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Abstract

Background & Aims: Although regular and moderate exercise reduces cardiovascular risk, Keywords
recent studies have shown an increase in biomarkers compatible with heart damage (e.g., Physical activity,
cardiac troponin T after prolonged periods of exercise in healthy individuals without ) .
cardiovascular disease) (1-3). Studies show that strenuous physical activity may cause acute Cardiac Fatigue,

cardiovascular and hemodynamic stress, which can be assessed through necrosis of myocytes
and myocardial infarction. Research shows that exercise is an effective factor in changing the
levels of indicators Heart damage includes cardiac troponin T.Prolonged exercise is associated Free Fatty Acids

with an acute increase in cardiac biomarkers. Cardiac troponin T is a very specific marker of

myocardial damage. Which is released from the myocardium during different periods of stress

and heart damage(9). Cardiac troponin I and cardiac troponin T are proteins present in the

contractile system of heart cells and are very sensitive and specific indicators of cardiac cell

necrosis.As a result, these indicators are a good tool for assessing the potential damage to heart

muscle cells in athletes. Prolonged exercise also leads to increased plasma free fatty acid

concentrations(10). The aim of this study was to explain Effect of physical activityon cardiac

troponin T and free fatty acids.

Methods: 20 professional Sky Running athletes with an average age of 27-37 years from

Tehran participated in this competition voluntarily and purposefully. The race was held in the Received: 07/01/2023
valleys of Central Alborz, the total distance traveled was 21 km and 200 m, the starting point .

was %1650 m above sea level and the maximum altitude was 3150 m. 5 ml of blood wag tI;ken Published: 04/03/2023
from the subjects 30 minutes before the start of the race. Immediately after the race and 1 hour

later, 5 ml of blood was taken from the subjects again. To isolate serum after blood sampling,

blood was poured into sterile test tubes labeled with each sample that did not contain any

anticoagulants and incubated at room temperature for 60 minutes. They were then centrifuged

at 2000 rpm for 20 minutes. The clear supernatant (serum) was carefully separated by a

sampler 1000 so that it did not mix with the red blood cells, and the serum was kept at -80 © C

until the experiment was performed. Cardiac troponin T was injected by ELISA with a high-

sensitive kit with1.56 ng / L sensitivity of Zellbio brand made in Germany and free fatty acids

were measured by colorimetric method with a hypersensitive kit with a sensitivity of 5 pmol/

L by Zellbio brand made in Germany. Correlated t-test at the significance level of 0.05 alpha

was used to evaluate the changes in the studied variables.

Results: The amount of cardiac troponin T immediately after and one hour after the end of the

race increased significantly compared to before the race (P <0.05). The amount of free fatty

acids immediately and one hour after the end of the race increases significantly compared to

before the race (P <0.05).

Cardiac Troponin T,
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Conclusion: The results of this study showed that immediately and 1 hour after the end of the
Sky Running competition, the amount of cardiac troponin T increased significantly. These
changes identified in our study are in accordance with the results of previous studies performed
in athletes completing endurance competitions. Richardson et al. reported an increase in
cardiac troponin T after the marathon, stating that an increase in cardiac troponin T was related
to exercise intensity associated with ventilation threshold and maximal oxygen consumption,
but it has nothing to do with a person's cardiovascular fitness, training status or exercise
history(16). Similarly, Dapont et al. reported that cardiac troponin I was elevated in all
marathon runners(17). Lagzaras et al. showed an increase in troponin levels in all participants
in the triple race (18).While Kim et al. Moreover, Park et al. Did not observe a significant
increase in cardiac troponin T after prolonged exercise(19,20). Physiological mechanisms of
cardiac biomarker enhancement associated with endurance activities include increased
permeability of the cardiomyocyte membrane, which causes the release of cardiac troponin T
in the cytosol on a concentration gradient from intracellular to extracellular. The initial peak
represents the release of cardiac troponin T through the sarcolemma membrane, the level of
which decreases after 24 hours and reflects the half-life and subsequent clearance of cardiac
troponin T subunits. It has been suggested that mechanical or oxidative stress through
Transient disorder (wounding) of sarcolemma may be responsible for this increase in
membrane permeability and increase troponin secretion(21).Therefore; it seems that the
increase in troponin following exercise may be a reflection of the adaptation of cellular
cascades seen in exercise-induced remodeling and cardiac hypertrophy. Another result
observed in the present study was a significant increase in free fatty acids immediately and 1
hour after the race compared to before the race. Which was in line with previous studies in this
field. Vincent et al. 2020 showed that long-term high-intensity exercise could deplete the heart
fat basin(24). Waskiwisk et al. 2011 showed that prolonged exercise significantly increased
free fatty acids immediately, 12 and 24 hours after competition(35). Pak and Walk 2019
showed that cardiac troponin T did not change significantly, but free fatty acids immediately
after Completion of triple and triple ultra competitions increased significantly(20). Bilt et al.
2011 showed that a 2-hour cycle of fasting cycling in 11 men untrain, tripled plasma free fatty
acid concentrations while increasing cardiac lipid content, but did not impair systolic
function(36). Elevated cardiac troponin T and elevated free fatty acids can indicate a degree
of "cardiac fatigue." Increased free fatty acids after competition and long-term exercise appear
to play an important role in reducing cardiac inotropic.Due to the multifaceted nature of heart

fatigue, two main hypotheses have been proposed: A reversible process of heart damage is
often referred to as “stunning “; Myocardial injury can underlie left ventricular diastolic and
systolic dysfunction; transient ischemia has a mechanism similar to cardiac fatigue, and can
lead to a process called stunning, stunning theory because it leads to necrosis or injury.It does
not become a permanent cell, it has a transient nature.It is called cardiac beta-adrenergic
receptor desensitization. A wide range of studies have identified biomarkers of increased heart
damage after prolonged exercise and have linked them to functional changes(29-32).
Increased catecholamine concentrations, increased plasma free fatty acids, and accumulation
of oxygen free radicals may lead to decreased blood flow to the heart through increased
vascular tone and endothelial dysfunction(33). Physical activity increase heart injury
biomarkers in professional athletes. Elevated cardiac troponin T and elevated free fatty acids
can indicate a degree of "cardiac fatigue". Increased free fatty acids after competition and long-
term exercise appear to play an important role in reducing cardiac inotropic.

Conflicts of interest: None
Funding: None

Cite this article as:
Jan Bozorgi F, Ghazalian F, Ebrahim K, Abed Natanzi H, Gholami M. Effect of One Session of Physical Activity
on Cardiac Troponin T and Free Fatty Acids. Razi J Med Sci. 2023;29(12): 51-60.

*This work is published under CC BY-NC-SA 3.0 licence.

oy

V) il Y o,les Y4 oy9 15l i Suj ogle alan http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-7298-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-03 ]

e obis oldlas (A) el QT B JECTIPIT- VRl B PR
ol cely cul (Soe dpa i Say ol oS wae
b 5l a5 09d (Salinsgen g (Sgye (8 0l Lad
o JB B plinl s (B Gl g 95
aS a2 ol A8 S Ohge Dliasd bl e
gob— i 655 Jolo (2555 S llad
T o8 ises o | o8 ol (sloasl
b, Slis ol ol3l b sae SYeb (55,9 .l
ot ST 8 sy 3 ool ol B
sl oyg0 by aS el 0, g0 ol sl sl 059
39 (50 31 0, 500 31 (el s Tg oy | iz
oSy T (b8 (udgrg s 9 Lals (g ()
5 B sle Jsl—w (oL Bl oo o S5z ge
Sk 59,5 5l Slofg 9 wlans jlons slaazLls
&l ol Hlpl b e ls cpl s o il A8
2 el Ale o Jol oo il ol oy
4 i Do (Yol (59 Geizmes il IS5
OV ) 0gd oo LoDy oll O a sl clale g8l
@ e Sy e ol Gy slaoa—ul i il
555 S (V) 098 Seg gl Cuadg alS
iy (1) GlSan 5 5k rizmon (1) o Son
50 00 ol i > ylay 0 Sles alS aS wis S
slowl cale axgr BB olisl Lo 4 lasldlas
O R GO [ e P VOV IR P PV [ B
0SS Shx g Gyb ) (b S g i 2L
195 o (oo gz 3ol 31 59,250 il o Slhac
OV s el 1) i)l g il oy b oy
B pgngy aS Wsls HLii VN e e,
YO 05,5 jou3,5055 (sl 598 absl s 51 ]
S iy Gl Sasl S VYN 09,5 4 S SaglS
FA 9 YY 05,5 nl jol (d8 ybgngy (alidl ol
09,5 ;0 Jg s odmlie dilucs plosl 3l el
ablae 5l o Celw YY B iol580 ) joglS VY )
aidly HLas VeV e gl o (VYY) cl Is aslol
2250 W 50 Gille ablae 5l (B dgyg 5 oS

ol e (V) 28l g BB Ll b Soges)]
2 RS s Sae (Yob sla (by)s 23U w095 o

o¥

ohes 5 (SHi ol aablé

doddo
5 539 Sils Cayomn 45535 L s b
5 o 38 3 e e L 5 siclis |
SlS |y Bose lB s L gie 5 lite oy
ey sl s o iuli8l LS Sldlas s o
T o8 boisas s o plgie 4) (ol s T8 5L
oo as ol 3l s (h55s Dae Vel sl o0 5l |
& (-1 clod S el (B9 (B ylom 3 9
39,5 9 < (S slasaly 9550 50 1) (2o SIS
3ol & (nl oms Sl 08,5 bml (4555
(plhle dbluce G jo faugo a5 wileols ylis Slallas
el 1l 5 b (Sl 515 ) (5055058 51
SR S8 b (oo (G o Shes 0 1,35 Pl
Sl (F) sl oo T LB rbgng 5 iulidl L ol 3
L Sl ass e SO 0 a5 con | Slasla o Sl
above) (ASL) b,o mhaw 51 e Yooo 51 5YL glas )|
(D) 05 o0 ploxil 8 Ly o s L (sea level
%8 b wgie cuis gl)lo 0,90 opl STl pl b
Lo haw 5l e Veve 05 Wls (ooeddbly e JS )0
by Sl ul ol yae g Slilae.sgis plox]
International) dl, Sl Mol (o (gl a8
Q) 098 oo medass (ISF)(Skyrunning Federation
4 Wlg oo Sialy Gl e 5 G g SN
Je Jls plgie ) (68 )l (SlnnsS azs
(o 5 Sl & s sl (i 1 s G+ b
Sl sS (590 Olilus jo &5 jlie (F) 05l oo
SrSadez Gl 23 sle Lo o Sl sl
ik (ol ) 3l gl 00 S ads 09 b Ll asils
&8y (23 Sl Ml gasdllas 38 yete (Dlinios
30 e b sl ol o Y sb sla b, ol
Oyg—o dr el aS i wn ol jen 3 (G55l5 5
s B ol 5 i 5 Shas 43 L3S Sl
R Ysons ¢ gy slo Sl
Sl o3 09l OIS 5l (S igd oo )T ares
el ol (S s (23505 w5 e SYsb
,80as 55 (5598 (RalS S lyie 4 a8 wzenl " 3554
529 O Sl om s Sgie bo b Sl gin
e o b Lol en a5 (V) 393 oo ioy
6 5 apd g Sled plSne 5 slefsle


https://rjms.iums.ac.ir/article-1-7298-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-03 ]

Bl sl s T (1l oigeg i (3 Clled anly Sy 130
e Lyl B a2 gl ey 5 D0 b (G090
BT )0 Miedin jgb 4y S bl o) 0,8 LSS
do Soge;l st 5l lacabl (gl aioges &S,
il (S y 35 g (Mo g (agee Comdg Sl ol 3
Syg0 @‘..\.C f°")) ‘5)10 d)_.a.o Ao (_g)l.c..u 9 @u)o
ol Bl 51 gason plonl jelaie anaia b (RKen g 48,51 3
c Al e gl 5l L3 os cwlgs o adllas 050
sogdle S Sole) ) Gudiod Jsb yo il slesdlad
Celw VY B a5 0d oy bd S0g05] (5 dod s o0y
plxl 5l pole Badon (o yed 6 el o 28,0 5l 1S
Sl g (S (S Sl ofg 4 (S Sodlad 4gF o
pll pac g ol pw T el VY 5l amasles g loos>
=2l il sl g3l plad (5 DLy el

RUER W

e Sogejl S cuS 5 g S8l T aes Slas e
el 00l o0ls QL.M.» Vooyleds Jgu

Gl sl 0gS yo Al e «jsulj s adlu o
9],..0915\’\09\.«.» 00 9oy MBL“A&};‘M ‘).>‘ LS;JA
4) 4553 Olase 5l g9t 09 D jg—o (p e Ve
ool ¢ e dolol (U0 a5l e VPO glas )|
63,8 My i Jlog ulSali O oK sl (=Sl
) La—dex> SLL Ll (JeSES JKals JSUS
oilom gl )l yiSlas (Lo a5l e VAL - glas
Bg JeSIS 4 3 50 pe V0. b yo mhaw leas

0)55) w ‘_g‘ﬁ )3‘b 03— )5.) Lgl.@ol.i«_mJ rnLou o
Gl oL jo rizmen . bld 0gzg Solaal g by cdigo
9u])'{;).a_m oli&:l.us@uoli.:_m;‘g JL‘> u_i».l.} oKals

oo ALl o3 a4 ol o,Slee 5 I8 alas ol
ouiiS &S LG5 g ol o158l 4y az i b o]
Sl Sl oga sl e goliin | Sl s o
Cdls  slocadled s 15T S 4 pree Lo
@L@fudbwﬁdbwijlém.jyﬁ
SleMbl a5l s axgi bog o)ls 0929 (B559 50 (8
Sl Kl Al 50 dey jo (g0g905te Hlis
S5l oy sloaew 19 T (B (rigng iy (o ollad

Al 1yl g 2l § il 4eS>

SLIETY

oo b (225 e 5 o5 g9 5l 2> agi
Sy0 QL2555 |y (smmp 2 990 dnala il (S
2ials S5 o8 il Kl Sl ol
Ol 9 (S 05 Smd g el s 5y JeSS bl 1
355 6l lore i Bl 5 Yo sl ¢ oy Eollad
9 % o=l 4 adlas @

ol S oo, 90l Sleaslon WU 5 (K 28
oo 9 ol bl

soliiul 593 )l 42> (8559 Sl ¥ JBlos adla b
(52,5055 $Ysb slo célus L

Wian )0 g0 oy yed el £ Bl b

Sl dilan ¥ 50 28,8 ol b i o2
sl ole ¥ s olle b il

(339 o axdllao 5l g )5 (o lno (i oo
Solom b poie (5 lem 465 12 4 Dol cglas |y
Dy JoSo digS 2 8o il ole S o ol

0SSl skl il ol b 50
Y. /SEE/E (Jbo) oy
SYIVEQ)Y (r 5 545) s
\Ws/sEa/f (o s5ls) 8
\AlCallg (@ o 32 )5 hS) (S 0395 a3
\NEEYY W oy

V) il Y o,les Y4 oy9 15l i Suj ogle alan

oo

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-7298-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-03 ]

b plal ol

Slp blw Ty hvo o5 T g, 5l silo yog,
il o ooliil g sla ools koo ¢ 4320
02 L2) (Sl dhg 4 Lipgh 5l Jol> slaesls
(SasST, el ) o il | Bl 5 (55 o 0 il
o 9 0903 Dl D9l (o) p S XD oy
wiwren T 9031 51 (89,5 (9,8 GBS L (yge5]
Gl s Hlade b (6,5 o3lasl pl jo b eola
A s o=+/+0 éja-w Lg)l.c]

sty

lods—ul g T8 (bigng 5 Dlpds 59, 1 jloges
b aes o (lis (6,5 ojluil s e 4w o Ol oy
oo s T ool sy dunlio sl dion T (5051
3529 S ol Al o as o ()l Sre BB S
Ons9y Hlade a5 was oo lai mls (P <-/+0) 5)ls
Jsb a4l o alodl 5l ey el Vg alo L T 3
2l oo Gl Al 5l S 4 ol ()1 (Sxe
el w VT o8 yigngy Jlade iz o2 (P <4/ 0)
alolidl 4 o (510 (oo j5b 4 allis plodl 51 e
(¥ Jouz) P <o/ 0) by oo Sl 55 adslise 5l g
oz Slarsl duslis 61y dinren T (9051 @l

18.00
0.90
16.00
“:b‘ N
kS 14.00
%‘ 12.00
d:l; 10.00
[ -
T  8.00
Y
£ 6.00
4.00 0.28
2.00
0.00

dalia il '_'_.5

s I s 4laldsly

ohes 5 (SHi ol aablé

S8 e oaigs LB 50 (Co s g 550 o y>) 4ds5
3 O e alaS g gion Jo e sles
Ala ol Sbp ) slo ingh
<d,5 18 a5k 5,90 IRJAU.SRB.REC.1398.176
S Al e £9,0 5l L8 Ak 30 Y g 55
A ax8 5 aS o flawe o o8l gl e s Ll
Hlaie oaze dm el Vg dsls plas] 1 o aloBL
DA S i ez SO o ol 85l e i (el
B0 RS 08 il om e il Cux
BB aS Wges o Jud llo byl Gislesl slaalg)
SO ABES Fe Dl dy g Al dlSu ) oy olasil ws 4igS e
a8y 0,00 Ve b e 0l 46801 U1 sles
9y Sl Jolowe . ol ek ile 4l Ve Ouw
S ol oz gysb B bV e e Hlons dbewg 1, (p )
A sled po Ly e wai s bele 508 Sleds S L
Al (6,00 bl bl Loy B ol 3 sl ax o
CanS L ¥ gy a0 T oadd aigng i Hhominw
gws J3 X V/OF ng/L cowlins b b 548
ST o, slavum! Liomiw g oled] oS clu
L ol 398 S8 b i K5, i, 4

)5.......5 Sl Gl J) ‘)*-;)9 I\ pmol/L Ceund L >

1.00
0.90 =
3
0.80 3
o
0.70 —
)
0.60 L
AN
0.50
0.40 h;-
G
0.30 &
0.20 E_
0.10

0.00 —— =0oursrT

1 sl T — )y 2l S

65 0jlu) s yo a3 SNl iy sl gT B (pigg 3 oy 339, =Y ylDg03

http://rjms.iums.ac.ir

o1

VO bl Y olad Yoy 15jly ySiidjs ogle alan


https://rjms.iums.ac.ir/article-1-7298-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-03 ]

Wl oy ot 5 T (B gy yip (S cllad auds S b

1055 )l Ao o s ST LB iy et s bigyyo dtinad T 905 gulis 40M 5 oy Jlol =Y Jgo

(P) )l imo e t i Sl s sl Gl ol al> o e
/e \7AN \RIAVEAVANS 0993 L T B gy
AY/ArEN/SA G903 3 e Aol (ng/L)
ofN YIYA V- /AAEN/AY a9l i
VO/B- 2N /YY a9oj) 5 o el )
o[y \TAM WW/AFEN /A 0903 5 e AloldM,
0/ £V /YN 0905l 3 G el )

163 03l dls po dus AT G cldunsd yuiio 4 bogsyo diwnen T (y90] ol aoMs g Linog Lol = Joua

(P) &yl (sine el t e RV WS P I JO Ao o
ol \VEIYY YAV /.5 09051 e il G sl
-INYE-/-Y G993 3 i AloloM (mmol/L)
o[+ BIAY YAk /5 oseil e
N2 TIAL 9ol 5 o el )
ofN F/ay SINE A 903l 5 e dlolddl
N2 TIAL 9ol 3 e el )

253,5 GilEY VAL, e 525515 ¢ gnnats Slelllas
3 olle 0aisS ples of 3l slas jo T A8 pigm 5 oS
ool iz e (VY) 8 L ol oYL
b ial33 Y10 LS sl 55Y garan lelliae
Gl aw ablu o BasS oS0 ples jo ) udsigys
gouS —ol> o b (@dls o .(VA) wisls L—is
& loline Lytal33 ¥ 14 L Ken o5,k 5 Vo )V F i San
odalive e (Vo (5559 5l o T (o8 g 5 50
o3l (SK5edend b il (Ve V) W50 ST
ol gralis ol (gl ollid b s po o8 S Lagey
4 e [ lo S 9050 )5 (sl & (6 pdpds8 il
33 Joigiem 59 092 9eT (8 (g Ll cge
oo 5 & Jsboo 515 o 51 LlE s
B Gigg i jLasiloasms plasc adglzol 0gd (oo
I im o] g a5 Cow 1ldgS )l gl é 5y b 5T
5 yof doud 00ilS WSaie g Al oo als cel YY
ol O3 T (b8 (s 5 slaasls s s5LeSy
3 5T by Sl o yinsl 45 ol 0y Slgiii
LoJoS L (Wounding) saig) 1,38 P 5,k
bl Lk (58y358 Gial3l ol Jpis ol (Ko

e S ol i (6,5 ojlasl al> o aw 4o ol
(P <o/ B) 0,15 0925 (65 o3l Al o s o (g)l0
ST Gy slaou—ul Jlade a5 sas o l—is mlis
o ok 4 dlns pledl ) g Celw ) g alaliDl
(P <1 0) b oo (il adiluse 31 L3 0 s (510

plasl 5l G el Y o1 Gy slooe—ul jlade Lol
3o Aol 4 i (gl S jeb @ dnl s

(Y Jsaz) (P <+/+0) aly oo 2l 55 il

o el Vg aloB wlo ol ragh cpl bl

Olime (], Sl anlu) Sow codled plasl
ol as el ghlolime ol B T A8 Sg0g 5
CJL.JBOJUQALAAJJLLM)QOQ_MWU|H
oS oSS I3 59 50 a5 el (L8 Sladllas
Gttt Ly o Sl o0l plowl Cliin] il
slo lid Yo VA l)Keo 5 (g, ml S o>
bl b oo Rl L 5l T (B s 5
(SEran S| 210 5 ages alinl b La po 0 5l

i by (V) e b3l g3 b
S | oSon 359 JUis 4 (g i pl3dl o ) (oo

V) il Y o,les Y4 oy9 15l i Suj ogle alan

oy

Cox n5 40‘)3‘ 69.’)—6..13 J.nls ;QLJ L} Lol el
A0 5O o)l (bl )l (o559 ailw b g (25

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-7298-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-03 ]

Vel ohes 5 cd (YY) clls (g5l gxe (il 38
30 Gylgmw a3 o alel i ¥ 0,90 S wisle lis
Ce bl 00,85 Guyed 00 VY o )l 035, Ll
L Lol o5 oz slaapwl cbale (gl 4w 2ol
Lleos—b oo od3onad Glyime Glo jon S8
S (XA a5 b b |y Sl 3 Shac
Wl o o3l Gz slaow | 2al38 T 8 g g3
JUSTPURIRP SR A1 PR ¢ CHRWESL i P PES
g Ao 3l o Ol oy slaauul ol o, e
GalS )3 (see B ¢ e (FVob sl 3554
bl g adl idls 0)90 lod 0 (B ranayg o]
o 1) 9, gm0 0 Sles (ol oy Bl os daasdly
o GYsb Cdlan b (o8 559 slaslg, i !
3¢ ol (K ey iz Canle Jelo 4
P S Wy, SG () el oads @l Lolas 8
" (Stunning) Sisgiwl" lgie 4 el 8 o]
Slog) Wl oo 69, gm0 slo o] 358 oo 00l
Swtleadl o Ol (gt 9 Jgiwbo P
Slg (o092l (ol (Swd @ 4l onnilSe )35
e (Stunning) A3 0,55 sae b a4y (guiyl,8
939,56 4 e a5 ol Lo 4 Stunning (5,95 g
1,38 Cunlo SO g ood sodls ol el L
RPN
sl o, S cnald e b ol cos L (V)
3 sre ek 055 o ouall (8 G550 Ly
Iy o8 Slods s slo Lo i3l Slallas
ol g il oo)S oLl b wae (GYgb (59 51
-YA) anils oo s e (g0,8les Sl pss 4y 1) 0)lse
ool ial33l el oSS clale lsal (FY
ST 0051 sl IS5l o g Lomdly ST 2
el po Glyiss hals 4 pomie Sl (Sos
b bigai 13, Shae 31 5 Bpe o5 Gl oy
oo Olyoss I8l L Ko S (YY) 09—0
L5 00,55 )8 kot LV Syt ls LS gy
Sl 51 gl e S cado b ail o0gus o] bLo Iy j0l8
oz 519, g0 9> Ol 2 el 5l (2L ogdll
3,5 900 ¢ (Hibernation) ;, is by (Sl sgiwl

http://rjms.iums.ac.ir

oA

ohes 5 (SHi ol aablé

aSosb Jol—w sl Lol 5,85 51 Sb5L
035 (539 5 =20 (8 (B9 e 5 Sidogen 0
D9 50

Lid ondy Soi (lidl ln 6,500 p—ilSa
S| @L@‘L‘MJ" J.A_iw..: ‘_J.ALMJ U"‘ S| 00 OLQ...N....’
STON) 058 oo gyl Jobo lows Dy slaé 5l a8
sl same Sl iS5 093 dga0me  coSs]
o ol3T el amuis )0 g 09— ol3T g3 o5
Sk Syge 0 098 (e Mygtew (Slgiome o)LSG
..\.’9....4 ° o)li wl.e‘.: 399 00; ..\.m) > 4..“.3—‘ ‘GQS.MJ
ol 5l Pl g (oo Jobw 59,55 4 e
Mg"oygdsw‘éum)"sﬁbyﬁ)owbé
ok 59555 3wl Gy T (ol gy 5 s3be 93]
o 28 il i e (YY) 02 o oo l—ii |,
e (B b i (Rl (80 g
Slyss g |y s 5 jLeil ogdll jsbo 4y o gaSens]
(YY) S oo Jgens L

ol ol egh 4o eud saaline gl Ko
5o el Vg dlo B oy Gy slaoew! Jlobae
OHen g Coningog dlns) ol o L8 Clillas
YU ool L oo gYeb jiy,9 a5 sols Lo YoV
Olw (24) 09 LB o> ase> adss cel Wiy oo
B o, Slos B wsols (L3 VY ) Ken
sloswl g 225 L (g (oo ] 3l sl g
3 g0 J31s o7 o et ogue Wil oz
— oy B e S dled 10138l c il SCo
Bl sl Gige o ) 8 ol )bl o) 5
Ol YoV LIS g Sas guSly (YD) w53
KW 4.04[.....«..& )‘ ) celw VY 9 \Y‘A.Lolﬁ)b é‘)T o=
ST Gy slanul Ll slas (g lobins &l o5 T
a8 a5 a8 w1 gl Slilucs plast 5y aloldd

VO bl Y olad Yoy 15jly ySiidjs ogle alan


https://rjms.iums.ac.ir/article-1-7298-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-03 ]

Wl oy ot 5 T (B gy yip (S cllad auds S b

atherosclerotic cardiovascular disease: a statement
from the Council on Clinical Cardiology
(Subcommittee on Exercise, Rehabilitation, and
Prevention) and the Council on Nutrition, Physical
Activity, and Metabolism (Subcommittee on Physical
Activity). Circulation. 2003;107(24):3109-16.

3. Scharhag J, George K, Shave R, Urhausen A,
Kindermann W. Exercise-associated increases in
cardiac biomarkers. Med Sci Sports Exerc.
2008;40(8):1408—15.

4. La Gerche A, Prior DL. Exercise—is it possible to
have too much of a good thing? Heart Lung Circ.
2007;16:S102-4.

5. Scheer V, Basset P, Giovanelli N, Vernillo G,
Millet GP, Costa RJ. Defining off-road running: a
position statement from the Ultra Sports Science
Foundation. Int J Sports Med. 2020;41(05):275-84.

6. Roi GS, Monticone M, Salvoni M, Sassi R,
Alberti G. Self-reported knee symptoms assessed by
KOOS questionnaire in  downhill  runners
(skyrunners). Plos One. 2015;10(4):e0126382.

7. Piras A, Persiani M, Damiani N, Perazzolo M,
Raffi M. Peripheral heart action (PHA) training as a
valid substitute to high intensity interval training to
improve resting cardiovascular changes and
autonomic adaptation. Eur J Appl Physiol.
2015;115(4):763-73.

8. Claessens P, Claessens C, Claessens M,
Henderieckx J, Claessens J. Physiological or
pseudophysiological ECG changes in endurance-
trained athletes. Heart Vessels. 2000;15(4):181-90.

9. Mahajan VS, Jarolim P. How to interpret elevated
cardiac troponin levels. Circulation.
2011;124(21):2350-4.

10. Seals DR, Rogers MA, Hagberg JM, Yamamoto
C, Cryer PE, Ehsani AA. Left ventricular dysfunction
after prolonged strenuous exercise in healthy subjects.
Am J Cardiol. 1988;61(11):875-9.

11. Liedtke AJ, Nellis S, Neely JR. Effects of excess
free fatty acids on mechanical and metabolic function
in normal and ischemic myocardium in swine. Circ
Res. 1978;43(4):652-61.

12. McKechnie JK, Leary WP, Noakes TD,
Kallmeyer JC, MacSearraigh ET, Olivier LR. Acute
pulmonary oedema in two athletes during a 90-km
running race. Afr Med J. 1979;56(7):261-5.

13. Rubio-Arias JA, Avila-Gandia V, Loépez-Roman
FJ, Soto-Méndez F, Alcaraz PE, Ramos-Campo DJ.
Muscle damage and inflammation biomarkers after
two ultra-endurance mountain races of different
distances: 54 km vs 111 km. Physiol Behav.
2019;205:51-7.

14. Bishop EN, Dang T, Morrell H, Estis J, Bishop
J1. Effect of health and training on ultrasensitive
cardiac troponin in marathon runners. J Appl Lab

V) il Y o,les Y4 oy9 15l i Suj ogle alan

¥ 55 e ol SiSG 45 sl gy o SpaSans]
@ 0B gase ol guisd (o b ol LOYYT) ccl
S Sy K359 59,8 Sl i Db 1S
2 Sogasl Jlgy g (g, bl (515 g ()
5 Cekize U 0g—i o ol ity Ol ples o I3,
Oz o0 isled 4> 5 0)lge ol 4 saty] Slidss
FVsb Glacdlus b (6,500 slaingh b el 5L
et o Stz 9 909 el (Ll 5 (1L)
el (8 (K 590 00 3o S50 la S

D9 (o) 2 O))9

b e ld SRl o Sl Gl il
Ol 09— o (slad > IS5 50 (8 o]
Wlgioo o3l yz slosul Gl g T (B igg 5
Sy o0 a5 4o las ) CdE S l glas o
o) )g 5 a5l g S5 o yz sloaul (2l
B Seusignl el )0 epe LA Wae SYsb
5 B laca—ul 5l Sty Caz g, nl 5l o)l
2 B peine sl b (=59 0, Ses 158
el o3 slad > 85

S g o
oo by 6ySs Al s, Lol alin ol
6»)@1 ol)‘T ol il ,o IRIAU.SRB.REC.1398.176
5l 45 wtlgo g Sl g psle wy

D9 oo (19,08 5 Sid ) F Slidd g pgle axlg

References

1. Middleton N, George K, Whyte G, Gaze D,
Collinson P, Shave R. Cardiac troponin T release is
stimulated by endurance exercise in healthy humans. J
Am Coll Cardiol. 2008;52(22):1813-4.

2. Thompson PD, Buchner D, Pifia IL, Balady GJ,
Williams MA, Marcus BH,. Exercise and physical
activity in the prevention and treatment of

o9

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-7298-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-03 ]

Med. 2019;3(5):775-87.

15. Guimardes GV, Ciolac EG, Carvalho VO,
D’Avila VM, Bortolotto LA, Bocchi EA. Effects of
continuous vs. interval exercise training on blood
pressure and arterial stiffness in treated hypertension.
Hypertens Res. 2010;33(6):627-32.

16. Richardson AJ, Leckie T, Watkins ER,
Fitzpatrick D, Galloway R, Grimaldi R,. Post
marathon cardiac troponin T is associated with relative
exercise intensity. J Sci Med Sport. 2018;21(9):880—
4.

17. Da Ponte A, Giovanelli N, Antonutto G, Nigris
D, Curcio F, Cortese P,. Changes in cardiac and
muscle biomarkers following an uphill-only marathon.
Res Sports Med. 2018;26(1):100-11.

18. Legaz-Arrese A, Lopez-Laval I, George K, Jose
Puente-Lanzarote J, Castellar-Otin C, Reverter-Masia
J,. Individual variability of high-sensitivity cardiac
troponin levels after aerobic exercise is not mediated
by exercise mode. Biomarkers. 2015;20(4):219-24.

19. Kim Y]J, Shin YO, Lee JB, Lee YH, Shin KA,
Kim AC. The effects of running a 308 km ultra-
marathon on cardiac markers. Eur J Sport Sci.
2014;14(sup1):S92-7.

20. Park CH, Kwak YS. Changes of cardiac
biomarkers after ultradistance and standard-distance
triathlon. J Exerc Rehabil. 2019;15(2):254.

21. Eijsvogels TM, Fernandez AB, Thompson PD.
Are there deleterious cardiac effects of acute and
chronic  endurance exercise? Physiol Rev.
2016;96(1):99-125.

22. Schwartz P, Piper HM, Spahr R, Spieckermann
PG. Ultrastructure of cultured adult myocardial cells
during anoxia and reoxygenation. Am J Pathol.
1984;115(3):349.

23. Feng J, Schaus BJ, Fallavollita JA, Lee TC,
Canty Jr JM. Preload induces troponin I degradation
independently of myocardial ischemia. Circulation.
2001;103(16):2035-7.

24. Aengevaeren VL, Froeling M, van den Berg-
Faay S, Hooijmans MT, Monte JR, Strijkers GlJ,.
Marathon running transiently depletes the myocardial
lipid pool. Physiol Rep. 2020;8(17):e14543.

25.Sun X, Pan H, Tan H, Yu Y. High free fatty acids
level related with cardiac dysfunction in obese rats.
Diabetes Res Clin Pract. 2012;95(2):251-9.

26. Waskiewicz Z, K\lapcinska B, Sadowska-Krepa
E, Czuba M, Kempa K, Kimsa E,. Acute metabolic
responses to a 24-h ultra-marathon race in male
amateur runners. Eur J  Appl  Physiol
2012;112(5):1679-88.

27. Park CH, Kwak Y-S. Changes of cardiac
biomarkers after ultradistance and standard-distance
triathlon. J Exerc Rehabil. 2019;15(2):254.

28. Bilet L, Van De Weijer T, Hesselink MKC, Glatz
JFC, Lamb HJ, Wildberger J,. Exercise-induced
modulation of cardiac lipid content in healthy lean
young men. Basic Res Cardiol. 2011;106(2):307-15.

7

ohes 5 (SHi ol aablé

29. Perrault H, Péronnet F, Lebeau R, Nadeau RA.
Echocardiographic assessment of left ventricular
performance before and after marathon running. Am
Heart J. 1986;112(5):1026-31.

30. Hoffman MD, Ong JC, Wang G. Historical
analysis of participation in 161 km ultramarathons in
North America. Int J Hist Sport. 2010;27(11):1877—
91.

31. Neilan TG, Januzzi JL, Lee-Lewandrowski E,
Ton-Nu TT, Yoerger DM, Jassal DS,. Myocardial
injury and ventricular dysfunction related to training
levels among nonelite participants in the Boston
marathon. Circulation. 2006;114(22):2325-33.

32. La Gerche A, Connelly KA, Mooney DIJ,
Maclsaac Al, Prior DL. Biochemical and functional
abnormalities of left and right ventricular function
after ultra-endurance exercise. Heart. 2008;94(7):860—
6.

33. Medicine AC of S, Thompson PD, Franklin BA,
Balady GJ, Blair SN, Corrado D,. Exercise and acute
cardiovascular events: placing the risks into
perspective: a scientific statement from the American
Heart Association Council on Nutrition, Physical
Activity, and Metabolism and the Council on Clinical
Cardiology. Circulation. 2007;115(17):2358-68.

34. Oxborough D, Birch K, Shave R, George K.
“Exercise-Induced Cardiac Fatigue”—A Review of
the Echocardiographic Literature. Echocardiography.
2010;27(9):1130-40.

35. Waskiewicz Z, K\lapcinska B, Sadowska-Krepa
E, Czuba M, Kempa K, Kimsa E,. Acute metabolic
responses to a 24-h ultra-marathon race in male
amateur runners. Eur J  Appl  Physiol
2012;112(5):1679-88.

36. Bilet L, Van De Weijer T, Hesselink MKC, Glatz
JFC, Lamb HJ, Wildberger J,. Exercise-induced
modulation of cardiac lipid content in healthy lean
young men. Basic Res Cardiol. 2011;106(2):307-15.


https://rjms.iums.ac.ir/article-1-7298-fa.html
http://www.tcpdf.org

