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Abstract

Background and Purpose: Obesity, especially central body obesity, is related to cardiovascular diseases
risk factors such as high blood pressure and hyperlipidemia. The aim of the present study was to investigate
the relationship between blood pressure and serum levels of salusin- , angiopoietin-like protein 3, lipid
profile and anthropometric indicators following eight weeks of interval training with different intensities
among women with overweight/obesity.

Materials and Methods: In this study, 30 inactive women were divided into three groups of 10 including
control group (average age, 28.7 years; body mass index, 30.42+3.29 kg/m2), moderate-intensity interval
training group (average age, 30.2 years; body mass index, 31.19 £3.75 kg/m2), and high-intensity interval
training group (average age, 28.9 years body mass index, 30.17 +3.83 kg/m2). The Subjects in training
groups performed eight weeks of interval training encompassed pedaling on a stationary bike with different
intensities. Blood samples were taken 48 hours before the first training session (baseline values) and 48
hours after the last training session to measure the serum levels of salusin- , angiopoietin-like protein 3 by
using ELISA method. Factorial ANOVA and Pearson’s correlation coefficient tests were used to analyze
the data.

Results: Data analysis showed a positive and significant relationship (P<0.05) between blood pressure
and angiopoietin-like protein 3, waist-hip ratio, salusin- , waist circumference and an inverse significant
relationship between blood pressure and high density lipoproteins (P<0.05). Factorial analysis of variance
showed a significant decrease in the levels of angiopoietin-like protein 3, salusin-, triglyceride, weight,
waist circumference, waist-stature ratio, body mass index, systolic blood pressure and a significant increase
in the levels of high-density lipoproteins following eight weeks of interval training (P<0.05). However, no
significant changes were observed for low-density lipoproteins, diastolic blood pressure and waist-hip ratio
following interval training.

Conclusion: Interval training with sufficient intensity can be effective in increasing obese/overweight in-
dividuals’ health by improving body composition and reducing some serum proteins related to high blood
pressure.

Keywords: Exercise, Angiopoietin-Like Protein 3, Salusin-Beta, Obesity

How to cite this article: Nazari M, Minasian V, Hovsepian S. The effects of two types of interval
training on the association between cardiovascular fithess and atherogenic biomarkers with blood
pressure in Women with overweight/obesity. J Sport Exerc Physiol. 2024;16(4):1-10.

*Corresponding Author's E-mail: v.minasian @spr.ui.ac.ir
https://doi.org/10.48308/joeppa.2023.232299.1178
Received: 09/07/2023 Revised: 30/07/2023 Accepted: 23/09/2023

!- ‘}I Copyright: © 2023 by the authors. Submitted for possible open access publication under the terms and conditions of the Creative
—y [T

Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

1


https://orcid.org/0000-0002-3502-872X
https://orcid.org/0000-0002-7404-1409
https://orcid.org/0000-0002-8548-781X
https://orcid.org/0000-0002-8548-781X
https://doi.org/10.48308/joeppa.2023.232299.1178

1% 1 QEP S Callad g (5359 Sialg 8 dspio
t - I‘]L Vo) S azius /¥ oylosis /15 0590 /VFoY

gy allio

(o) GLBSOLLS 9 (Bgpe -8 (Sobol oy Al 32 (295 el £99 90 3L
Bl 9 039a8La! Shyls L5 yo a5y Lind b Sija il

Tobgwsn lolow G lewlis Slg g k85 e
Ol okl pleial olails ()9 psle 5 (S oS BaSAIIS ((S3))9 (Shglszad 095 )
Ol oleiol (lebol (St pole olKtils d(g) s plol G555 Sleys (350l 350 S Sdgalio slo sy 3550 ¥

oS>

SLd pgzen (Boye- B Lo g)lo yo [l Jalss 0 90 (53550 (P19 (Sl oiwgn 9 (Sl i dud g Al
o rmglls (ar zobw b 095 s Lid dlaly (o ol gy Bus ool il (coddiole 5 09>
95 Slipyed asin cota (o 50 Soteggil slaasla g o E e Y od (mtgauiilacs (g
092 Blzr g (s adlal shls ol o gl slacas b

S 09,5 103008 s dedun JSCb d (5303 09)F a5 JLadpad 0 o 3o (2] 50 L by 9 Slg0
bngie Son U o9l ymped 09,5 (00 8095 LasLa=Ye/FY £Y/Y4 kg/mY Jlow YA/Y g -SLs)
omlee) obyy ol b (gl (ymped 09,5 9 (S0 8095 asLa=YV/VA£Y/VD kg/mY Jlu Yo/ s (1S5Ls)
Akt i Dde 4 yed Slrog S sla Sogeyl (S by asLa=Ye/\VE ¥/AY kg/mY Lo YA/Q
dds o dsl 5l i celn FA (gSdigas .aiiils e8pa aglate sloasasn b ooy olS) (gl eloyes )0
D0 i (55l g lateds (rped dlar (5l oy sl A 5 sl ol (S5l sl (el
Jbos SLapygail 510t (st Ve o5 mingpsniilanss oulis 9 gl (gor jolie ¥l (29, L g o35
Al oolawl 0018 sy (Sl Oy (Swad Coyo g ole byl

095 )L plee ()lsline 5 Crte (Simarod 3925 S Gl Lajsite (o (Ko (sLovasdly smalis
9 aly (Sommrad 9 Lo wgll (il 599 dn 105 )90 G 5aS 590 e eS rtsrsilad (e g
ol g2l (29l raped i ot Sl o392 YU (B L slapeSonand 5 09> 5123 Glee (55l0Line
Logrgllo Yess etsaiilas (mSap ol jloline (als 5l (Sl lole (usbyly Jolos g3l 5|
Sloline Giohdly Jotacms a5 JLid ((S00 8355 (as Lt B 4 ;0S99 Coud 505 593 (59 eSS
5 B2 slaiispsed (sorm gobaw jo Lol consl (ciped sloog S 50 S8z slacntispsd zolan
s DA ae Blae (5)lobine i ol 90 40 108 90 Cund g Jorwlis > )Lid 40 bgoye jolie
Zr 02 s (S S St b il Jla)e s (B al jlas gl ol plosl g pSasi
Dbl ;5o o8l ol gl 390 53 Wl e 09 LS L bSie (oo sLa By

S Lol ¥ £5 etsnsiilacs (e (959 collad 1 galS sl
o sl 1 295 el 55 99 13l limmagn gl 15 lnslina o (55 0o oyl s Skinsl 0920

i . Bla 5 9adlal shlo oL 50 g3y Lid b Sijapl (s slaSilas 5 (Bgje- A8 Solel
.\°—\:(f)\?f\\co\'.t_¢3-.)g vuJLv.S 9 uf‘)‘)ﬁ

v.minasian@spr.ui.ac.ir  : Jofus sdiungs dolill, *

VEY/eV /6N 1o g VEY/0/e8 1 ol gy VEY/F /A rdlys gyl


https://orcid.org/0000-0002-8548-781X
https://orcid.org/0000-0002-7404-1409
https://orcid.org/0000-0002-3502-872X

¥ o,las /¥ 0y50 /)oY

S cadlad g 5559 (S5elgund dn i

-8 Lsugs)tw..e 9 O )L&é 6‘)—.' wlin (gt
09-" )L..MB omouﬂ.,l)sl J.a‘s.c u—')-’695 )‘ 6|w|
5 B3 59 1 s b o] 3l 45 e
5 g3 oS T g 2 93ly oy Lo cppmglls s
oy 9ily Gial8l L g oS so SOy ) e 5850
orsizrad (1Y) 09 (593 Lad oldl Coorgo wlgs oo
Jubsail slo Jolows ;o (ledl slogely Lo gl
5 S gt 93 ;LS BMIL g (1) 0uS oo mos i |y
5007 )ls e Ko Sgwbs 3 ,Lad
Hlad 4 M slajige 59y (2ol wlidos
9 4lS Sliomws coae cdlad 1oli8l 5 YL e
Sl oo () 155 Lo gl 3150 g5 ,Lad 2ol

.(\¢)
S S 9 9 piedlS (S5 o Jasdlygo
Bran ¢ oyl Copae el plosl asle S
(Sad dﬁm )0 Codgdowe g o 9 LQLgf.w
a 31...@ obﬁ‘ a ‘) Jﬂ)’"‘*‘isﬁsﬁ oM&L.w‘ LSLQ@P
asdS sla Jlw jo (1) auS oo 4o gs YU (a3 ,Lid
Sradpfl Ay )0 asbSelnil Loty i
Slomr slrcdld 5l Salosger sloasls
o)b uol..w‘ 5[&" 9 Lg)|5_ca uLu).ou O )—&-«-u.u
St b5l sl spzs L Ll ((10)
7S Olay By g (9l linyed ;5 )5 4z g plls
Oty giim (SB0gun dn S Wl pad £ 95 oyl 50
:\.w.aLO.a o)_’jd.a (_5_’31‘“' g_JLufo.c ] a_u,..oS‘(\‘l)
1o, 9 Liad 8,0 oped wglaie slacas
Lo oyl LS, 8)L50 508 (g9 31wl s
Slidds (b)) 855> 0 9> HLad L ANGPTL3 4
990 cole sloanl g conl 485 Lye0 5oL
or 2l g Sas by cewl Sul )l
Lol ANGPTL3  copm zobaw  (Siwon
L b sreggpnl sboarlo g o o
OrreS i Sk (58 (Jgwbd 9 (I Ho>

e Bl g
ORI (W)

o ol e Ghoagn igagl Gladiges
S5 aged b9y 9 9 [yl el = g5 st SIS
099 Slajlme o wpws Ho g Holaine
oasLa sl (Jle Yo-Yo _oiw dusls Jolss tagy
WOllBo 59,50 Brao (Y0 -Y0/0 kg/m’ s 6995
SRS peag gl 65) 45 §low ais5a (il
JLo 90 50 pdare S aadlad o 0,50 Sy g aab
3 Gt sy Olad )0 Gt i 09 A S

oo
iy 1 s oS ol 518 Plesl e Sl
3 6)lmn 09 o0 Szl e Q.n‘g.c 9 (Genotype)
998l el 1o (Sl (chie D5 Lo Lo g
AL 0g5 Lad b Bl lee cote  Saaad 359
o (1) ol Gl ganil o Canglie s G5 (7
23 2 5 JLuSip 50 pa YL g5 jlid 5 (Sl o
30 g2 Hlad p s g cowl sas Ol 5oeS
i o B35 Ceand 5 S 3l 4 Mn o3
LS o atgmenas gile paiz (V) ool
SENIOTEPE Rt PRouI N RN
B o ot LavadS gmmen ;500 slaplasl cuul

A¥) sg-d 00 oL

085 7 Ol S5 (Saon g0l Sl
g2l g Sl ales,S (S L o5 5Lsd
(Peylid 4o M of 31 jo as ols las dudss
9> 5l 50y L HDL g ,SYL DL g vy S 655 7 olan
OLBen 5 (gl -(8) 09 (rsbo u9->)L-9L’°‘)-9|
LDL § 3y a8 655 7 gbas a5 00,5, Lol 505 (VYY)
S (o2 Lidn 4o e o)1 )0 Ja—‘w‘ sy
S sleslssls Silas (o) cowl YL a0l 81 4
SaisSaeas ole s s bzl U Lagyatiay
ol &S Cloats sl ool i 535001

ol alie laeSen (e Solsil
&)lael (ANGPTLs))

(ANGPTL 1-8) :ysiigp £95 it Jol g Wilows
cedled o Loy LANGPTL, ,  oloo oyl 5o (V) s
;9 (Lipoprotein Lipase (LPL)) ;L - uZigymgndd p_,)j
OB s 58S sl Sane] slegc s
Loy sz sl Giidl L g il sasls
slwgigw o ANGPTL3 i (V) Slawson
(V%) Lo 5 (2098 b )L (sl sl Lo
SG Olgreds ANGPTL3 a5 asols las sl o w)y
Lo oy paee2US GiolS g LPL (598 805 oo
S sl iagn (B (M) 09t o Lo Sonend 9
sle Sg hls ANGPTL3 aS™ aslesls lis 50
u-:-’9)-’ O—.." uL*-’ ui;_aslf5 el (Atherogenic) ASU.:)g).J
e85 5l (8 suwﬁafad o2l ol on
ANGPTL3 s 4 S1.(9) 008, oo oSy |y 9,5l
Mw)aﬂybupjw d_.:){_..?.odbﬁ‘)o
SG olgreds Wlgs co ot s Sloul L oY)

A Jras YU g5 5128 sl (s byl Jale
sras olews asle ok Julge o)k 5l 9> )Lad
U"‘—‘"""’B"J"‘ ) oKws ‘La_w)b > u_iuL...o._w
O 9 f""Ja“" (_T'éj)c )L:.'>Lw 9 (Renin- angiotensin)
JL:.‘) Ao SO (Salusm B) L.,w_.,.»?JL» 09_.,.»‘5@

(Angiopoietin-like  Proteins



OhKen g s,k

095 )Lad p (29lS Gupei £ 4 50 S

Waist-hip (WHR) )yl 590 do 10 590 Cond ymans
(Waist-stature ratio (WSR)) 08 4o 105 ;98 a9 (ratio
9 0 31,81 08 g HC oy ol iy WC sl
plosl o gl 4o abge slagpSoslasl  oles
el A (S oS slaypine pSolasl e b

b S lsazme (opel aie cota HLL Sl e

cdl o ey Camw 93 31 08 s e ,Lad
SSoylasl olasliw! guw)lad 5l oolil L ais
58 aiBs 08 JBlas (5 S05lasl 3l e L Sogesl o
b jo 1) 093 5950 g 00 S co il anis e dl>
il Syoe slo Suig Bras i sloass 3
GSoslail 5l i aiBo Y ue 50 0gd 9 sl
diye dow (3983l y2 g5 LA 095 e (5 )LAS
e dw =Slhe 9 (5505l06l 4B g0 dloll L

SUUCI S VS I K- PR ST PPt 75 K¥]

= s b polie s aBlinll slab,
L Lo pwglls (ANGPTL3 (LDL HDL «8pudSis)5
ds oo dy (93l g 95 (S Al ol
sl e LY 51 e g st el )5 52 Lo
e oy 3 Gl JBlas 4 sl o (55051l
Lo sogel dan syl oy50 Jslys sl 1
DS (28 Al S5l S0 5 i 59
wlyd Lo g3gal 5l mlnle 9585 s ol
33 08y (238 Slge Aolsjl 5l e 59, 50 4S5 s
JormdS ooy e € o g 708 coingS (29,
ool asgfir Bran jl iiSS Brae YU o> g
sloodeg )5 g aipayn (I sla Surigd 5 155!
S dlss 5 Lachauas S o grm yin 95
ANGPTL3 gopw clale gomiw 0S Bpae pllo
sloceS sl ooliwl b g ¥l oy 4 Lo gl 5
== (Eastbiopharm) r’)léj-:-‘.‘-:—““ J)_w ol ‘G'»LM..'J
s plol

Slyoul g Silie (slovoylel L Lavosls :gyll Judexs
Shggyals 05a3l b ool s 22555 5 Aaslone s Lo
Sl Oy (Simed cpd O35l b iy
ANGPTL3  Locpwslle  pm (Siad ()
Soytagagyil slaasLs g LDL HDL oy clSis s
b 4 e el 5 (gt 09 L8 L
2950992950 hole sbyly oS Bl
doplio 5 (29,509)% 9 (2950 S (s Sl
s ealawl (g,Seylasl 8y50 slasie jo Olss
SPSS21 (5Ll ,l33l,5 5l Laosls Jlow g Cipogs 51
.9 oslaw! p-value < +/-0 6)‘¢LLxA C.L:_..;).)

Olsed Gl b (S slocawl 192 9 4dye ans
3 G ad 485 a5 3 g slzay> slaylone
A5 g ceadw ao by dalitny (20703 8595 sl
o Lol g a5 L 59051 s Laogs sl
oSl gy )0 BN drnaS s9ome by iy ol

-l 002 1> TR.ULREC.1396.039 &) Las 4y

arls azls Gldbosls Glos 51 gl Sl (g,
Sl sedan S 4 ol gudss sladigas
B el g BMI polie ag azrgi Ly g g 50
S (29L5 [y 095 e )5 (Sglas jplody (onitiS
L ‘fgjbj =5 «(High Intensity Interval Training (HIIT))
(Moderate Intensity Interval Training (MIIT)) .]a_wj.'«;n S
)| R SR CR oS g G)qui.o.fb J)_MS 05)53
oy 209, SO HIIT g MIIT (505 doliy 5 duuliie
S92 53l 90 slge )5 550 (cped us
Loz dtian )0 dd> dw g0l oped deliy
Sl an ol aas coie o WL celw
SeS el col laasyz oo 5l ped sl
9 MBLM f""“l"“" U_Jab L, O (Sportec) AS.:).«_M:‘
slecoy jo 5ol Jols i olud> s
(coliwl asl Yo 5 S50l 4l v) sladdogs
Colpwl adBs dw ((oped lacos w9 g
Sl 8 (s yles jlain axd 3 e o Jled
Doy 5Tl 5 4t oolial s 2ppad ot ],
PL;:_S‘ Ol_ao..” (Beurer) 9 (R C—‘—M’UL’J’& l_: u_l.e
Y Jgdz Jo HIIT g MIIT 9 sLo by auods .8 S
Ol Sy 99 50 i g (5l uite .l ou 4|
‘_)_M.x.,}glﬁ s Lg)_,fo)'b:sl PETIVS 3 ES KV DR,
Sl @) 2 0go)l 5l dmin (Brae (eS|
SRUO R NE] PENCIRREN LI IOV PR (1))
ST SO i 6‘)‘.’ OiTred A oslawl (VY-
33 el L (g e 5ol gy 5l oo
O Sl (B 5 0m0lE 398 (gl jwa Al
OhHBen g g ddslas (6,554 L g ot oolazwl

s ol 5l La gogail (g s mSelasl (sl
A oolawl o, 85V B0 L o ledl s L ((Seca) 5w
=509 oold Blam L s GidS gn La Sosal
Waist (WC) ) oS 150 g o8 (g,Seplasl gl .asas
)'l ( Hip Circumference (HC) ) u_.wL: 199 g (Circumferenc
ileo ddais ;o WC .o oolaswl (laciSpe (g)lss e
(Iliac Crest) < LL| Fason YL g Laowss ol
Cromnd (udiacy 5 HC Gl g 0b (5ol
33 2 (pS5hS) 09 i Sl 4y 15 53 (sl

yobeds L0l dwloee BMI oolis Lo ool (7o)



¥ o)los /1 0)95 /1 FoY

S cadlad g (5559 (S5elguid a i

o Tk 50 Lol el ored sleog,S o HDL
Sewbo e3> ,Lad g WHR 4 boge ,oolie g LDL
auzs edalie  cped S lae Cllate g loline s
Yy ¥ Jglo=)

L8 Lo 5 Ogmap (S copp 0905 gl
)3 WC ANGPTL3 oy zobams g9 (Jgimw O3>
olis g)lolime g cio M S sloogs
L ol 5 (Jgms 035 ,Lid oo (izran 0l
Hlolins g e Ko WHR g Loy sl zsba
HDL zgkas b (Jorwlo g Jotaw 095 L2809
(€ Jgaz) ot oo (g)loline 5 ag)ly (Sinos

»
.

Lo pawglls (AANGPTL3 jLoro Bl izl 5 1 Slis puolie
L8« Sgrs 95 ;L8 (DL HDL oy lS(5 5
Lgye BMI g WSR «WHR (HC (WC ()9 « Joiaobd (33
(S oo )0 bl s Ol =l 42
O lae cblee Lol &lyts ooy g HIIT g MIIT

el oo Sl Y9 ¥ Jolas ;o el
ol by Judos sl 5 Jeols s
gob loline foal 5l (Sl (29,5009, (29,5
WSR « WC (359 e pannedS 65 <Ly "ol (ANGPTL3
Tobw lolixe ioldl g Jeww 9 ,Lid BMI

o 9 bwgio asd b (29lS o ped (sWogyS (Suyed gy aueds ) Jgu

w.:.é.m‘_glmd.:.é.b BWGL“M 9 Pow ‘_;me Jj‘ ‘5me Lb).am
i 9 e plex £33

A=Yo: agie o b (9l (pped 095 Slasb ¥ sloaleg jo ppes o

20-+ 0y o b 29l yuyed 09,8 (Ation <8 byo do))

\4 ! ° £ ddz 2 30 s laugs slows

Y Y Y Y (4880) Cugs 1 10 Cpped Sde

& H2- & 25 - & 525 - & $H5- Cog R S D S bgm
(YxY-a5) (YxY+asb) (YxYrasl) (YxYeast)
oyl - oyl - oyl - oyl -
(YxY~a5) (YxY+asl) (YxYrasl) (YxYeast)

b ) el b RS P9

- 0. 0. 0. og fr Jbd colul was

(g o8 Ol 00)0)

Y Y Y Y (4dB0) o o coliwl Bow

1 ° £ Y oyl glooyge slass

el 585 el 5l el 5l ehl 55 ogs o syl o)

A 8 lyo opd Beas b 55 SIS akBo e O35 p5

bse (oeiS 5> agdo i
Lo gitetS Sy 4B e O9)S Sy
00-0- 0. -£0 fo-£. £-Yo (4i80) dunde 52 50 (pyed (sloy S




OhKen g 55k

09> HLed (23l s 96 90 il

0318 (5ol Julowi 4 boga po il g ag03l o 9 e 30 005503131 Sr5alind (S ymiio Colyundl oy g ylime Blyouil £ (Sl .Y Jga

shele ibyly Jeloss 9oyl s bl opreions  biaglSompeiogs  JSesS Jle 9e slayize
sby o lwgre o & ySo3lasl
RSONS PO ’ > 7
P-value F  P-value F
e\ WIAS ABY VA \Y¥/Ao £ Y/AA WS/t F/A0  WY/Fot $/5F  Ggnll i Ut Opi ,Lid
We/\o £ Y/¥Y WO/e0 £ /M LRV el (o3 o)
WYY/4e
-y -\ /¥ RV
et
SVEVAB oSYF VSV AE/B0 £ ¥/TY A Y/YE NN YAE el s Jsiwbo og> ,Lad
. (o x )
AY/B0 £ Y/EY RE/Bo£ /Y A/C2 ¥/ Genl 97 rashse
-\ —o/f /) RV
Slyads
e\ AYNE o/YAY  /ANY 9/Ae £ Y/5¥ Voofoo £ ¥/YY AANe £ Y/YY  eel JgN
: (e s5Lo)
/0 £ Y/YY W/eo £ ¥/ /et VAP aail e T
-0 -0 o/Y RYIN
Sl
O /YR o385 ofXD o/ £ o/5 SN Eo/od /RSN Geml e b yeS 90 Card
- el )90
o/AF £ oY B Oy VL R PV S\ <
-o/f -o/% /Y Qo)
lyis
He) AN o/OVe  o/OVF o/ £ o/ SFS /X o/DWE/)  esl 105 193 g
- 88w
S/OVY & o/ S/OVF £ o/ SENE N ygeil ‘
-0 -¥ o/A R
Sl
e\ 08N o/VAY  o/YEY Yo/\Y £ Y/AY VIVET/N Y/ RYN eel i o bogi pasls
. ("yee /p,55LS)
YA/ £ Y/ VEVEY/OY Y/EYRY/EE geil e Feleshs
-y -f ° Loy
o) /A /Mo o/YIY AV/YA £1e/3% AEASEN/EA NV WY oael i 59
e (p5sLs)
YA/SY £ \V/YY AVAVEV/YY RYYAEWDY  oaeil e el
y -y o/ ¥ RV
S NN V: A VL V ALY YS/0A £ YVF YENAEY/Ye  YO/SEEY/FF Gemlite (Gopd) O ez
YO/Y0 £ Y/YY YO/YAEYNS  XONOEYNY  oaeil e
-y -y /Y RYIN
e\ VE/Ne oAFR oY YA/FY £ /Y4 Y/NEY/TY YAAOEY/TA el e Bran S
Yo/Y £ Y/£7 YVARY/ED Yo/ £ Y/AY T
°, +Y V/eA £ ofoY £ ‘190)
/AY £ Y/ foh £ Y/ /X £ Y/ 09l )
5 \ /Y doys  (aido 3 pSLS
Slyeks

O=+/+0 b jo (5 lolxe &iLis *



¥ o)los /1 0)95 /1 FoY

S cadlad g (5559 (S5elgund dn i

Woosls gybol Juloxi 4 bga po gt 9 (5903l 9 et 3 (58503151 3)90 (95 (S paio il sy 9 jlamo Blyosl + (piilao .Y 9o

el ibyls Jolows syl galis bosls oupeiogS Lol upedogS JrSegS Pl e slapine
BSOS B95ow 2 Bgtn o Sl
P-value E P-value E

*/e¥e £NY A VYV NW/FE NS YA/ 1YV VWYo/Fo £ R¥/¥Y O3 e L pmsgllos
Voho/os £ VN VEA/F£1FY/VY WSA/Fo £ AV/YF oyl sl /p55)

-y -y o/oh G OUEL WS
e\ YO/AY oAYA ofsSE AW/FerVIW/Ae  ADY/Yer YeA/YD AoV/Yo £ VAY/N) o9 et sty
VA#/Be £ \AS/Ye YAA/Ne £330/YF Ya8/Ae £ YAV/0Y o8l Ves u»-uajw‘
-YA ¢ oo Sl dyd Ll e /p7552)
SN YA AP NEY A¥/5e £ YA/ /36 £YO/YY AMNe £ Y1/ RS O3l S (S ety
AV/Be £ YY/\e /Yo £ YO/ AN s £XY/o0 o9l Sz
-) /Y /Y Sl s oy Lo 5kee)
oH /ot WeA S/FBY o/AYY FY¥/Ae 210/ Ae FY/Yo £e/YY Yo/Ae £ VXS Osloier oS
YA/20 £ V/VA FY/00 £10/30 FA\e £1o/55 9 Js=
N q /Y Sl s oy Lo /o7 )
Hfos)  \/AA WA VAT VeA/Ne £1V/55 W1/ £ YV/YE WY/ £ YO/5Y 95l st Syl 55
QA/Ve £ 1V/VD We/Ae £ YE/$4 \YF/Ye £ YO/ sl P /e ske)

-A -4 -o/Y Sl s oy

A=+/+ C.h.»: 3® ‘s)lala'.u Al *

0903l 9 S 33 (505 09,5 90 33 (55035 390 (S Lo g 39y LikS (ya (Siwmod Corpd & bgypo gl £ Jguo

Jgitmpns 93 ,L2d SUETI
RYVS{e 903yt
/o o/#VA o/*e0l o/VAe Lo gl
o/ ¥V o/FYA o/* Y o/0) Y £ Crggriland cpaiign
AN o/OYY o/YVA o/YVF KVIUOWN L
o/ oY ) o/sYA ~o/OAY JBs 1 slacpaignge
o/of) o/ ¥ AL o/ JB o5 o yaisyng.
of*oo} o/YVE of*ooh o/YV4 oS 599
o/\V o/EPY o/F2 o/Y04 59
AY o/BBe o/YYY o/FYO O 0395 asle
of*os¥ o/Ae\ of/*e1) o/YEY ool 590 4 1aS 550 o
o/\0) o/O¥D o/ V¥ o/BYA 2B 4 565 550 Comd
o/YYD o/FYe o/TAA o/ Yo\ D% sy doyd
/¥4 —o/Y0e o/OVS —o/YeY Aty (Bpas (eS|
Iyl pglid

o/ eV /YD o/ Y o/ Loyl
o/o$4 o/OY ofahY o/ OV Y £ ombgrgrpland Craliayn
o/VA) o/$YA o/:qY o/001 KOV
of*o¥e ~o/$Fe o/ ¥F ~o/OAE JB> 1 slacnignge
o/YYO o/SYY o/oAY o/OFA JB> o8 sloratiamgn
ARS! o/FY) o/ NY o/0% oS 590
o/OY'Y o/YYO ARY o/ YPA 59
o/\YA o/F70 o/Y4 o/ DAY O bog asla
o/ %X o/FVY ofoF) o/$o0) ool 198 40 105 590 s
o/YYY o/f\e o/TYD o/ KUP O SP T}
o/YA o/TY NG o/FY) O ey dyd
o/FYO —-o/YVA o/TYF —</YYA At Spae (eS|

25,1570 Lol B putio cym g9 9 o ( SCoweod &3 i 5 s (1) (g y (SComtd b (iord § oo Slae] . Cawld pdito (s 1o Ce (Kucod &iLis *

\4



OhKen g 55k

09> HLed (23l cuped 96 90 il

L sz ol Lo 595551 )3 (S ond e O3t
Sginw 055 HLad feall cde wilgi oo 099>
oadoddlive Olinti do)s du azgi Lol Lyl jo
S8 o HIT g MIIT (05 €95 93 36 (0 (V J9azr)
9 S S 53 (GSoiir D9l Iyt 3
S (9> ,Lad pall ooy o5 sl L
(acoyo) Jolie jo 0oy ¥) Cewl yis HIIT 09,5 )0
F2l8 (S T 3o 5 09> L8 6Ly
Ohen 9 SIS aS 5y5bds el oo )3 ol
5O L HIT Ggorad Sy Olinyed 893 iy 5o
2ol (YY) sl 5350 5L ol 8l (e ,Lts toals
(o ;S0 i Loyt (o (Koot 0 bgope
S gt 993> ;L3 9 ooy ANGPTL3 (5l o
O3> ,Lid 9 HDL (lie asg)ly (Kiod (rizmad 9
OhBeon 5 Lo dal fmgiy 5o 050 (Jowbs g g
Ohlows ;3 ANGPTL3 0y 7-gbas ilidl a> ST(YVA)
samlive ol o3I L aslie o YU (y95 ,Lid ay Mt
003 Shlews (ol JOHDL goys pmolin rals (V) s
o s b 4 a5 L ol (Y0) el sucs
09> ,Lad Hazmen (Sgpe- o8 sl g)lon drngi 5o
Jeole SO lgieas aslgs oo ANGPTL3 - glans «(YA) YU
woyle (ol o g 009 S50 9B 5 LA Gl 05l
C}Ja_w uﬂ.mlf sauoylias gL u_.:‘ C"’L“’ )5_'.)
S99 9 S sbeogS o Logemglle (gopw
O3> HLad g Logpaglle Gl et Swen
Sldi ao)s 4o a5 b 5 090 Jywbs 9 Joran
HIT 05,5 ;0 Loyl ials ol caionss
ooy ¥ Jolie jo aope ¥) 09 i Sul
Ohles 5 gl 3oiod mols L 3o ool mols
HIIT (yo0l dzin VY 51 e Lol 090 o (V1Y)
o2l Bl g Gy adlal Gl e Ulszgs 5o
Ly (YA 58S (S Lo pmglle 5o )lsline
Aisly (Slawypl G yns o (9 Dlinyed 1306
S azd el wlalllas dnpwdlle ols
s a5 0 ools plas aegn Ho el Sudl
Gprotein /PKC / G‘L.i.w Jra ol) )" bwleu obe
Ol 330 pmadiis 3,50 Lol 09 co dolsg MAPK
9 (Y‘) Cewl oois 4_:‘)‘ ‘_s.o.do GLmolo u-"i"j)-’ U—"
Logmglls a5 Jobw slaylSy5l 330 (ais
550 NS ;536 (Bge slagbw 1 0L Slsi e
&9 s (Bl o)lo 5L gty Slided 4
30 o ol b olis! > ol oo
oS conlolon JLbsusl s bl ((Sgepsn sl
S0 O HLid il Sope el i o
S5 03 HLEd Haaren Gape Lol g

Sy A 9 S

30 Gyloliae Wl aS ols lis pol> b ol
WS Bl cyed (sloog,S 0 ANGPTL3 glan
0dmBodud Gilisd Aoy g el sa olsl )9
dwslide Ho HIIT 05,5 )0 (samoy YA Luals Sl
S 5l e 2390 MIIT 09,5 )0 (g3oy)1 2all' L
SyendS (65 T olans ANGPTLS (2ol Lo (15 din
o ool bcccsls gylolins 2ol3IHDL g inlS
23 SldS deo)d g E e sla e La 5,150
aSpgba sl ol Sl npes slaog)S
HIITg MIIT (slaog,S ;o oabodslice &il,uis ds)o
A 3% dpdS55 9 (9200 W 9 A HDL slayeine ;o
PN KWPESRS

Sliyed 090 o b5l o (¥10) Oy 5 Jgo!
33 sl falS iloye )0 pbaie (205 (3)9
a5 L. (08) 055,55 ounlins ANGPTL3 oy glams
9 ool gl 5o (b wan b olppei gl 4
4 55 ol yed il jo @elas (lgs oo oy o
G5 L oagiy ool s (gl He 5l
Pl oy (B by cesly ol
yomann 0l JTANGPTLs oLy (lie 4S5 a0 oo ol
6393 LAMP L o Jlad LS (g0 (Sl el
aims e oltd ale slaasl (V) aol oo LinlS
30 Fhae 55,0 AMP  Sluysle g Sl AMP (glgsizee 45
o (Ko (59 (>
Comad (859 Sdlad @us BB L aSis)sbay
OmSgy Cdled e 9 Wb oo Liolid AMP/ATP
blslasazg b olulo (YY) 05 oy AMPK
bbb L (o309 slacadld wans ol
3O ANGPTL3 sla s j2alS (g5 s (AMPK (X590
F o 3y sl sl was p slaclled o
ol Jloild wlindion gl (Sbas 55 (g
9 Sliyed 250 Bl o810 He> slaved IS
rohXang (B s (2l YY) wlos S ()55,
douwolin ;O HIIT (ygoren Dby Sl el aS 05,9L ol
Erod S92 Sy ;b DS Wl b
PN ES AT VL PO | £ 300 & 0 NS KO NE] PR
E e S Cie OlisS 9 g0y ANGPTL3 2eals' L
53 Sgaw 093 L2850 () lobine ol i
Yo 93 )Led g)low o ol (2259 Sliyed (2
L) (srabyet Sloscdsor L 50Lj Staad
e osmdoes 5 Slr ASpsba (Vo) Sl
Srlew 2l o lihs Juslse (o 51 (218 595l
i an 0, Lal b La hagi 51 (55l 50 5 (Y1) sl
sladobw sl Yo 59> )Led 50 (o] 3 ot
o by Syl 5 51 (58 Lo Sgand JLbig ]
o=lplo (W) wlaslis Laslxe olgscas |y HDL 4

1S e B L o



¥ o)los /1 0)95 /1 FoY

S cadlad g (5559 (S5elgund dn i

oS 50 ;5 5 (G19)38 dileans 53,8 5)b S LS
St Ol / ol

(i pole dudy (6380 Ay 5l b Sy ragh ol
cdglae (Jlo colom b g ol (o255 555louid (i0l)S
] 00 plxil 4 lpdol o Siils i ghn
OBy liden

(PSS Sezisls plsre s Jol sainsd oy (2l 5o
Py ddimng g ool slewl plgreds pgs Suinngd
ilazals (6 Kon § <Slie yolice olinl gz

&b ()Ll
ous Ol OBuin g lawgs mlie o)las digSzn
o
&l
1. Kotsis V, Stabouli S, Papakatsika S, Rizos Z, Parati
G. Mechanisms of obesity-induced hypertension. Hy-
pertens Res. 2010;33(5):386-93.
2. Stabouli S, Kotsis V, Papamichael C, Constantopou-
los A, Zakopoulos N. Adolescent obesity is associated
with high ambulatory blood pressure and increased
carotid intimal-medial thickness. The Journal of pedi-
atrics. 2005;147(5):651-6.
3. Cohen JB. Hypertension in obesity and the impact of
weight loss. Curr Cardiol Rep. 2017;19(10):1-8.
4. Choudhury KN, Mainuddin A, Wahiduzzaman M,
Islam SMS. Serum lipid profile and its association
with hypertension in Bangladesh. Vascular health and
risk management. 2014;10:327.
5. Osuji CU, Omejua EG, Onwubuya EI, Ahaneku GI.
Serum lipid profile of newly diagnosed hypertensive
patients in Nnewi, South-East Nigeria. Int J Hypertens.
2012;2012.
6. Kadomatsu T, Tabata M, Oike Y. Angiopoietin-like
proteins: emerging targets for treatment of obesity
and related metabolic diseases. The FEBS journal.
2011;278(4):559-64.
7. Abu-Farha M, Cherian P, Qaddoumi MG, AlKhairi
I, Sriraman D, Alanbaei M, et al. Increased plasma and
adipose tissue levels of ANGPTLS/Betatrophin and
ANGPTLA4 in people with hypertension. Lipids Health
Dis. 2018;17(1):1-9.
8. Koishi R, Ando Y, Ono M, Shimamura M, Yasumo
H, Fujiwara T, et al. Angptl3 regulates lipid metabo-
lism in mice. Nat Genet. 2002;30(2):151-7.
9. Ando Y, Shimizugawa T, Takeshita S, Ono M, Shi-
mamura M, Koishi R, et al. A decreased expression of
angiopoietin-like 3 is protective against atherosclerosis
in apoE-deficient mice. J Lipid Res. 2003;44(6):1216-
23.
10. Guyenet PG. The sympathetic control of
blood pressure. Nature Reviews Neuroscience.
2006;7(5):335-46.
11. Li H-B, Qin D-N, Cheng K, Su Q, Miao Y-W,
Guo J, et al. Central blockade of salusin j attenuates
hypertension and hypothalamic inflammation in

Sole mols Soprespapl lagasls 8)Lye (YY)
O 5Lad g WC (o sloline § o Sinad 952
Jloline 5 cote  (Siwaod (yrizad 9 Sy
D9 Slgiashs 5 Slgtas 095 ,Lid 9 WHR (s
WC BMI 330 (59 dile by oL ol 51 (gl 5o
0d0d (5 lolire ialS el aan Ciie o ;0 WSR
sloog S 0 catonalin Wliwss doys Jy s
€) BMI ((ao)d 0 9 €) WSR (sla ozl ;o HIITg MIT
Y) 090 (2y2 9oy 5 (Ao 0 9 +/0)WC g (asyd Y g
a3 09,5 59 Olae (5)loline gl 5 09 (auo)o Y
330050 ol Jiagh gl b gaaes ais caalis
09 8l 9 (S caSP Soe 75 >l sla gl
0 iy Sliped ohugds (s Slied (o2 50
F) el 00t S Lo ¢ 59 adlol clyls ol,81
ks 5THIT g MIT _ogls ligyes caad ol L o(YE
S Gl yFabroaspgyie daby Wil oo (Sl
e 39279 55 (V1) Gl en s SLU . 0sb (39
BMI bl g YU es ,Lad g Saen ol oo
00 sle sy (Yo) aso,S )5l WSR «WHR «WC
59 YU (oS oy (sllo alpslas asols las o
sleglon oy 5oyt (a8 Azl o riey
YL oSy 092 )Lid Hgmen (Hgpe - (8
Olyao s 2o L5 ol 31 ol 5 (V1) 05,5
0 o7 &P AL S )8 o big s 0
asle b cosgame Gudzod ol 10 (YY) 5)ls Coonl
Aodis (380 S pae (Sl GLQ‘S')Q?A)’T Slass
A5z g (et duslip sl ol Sl Lol
FU K agn sl a5 cesls sgzg La Sogeyl (Sucld
S35 80 S

45 oS (laS g0 iR ol Gleasil 4 e L
Lo gl Dgaren oy dpia slasein 5l (>
~ B slag)lon (B 55 5o Wlgi g0 ANGPTLS
ploslg sl arsls 2 os La8 Goamen (Bgye
Lo (g (2l goban (205 )0 plaie ()9 Sliyes
h 29 slacadlad plss o (lnle -cnl 45550
20 50 9 29l (Sloyd SeS det S plge
Oz 0,8 Sl g3y lid doyle sgugn s S
Sl 99,3l 0 sateasliv Wlids aisys SGop
0B 5y Sosl il (slapine yian )3 Sglie (cyped
YL s b wlopes plosl b as aes 0 plis
Gaedgw Sl (e oo a8 (Lops dsys Yo
S0y Caodlws s Sgpy jo (59 slac s
Camwd ASHIT g MIT lioped alowl (galplo o
3l la Sl Hgomed (e slaghg) b
D9-bi e dpod (5lS)93 (G riun D

S10yad g ,SiS

ooyl Lo oS Gudimes oyl jo ) BauSeS,s das 5



OhKen g 5,k

09> HLed (23l s 96 90 il

spontaneously hypertensive rats. Sci Rep. 2015;5(1):1-
13.

12. Saito T, Dayanithi G, Saito J, Onaka T, Urabe
T, Watanabe T, et al. Chronic Osmotic Stimuli
Increase Salusin-f-Like Immunoreactivity in the Rat
Hypothalamo-Neurohypophyseal System: Possible
Involvement of Salusin-§ on [Ca2+] i Increase and
Neurohypophyseal Hormone Release from the Axon
Terminals. J Neuroendocrinol. 2008;20(2):207-19.
13. Kotakowska U, Kuroczycka—Saniutycz E,
Wasilewska A, Olanski W. Is the serum level
of salusin-f associated with hypertension and
atherosclerosis in the pediatric population? Pediatr
Nephrol. 2015;30(3):523-31.

14. Zhang L-L, Ding L, Zhang F, Gao R, Chen Q, Li
Y-H, et al. Salusin-f in rostral ventrolateral medulla
increases sympathetic outflow and blood pressure via
superoxide anions in hypertensive rats. J Hypertens.
2014;32(5):1059-67.

15. Ruangthai R, Phoemsapthawee J. Combined
exercise training improves blood pressure and
antioxidant capacity in elderly individuals with
hypertension. Journal of Exercise Science & Fitness.
2019;17(2):67-76.

16. Costa EC, Hay JL, Kehler DS, Boreskie KF, Arora
RC, Umpierre D, et al. Effects of high-intensity interval
training versus moderate-intensity continuous training
on blood pressure in adults with pre-to established
hypertension: a systematic review and meta-analysis
of randomized trials. Sports Med. 2018;48:2127-42.
17. Ekblom-Bak E, Bjorkman F, Hellenius ML,
Ekblom B. A new submaximal cycle ergometer test
for prediction of VO2max. Scand J Med Sci Sports.
2014;24(2):319-26.

18. Eston R, Reilly T. Kinanthropometry and exercise
physiology laboratory manual: tests, procedures and
data: volume two: physiology: Routledge; 2013.

19. Smol E, Kilapcinska B, Kempa K, Fredyk A,
Matecki A. Effects of Regular Recreational Exercise
Training on Serum ANGPTL3-Like Protein and Lipid
Profile in Young Healthy Adults. Journal of human
kinetics. 2015;49:109.

20. Uryga AK, Bennett MR. Ageing induced vascular
smooth muscle cell senescence in atherosclerosis. The
Journal of physiology. 2016;594(8):2115-24.

21. Richter EA, Ruderman NB. AMPK and the
biochemistry of exercise: implications for human
health and disease. Biochem J. 2009;418(2):261-75.
22. Kim K-B, Kim K, Kim C, Kang S-J, Kim HJ, Yoon
S, et al. Effects of exercise on the body composition and
lipid profile of individuals with obesity: A systematic
review and meta-analysis. Journal of obesity &
metabolic syndrome. 2019;28(4):278.

23. Okura T, Nakata Y, Tanaka K. Effects of exercise
intensity on physical fitness and risk factors for
coronary heart disease. Obes Res. 2003;11(9):1131-9.
24. Racil G, Ounis OB, Hammouda O, Kallel A, Zouhal
H, Chamari K, et al. Effects of high vs. moderate
exercise intensity during interval training on lipids and
adiponectin levels in obese young females. Eur J Appl

Yo

Physiol. 2013;113(10):2531-40.

25. Nayak P, Panda S, Thatoi PK, Rattan R, Mohapatra
S, Mishra PK. Evaluation of lipid profile and
apolipoproteins in essential hypertensive patients.
Journal of clinical and diagnostic research: JCDR.
2016;10(10):BCO1.

26. Bhavani B, Padma T, Sastry B, Reddy NK. Plasma
Lipoprotein (a) levels in patients with untreated
essential hypertension. Indian J Hum Genet. 2003;9(2).
27. Clark T, Morey R, Jones MD, Marcos L, Ristov
M, Ram A, et al. High-intensity interval training
for reducing blood pressure: a randomized trial vs.
moderate-intensity continuous training in males with
overweight or obesity. Hypertens Res. 2020;43(5):396-
403.

28. Choudhury KN, Mainuddin A, Wahiduzzaman M,
Islam SMS. Serum lipid profile and its association with
hypertension in Bangladesh. Vascular health and risk
management. 2014:327-32.

29. Paahoo A, Tadibi V, Behpoor N. Effectiveness of
Continuous Aerobic Versus High-Intensity Interval
Training on Atherosclerotic and Inflammatory Markers
in Boys With Overweight/Obesity. Pediatr Exerc Sci.
2021;1(aop):1-7.

30. Niepolski L, Grzegorzewska AE. Salusins and
adropin: new peptides potentially involved in lipid
metabolism and atherosclerosis. Adv Med Sci.
2016;61(2):282-7.

31. Seravalle G, Grassi G. Obesity and hypertension.
Pharmacol Res. 2017;122:1-7.

32. Browning LM, Hsieh SD, Ashwell M. A systematic
review of waist-to-height ratio as a screening tool for
the prediction of cardiovascular disease and diabetes:
0- 5 could be a suitable global boundary value.
Nutrition research reviews. 2010;23(2):247-69.

33. Wewege M, Van Den Berg R, Ward R, Keech A. The
effects of high-intensity interval training vs. moderate-
intensity continuous training on body composition in
overweight and obese adults: a systematic review and
meta-analysis. Obes Rev. 2017;18(6):635-46.

34. Khammassi M, Ouerghi N, Hadj-Taieb S, Feki M,
Thivel D, Bouassida A. Impact of a 12-week high-
intensity interval training without caloric restriction
on body composition and lipid profile in sedentary
healthy overweight/obese youth. Journal of exercise
rehabilitation. 2018;14(1):118.

35. Tuan NT, Adair LS, Stevens J, Popkin BM.
Prediction of hypertension by different anthropometric
indices in adults: the change in estimate approach.
Public Health Nutr. 2010;13(5):639-46.

36. Yusuf S, Hawken S, Ounpuu S, Bautista L,
Franzosi MG, Commerford P, et al. Obesity and the
risk of myocardial infarction in 27 000 participants
from 52 countries: a case-control study. The Lancet.
2005;366(9497):1640-9.

37. Donini LM, Poggiogalle E, Del Balzo V, Lubrano
C, Faliva M, Opizzi A, et al. How to estimate fat mass
in overweight and obese subjects. Int J Endocrinol.
2013;2013.



	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_33
	_ENREF_34
	_ENREF_35
	_ENREF_36
	_ENREF_37

