et al. Vascular Endothelial Dysfunction
and Immunothrombosis in the Pathogenesis of Atrial Fibrillation. Clinical and Applied Thrombosis/Hemostasis.

2024;30:10760296241296138.  https://doi.org/10.1177/10760296241296138

5. Hamidi A, Rashidlamir A, Khajei R, Zarei M, Zendedel A. The Effect of Aerobic-resistance Training on HIF1a Gene
Expression in Coronary Artery Disease After CABG. Journal of Animal Biology .2021; 13(2): 1-10. https://sid.ir/
paper/1003052/en

6. Farahnak A, Mehrabani J, Arazi H. Effect of resistance-aerobic training and mix supplemantation on angiogenic
factors (VEGF and HIF-1Qt) in inactive obese males. Metabolism and Exercise, 2025; 15(1). https://doi.org/10.22124/
jme.2024.28697.379

7. Vageli DP, Doukas PG, Georgiou D, Prokopiou MP, Ladaki NE, Papadopoulou A, et al. HIF-10t and VEGF
Immunophenotypes as Potential Biomarkers in the Prognosis and Evaluation of Treatment Efficacy of Atherosclerosis:
A Systematic Review of the Literature. Frontiers in Bioscience-Landmark. 2025;30(1):27004. https://doi.org/10.31083/
fbl27004

8. Razavi Dehkordi SM, Keshavarz S, Banaei Borojeni J, Eftekhari E. The effect of eight weeks of combined exercises on
the expression of HIF1, VEGF, UCP1 genes, and the body composition of overweight elderly men. Journal of Research

in Behavioural Sciences. 2024;21(4):729-40. http://rbs.mui.ac.ir/article-1-1626-en.html

9. Saati-Zarei A, Damirchi A, Tousi SMTR, Babaei P. Myocardial angiogenesis induced by concurrent vitamin D

supplementation and aerobic-resistance training is mediated by inhibiting miRNA-15a, and miRNA-146a and upregulatin



https://doi.org/10.18632/aging.103057
https://doi.org/10.18632/aging.103057
https://doi.org/10.1016/j.neurobiolaging.2023.12.004
https://doi.org/10.3390/jcdd6020019
https://doi.org/10.3390/jcdd6020019
https://doi.org/10.1177/10760296241296138
https://sid.ir/paper/1003052/en
https://sid.ir/paper/1003052/en
https://doi.org/10.22124/jme.2024.28697.379
https://doi.org/10.22124/jme.2024.28697.379
https://doi.org/10.31083/fbl27004
https://doi.org/10.31083/fbl27004
http://rbs.mui.ac.ir/article-1-1626-en.html

\i4 G)Ln.& dY 0,99 AV ¢ &j)s)é wjp,.‘.ﬁ 6&;{)‘5 Ol 4-’)-“*3

VEGF/PI3K/eNOS signaling pathway. Pfliigers Archiv-European Journal of Physiology. 2023;475(4):541-55. https://doi.
org/10.1007/s00424-023-02788-x

10. Sanian H, Matinhomaee H, Peeri M. The effect of circuit resistance training on plasma concentration of endothelin-1,
nitric oxide and vascular diameter in elderly men. Journal of Clinical Research in Paramedical Sciences. 2019;8(1):e80932.

https://doi.org/10.5812/jcrps.80932

11. Behpoor N, Moradi F, Tadibi V. Effect of Eight Weeks Resistance Training with Citrulline-Malate Supplementation
on Blood Pressure, Serum Nitric Oxide and Vascular Endothelial Growth Factor in Resting Serum and Response to
Physical Activity in Postmenopausal Women with Prehypertension. Sport Physiology. 2020;11(44):55-72. https://doi.
org/10.52547/joeppa.12.2.107

12. Karami S, Rajabi H, Shahidi F, Golab F. Examining Adaptation In The Response Of Stimulatory And Inhibitory
Genes Of Angiogenesis After Resistance Exercise Intervention In Older Adults’ Men. Research in Sport Medicine and

Technology. 2025;23(29):199-219. http://jsmt.khu.ac.ir/article-1-648-en.html

13. Silva JKT, Menéses AL, Parmenter BJ, Ritti-Dias RM, Farah BQ. Effects of resistance training on endothelial
function: a systematic review and meta-analysis. Atherosclerosis. 2021;333:91-9. https://doi.org/10.1016/j.

atherosclerosis.2021.07.009

14. Holloway TM, Snijders T, Van Kranenburg J, Van Loon LJ, Verdijk LB. Temporal response of angiogenesis and
hypertrophy to resistance training in young men. Medicine and Science in Sports and Exercise. 2018;50(1):36-45.

https://doi.org/10.1249/mss.0000000000001409

15. Baker BS, Stannard MS, Duren DL, Cook JL, Stannard JP. Does blood flow restriction therapy in patients older than
age 50 result in muscle hypertrophy, increased strength, or greater physical function? A systematic review. Clinical

Orthopaedics and Related Research®. 2020;478(3):593—-606. https://doi.org/10.1097/corr.0000000000001090

16. Maga M, Schonborn M, Wachsmann-Maga A, S’Iiwka A, Kreiel J, Wfodarczyk A, et al. Stimulation of the vascular
endothelium and angiogenesis by blood-flow-restricted exercise. International Journal of Environmental Research and

Public Health. 2022;19(23):15859. https://doi.org/10.3390/ijerph192315859

17. Yari A, Hossein Pour Delavar S, Zabet A. Comparison of the effects of 8 weeks of resistance training with and without
blood flow restriction on hypoxia-inducible factor 10 and vascular endothelial growth factor in sedentary men with pre-

hypertension. Journal of Sport and Exercise Physiology. 2024;17(4):101-14. https://doi.org/10.52547/joeppa.15.2.84

18. Mostafa Farkhani B, Saghebjoo M, Hosseini Kakhk SA, Hedayati M. The effect of speed endurance production
training with blood flow restriction during rest intervals on serum VEGF and HIF-1Q levels and aerobic and anaerobic
performance in male soccer players. Journal of Practical Studies of Biosciences in Sport. 2022;10(24):68-84. https://

doi.org/10.22077/jpsbs.2022.5204.1703

19. Brzycki M. Strength testing—predicting a one-rep max from reps-to-fatigue. Journal of Physical Education,

Recreation & Dance. 1993;64(1):88-90. https://doi.org/10.1080/07303084.1993.10606684

20. Cook SB, LaRoche DP, Villa MR, Barile H, Manini TM. Blood flow restricted resistance training in older adults



https://doi.org/10.1007/s00424-023-02788-x
https://doi.org/10.1007/s00424-023-02788-x
https://doi.org/10.5812/jcrps.80932
https://doi.org/10.52547/joeppa.12.2.107
https://doi.org/10.52547/joeppa.12.2.107
http://jsmt.khu.ac.ir/article-1-648-en.html
https://doi.org/10.1016/j.atherosclerosis.2021.07.009
https://doi.org/10.1016/j.atherosclerosis.2021.07.009
https://doi.org/10.1249/mss.0000000000001409
https://doi.org/10.1097/corr.0000000000001090
https://doi.org/10.3390/ijerph192315859
https://doi.org/10.52547/joeppa.15.2.84
https://doi.org/10.22077/jpsbs.2022.5204.1703
https://doi.org/10.22077/jpsbs.2022.5204.1703
https://doi.org/10.1080/07303084.1993.10606684

015 5 (oulB pled! e Gy 3900 of oy Soglile 'y yo 098 Syl

at risk of mobility limitations. Experimental Gerontology. 2017;99:138-45. https://doi.org/10.1016/j.exger.2017.10.004
https://doi.org/10.1016/j.exger.2017.10.004

21. Harifi Moghadam A, Askari R, Hamedinia M, Haghighi A. A Comparison of the Effects of Three Strength Training
Programs with and without Blood Flow Restriction on Strength, Hypertrophy and Mobility Function in Elderly Women.
Journal of Paramedical Sciences & Rehabilitation. 2020;8(4):26-35. https://doi.org/10.22038/jpsr.2020.33483.1828

22. Hirota K. HIF-Q prolyl hydroxylase inhibitors and their implications for biomedicine: a comprehensive review.

Biomedicines. 2021;9(5):468. https://doi.org/10.3390/biomedicines9050468

23. Aragon-Vela J, Casuso RA. Effect of hypoxia-inducible factor 1 on vascular endothelial growth factor expression
in exercised human skeletal muscle: a systematic review and meta-analysis. American Journal of Physiology-Cell

Physiology. 2025;329(1):C272—-C82. https://doi.org/10.1152/ajpcell.00297.2025

24. Fernandes RV, Tricoli V, Soares AG, Miyabara EH, Aoki MS, Laurentino G. Low-load resistance exercise with blood
flow restriction increases hypoxia-induced angiogenic genes expression. Journal of Human Kinetics. 2022;84:82.

https://doi.org/10.2478/hukin-2022-0101

25.Ribeiro F, Ribeiro IP, Gongalves AC, Alves AJ, Melo E, Fernandes R, et al. Effects of resistance exercise on endothelial

progenitorcellmobilizationinwomen. ScientificReports.2017;7(1):17880. https://doi.org/10.1038/s41598-017-18156-6

26. Machek SB, Harris DR, Zawieja EE, Heileson JL, Wilburn DT, Radziejewska A, et al. The impacts of combined
blood flow restriction training and betaine supplementation on one-leg press muscular endurance, exercise-associated
lactate concentrations, serum metabolic biomarkers, and hypoxia-inducible factor-10l gene expression. Nutrients.

2022;14(23):5040. https://doi.org/10.3390/nu14235040

27.Li S, Li S, Wang L, Quan H, Yu W, Li T, et al. The effect of blood flow restriction exercise on angiogenesis-related
factors in skeletal muscle among healthy adults: a systematic review and meta-analysis. Frontiers in Physiology.

2022;13:814965. https://doi.org/10.3389/fphys.2022.814965

28. Khabbaz Kababi MH, Rezaeian N, Negahban Sioki H, Yaghoubi A. Effect of Resistance Training with Blood Flow
Restriction on Sitruin-1, Visfatin, and Nitric Oxide Levels in Elite Male Athletes Following Anterior Cruciate Ligament
Reconstruction. The Scientific Journal of Rehabilitation Medicine. 2023;12(4):648-61. https://doi.org/10.32598/

sjrm.12.4.1



https://doi.org/10.1016/j.exger.2017.10.004
https://doi.org/10.22038/jpsr.2020.33483.1828
https://doi.org/10.3390/biomedicines9050468
https://doi.org/10.1152/ajpcell.00297.2025
https://doi.org/10.2478/hukin-2022-0101
https://doi.org/10.1038/s41598-017-18156-6
https://doi.org/10.3390/nu14235040
https://doi.org/10.3389/fphys.2022.814965
https://doi.org/10.32598/sjrm.12.4.1
https://doi.org/10.32598/sjrm.12.4.1




	_Hlk210494249
	_Hlk211004395

