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Extended abstract

Background and Aim: High-intensity interval training (HIIT) has been considered
as an effective intervention in body composition improvement, insulin sensitivity and
cardiovascular health in overweight and obese individuals. It seems that this type of
exercise can be used as an effective training strategy for improving anthropometric and
metabolic indices in overweight and obese individuals. In addition, previous studies
it have confirmed that HIIT is more effective on serum levels and activity of Agouti-
related peptide (AgRP) via improving insulin sensitivity, changes in appetite regulator
hormones and effect on hypothalamic leptin pathways. Moreover, the AgRP is known
as a signaling peptide that can affects nutritional behavior, energy homeostasis, and
fat accumulation. Preliminary evidence also indicates that HIIT may increase the
serum levels of AQRP, however, some studies have reported a contradictory results
as decrease or lack of significant change. Although, some studies suggest that there
is a relationship between obesity indices, including body fat percentage and waist to
hip ratio, and serum lipids with AgRP, however, this relationship has a complex and
nonlinear nature and probably the role of AgRP in lipid metabolism is exerted by indirect
pathways such as changes in body composition and regulation of energy intake and its
direct and independent effect on lipid profile is still not confirmed. According to this fact
that AgRP has a very important effect on appetite and weight adjustment, and also due
to the lack of definite results about the effect of HIIT on this variables and its relationship

with anthropometric variables, the purpose of this study was to investigate the effect
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of 8-week HIIT on serum AgRP levels, total cholesterol, low (LDL), —very low (VLDL) and —high (HDL) density lipoproteins and
some of body composition indices in overweight and obese men.

Materials and Methods: this quasi-experimental study with pre-test and post-test design including of two groups of interval
and control. The study population consisted of 30-35 year-old men with a body mass index (BMI) of 25-35 kg/m?. Among the
volunteers to participate in the study which had the inclusion criteria, according to the G*power software, the number of sample
was 36. Participants were randomly assigned into two groups of HIIT (n=18) and control (n=18) group. During the period of
the study, 2 HIIT participants were excluded from the study due to the irregularly participation during sessions and 2 control
person also were excluded from the study based on the absence in the final blood sampling. The intervention included a 2-week
familiarization period followed by 8-week of HIIT that performed by repeated 3 sessions per week. The training sessions were
conducted under the supervision of the researcher. The training protocol in the first week of the familiarization consisted of 1 set
of runs with 3 repetitions, each repeated for 10 seconds and with intensity of 50-70 % maximal oxygen uptake speed (vWVO max).
The rest interval between repetitions was considered 60 seconds. Moreover, in the second week of the familiarization, participants
performed 2 sets of HIIT, that each consisted of 3 repetitions of running for 5 seconds at 70-90 % vVOZmax. The rest interval
between each set and the repetition of 90 seconds was determined. After the third week, the rest of the protocol as a main
training (HIIT) consisted of 2-4 sets in each session and 5 repetitions for 20 seconds with intensity of 100-140 % vVOzmax.
The rest interval between each set of rest (inactive and active rest) and repeat (passive rest) were 180 and 60-80 seconds,
respectively. Blood samples (10 ml) were collected after 12 hours of fasting at the beginning of the study and 48 hours after the
last training session by a laboratory expert from the antecubital vein of participants. Blood samples were permitted to undergo
clotting at room temperature for approximately 30-60 min prior to centrifugation at 3,000 RPM for 10 min. Subsequently, serum
was distributed into 1.8-mL aliquots and stored at a temperature of -20°C until biochemical assays were performed. Serum
concentrations of variables were measured using enzyme-linked immunosorbent assays (ELISA) (RayBiotech, USA). Also,
body composition including weight, BMI, and body fat percentage was measured in fasting state using bioelectrical impedance
analysis (230 body composition analyzer; Inbody Co. Ltd, Taiwan). For statistical analysis the Shapiro—Wilk test was employed
to evaluate the normality of the variables which were normally distributed. The analysis of covariance was used to analyze
between-group comparisons at the significance level (p<0.05).

Findings: According to the results, BMI (p=0.0001), body fat percentage (p=0.0001), and waist-to-hip ratio (p=0.0001) decreased
significantly in the HIIT group compared to the control group (Table 1). Also, a significant increase in the serum levels of AgRP
(p=0.0001) and decrease in triglyceride (p=0.0001), total cholesterol (p=0.0001), LDL (p=0.0001), and VLDL (p=0.0001) were
observed in the HIIT group compared to the control group, while HDL reduced significantly only in the control group (p=0.0001)
(Table 1).

Conclusion: In agreement with the findings of the present study, earlier research has shown that HIIT can enhance serum
levels and activity of AgRP. This effect is likely associated with improved insulin sensitivity, alterations in appetite-regulating
hormones, and modulation of hypothalamic leptin signaling pathways, that can be lead to increased leptin levels. Moreover, the
improvement in lipid profile following HIIT may be explained by elevated lipoprotein lipase activity, enhanced fatty acid oxidation,
and improvement in insulin sensitivity. These mechanisms may contribute to reductions in triglycerides, total cholesterol, and
LDL, while increasing HDL levels. Furthermore, the significant decrease in waist-to-hip ratio reflects the beneficial impact of HIT

on reducing visceral fat, which is consistent with previous findings. Therefore, HIIT can be used as an effective training strategy

in appetite regulation and improvement of lipid profile and body composition indices in overweight and obese men.
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Table 1. Description (mean * standard deviation) and comparison of AgRP, lipid profile, and body composition indices of participants

Varaiables

Body mass index
(kg/m?)

Body fat (%)

AgRP (pg/mL)

Waist-to-hip ratio

Triglyceride (mg/dL)

Total cholesterol
(mg/dL)

LDL (mg/dL)

VLDL (mgldL)

HDL (mg/dL)

HIIT

Control

HIT

Control

HIIT

Control

HIIT

Control

HIIT

Control

HIIT

Control

HIIT

Control

HIIT

Control

HIIT

Control

Pre-test

29.73+2.39

29.88+2.85

29.48+4.37

29.43+4.26

112.59+16.20

113.69+20.97

0.96+0.03

0.94£0.03

165.19+22.75

160.44+20.10

154.56+30.76

144.75+26.92

85.94£17.65

91.88+12.87

33.03+4.54

32.08+4.01

36.13+3.76

36.06£3.17

across the pre-test and post-test stages

Post-test

29.43+2.51

29.90+2.87

26.19+4.17

29.53+4.44

118.32£15.63

112.14£19.48

0.95+0.03

0.94+0.03

145.75+20.24

162.63+£19.64

146.06+28.89

145.44+26.88

77.88+16.97

92.44+12.55

29.15+4.04

32.52+3.92

36.69+3.34

34.94+2.99

2026, 14(38)

25.36

186.78

24.44

53.22

196.52

228.93

224.70

192.28

9.59

0.0001°

0.0001°

0.0001°

0.0001°

0.0001°

0.0001°

0.0001°

0.0001°

0.004"

*indicator of significant difference between groups at p<0.05. HIIT: high intensity interval training; AgRP: Agouti-related peptide; LDL:
low density lipoprotein cholesterol; VLDL: very low density lipoprotein cholesterol; HDL: high density lipoprotein cholesterol.

Keywords: High-intensity interval training, Agouti-related protein, Lipid profile, Body composition, Obese men.

Compliance with Ethical Guidelines: The study was approved by the Research Ethics Committee of the University of Tabriz,

Iran, which adheres to the Declaration of Helsinki (Ethical Code: IR.TABRIZU.REC.1403.111).

Funding: This research received no specific grant from any funding agency.

Conflicts of Interest: The authors declare no conflicts of interest.




933930 (S el (68 p il Ol 4

AF-5Y o YA ol AY 098 A0

&

5

ibs 3, Alio

9 ) BBgy o 85T U b o sty (o0 polio gl (gld oy pod il Clid WSl
B 9 (39 A8Lal slylo (I po (S S i sl sl

F6algll (yame & S5 hlan F LS g gz T gLl gl (ool y (60 grmnod] sl

VFeB/ NV et oy &b VFel/eV/o) 15 S 5b &b

(gl L a8 Col saina JUS i sty S0 (AGRP) (65T Ly e sy 10 g dsione
L sl a8 48 0 oo i ;o lalllae )38 o b (2 e 5 55 limgon
ol gnoals g alad 958 ol Lol 0,13 5B AGRP mslie 1 asilgs oo (HIT) YU oo
) Jsp AGRP e o HIT US55 4t i 3l 2 sl allae B el ol
o (SRS b S0 50 @i (09 9= Bl 5 039 43LSI L e (S e aF LS
Sygmo dn Jlw Yo Y0 o daisls ;o (YOZBMIZ YO) 3l 5 )59 adlal slyls cllbgls o, VY o 25
4an 90 Cide 4oy Ls)'l_..;Lz..;‘aT 0,99 08,8 1,8 (n=VF) J,=uS 9 (n=VP) HIIT 05,5 4o 5 o ;o dolas
O 5iSTas e pw doye Ve eV Dl L ain o s au s ciie o e 4 HIIT
3B o pe5 SS9 5 5l am g =B celw FA g3 sle aiges el o ol ay (WO,max) ,as
5l (lmasdly o s b, (ANCOVA) il lgsS o g3l 51 solat il Ly Lassls g 000,
oS 590 S o ine (AalS g (p=2 T+ V) AGRP (oo mrlas I3 re Bl e el adS e
I L et g 0+ 1) L5 S idS o+ 1) el 5,5 o=+ V) oSy
097 Lo ammlie 3 HIIT 09,5 o (p=r/2 2+ V) o5 (s (S L g 9 5 (=210 V) o5
SalS loxe Sjgo a8 09,5 50 L YU (JBe L (g ) Ll o onnliie ]S
S5t AGRP o ps cale iy T3] el Yaim HIT oyl ool 4oy 56 ymaF dnsi (p=+ /- §) il
S o 090se Bl 9 0598 3LSl Gl (s e p3 (ST Ay a8 98 S g o] g
5 sl Gl o5ty 5 bl ot 50 555 (i ped 0l S plyte 4wl o0

D ,mS 18 eolaiwl 890 (GO

slo o lb (god F o “_5_‘;95‘1 (SRS JUSR W SVRPR VIC G CL JCUPON 5 ) WS L gy A 3 { I

Bl o oS gy g ]

VP P/ A ¥ 1ol 33 g 56

Alio wleMb|

Gisdgmd 6,50 ggm—dils )
5 (e a5 008l o 359
Gt a5 o8l g py-le

Ooly=!
(9339 S59T9 8 09 5 Sl .Y
pele 5 oo Sy easuils
Gy g oKl (559

o]
(=39 G5 d 09,5 Lzl ¥
pole g o Gy caSails
G S ol (o

Sy
=033 S59925e8 09,5 Sl ¥
pole 5 o Gy oaS s
)S (e B zils (3559

.G&ly—e

(g odiy g8 ool
oSl oyage YA sl 5
parle 5 oy S5 oSl 1y 5
fe—339 G359 58 05,5 e =359

1S SN oy

amirsasan@tabrizu.ac.ir

<
o e oy



https://orcid.org/0009-0008-9805-7676
https://orcid.org/0000-0002-0328-6973
https://orcid.org/0000-0002-7100-8961
https://orcid.org/0000-0003-3376-9513
https://orcid.org/0000-0001-7640-8748

01520 9 50 gmedl ol

4 aS e ARP (sl 9,00 cdled iolidl el el
Sad ot Sl ol 15 5 (o e 9 S0
el 65 oS JgpmdS (oiren (8 oy a
L oSgnod AdlS 5 (LOL) (b (A L 59 0

() +) 9 oSS (HDL) YL 5>
aS cwlooly i Bl 55 0 B slacd, iy
g 1) Sl ah) A gy 0y S5 sl
FENTIES N U VN VNP ACIN BUCPREI it
ot dole (=355 Sl i cnlie LB (V) 05l
5 IS 03 890 AP ld g 009 (SN Semw i 0
= slbagiagh (V) 09800 wg—ime (Sl Gl
UYL a9 Sdlad as s o T 51l
S 08 e ol J3S0s5 el oy Cndy S (HIT)
NS el (5555 dlad Bl Gy (oS Do sl
Sl (g0 g Do ol 4 (651 w3l oo mgni 4 )
5]y Jainl s e HIT 55,05 Ly (0F )
5 bl g (o 5 slmply 5o —eis 3k 5l (800
oL5sS ol jolie o (erlais sloaniy (rizmen
ddo s S .(VF aY) s vals ) o al U
3 e Jols S olom] czrge o555l B man (il
5 ot 31 s HIT USG50 (V0 O Y) 9o (55,1
B Ml 5 il A Colis (o S 0
a8l glls ol 8l 50wl IS adslae S lgie an ¢ By e
PNV cwl a8 5 ), Sa 29 0)0 3la 5 09
S Glyreds 0l ooy ped £ ol S0 S A
S ragyg il Sloas L 05 50 yS5e (o yed 0,
oolaiwl 550 3la g 59 adlal sllo ol 8l o S gl 4
Gl ety Sl ols e b (V) Y0 0,8, 8
S o mire ialS L HIIT pdais gl ol a s ailos )5
ol s (7 i S dpte (S A ;oS 0
G S (o ele w0g B oo e gLt (o2 e
1 ol (VY YY) 5l Sasbio YIS 9,y 4 (gadS
il s Salie glae, 5L LAl L HIT oyl
ST L&) Gl g g o lad

sloa—ul e

AVE XY Yo sis st |y (o]

1. Dorsomedial 5. Anorexigenic
2. Ventromedial
3. Arcuate 7. Arcuate nucleus

4. Orexigenic

6. Agouti-related protein

e iy 50y 9 Ol0 g i (99U (3 pod AkRR e ST

doddo
Sg—po 9 (golaiBl dx gy Lol s (Bl sl Jw o
T & 5 (i 4D b (T sl il
30 (V) Cul oogm imlidl a5, looren o o 8L
(55 9 1ae adlys) Brae olyy Ol s e I (e ol
ibeor (Bl (BB A 00 0 (s 9 7 Ol
ol o (§ e 9l ;08 g o0y Sfels b bt
Ol 5 £9=5 )0 O B0, 50 S50 slayse,0 L
5 o Sl JUX—w 0l i & oldd sueq S
Ol 5 950 5 (o0 Gl ool us— Vg )5 (55—
S5l Brman LS aiiS (oo plail 1) (655 10 slmaigg) ol
5o Vgsn Lokl ad 5y (¥) Sy o s il
2T emsd 5 T Sy s Jlagns 50 (oo i Jolis
sloply 1 ogdle ws)ls i (65 -1 Jobss 5 Ll oo
SLaigp o 48 ol fuauilyis,s g Ladiing)s (e
S LS 0y s B e ST 5 Fis gV Usn
et 1) Pleiil oo ims ials Jslge 5 75l Lozl Jslse
039 =S )3 Sge sla sl elol e 5o (7)) wuled o
(AGRP) " 5551 Ly by (oeig - Solr sl 19,88 <0y
e3sS )l aias jo Lagyg,g ol 1) sl (glojmg Coanl
AGRP |ole aiiun Ll o0 i palats Jalse (o rots )
(MCAR) M-, 5,55 35Mo 00075 1.8 s S LGT S ylgie 4
A5ile) "Ll o gdle 0 1S S o8 (y5e 92 jlpe Lo
o5 9 o wle (mlagysese Ly Jslss 5 (A-MSH
)9S oo pba 1) (65, (silmgen o glandas L,
Sl 3 g Vbged (ogd dlnd ;0 Lagygyoi ol (Y
L9y S 28 Wb oo JLad e jl Cg e Lo
5 00 4l > (glasiaws b, Ll > ge AGRP , il
sloadse L b o oo JUS—w slo e (g5 Jlad L
P9l i Se p (V) Sl ol o (a5 (ible (53]
L it ol o lsil erel AGRP (slaiyg,s > Ly
Ll 0 AGRP slagg)g silawJled (A) 35—5 0 s3L8
5 Ll S o0 el (w5 aiile) (65,1 99—
o=l @i Ll as b o opi oo 2 gemiu
ST i L i e alS 4y ali o Lngyg 9
O—Soe i ey Ceglie (3lg S8l )3 () 98 e

9. 0-Melanocyte-stimulating hormone
10. High-intensity interval training

8. Melanocortin-4 receptor




slogylo Lo g (55 coals slag)ls B, as pac i sllas
039 SolS pae caalllas 5l 8 Jw S o ol
(aslllae 5 o8 Jlw So o o 039 dmepe Vel i)
Szl pos 5 s T Ly (e s OIS0 pae
plosl plooj dm (ot ol (it )3 pliie (0559 Cdlad
il 3k sl (Sl bl ol gy Sl 3dow
MoyS o g 0 3o g (0559 sLaaedlll
PR RCAUSOREI SI BCI N BRI JOWR U
e
39)9 sbalone 45 ioaghy 50 &S -5 sl pladbsls (o
Lo las g G*Power jl5-8le 5 bl casciils 1) asllas 4y
ool s g 140 (6 s e grbaas oo /0 3 o5l (gLl
oo d o b a 85 i o a5 Y dSees olaws /A
Oygme dmy Ll b sl o 8 0SS b (guieg S
S 09,5 5 G VAV HIIT 05,5 93 )3 (8ol oS
oladbsls 5l iyt SLEl 5l iy 028)5 1,8 &V A)
5 ailalsT enls, o8 U acs aulss b ool 3 o8 0
lo,loxo (Y4) oS oSS |y Coods Cnidg dobiiow
S el b Lo Lo an Ml Jolts 3o 3l g5
09 s JSSgn 0 &8 b aile 45) Sl el >
S g Sl ped o ddz 90 5l i e iBls (350
5 93 0590 Jobo 9 09 mmme JSb Sl oS ploel o
2 bl S8 b ele any (o yal 05,5 sla Sogesl
pa—e Jds 4 8 05,5 5l - 99 9 (059 slacdlad
5o il o o gl aalllas Sl g3l ey ) j5-a>
Lo gogajl 5l i V7 (5 5 (o yed slos,S 51 Sy

D8 S B ey 5 (2l Sl o
(=2 99) gilwlid] oy90 S Jolds i yoi ad>loe 0490
ad> au S5 L aS sem (i <) HIIT 0,50 S5 g
Gize ;A 5 oy Sldz asls |2l a ais o
0)95 Jol ain 3 (o ped SSgn et 2l cola
A4S D9 1SS A L (g S S el sl
Ao, 0=V o sl ga BV Do edas ), SO,
o ol (MAXWO) (8 e 5] iSTas ey s
e ad S e aldl S La)l S5 oy el il alols
HIT Cs g0 Lo soge;l gilwlin] pgs atan jo oy izmen
e om0 LSS A (el S e aS 0 S 2,

YA G)Lo.& If 099 NYeH J’})j)é w}p,.l.c ‘Sdﬁ)ls Ol 4-’)“*’

STHIT 45 0000, ol (e lalllas eyl s odle
SLaigess8 55 et (plgail dm Coili 35 3,k
LIV SIS | PY FER. [P NWEE OV
aalys (Y5 Y0) il ,liS 5IAGRP e Jlad 5 b o
Eel cvl (- Sao HIT a5 o0 oo oyl 5 aJsl
o Jl ol L oYY Y8) 595 AGRP y0lie a5l
S Ay Sl s pae Ly il Slsllas
Sl 39290 malis Sletranl saimo s a5 walos S
oS S ol 5 gl e yizman (YA AT
adoz 5l Hlr Ly laiye sloas s o 45 el o
o (S amy ;o5 550 Comd 9 G0 (o7 B2
LUl ool eJl ol L 0,15 525 BLS,I AGRP Ly oy
AGRP i i Yol g i ils o 1 5 ooy o—unlo
iy (S oo G5l 5l yidion (G0 e 5o
Jlosl (6551 &8l )0 el g (o S 5 50 Sl pss wsile
(o] S o s g riiins 31 5 055 s
(YY) ol oois O3l ahad j5bay 55

5 Lol pelas ;0 AGRP S £9-dge (il (285 e o Lo
gl sy pos anazgi Ly g o)l (et Sl 51 039
Lo ol Byl g ol ol ;o HIIT 5510 )90 50 (el
Jsis amy iz vgied 5 S yhogg sl sloaslss
AGRP ol ;o [ HIT asin cin 3 aS el
S 6 ) o] by 5 S S L
5 &9 43Lal slls ols e (HDL g VLDL LDL (L5 Jg s
WS 2 Sz

G (09

O35t Tb L (o2 A gy 5l 0l ey
= 09 U8 5 (gl e 09,5 50 L g (ygaslm 5
b sl sl (2egh S Seme (3ion sl ]
3511403111 IR TABRIZU.REC a_uleds L 5y 15 o8l 5|
Yoo e oy |y ol ko g lal dxslr b
s 0095 (A Lb) ()59 a3l hls 03,0 (5 o3 Sl
0395 (axld) la L (g i = oy SokS YA LS YO
GledyS o=t (ampare ym eSS YRA LS Y (S
Oomils pace Jold 3o 4 99,9 (sl lxs aoly Sty
0938 By e (I8 slaslen) oo slpislo
Gl 31 Jesd Sl Sy o oy il e (B ,lxiels




01520 9 50 gmedl ol

i A (JLsd 8 ), S5 5 (Jlsd 5 Jlsd e i)
J8 (So Jgom) acs a5 e s a b A g g VA
5 i S Jold (3,5 0,5 A 830 ) e ]
Sl yod el 2 0L 3 99005 plal aal s
Vo Saedn (aS Sl g ) o) O (95 0

by plosl agds

BEVC R UPOWITI |- PRI Tk SRR LTI SOV SOt

Gde 092 MAXWO, ao o Ve Bo b b ail miy Sue
Bl S Al A S5 g e e e Sl Gl
ol Olag yad aan Gl Due 4 pow 4Sad e
O i LSS et gaid> ;e s cn Y-F Ll (HIT)

plaslwWO max aepo Ve o\ o b L a il Ve Sas

oo [T HIT JSG g Wy 3> ) Jous

ol JS . | yiw!

> gk
o

1,55
(4t

(4l 1 yo0)

S Slowy

S
(as5)

vW02 MAX

SEB S
Cow yd FWNES

Jrye

YE/YY-Yv YIXY YA Fe-A- YooV Y- O Y Y
YE/FY-YY AVARY \A- Fe-A- VY e-\Y Y b Y Y
fy-fv O \A- Fo-A- \Y--\Y Y b Y Y
fy-fv O YA Fo-Ae \V--\Y Y O Y Y
fy-fv O \A- Fe-A- \Ye-\Y Y b Y Y —
OVIFE-OY ldidd \A- Fe-A- e\ ¥ Y- b ¥ Y
OVIFE-OY ldidd \A- Fo-A- \We\ ¥ Y- b ¥ Y
O\/FE-OY ldidd YA Fo-Ae e\ ¥ Y O ¥ Y

o)l Ly &S L, VIDL 5 20-1E31 So JBIS o e Ly
g i So3ll olas 0 (5, So5lul 20-4P7 Fo IS
S i Slagil 595 VUT slfo s Al ag as olos—dgu
a8t glaeS 3l ool l Ly g olall "er S5 T el
S5 03l (sl i85 ploul IS, ol TS ugiSThls
Loab el o (i (o 92 )0 9 )9 Jobd i oS 5
30 5 Oleml a8 L 230 InBody oS 3l eolaiwl L
S 33 St 2,5 Ll 3L 5 4 T s
Sls= = ool Ly paasie SO bawgs s S 4y
Ll Ceamnd G Sl 50 S Lm0l (5,50l
5 Ok B omFoAe 0 0 e 5 SU sl

B Cd Sy (59, by JLid Gea
Aol 5l eolai ol L (3ot LS 2l el jgtaio a
Loools 2395 (309 (ot lo0l Y& a5 SPSS (5 l5-8ls 53
3 s s oy TSy g gl gl 5l ool il Ly
Sy (o032 St (ANCOVA) (ily losS” oy
&l o oola W P /e D (gl (e a0 (29,5

1. RayBiotech

2. Abbott Architect™ Company 4. Shapiro-Wilk

3. Abbott Diagnostics Company

el 3l epm pod a3 5l o celw FA g aalllas
4 B il pyde wlio)5 lawgi o A L5 VY

e Sl a (o201 i 99 5l (o (o V¢l
ladiges o oolo o3l o A3 o lslwl by, da g
P aEB P LY Do a yslaez 5l ey i
30 0 Veer o Lo o (g i) 5Ll slwo
e e e e R
Lzl ol LS g el (5 =l (s VA (slm iy 4y
o F silw a0 -V glwd jo gleon—dgo Lo bl
S 5 15V o9, Lo AGRP (oo jlie o (6 lagSS
=S ;5 ELHAGRP <S5 JIS o)l Ly Lol AGRP 153
oy Vo3l eS8 (0950 () L el ' Sisncs
et 65 ol ame VYl eSS e (3
Sl oyt Ly S sl osliinl Ly oy S s 5 gl
7D62 S5 1S 0 ey Ly oS L o5 g ilS’ 22.7D74
<5 L LDL 22-3K33 55 1S o Loy Ly S’ Ly HDL 22




YA O)meb If 0y9° NYeH

3,18 0529 J =S g HIIT 05,5 58 () AGRP oo s lile )0
|y 6 aine il HIT 5l ey as L oyl 4 S g pboas
L3 5leg, 5 93 (ol odbe (A Jgoz) 0,5 a2
J3 eSS 65 K a8 93 S oy 3T
Jsiz) o sanliia (g5 —tee slis HDL 5 VLDL dLDL ol
HIT JSSgy azan coia gl 5l um a5 glaseSay (s
VLDL (65 Jg yimelS ey peclS (5 5 15Ny 508 550 S
Gials a8 (b o il pals (s )lo e jobay LDL

(dew Jgo=) ad odaliwe S 09,5 ;o HDL

\o"‘j)e 3% S jpele (69 )5 Wil 4 pid

A oolawl Excel Sl58l o 5 5l s Jolas g

Laisy

(0 0095 (a3 508 ¢59) S hags il sl g e s
33l Gl ad>y0 90 (b BT CS 5z a0
o 90 Jodz 50 J,S S HIIT 09,5 59 50 (95l ey 5
053] vt 5 093] Gl rolie (o izren el oa
Sl hligyn 5 X amy ;oS 599 Lo AGRP (lo a3l
95905 5 Jmol ol il s sl a Jgo> 50 (g0
S e gl aian Cin | ey 45 0ls Lii ANCOVA

JES gHIIT 09,5 90 ;0 (BALS S 30 698 S S (il ) lne Slyail) o Y Jguar

ay/Ay £ \YNY

[o0eN® VEFIYY
AV/VF £ 9/aY
YA/fY £ /0
[++0\® AArd
Ya/a- £ Y/AY
YeNA £ SNY
[oeeN® VAZIYA

Ya/ov + FIFF

YY/- £V/XY

YY) £ 1/F8 Js
YYD £ V- HIT
VWONY £ 5/3A Uy
AF/\ Y £VYIYY HIT
Q1/55 + YA Jys
Ya/VY £ Y/va HIT
YA/AA £ /A Jys
Ya/fA £ /XY HIT
(w2 )9) g (o252
YUY £ Fiv5 Js

Wyl (9L pod (HIIT pSe /o0 pdaw 53 09,5 99 (ot 10 Siro Cglds Silus

99 b OIS el o L bilig s 5 (SN oS 5 AGRP (sl Ll du Lo g (01l Bl yzil £ (51 S5le) dmogi ¥ Jgur

09031 o 9 09031 Ly 4l 5o

09951 o=

P F
. VIAXY £10/5Y
ofewe AR7ARE
WYNF £ VA/FA
. JADE /Y
ofewe OYIYY
<AF £ /-
" VFO/VO £ Y- YF
ofeee ARV
\eYIEY £114/9F
. V§2/-7 £ YAIAQ
efewe YYA/QY
VEO/TE £ YEIAA
. YYIAA £ VF/AY
ofewe YY¥IvY
AY/FF £ VY00
. YaNo £ ¥/-¥
ofewe VAY/YA
YY/OY £+ Y/aY
. Ye/ea £ VIV
[++¥ /6%

YA+ ¥/29

09,5
VIY/BR £ VST HIT AgRP
VY/PR £ YA Jys (el s 32 055 95)
NIVER HIT
AL ey U
VPO £ YYD HIT
I =R RV JsS
\OFI0F £ ¥4 IVF HIT
VEEIVD £ YR/AY Js
ABIAE £ 1 V/$0 HIT
AVERAIN Js
LAV ER N HIIT vLDL
YY/AE /) Js ((CR
YENY £ YIVF HIT
Y EYNY J=s

595090 ((LDL) o5 S b Jg yinedS (5559 3 g «(AGRP) (65T b o po ity pSe/+ elanw 58 09,5 90 o 5l oxe gl ;i
W 519b3 o yed T HIT ((HDL) 0L 5 (8 b Jg piaaddS' (555 9 3 94d <(VLDL) 05 sl (IS s J g yianedS




01520 9 50 gmedl ol

(VF) ol —b5,9 cdled 51 ol S glie o ]
b ey o Lo iegh 4 og J B o b 0g 29 Lo
sbogserge g kidl palas 1o (55 slacalls
Ol—> 9 0)54_9Lo1 6‘)|o b‘)J‘ o AgRP (SO C5.‘a_w —
el slagly 5l (S Lo t)l5 g 0055 1,95 5 05Y
HIIT &S ow 51 ey AGRP &l i o Ll i Ly
Y—&3—$ u_’l.ué a4 )l_a.uo )_> ‘_guw}n e S (Y’YY‘)
SR Sggy EeL HIIT azan coie 4 S 0o S 5,155
Ol el L 99— () 9 00l ug Vgm0 i)
ool oamo ials Jwlee glaay ol uslisl g AGRP
"\_"9'\5" HIT a5 AR oo ul—A.MJ C_’L"' u_:| sl o‘)_A.Q
93529, 9 Slie (2 JUSes Sl pne S 25 Ly
9 o..\.a_m?u O gt ‘) u_......] a u.._..ul.m} ‘u»HYLM o
AS (6t e il | AGRP Lo oo il jaboas
Sloipd S5t 5 039 Jr55 dm Sl (S Sled o
Lot dalllas oyl 4> 51 038 S8 Salie
Ll S ood s —S o3l Sllg> jo 1) g0 ,—w AgRP
b ailgs o Lo Slgmranls 0l (YO) 08 oo Slosiiy
o)_tjci.i ‘..\_wl; Sl Jlas ul_..n g_';‘}L‘—“’u*‘ﬁj 6L®u9[ﬁ4 )l
5 ABl (2 3)90 s Ld o SLed S0y, 50
s krll} o c..\_'a‘oé; QF'L’))‘ P 6L®C~L:.LC wl_w‘
sl als 55w o5 ol g ey Slllae L
g yomie gl )0 gl 59, an a0 a5 (alge
Sldllas plseil &g yo iy Mz ol (Eg—omo )0
O HIT i d g5lwipdgy gl |y asadon g o s
ol s laal S Ly b e sl )55l s AQRP oo
il oo A 3Lz g (3928l Syl (o 53 (65,
Lo AgRP a5 oo oo i SC5 olsllae o5y
389 S (G o)z Ao y0 il Bl sla sl
= AGRP 51 YLazs| g o9y las 118 g ooz Loy, ol
Gk 3l g e pf O j5ods Livee (gor] o ilie

e iy 50y 9 Ol0 g i (99U (3 pod AkRR e ST

g HIT ain a2l gy sloasdl g—b
GlatsSa (o L AGRP oy o lale jo o e Dl
=l 03 ez F B Pl S 09,5 L aslie 0 a8
7=l =l odle 000 5 sualin HIIT 09,5 10 ol
U8 05,5 it 45 09— 01 5| (S (59,5 (e Ao
299 S 2 (3558 5L 1 (gl o tne oglis HIIT
(oo jebods 0,18 92 g (g Sy 5 S An ;S
D S (6 5 S Ay jaS 90 L o ine ialS
b odslie alSloe 5l uy VLDL g LDL (pls Jg pmuds
Sty po5 45 0im o s ] Slalllas o IS )5 b oy
SR SO AGRP (g s ol 50 pdi Eely algiign (559
9 Sl el (VY PV YF) 558 59 4Ll glls 5 5lx
Szml oyl am Cosli 35 35k jl 0l o
o3 S pelals (Gl slagygey9n ol g 50 Jmusd
3098 = ras S e o (NS F e 5 Ll
Slad g o prha 5O et ez ge (g Vg
g yeadou i,y o Jlie 5l (YF YO) wig—i AGRP (50, Slac
cin b alejl aalllas S o (Y1) o =50
= JEe Dj50 a0 | Slem 0 5 Silgn ags 4the
TS 45 0508 (w2 Gle2 QU AGRP gledly e il
S3la Az ¢ gd (el Jio 9 5 aS 05 o] 5 (S
AGRP ol (2ol ez 0lg o0 (s3lgpi0 4z
ol =550 4 aL_le‘ss’Lo) (VF) 09— gzmiils ol 50 jo
5 s 1, AGRP Loy e Ble i Ll8 55 (Y0 F)
IS i ALl hils 055 50 (S3lep (e ped aie St
(YY) ailes S

Or5es 5 (o Hom ST il aalllae gl sl o
O39S 9 Bl Olo s 5 [y HIT 4 AGRP gesly 5 (V- TY)
c bl i3l 5l S LT claasil ois,S )y
Jlo =l L g (i yod adS o 0,90 51 umy AGRP o s
S 1S 59 05 9 Bl e e e gl
(Voo A) )50 5 (—Slig,mid 500 laslas o (YY)
s ALl AGRP Lo udly e Lalé 4 S 0is S b yl5 S
50 5 S moli8l gyl e by HIT a_l> S
A iS5k e 5l e b A 6555 050
Ol 31 =L AGRP ol [0 Slblwgs ) 0y o0
A gl 5o Jobow 65,51 5,08 Slilwss 5 65,51 Jolss




O e LS e 3,5 & j50 S92 90 sLaadgae
5 omlplo st Gioag o)y QAT S 8 olyea
o9y J= sebas so HIT 4y AGRP el 1 St
s 0 Serez ol 9l sai T wladllas g ol s
ol Uy e Jsle Sy U8 o dialllan oy 4 g0 aiily
Sy il ply 85 18 (bl 59— (AGRP) Leid]
oot el Jslse las ooyl Slalllas o 55 o
S5 0 nS S8 oy 99— loyer Hoboay derdl
2 et ol lp ol o b slae il ) (S x>
o )3 BT ol g (oS ol an (oliws (sl g 9o
Oyga=slal glyls ol 3l s T slavwely § AGRP , HIT , I
oo B A (6590 i Olallas bl (3l L
HIIT Yozl a8 ols (s aalllas oyl gl £ 6y dis
F con Laen o a s aw dan Coie Soe 4
AGRP oy cbale ol el wWO,max ooy V- -
Ol )0 N a ;a8 50 o 5 G0 g 9t
2Slgs o HIT o 5 s 09— o0 3Lz 5 (3948l (sl yls
So—t 9 il it )3 ;5% (i ped 0l S loe 4
B ookl )5 o o] 5 S asys il slagas s
ol 5o b s A el lm o Jls ol oS
el (59,0 yiion Olalllas plol caio;

&L o,

) (2le ()15 &g med anlllae (ol g

(13528 9 Sl

4 ol e g 0aiS S 8 sla Sogejl (ale ]
=19,08 alosas o, 5, 1) e aslllas ool gl o
oo 85—l 5

YA G)Lo.& If 099 NYeH J’})j)é w}p,.l.c ‘Sdﬁ)ls Ol 4-’)“*’

e 5o sdse Jlasl om S 5 g (65,51 SOl e
Js o o Jiine g podits 55 a0 by o saly 2 48
ol gl slaasslh (V) Cons (abd 59 ia o
G0 —xo Ho—loas o Slg e HIT JS 59, a5 ol lis
=5 )30 S el g o] J by 29t 2se
o5 3l Ly (s adlal ghls (VLS )5 5o (- S ay
5 (Vo V) 0,05 5 ooy 2> 3iod gl Ly 5o
o= ] s e 55 (V2 VF) O, S0 5519
Go—d J =89 09—y (YT ¥ V) 0ilon,S 5155 |, HIT
ol i3 51 b Yaas T HIT S gl 51 oy
slao

I oygalanST a8l Gl g pgad o351

LDL 5 JgyimlS ey S 5 clale ials 4y alys o
5o oadodnlive (S a1 oS ;90 Cod o ine oS
wbizl oy Gials L HIT e 51, Slo asdllas ool
sYY) W P \.\_.:)l.» )_».’ w—m—A—' Ol Ja_mj.: aS el
30 Ga=lS Jelge 31 SO Gla—isds x5l g9 =) (VY
90y bl oSba >l o oz a4 Was
‘_gl.&bg)a}Lw S gt ‘5)()—.{‘}‘ eo)lo &Hs).c—@lﬁ C;Lm‘_g)LM
Wl St 5 Gl e Sl odlg oo 655 0 (mr b b e
DA Sy oo a5 4y (YY) 0il lojm g cponl 351>
(Snlio 5 (H90)98 Slo e fidon S o LHIT YL
5 Tt 3 —bee O Lol S5O et 5 05mg 4y

Ao Az Lo cnbie addllae ol 2ol i

&L

1. Liu P, Chen H, Jiang X, Garcia JD-C. Impact of exercise training in a hypobaric/normobaric hypoxic environment on

body composition and glycolipid metabolism in individuals with overweight or obesity: a systematic review and meta-

analysis. Frontiers in Physiology. 2025;16:1571730. https://doi.org/10.3389/fphys.2025.1571730.

2. Wynne K, Stanley S, McGowan B, Bloom S. Appetite control. Journal of Endocrinology. 2005;184(2):291-318. https://

doi.org/10.1677/joe.1.05866.

3. Jensen J. Regulatory peptides and control of food intake in non-mammalian vertebrates. Comparative

Biochemistry and Physiology Part A: Molecular & Integrative Physiology. 2001;128(3):469-77. https://doi.org/10.3389/

hys.2025.1571730.




o1 5599 9 53 grmnnd! ol e Oy (50 g polio Wil gld (g yod A cled T

4. Kraemer RR, Castracane VD, Francois M, Ghanbari-Niaki A, Sirikul B, Valverde RA. Effects of prolonged exercise on

agouti-related protein: a pilot study. Endocrine. 2012;42(2):4.3641. https://doi.org/10.1007/s12020-012-9663-6.

5. Hazell TJ, Sawula L, Edgett BA, Walsh JJ, Gurd BJ. Regulation of plasma agouti-related protein and its relationship
with hunger in lean and obese men. Appetite. 2016;107:166-70. https://doi.org/10.1016/j.appet.2016.07.037.

6. Page-Wilson G, Peters JB, Panigrahi SK, Jacobs TP, Korner J, Otten M, et al. Plasma agouti-related protein and
cortisol levels in cushing disease: evidence for the regulation of agouti-related protein by glucocorticoids in humans.

The Journal of Clinical Endocrinology & Metabolism. 2019;104(3):961-9. https://doi.org/10.1210/jc.2018-01909.

7. Krashes MJ, Shah BP, Madara JC, Olson DP, Strochlic DE, Garfield AS, et al. An excitatory paraventricular nucleus to
AgRP neuron circuit that drives hunger. Nature. 2014;507(7491). https://doi.org/10.1038/nature12956.

8. Lin CY, Yeh KY, Lai HH & Her GM. AgRP neuron-specific ablation represses appetite, energy intake, and somatic
growth in larval zebrafish. Biomedicines. 2023;11(2), 499. https://doi.org/10.3390/biomedicines11020499?urlappend=%

3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle.

9. Beutler LR, Corpuz TV, Ahn JS, Kosar S, Song W, Chen Y, et al. Obesity causes selective and long-lasting
desensitization of AgRP neurons to dietary fat. Elife. 2020;9:55909. https://doi.org/10.7554/elife.55909.sa1.

10. Katsuki A, Sumida Y, Gabazza EC, Murashima S, Tanaka T, Furuta M, et al. Plasma levels of agouti-related protein
are increased in obese men. The Journal of Clinical Endocrinology & Metabolism. 2001;86(5):1921-4. https://doi.
org/10.1210/jcem.86.5.7458.

11. Dolataabadi P, Amirsasan R, Vakili J. The effect of high-intensity interval training on serum asprosin and lipid profile
of overweight and obese Women. Journal of Practical Studies of Biosciences in Sport. 2023;11(27):22-33. [In Persian].

https://doi.org/10.22077/jpsbs.2022.5292.1714.

12. Moghadam TM, Ziaaldini MM, Fathei M, Reza S, Hosseini A. Review the effect of high intensity interval training on
obesity-related hormones. Researches in Sport Sciences and Medical Plants. 2020;1(1):1-18. [In Persian]. https://doi.

org/10.30495/varzesh.2020.677981.

13. Martins C, Morgan L, Truby H. A review of the effects of exercise on appetite regulation: an obesity perspective.
International Journal of Obesity. 2008;32(9):1337-47. https://doi.org/10.1038/ijo.2008.98?urlappend=%3Futm_

source%3Dresearchgate.net%26utm_medium%3Darticle.

14. Gholaman M, Gholami M, Azarbayjani MA, Abed Natanzi H. The effect of high intensity interval training and
moderate intensity continuous training on the levels of Cardiotrophin-1 and insulin resistance in women with type
2 diabetes. Journal of Basic Research in Medical Sciences. 2021;8(1):67-75. [In Persian]. https://doi.org/10.22049/
jahssp.2022.27792.1464.

15. Festiawan R, Hoi LB, Siswantoyo N, Kusuma IJ, Heza FN, Wahono B, et al. high-intensity interval training, fartlek
training & oregon circuit training: what are the best exercises to increase vo2 max. Annals of Tropical Medicine & Public

Health. 2021;24(03):0-10. https://doi.org/10.36295/ASR0.2021.24363.

16. Campbell WW, Kraus WE, Powell KE, Haskell WL, Janz KF, Jakicic JM, et al. High-intensity interval training for

cardiometabolic disease prevention. Medicine and Science in Sports and Exercise. 2019;51(6):1220. https://doj




YA G)Lo.& If 099 NYeH J’})j)é w}p,lﬁ ‘SJ){)U Ol 4-’)-"*-’

org/10.1249/mss.0000000000001934.

17. Guiraud T, Labrunée M, Pillard F, Granger R, Bousquet M, Richard L, et al. Whole-body strength training using a
Huber Motion Lab in coronary heart disease patients: Safety, tolerance, fuel selection, and energy expenditure aspects
and optimization. American Journal of Physical Medicine & Rehabilitation. 2015;94(5):385-94. https://doi.org/10.1097/
PHM.0000000000000181.

18. Loligen H, Béckenhoff A, Knapp G. Physical activity and all-cause mortality: an updated meta-analysis with different
intensity categories. International Journal of Sports Medicine. 2009;30(03):213-24. https://doi.org/10.1055/s-0028-

1128150?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle.

19. Karstoft K, Winding K, Knudsen SH, Nielsen JS, Thomsen C, Pedersen BK, et al. The effects of free-living interval-
walking training on glycemic control, body composition, and physical fitness in type 2 diabetic patients: a randomized,

controlled trial. Diabetes Care. 2013;36(2):228-36. https://doi.org/10.2337/dc12-0658.

20. Ouerghi N, Fradj MKB, Bezrati I, Khammassi M, Feki M, Kaabachi N, et al. Effects of high-intensity interval training
on body composition, aerobic and anaerobic performance and plasma lipids in overweight/obese and normal-weight

young men. Biology of Sport. 2017;34(4):385-92. https://doi.org/10.5114/biolsport.2017.69827.

21. Montealegre Suarez DP, Ramos Gonzalez EP, Romaiia Cabrera LF. Effects of high intensity intermittent training
on lipid profile and blood glucose overweight/obese university students. Revista Cuidarte. 2022;13(3). https://doi.

org/10.15649/cuidarte.2624.

22. Nazari M, Minasian V, Hovsepian S. The effects of two types of interval training on the association between
cardiovascular fitness and atherogenic biomarkers with blood pressure in women with overweight/obesity. Journal of

Sport and Exercise Physiology. 2023;16(4):1-10. [In Persian]. https://doi.org/10.48308/joeppa.2023.232299.1178.

23. Ritchie S, Connell J. The link between abdominal obesity, metabolic syndrome and cardiovascular disease.

Nutrition, Metabolism and Cardiovascular Diseases. 2007;17(4):319-26. https://doi.org/10.1016/j.numecd.2006.07.005.

24. Rabiee M, Tahmasebi R, Koushkie M, Daryanoosh F, Salesi M. The effect of Mediterranean diet and high-intensity
interval training on lipid profile and HbA1c level among overweight and obese female population. International Journal

of Nutrition Sciences. 2024;9(2):132-8. https://doi.org/10.30476/ijns.2024.100044.1263.

25. Rahmani Ghobadi M, Rahmaninia F, Mirzaei B, Hedayati M. Effects of 8 weeks of aerobic training on Agouti-related
peptide, appetite hormones and insulin resistance in overweight sedentary women. Pars Journal of Medical Sciences.

2022;14(2):1-8. [In Persian]. https://doi.org/10.29252/jmj.14.2.1.

26. Rashidlamir A, Rashidlamir A, Ghanbari-Niaki A, Saboosi M. Effects of anaerobic (RAST) and aerobic (Cooper)
running training programs on plasma AgRP concentrations in female students. Iranian Journal of Health and Physical

Activity. 2011;2(2):25-28. [In Persian].

27. Sepideh K, Bahman M. Does an acute bout of high intensity interval exercise suppress appetite in obese women?

Pedagogy of Physical Culture and Sports. 2020;(4):181-188. https://doi.org/10.15561/26649837.2020.0405.

28. Salehi E, Banitalebi E, Faramarzi M, Bagheri L, Mardanpour Shahrekordi Z. Effects of 8-weeks combined training

trength and endurance) on serum levels of AGRP, GH and changes in appetite and body mass in postmenopausal




o1 5599 9 53 grmnnd! ol e Oy (50 g polio Wil gld (g yod A cled T

women. The Iranian Journal of Obstetrics, Gynecology and Infertility. 2016;19(28):1-9. [In Persian]. https://doi.
org/10.22038/ijogi.2016.7883.

29. Gong M, Liu H, Liu Z, Wang Y, Qi S, Guo H, et al. Causal links between obesity, lipids, adipokines, and cognition: a
bidirectional Mendelian-randomization analysis. Frontiers in Endocrinology. 2025;16:1439341. https://doi.org/10.3389/
fendo.2025.1439341.

30. Brazier JE, Harper, R., Jones, N. M., et al. Validating the SF-36 health survey questionnaire: new outcome measure

for primary care. British Medical Journal. 1992;305, 160-16. https://doi.org/10.1136/bm;j.305.6846.160.

31. Rahmati-Ahmadabad S ea. Effect of aerobic training on agouti-related protein in overweight women. Journal of

Sports Sciences. 2014. [In Persian]. https://doi.org/10.29252/jmj.14.2.1.

32. Delphan M, Rashidlamir A, Ebrahimi-Atri A, Saadatnia A. The effect of two weight loss protocols on plasma
concentration of agouti related peptide (AgRP) in elite wrestlers. Jundishapur Scientific Medical Journal. 2013;12(3):229-

41. [In Persian]. https://jsmj.ajums.ac.ir/article_49707.html

33. Akbarpour BM, Fathollahi SF, Mardanian MR. Comparison of the Agouti dependent protein and neuropeptide y
response to the high intensity interval training in obese and underweight men. Iranian Journal of Diabetes and Obesity.

2021. http://dx.doi.org/10.18502/ijdo.v13i2.6478.

34. Ghanbari-Niaki A, Nabatchian S, Hedayati M. Plasma agouti-related protein (AGRP), growth hormone, insulin
responses to a single circuit-resistance exercise in male college students. Peptides. 2007;28(5):1035-9. https://doi.

org/10.1016/j.peptides.2007.02.004.

35. Khoramipour K HRM, Madadizadeh E, Sadat Hosseini M, Soltani Z, Schierbauer J, Moser O. High intensity interval
training can ameliorate hypothalamic appetite regulation in male rats with type 2 diabetes: The role of leptin. Cellular

and Molecular Neurobiology 2023;43(8):4295-4307. https://doi.org/10.1007/s10571-023-01421-w.

36. Cavalli NP, de Mello MB, Righi NC, Schuch FB, Signori LU, da Silva AMV. Effects of high-intensity interval training
and its different protocols on lipid profile and glycaemic control in type 2 diabetes: A meta-analysis. Journal of Sports

Sciences. 2024 ;43(8):4295-4307. https://doi.org/10.1080/02640414.2024.2330232.

37. Andreato L, Esteves J, Coimbra D, Moraes A, De Carvalho T. The influence of high-intensity interval training on
anthropometric variables of adults with overweight or obesity: a systematic review and network meta-analysis. Obesity

Reviews. 2019;20(1):142-55. https://doi.org/10.1111/0br.12766.







	_Hlk130430592
	_Hlk181946996

