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Abstract

Background: Cardiotrophin-1 (CT-1) and platelets (PLA) have an important role in heart
disorders of athletes, and training is believed to affect these two parameters. Accordingly, this
study investigated the effect of 12 weeks of compound set training on CT-1 and PLA and their
relationship in active young males.

Methods: In this semi-experimental study, subjects included 30 active male bodybuilders in
Ardabil who were randomly assigned to exercise (n=15) and control (n=15) groups after matching
height, weight, body mass index (BMI), maximal oxygen uptake, and one-repetition maximum
(1-RM). They performed 12 weeks of compound training (three 60-minute weekly sessions), 15
seconds at each station with 40%-60% 1-RM, and a 45-second interval rest. Before and after 12
weeks, 5 mL of blood was taken from the brachial vein. In addition, serum CT-1 was measured
using an enzyme-linked immunosorbent assay (ELISA) kit and a Hyperion ELISA device. Further,
serum PLA was estimated using a platelet kit. Independent and dependent t-tests were utilized to
examine the difference between the means of intergroup and intragroup data. Finally, the Pearson
correlation coefficient was used to investigate the relationship between variables.

Results: Serum CT-1 and PLA significantly increased after 12 weeks of compound set training
compared to before 12 weeks of compound set training versus the control group (P<0.05). There
was no significant relationship between CT-1 and PLA before and after 12 weeks of compound
set training in two groups (P>0.05).

Conclusion: Overall, 12 weeks of compound training affected CT-1 and PLA levels. Thus,
coaches and athletes can consider these results to maintain health and prevent syncope and
thrombosis in athletes. Moreover, they should perform compound set training with caution.
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Background
Performing resistance exercises is part of a training
program that applies various types of external resistance
to increase or prevent the decrease of muscle volume,
maintaining muscle strength, power, and endurance
in people (1, 2). These exercises improve muscular
strength and endurance, the capability of function and
self-determination, and well-being while diminishing
complaints in people suffering from cardiovascular
disease (CVD) (3, 4). Resistance training (RT) is one of
the most powerful tools for improving physical fitness
(5) and results in hemodynamic alterations in skeletal
and cardiac muscles (6). Compound set (agonist-agonist
muscle groups) training is a type of RT that causes
strengths in short periods (7).

RT has a positive effect on health and physical fitness
(8), but it may cause sudden cardiac death (SCD) and

myocardial infarction (MI) during exercise due to
homeostasis disorders (9, 10). Although young athletes
are healthier than other people, they may experience
SCD in sports (9, 11). An increase in the risk of sports-
related SCD and MI during strenuous exercise in young
athletes has been reported in some studies (5, 9). The
SCD of a young athlete is a really rare event and is a
tragedy (9, 10). The researchers indicated that 2%-10%
of young athletes who die suddenly have no evidence of
structural heart disease (2, 10, 12). At least 30% of the
SCD occurs in athletes under 30 years old during athletic
exercises (2, 10, 13). Myocardial fibrosis due to high-
intensity and high-volume exercise can lead to malignant
arrhythmias and SCD in sports (14-16). The risk of
SCD approximately doubles during sports until about
1 hour after its cessation (10, 12, 17). Cardiotrophin-1
(CT-1) is a 2.5 kDa protein (203 amino acids in length)
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(2) and a new member of the interleukin (IL)-6 family
of cytokines (18-20). Cardio-myocytes and noncardiac
cells in the heart synthesize CT. Once CT-1 is produced
by the heart, it is secreted through the coronary sinus
into the peripheral systemic circulation (9, 21-23). CT-1
has various functions, such as myocardial conservation,
estimating the heart for unhealthy situations, exerting
hemodynamic influences on endocrine (24). It is an active
inveigler of cardiac hypertrophy and atherosclerosis (18),
stimulates cardiac fibroblasts, and protects myocytes
from cell death (8). According to reports, CT-1 increased
in ischemic disease after an acute coronary syndrome (6)
and an acute protocol exercise on a treadmill in patients
with hypertrophic cardiomyopathy (25). CT-1 may be a
predictor of sudden death in exercise (25) for the initial
screening and diagnosis of acute MI in young athletes (8,
10, 12). Therefore, CT-1 is an encouraging biomarker for
approximating the existence, intensity, and anticipation
of atherosclerotic CVD (24). There is an association
between CT-1 and the formation of atherosclerosis
(24). Intense physical exercise in humans is attributed
to the concentration of CT-1 in plasma. Some exercises
in healthy subjects transiently increase plasma CT-1
concentration (26, 27). In addition, CT-1 is a diagnostic
indicator of mortality in cardiac hypertrophic conditions.
Strength training in athletes leads to left ventricular
hypertrophy (18), which has been shown to increase
plasma CT-1 in humans (1). Mortality and the risk of
sudden death in exercise are associated with severe
ventricular hypertrophy. CT-1 is related to cardiac
arrhythmias, arterial fibrillation, sympathetic heart
failure, and sudden death in exercise (22).

Coronary thrombosis is the most critical homeostasis
disturbance causing SCD during athletic exercises (9).
Prothrombotic factors might play an essential role in SCD
(8). Likewise, platelets (PLA) are coagulation factors that
have a crucial role in CVDs (4, 28). The risk of abnormal
blood clot formation increases due to increased PLA in
coronary arteries (10, 12, 29). Acute exercises lead to the
transient activation of the coagulation system, increasing
SCD (10, 12, 17, 30). Both acute and regular exercises
affect PLA function. It has been shown that there are
patterns for hemostasis, thrombosis, and plaque rupture
during sports-related SCD exercise (9). Thrombosis and
plaque rupture as the urgent mechanisms of SCD in
athletes, occur with coronary stenosis (31). In addition to
the role of PLA in thrombosis, its function is essential for
inflammatory reactions and immune responses (4, 28).
RT temporarily increases plasma PLA levels in healthy
individuals (13, 25), and PLA also affects IL-6 and CT-1
release (25). Further, CT-1 extends the quantity of PLA
and red blood cells (24). High-intensity training, such as
reduced exertion, causes rapid, transient changes in the
number of PLAs (thrombocytes) in the circulation (32).
When this increase is massive, it may have thrombogenic

side effects in young and older people (32). Nonetheless,
Hulmi et al demonstrated that 21 weeks of RT did not
change the acute reduced-exertion-induced platelet
response (32).

Objectives

Recently, compound set training has been performed by
many young athletes toimprove strength and hypertrophy
muscles (32). Considering the importance of the issue
and the fact that no study has so far been conducted in
this regard, this study seeks to evaluate the effect of 12
weeks of compound set training on CT-1 and PLA and
their relationship in young male bodybuilders.

Materials and Methods
The subjects, including 30 active men aged 20-30 years
residing in Ardabil, voluntarily participated in this clinical
trial study. They completed the consent form and a
questionnaire, including medical and sports information,
and were randomly divided into control and experimental
groups. The number of samples was determined to be 15
people in each group, using the formula for determining
the sample size in experimental studies (S=14 [standard
deviation] and D =7 [possible precision]) and taking into
account the error of the first type of estimation of 0.05. In
addition, z was stimated from z score table. (33).

SexZap
n= e

Additionally, the number of samples was 10 people
in previous studies and Morgan’s table (33, 34). The
inclusion criteria included 4 years of RT and a lack of
consuming caffeine, alcohol, cigarettes, tobacco, and
anti-oxidant supplements (e.g., excessive consumption
of vitamins C and E, iron, magnesium, copper, and
zinc). The other inclusion criteria were no history of
any CVDs and diseases affecting hematological factors
(e.g., muscle damage) and no use of anti-inflammatory
drugs (e.g., aspirin, ibuprofen, antibiotics, naproxen, and
betamethasone). On the other hand, the exclusion criteria
included smoking and alcohol consumption, a history of
certain diseases, and injuries during training, which were
obtained based on self-report and medical tests.

Compound Set Training

All subjects were present in the Ardabil gym at 8 AM, one
day before starting training to determine demographic
characteristics, including height, weight, body mass
index (BMI), maximal oxygen uptake (Vo, ), and
one-repetition maximum (1-RM). They were asked to
stand barefoot with minimal clothing, with their backs,
heads, shoulders, hips, and heels touching the Seca
scale (Germany). Then, in this position, the height and
weight of the subjects were measured in centimeters and
kilograms. The seven-step Bruce’s maximal test was used
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to estimate Vo, . In addition, the exhaustion time was
recorded,and Vo, _ values were calculated by the Pollack
formula at mL/kg/min. Further, the Brzycki formula was
utilized to determine a 1-RM of the upper and lower limp
muscles in chest press and squat movements.

Brzycki formula: ((repetitionx0.02780) -1.02780) /
weight (kg) = 1-RM (33, 34, 35).

Next, a maximum repetition of the upper and lower
limbs of muscles was calculated and matched.

In the compound set training group, subjects performed
60 minutes of exercise consisting of 10 stations (front leg,
barbell curl, leg press, front lat pull down, chest press,
parallel, barbell shoulder press, back lat cable pulley row,
and back leg) after 10 minutes of warming up. Exercise
at each station lasted for 15 seconds, and the rest time
between stations was 45 seconds. Moreover, exercise was
performed with 40%-60% 1-RM, and the subjects cooled
down for 5 minutes at the end of the exercise (2).

Measurements

Opverall, 5 mL of the blood was taken from the brachial
vein before and after 12 weeks. Blood samples were
centrifuged for 10-15 minutes at 3000 pm. The serum
was stored at -20 'C. Furthermore, serum CT-1 was
measured using an enzyme-linked immunosorbent assay
kit (ZellBio, Germany) and a Hyperion enzyme-linked
immunosorbent assay device (US). Moreover, serum
PLAs were measured using a PLA kit (Mahsa Yaran
Iran Company). The data were presented as means and
standard deviations. The Shapiro-Wilk test was used to
evaluate data normality. Additionally, one-way analysis
of variance and post-hoc Bonferroni tests were employed
to determine the difference between CT-1 and PLA intra-
and inter-groups before and after 12 weeks of compound
set training. Further, the Pearson correlation coefficient
was utilized to examine the relationship between CT-1
and PLA. SPSS software (version 25) was used for data
analysis, and the significant level was P<0.05. The ethical
principles for the implementation process were observed
under the Helsinki Declaration.

Results

The results of the Shapiro-Wilk test confirmed that
the data had a normal distribution (Table 1). Table 2
summarizes the demographic characteristics of the

subjects. Moreover, the variance of the groups at the
beginning of the research was homogeneous in terms of
age (F=1.311, P=0.362), weight (F=1.907, P=0.304),
height (F=1.821, P=0.188), BMI (F=0.910, P=0.348),
Vo, =~ (F=0.196, P=0.661), upper 1-RM (F=2.358,
P=0.136), lower 1-RM (F=1.591, P=0217), CT-1
(F=3.343, P=0.078), and PLA (F=3.0590, P=0.68).

Based on the results (Table 2), no significant difference
was found between the demographic characteristics of
the subjects at the beginning of the study and before 12
weeks of compound set training (P> 0.05).

The results (Table 3) demonstrated that there was a
significant difference between CT-1 and PLA in the two
exercise and control groups before and after 12 weeks of
compound set training.

No significant difference was observed between CT-1
and PLA in the two exercise and control groups at the
beginning of the study (Table 4). Based on the findings,
12 weeks of compound set training significantly increased
CT-1(P=0.0001) and PLA (P=0.0001). In addition, CT-1
(P=0.0001) and PLA (P=0.001) significantly increased
in the exercise group compared to the control group.
However, there was no significant difference between
CT-1 and PLA in the control group before and after 12
weeks (P> 0.05).

Moreover, the results represented no significant
relationship between CT-1 and PLA in young male
bodybuilders before and after 12 weeks of compound set
training.

Discussion

Table 2. Demographic Characteristics of the Subjects in Exercise and
Control Groups

Variables Control (n=15) Exercise (n=15) P value
Age (year), Mean+SD 25.13+1.36 24.67+1.72 0.416
Weight (kg), Mean+SD 67.20+3.12 67.60£2.29  0.692
Height (cm), Mean+SD  174.73+2.76  17533+2.74  0.555
BMI (kg/m?), Mean+SD 22.0120.91 21.99+0.74  0.958
1-RMupper limbs (kg), 32.80+0.77 32.67+0.72  0.630
Mean+SD

1-RM lower limbs (kg), 73.53+1.73 73.13£0.83  0.426
Mean+SD

VO, sy (ML/kg/min), 105.07£0.96  104.5351.36  0.224
Mean+=SD

Note. SD: standard deviation; BMI: Body mass index; 1-RM: One-repetition
maximum; Vo, : Maximal oxygen uptake.

2max

Table 1. Shapiro-Wilk Test Results Related to the Normality of Data Distribution

Group Age Weight Height BMI Vo, . Upper 1-RM  Lower 1-RM  CT-1Pre  CT-1Post  PLA Pre PIA Post
P=0.261 P=0.157  P=0.231 P=0.017  P=0.004 P=0.183 P=0.032 P=0.020 P=0.000 P=0.714  P=0.855

Contrel 7Z=0929 7=0914 Z7Z=0.925 Z=0.850 Z=0.806 Z=0.919 7=0.868 7=0.854 7Z=0.616 Z=0.961 Z=0.970
) P=0.505 P=0.109 P=0.604 P=0.101 P=0.002 P=0.004 P=0.606 P=0.088 P=0.067 P=0.930 P=0.586
Prercise Z=0949 7=0904 Z=0.955 Z=0.902 Z=0.783 Z=0.799 Z=0.955 7Z=0.898 7Z=0.890 Z=0976 Z=0.954

Note. CT-1: Carditrophin-1; PLA: Platelets; Vo,

: Maximal oxygen uptake; 1-RM: One-repetition maximum.
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Table 3. Results of One-Way ANOVA Test of Cardiotrophin-1 and Platelets in Exercise and Control Groups Before and After 12 Weeks of Compound Set Training

Parameters Sum of Squares df Mean Square [F P Value

Between groups 65.116 3 21.705 9.889 0.0001"
CT-1 (Pg/mL) Within groups 122.921 56 2.195

Total 188.037 59

Between groups 2598.317 3 866.106 27.271 0.0001"
PLA (10°/pL) Within groups 1778.533 56 31.708

Total 4376.850 59

Note. ANOVA: Analysis of variance; CT-1: Carditrophin-1; PLA: Platelets;
*Significant difference at P<0.05.

Table 4. Results of Post Hoc Bonferroni Test of Cardiotrophin-1 and Platelets in Exercise and Control Groups Before and After 12 Weeks of Compound Set Training

. Mean+SD Mean+SD .
Variables Groups Before 12 Weeks of Training After 12 Weeks of Training Mean Difference Df P value
Exercise 13.69+0.96 16.16+2.07 -5.421 14 0.0001"
CT-1 (Pg/mL)
Control 13.63+1.43 13.52+1.28 -0.265 14 0.795
Exercise 284.47+3.44 299.87+6.09 -27.40 14 0.0001"
PLA (10°/pL)
Control 284.67 +7.65 284.93+7.43 -8.239 14 0.546

Note. CT-1: Carditrophin-1; PLA: Platelets; SD: Standard deviation.
* Significant difference at the level of P<0.05.

The findings of this study confirmed that CT-1
significantly increased after 12 weeks of compound set
training. In other words, CT-1 concentration increased
with exercise in healthy subjects. Exercise and exercise-
induced hypoxia cause the release of noradrenaline and
increase CT-1 concentrations (26, 27). Hypoxia-induced
factor 1 increases CT-1 expression, leading to the
maintenance of cardiomyocytes in response to ischemia.
Myocardial ischemia is probably due to the stretching of
the myocardial ventricular wall, resulting in local pressure
of myocardial contraction in exercise. This mechanical
stretch activates the protein kinase B/signal transducer
and activator of the transcription (AKT/STAT) pathway
and IL-6 and CT-1 messenger RNA expression (25, 36,
37). Myocardial ischemia, a dynamic process that occurs
during exercise, could probably increase CT-1 (35) after
12 weeks of compound set training in this study. Twelve
weeks of compound set training in the present study could
probably lead to temporary hypoxia (27). Exercise and
physical activity lead to a temporary decrease in oxygen
consumption in organs, especially muscle organs, because
of increasing the demand for oxygen consumption in the
heart and muscles. Further, exercise increases the speed
of hemoglobin passing through alveolar capillaries and
decreases their saturation percentage (18, 27). Endocrine
(e.g., fibroblast growth factor-2, aldosterone, and
norepinephrine) and autocrine factors may augment the
expression of CT-1 (27). CT-1 activates the Janus kinase
(JAK)-STAT, mitogen-activated protein (MAPK) signal
transduction pathways, and adenosine monophosphate-
activated protein kinase in cardiomyocytes (18). The
mechanism of STAT activation is a signaling cascade that
induces nuclear factor-kappa B (18). It should be noted

that the nuclear factor-kappa B is stimulated/activated
by CT-1 and related cardiomyocyte conservation using
selective inhibitors (e.g., p38 MAPK, ERKs, or AKT) in
rat cardiomyocytes. CT-1 activates intracellular kinases
in cultured cardiomyocytes (25, 27). Exercise-induced
mechanical traction activates JAK/STAT pathways and
possibly stimulates IL-6 RNA and CT-1 expression (25,
27). The JAK/STAT pathway defends cardiomyocytes
against ischemia/reperfusion injury by reducing reactive
oxygen species production (23), and this reduction
promotes the effects of CT-1 through the aforementioned
pathways (10). This issue needs further investigation.
Another probable reason for the increase of CT-1 after
training is the increase of IL-6. IL-6 and its secreted
CT-1 are a part of the immune system (29). IL-6 is one
of the most essential predominant pro-inflammatory
cytokines in atherosclerosis (22). It has a vital role in
the development and progression of inflammatory
atherosclerosis and is known as a risk factor for coronary
heart disease (27).

The results related to the increase of CT-1 after 12
weeks of the compound set training in this study are
consistent with the findings of Kilim and Lakshmi
et al (38), Calabro et al (26), Gonzalez et al (1), and
Daryanoosh et al (39). However, our findings contradict
those of Gholaman et al (40), Marti et al (41), Amooali
et al (42), and Rendo-Urteaga et al (43). Gholaman et al
found that high-intensity interval training and moderate-
intensity continuous training decreased the levels of CT-1
and insulin resistance in women with type 2 diabetes. In
addition, high-intensity interval training was not superior
to moderate-intensity continuous training in terms of
observed changes in CT-1 levels and insulin resistance.
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Marti et al reported a significant decrease in CT-1
expression in peripheral blood mononuclear cells after 10
weeks of a lifestyle intervention (calorie restriction and
physical activity) in obese children (41). Rendo-Urteaga
et al demonstrated that a weight loss program (nutritional
intervention and physical activity) resulted in decreased
serum CT-1 levels, which was associated with a significant
decrease in insulin resistance (43). Conversely, Amooali
et al showed that there was no significant difference in the
serum levels of CT-1 12 after weeks of aerobic exercise
in hypertensive elderly women (42). These differences
are due to the gender of subjects, their training history,
the type, intensity, and duration of the training, and the
health status or illness of the subjects.

The finding of the present study also revealed that blood
PLA increased significantly after 12 weeks of compound
set training. Inflammatory and coagulation processes are
not separate. PLAs are activated when several cytokines
are released, mediating inflammation (2, 44). Beyond the
critical role of PLAs in thrombosis, they can assist and
modulate inflammatory reactions and immune responses
(19). Exercise increases PLA counts. This increase is
due to physical activity and the release of fresh PLAs
from the spleen, bone marrow, and other body reserves.
Some studies reported that epinephrine secretion causes
muscular contraction of the spleen (where one-third of
the PLA is stored). Epinephrine levels increase during
physical activity, especially high-intensity training. This
mechanism can explain PLA proliferation after exercise
in this study (13, 45). Other mechanisms include levels of
troponin, adenosine triphosphate, blood, lactic acid pH,
and blood catecholamines, which increase PLA count
after exercise. The increase of PLA in this study is probably
due to the release of these substances from the arteries of
the spleen, lungs, and red bone marrow. Another possible
reason is the increases in body temperature, sweating
rate, or plasma catecholamine concentrations (26, 45).

Our results regarding the increase in serum CT-1 levels
and PLA after 12 weeks of compound set training conform
to the findings of Monserrat et al (25), Daryanoosh
et al (39), Amooali et al (42), and Tayebi et al (13).
However, our findings contradict those of Hulmi et al
(32), demonstrating that blood PLA did not change after
RT. These contradictory results are due to differences in
the intensity, duration and protocol of the exercise, the
gender, the level of physical fitness of the subjects, and
subjects’ health or sickness status in different studies.

Our results revealed that CT-1 levels and PLA increased
after 12 weeks of compound set training (30). There was
no significant relationship between CT-1 and PLA before
and after 12 weeks of compound set training in young
male bodybuilders.

In this study, young bodybuilders and athletes were
screened before starting compound set training for
coagulation and inflammatory factors to prevent blood

coagulation and inflammation. In addition, coaches and
athletes performed compound set training with proper
intensity to maintain health and prevent thrombosis
in athletes. The limitation of the present study was the
impossibility of controlling factors such as mental state,
sleep, and rest at night before blood sampling.

Considering the relationship between inflammatory
factors and ILs with CT-1 and PLA, it is suggested that
future researchers measure these indicators. Further, it is
recommended that researchers perform similar studies
on girls, women, and adolescents.

Conclusion

It can be concluded from the results of the present study
that 12 weeks compound set training improves the level
of cardiotrophin-1 and platelets in active young males.

Acknowledgements

We would like to thank the staff and authorities of the University
of Mohaghegh Ardabili for their support. Special thanks also go
to all the participants for their sincere collaboration. There is no
contradiction.

Authors’ Contribution

Conceptualization: Ameneh Pourrahim Ghouroghchi.

Data curation: Mohsen Nouriyan.

Formal analysis: Ameneh Pourrahim Ghouroghchi, Roghayyeh
Afroundeh.

Funding acquisition: Ameneh Pourrahim Ghouroghchi.
Investigation: Roghayyeh Afroundeh.

Methodology: Roghayyeh Afroundeh, Mohsen Nouriyan.

Project administration: Ameneh Pourrahim Ghouroghchi.
Resources: Ameneh Pourrahim  Ghouroghchi, Roghayyeh
Afroundeh.

Software: Roghayyeh Afroundeh.

Supervision: Ameneh Pourrahim Ghouroghchi.

Validation: Ameneh Pourrahim Ghouroghchi.

Visualization: Mohsen Nouriyan.

Writing—original draft: Ameneh Pourrahim Ghouroghchi.
Writing—review & editing: Roghayyeh Afroundeh.

Competing Interests
The authors declare that they have no conflict of interests.

Ethical Approval

The present study was approved by the Ethics Committee
of Ardabil University of Medical Sciences (IRARUMS.
REC.1398.187) and registered in the Iranian Clinical Trial Center
(IRCT20181114041655N3).

Funding
This research received a grant from the University of Mohaghegh
Ardabili.

References

1. Gonzalez A, Lépez B, Martin-Raymondi D, Lozano E, Varo
N, Barba J, et al. Usefulness of plasma cardiotrophin-1 in
assessment of left ventricular hypertrophy regression in
hypertensive patients. ] Hypertens. 2005;23(12):2297-304.
doi: 10.1097/01.hjh.0000184406.12634.19.

2. Merrigan JJ, Jones MT, White JB. A comparison of compound
set and traditional set resistance training in women: changes
in muscle strength, endurance, quantity, and architecture. J

18 | Hormozgan Med J. 2025;29(1)

hmj.hums.ac.ir


https://hmj.hums.ac.ir
https://doi.org/10.1097/01.hjh.0000184406.12634.f9

Pourrahim Ghouroghchi et al

Sci Sport Exerc. 2019;1(3):264-72. doi: 10.1007/542978-019-
00030-8.

Madan M, Bishayi B, Hoge M, Amar S. Atheroprotective
role of interleukin-6 in diet- and/or pathogen-associated
atherosclerosis using an ApoE heterozygote murine model.
Atherosclerosis.  2008;197(2):504-14.  doi:  10.1016/j.
atherosclerosis.2007.02.023.

Williams MS, Kickler TS, Vaidya D, Ng'alla LS, Bush DE.
Evaluation of platelet function in aspirin treated patients
with CAD. J Thromb Thrombolysis. 2006;21(3):241-7. doi:
10.1007/511239-006-6968-4.

Wasfy MM, Hutter AM, Weiner RB. Sudden cardiac death in
athletes. Methodist Debakey Cardiovasc J. 2016;12(2):76-80.
doi: 10.14797/mdcj-12-2-76.

Fernandes T, Soci UP, Oliveira EM. Eccentric and
concentric  cardiac hypertrophy induced by exercise
training: microRNAs and molecular determinants. Braz |
Med Biol Res. 2011;44(9):836-47. doi: 10.1590/s0100-
879x2011007500112.

Brentano MA, Umpierre D, Santos LP, Lopes AL, Radaelli R,
Pinto RS, et al. Muscle damage and muscle activity induced
by strength training super-sets in physically active men.
J Strength Cond Res. 2017;31(7):1847-58. doi: 10.1519/
j5€.0000000000001511.

Sotoodeh Jahromi A, Shojaie M, Madani A. Cardiotrophin-1
in patients with acute myocardial infarction. Am J Appl Sci.
2010;7(9):1190-4. doi: 10.3844/ajassp.2010.1190.1194.
Chugh SS, Weiss JB. Sudden cardiac death in the older athlete.
J Am Coll Cardiol. 2015;65(5):493-502. doi: 10.1016/j.
jacc.2014.10.064.

Kim JH, Malhotra R, Chiampas G, d’"Hemecourt P, Troyanos
C, Cianca J, et al. Cardiac arrest during long-distance running
races. N Engl ] Med. 2012;366(2):130-40. doi: 10.1056/
NE/Moa1106468.

Suarez-Mier MP, Aguilera B. [Causes of sudden death during
sports activities in Spain]. Rev Esp Cardiol. 2002;55(4):347-
58. [Spanish].

Maron BJ, Doerer ], Haas TS, Tierney DM, Mueller FO. Sudden
deaths in young competitive athletes: analysis of 1866 deaths in
the United States, 1980-2006. Circulation. 2009;119(8):1085-
92. doi: 10.1161/circulationaha.108.804617.

Tayebi SM, Akhavan Zanjani M, Ghanbari Niaki A, Ghanbari
A. Short-term effect of circuit resistance exercise on plasma
fibrinogen and viscosity, and some platelet parameters of
young female students. J Sport Exerc Physiol. 2017;10(1):89-
96. doi: 10.48308/joeppa.2017.98874. [Persian].

Ghorayeb N, de Souza Colombo CS, Francisco RC, Garcia TG.
Sudden cardiac death in sports: not a fatality! Int ] Cardiovasc
Sci. 2019;32(1):84-6. doi: 10.5935/2359-4802.20180087.
Reddy PR, Reinier K, Singh T, Mariani R, Gunson K, Jui J,
et al. Physical activity as a trigger of sudden cardiac arrest:
the Oregon Sudden Unexpected Death Study. Int ] Cardiol.
2009;131(3):345-9. doi: 10.1016/j.ijcard.2007.10.024.
Trepels T, Zeiher AM, Fichtlscherer S. [Acute coronary
syndrome and inflammation. Biomarkers for diagnostics and
risk stratification]. Herz. 2004;29(8):769-76. doi: 10.1007/
s00059-004-2637-6. [German].

Harmon KG, Asif IM, Klossner D, Drezner JA. Incidence
of sudden cardiac death in National Collegiate Athletic
Association athletes. Circulation. 2011;123(15):1594-600.
doi: 10.1161/circulationaha.110.004622.

Asrih M, Mach F, Quercioli A, Dallegri F, Montecucco F.
Update on the pathophysiological activities of the cardiac
molecule cardiotrophin-1 in obesity. Mediators Inflamm.
2013;2013:370715. doi: 10.1155/2013/370715.
Lopez-Andrés N, Rousseau A, Akhtar R, Calvier L, Ifigo C, Labat

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

C, et al. Cardiotrophin 1 is involved in cardiac, vascular, and
renal fibrosis and dysfunction. Hypertension. 2012;60(2):563-
73. doi: 10.1161/hypertensionaha.112.194407.

Lépez-Yoldi M, Fernandez-Galilea M, Laiglesia LM, Larequi
E, Prieto J, Martinez JA, et al. Cardiotrophin-1 stimulates
lipolysis through the regulation of main adipose tissue lipases.
J Lipid Res. 2014;55(12):2634-43. doi: 10.1194/jIr.M055335.
Gonzalez A, Lépez B, Ravassa S, Beaumont ], Zudaire
A, Gallego I, et al. Cardiotrophin-1 in hypertensive heart
disease. Endocrine. 2012;42(1):9-17. doi: 10.1007/s12020-
012-9649-4.

Schuett H, Luchtefeld M, Grothusen C, Grote K, Schieffer B.
How much is too much? Interleukin-6 and its signalling in
atherosclerosis. Thromb Haemost. 2009;102(2):215-22. doi:
10.1160/th09-05-0297.

Wagner MA, Siddiqui MA. The JAK-STAT pathway in
hypertrophic stress signaling and genomic stress response.
Jakstat. 2012;1(2):131-41. doi: 10.4161/jkst.20702.
Watanabe T, Konii H, Sato K. Emerging roles of cardiotrophin-1
in the pathogenesis and biomarker of atherosclerosis. ]
Multidisciplinary Scientific Journal. 2018;1(1):94-105. doi:
10.3390/j1010010.

Monserrat L, Lépez B, Gonzédlez A, Hermida M, Ferndndez
X, Ortiz M, et al. Cardiotrophin-1 plasma levels are
associated with the severity of hypertrophy in hypertrophic
cardiomyopathy. Eur Heart ]. 2011;32(2):177-83. doi:
10.1093/eurheartj/ehq400.

Calabro P, Limongelli G, Riegler L, Maddaloni V, Palmieri R,
GoliaE, etal. Novel insights into the role of cardiotrophin-1 in
cardiovascular diseases. ] Mol Cell Cardiol. 2009;46(2):142-
8. doi: 10.1016/j.yjmcc.2008.11.002.

Natal C, Fortuno MA, Restituto P, Bazan A, Colina |, Diez
J, et al. Cardiotrophin-1 is expressed in adipose tissue and
upregulated in the metabolic syndrome. Am | Physiol
Endocrinol  Metab. 2008;294(1):E52-60. doi: 10.1152/
ajpendo.00506.2007.

Soleimani M, Dehghani S, Mahdivand A, Nematallahi Z,
Javdan F, Abtin A, et al. Effect of short-term consumption of
cocoa on platelet factors (PLT, MPV, PDW) in male athletes
following one session incremental exhaustive exercise. Int )
Sport Stud. 2013;3(1):319-26.

Davidson §J. Inflammation and acute phase proteins in
haemostasis. In: Janciauskiene S, eds. Acute Phase Proteins.
IntechOpen; 2013. p. 31-54. doi: 10.5772/55998.

D’Silva A, Papadakis M. Sudden cardiac death in athletes. Eur
Cardiol. 2015;10(1):48-53. doi: 10.15420/ecr.2015.10.01.48.
Stone GW, Maehara A, Lansky AJ, de Bruyne B, Cristea
E, Mintz GS, et al. A prospective natural-history study of
coronary atherosclerosis. N Engl ] Med. 2011;364(3):226-35.
doi: 10.1056/NEJM0a1002358.

Hulmi JJ, Myllyméki T, Tenhuméki M, Mutanen N, Puurtinen
R, Paulsen G, et al. Effects of resistance exercise and protein
ingestion on blood leukocytes and platelets in young and
older men. Eur J Appl Physiol. 2010;109(2):343-53. doi:
10.1007/500421-010-1360-7.

Delavar A. Research Methods in Psychology and Educational
Sciences. 1sted. Tehran: Payame Noor University Publication;
2006. p. 135-6. [Persian].

Kim JW, Ko YC, Seo TB, Kim YP. Effect of circuit training on
body composition, physical fitness, and metabolic syndrome
risk factors in obese female college students. ] Exerc Rehabil.
2018;14(3):460-5. doi: 10.12965/jer.1836194.097.
Pourrahim Ghouroghchi A, Pahlevani M. The effect of
resistance training with two maximum and sub-maximal
intensities on leukocytes and blood coagulation factors in
non-athlete men: a clinical trial study. ] Rafsanjan Univ Med

hmj.hums.ac.ir

Hormozgan Med J. 2025;29(1) | 19


https://hmj.hums.ac.ir
https://hmj.hums.ac.ir
https://doi.org/10.1007/s42978-019-00030-8
https://doi.org/10.1007/s42978-019-00030-8
https://doi.org/10.1016/j.atherosclerosis.2007.02.023
https://doi.org/10.1016/j.atherosclerosis.2007.02.023
https://doi.org/10.1007/s11239-006-6968-4
https://doi.org/10.14797/mdcj-12-2-76
https://doi.org/10.1590/s0100-879x2011007500112
https://doi.org/10.1590/s0100-879x2011007500112
https://doi.org/10.1519/jsc.0000000000001511
https://doi.org/10.1519/jsc.0000000000001511
https://doi.org/10.3844/ajassp.2010.1190.1194
https://doi.org/10.1016/j.jacc.2014.10.064
https://doi.org/10.1016/j.jacc.2014.10.064
https://doi.org/10.1056/NEJMoa1106468
https://doi.org/10.1056/NEJMoa1106468
https://doi.org/10.1161/circulationaha.108.804617
https://doi.org/10.48308/joeppa.2017.98874
https://doi.org/10.5935/2359-4802.20180087
https://doi.org/10.1016/j.ijcard.2007.10.024
https://doi.org/10.1007/s00059-004-2637-6
https://doi.org/10.1007/s00059-004-2637-6
https://doi.org/10.1161/circulationaha.110.004622
https://doi.org/10.1155/2013/370715
https://doi.org/10.1161/hypertensionaha.112.194407
https://doi.org/10.1194/jlr.M055335
https://doi.org/10.1007/s12020-012-9649-4
https://doi.org/10.1007/s12020-012-9649-4
https://doi.org/10.1160/th09-05-0297
https://doi.org/10.4161/jkst.20702
https://doi.org/10.3390/j1010010
https://doi.org/10.1093/eurheartj/ehq400
https://doi.org/10.1016/j.yjmcc.2008.11.002
https://doi.org/10.1152/ajpendo.00506.2007
https://doi.org/10.1152/ajpendo.00506.2007
https://doi.org/10.5772/55998
https://doi.org/10.15420/ecr.2015.10.01.48
https://doi.org/10.1056/NEJMoa1002358
https://doi.org/10.1007/s00421-010-1360-7
https://doi.org/10.12965/jer.1836194.097

Pourrahim Ghouroghchi et al

36.

37.

38.

39.

40.

Sci. 2019;18(7):637-56. [Persian].

Robador PA, San José G, Rodriguez C, Guadall A, Moreno
MU, Beaumont J, et al. HIF-1-mediated up-regulation of
cardiotrophin-1 is involved in the survival response of
cardiomyocytes to hypoxia. Cardiovasc Res. 2011;92(2):247-
55. doi: 10.1093/cvr/cvr202.

Talwar S, Squire 1B, Downie PF, Davies JE, Ng LL. Plasma
N terminal pro-brain natriuretic peptide and cardiotrophin 1
are raised in unstable angina. Heart. 2000;84(4):421-4. doi:
10.1136/heart.84.4.421.

Kilim SR, Lakshmi PV. A study on affect of severity of exercise
on platelet function. ] Evol Med Dent Sci. 2015;4(58):10027-
32. doi: 10.14260/jemds/2015/1451.

Daryanoosh F, Amo Ali N, Sherafati Mogadam M, Dadvand
SS. The effect of 12 weeks of resistance exercise on serum
cardiotrophin-1 levels, left ventricular hypertrophy and
blood pressure in hypertensive elderly women. ] Appl
Health Stud Sport Physiol. 2017;3(2):11-6. doi: 10.22049/
jassp.2016.13749. [Persian].

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-
Tand insulin resistance in women with type 2 diabetes. J Basic
Res Med Sci. 2021;8(1):67-75.

41.

42.

43.

44,

45.

Marti A, Morell-Azanza L, Rendo-Urteaga T, Garcia-Calzén
S, Ojeda-Rodriguez A, Martin-Calvo N, et al. Serum and
gene expression levels of CT-1, IL-6, and TNF-a after a
lifestyle intervention in obese children. Pediatr Diabetes.
2018;19(2):217-22. doi: 10.1111/pedi.12561.

Amooali N, Daryanoosh F, Babaee Baigi MA, Mohamadi
M. The impact of 12 weeks of aerobic exercise on serum
levels of cardiotrophin-1, blood pressure and left ventricular
hypertrophy in hypertensive elderly women. ] Adv Med
Biomed Res. 2016;24(106):1-9. [Persian].

Rendo-Urteaga T, Garcia-Calzén S, Martinez-Ansé E,
Chueca M, Oyarzabal M, Azcona-Sanjulidn MC, et al.
Decreased cardiotrophin-1 levels are associated with a lower
risk of developing the metabolic syndrome in overweight/
obese children after a weight loss program. Metabolism.
2013;62(10):1429-36. doi: 10.1016/j.metabol.2013.05.011.

Limongelli G, Calabro P, Maddaloni V, Russo A, Masarone D,
D’Aponte A, et al. Cardiotrophin-1 and TNF-alpha circulating
levels at rest and during cardiopulmonary exercise test in
athletes and healthy individuals. Cytokine. 2010;50(3):245-7.
doi: 10.1016/j.cyt0.2009.12.007.

Garai B, Chatterjee S, Mondal S, Mondal T. Effect of exercise
on platelet variables: an overview. Int J Phys Educ Sports
Health. 2017;4(3):506-10.

20

| Hormozgan Med J. 2025;29(1)

hmj.hums.ac.ir


https://hmj.hums.ac.ir
https://doi.org/10.1093/cvr/cvr202
https://doi.org/10.1136/heart.84.4.421
https://doi.org/10.14260/jemds/2015/1451
https://doi.org/10.22049/jassp.2016.13749
https://doi.org/10.22049/jassp.2016.13749
https://doi.org/10.1111/pedi.12561
https://doi.org/10.1016/j.metabol.2013.05.011
https://doi.org/10.1016/j.cyto.2009.12.007

