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Objective: The aim of this study was to compare the two methods of reduce exercise volume 

after four weeks of glycogen depletion training on cortisol stress factor and CRP in male 

healthy Inactive. 

Methods: 30 healthy inactive male undergraduate students from Qom University were 

purposefully selected and randomly assigned to three groups: 50% reduction in exercise 

volume, 75% reduction in exercise volume, and control. After four weeks of glycogen 

depletion training, including running back and forth for 2.5 hours, two sessions per week, 

one week of training adjustment was performed. Blood sample was taken in three stages, 

before starting the exercises, before and after adjusting the exercises. To investigate intra-

group difference, repeated measurements test was used, and to investigate inter-group 

differences, numerical difference of pre-test-post-test and post-test-follow-up values and 

MANOVA statistical method were used at the significance level (α=0.05). 

Results: The results of MANOVA between groups did not show significant differences in 

the two stages for the amounts of cortisol and C-reactive protein. But within subjects results 

were significant in 50% and 75% of cortisol at three time stages (P=0.02, P=0.03).  

Bonferroni post hoc test results showed a significant difference only between pre-test and 

follow-up in both groups (P=0.01, P=0.02). 

Conclusion: In conclusion, seems that one week of reduce exercise volume after four weeks 

of glycogen depletion training cannot affect the levels of cortisol and CRP in male healthy 

Inactive. 
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Extended Abstract
 
 

Introduction 
Physical exercise, when combined with other 

stressors such as nutritional, environmental, 

or psychological factors, may lead to 

overtraining syndrome in athletes, 

characterized by chronic fatigue, inadequate 

recovery, and immune system suppression. 

Glycogen depletion training, also known as 

exhaustive endurance training, involves 

prolonged, high-volume aerobic exercise that 

induces significant physiological changes, 

including alterations in hormonal, 

inflammatory, and stress-related markers 

such as cortisol and C-reactive protein 

(CRP). While moderate physical activity has 

been shown to reduce CRP levels, intense and 

prolonged exercise can elevate cortisol, a 

catabolic hormone associated with immune 

suppression. Tapering, the gradual reduction 

of training volume before competition, is a 

strategy used to optimize performance by 

reducing physiological and psychological 

stress. However, the effects of different 

tapering methods following glycogen 

depletion training on cortisol and CRP in 

inactive individuals remain unclear. This 

study aimed to compare the effects of two 

tapering methods (50% and 75% reduction in 

training volume) after four weeks of 

glycogen depletion training on cortisol and 

CRP levels in healthy inactive men. 

 
Methods 
Thirty healthy inactive male students from 

Qom University were purposefully selected 

and randomly assigned to three groups: a 

50% tapering group (n=11), a 75% tapering 

group (n=11), and a control group (n=8). All 

participants underwent four weeks of 

glycogen depletion training, consisting of 

intermittent shuttle running (2.5 hours per 

session, twice weekly). Following this, the 

experimental groups performed one week of 

tapering (either 50% or 75% reduction in 

training volume), while the control group 

remained inactive. Blood samples were 

collected at three time points: before training 

(baseline), after four weeks of glycogen 

depletion (post-test), and after one week of 

tapering (follow-up). Serum cortisol was 

measured using chemiluminescence 

immunoassay (CLIA), and CRP was assessed 

via nephelometry. Statistical analysis 

included repeated measures ANOVA for 

within-group comparisons and MANOVA 

for between-group differences, with 

significance set at p < 0.05. 

 
Results 
No significant between-group differences 

were observed in cortisol or CRP levels at 

any measurement point (p > 0.05). However, 

within-group analysis revealed significant 

changes in cortisol levels for both tapering 

groups (50%: p = 0.03; 75%: p = 0.02). Post-

hoc Bonferroni tests indicated significant 

differences only between baseline and 

follow-up in both experimental groups (p = 

0.01 and p = 0.03, respectively). No 

significant within-group changes were found 

for CRP in any group (p > 0.05). 

Anthropometric and demographic 

characteristics were homogeneous across 

groups at baseline, ensuring comparability. 

 
Discussion 
The findings suggest that one week of 

tapering (either 50% or 75% volume 

reduction) after glycogen depletion training 

did not significantly alter cortisol or CRP 

levels compared to the control group. The 

lack of between-group differences contrasts 

with some previous studies reporting cortisol 

reductions following longer tapering periods 

(e.g., two weeks). The observed within-group 

cortisol changes may reflect partial recovery, 
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but the short tapering duration may have been 

insufficient to induce significant 

physiological adaptations. CRP, an acute-

phase inflammatory marker, remained 

unchanged, possibly due to the delayed post-

exercise blood sampling (48 hours after 

tapering), missing peak inflammatory 

responses. Previous research has shown 

mixed results regarding exercise-induced 

CRP modulation, with some studies reporting 

reductions after aerobic training and others 

finding no effect. The absence of CRP 

changes in this study may also stem from the 

inactive participants' untrained status, 

differing from athletes who exhibit more 

pronounced inflammatory responses. 

 
Conclusion 
A one-week tapering period following four 

weeks of glycogen depletion training did not 

significantly affect cortisol or CRP levels in 

healthy inactive men. While minor within-

group cortisol reductions were noted, the lack 

of between-group differences suggests that 

longer tapering durations may be necessary to 

elicit meaningful physiological changes. 

Future research should explore extended 

tapering periods and incorporate real-time 

inflammatory marker assessments to better 

understand recovery dynamics in inactive 

populations. 
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50�O�� &�	� 63/0 56/2 00/2 900/ 13/0  36/0 

75�O��  &�	� 97/0 12/0 00/2 00/8 88/0  03/0 

����*  &�	� 71/0 22/1 00/2 00/6 35/0  28/0 
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  &�	�Y I- 91/4  84/2  35/0  42/3-  24/13  

&�	�Y K!-  (�!#!- 76/8  55/2  02/0  26/1  25/16  
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CZ�V�1 91/95 2 95/47 43/0 65/0 03/0 

CZ�V�2 43/47 2 71/23 38/0 68/0 02/0 

CRP 

��� CZ�V�1 19/3 2 59/1 56/1 22/0 10/0 

 CZ�V�2 11/0 2 05/0 03/0 96/0 00/0 



 

 
56 

8 �� ��>!8��* �
��0	 �� �!!f8 ��� ��O� M
k� �� ��
 �
�� �
�� L��>� .�F+ �� ����	 ���!" �� .* �9!8 .�!	� �� 
�� ��)��  �0!0E8 D!0E

{�J.�F+ U
 
�8�* ���	� 
��� ��.���" �9!8 (�  

 &�>!	 ��{�J D!0E8 `
��� D"�\	CRP  
��� .� �� �+ ����	�Y50  � �O��75  CZ�V� �� �� ;!�l<+ � ����* � ;
�<8 $)J K+�* �O��

��	� (�+ 
��� �#
�  ��X� ." .��� 
��� &��� (��� ��@	  ��F8 ���	� .�J�	 .� �� �� � U
 
��<� (��� &�>!	 �" n��:	 �CRP  K!-

 .����� (��� ��@	 �!c�8 n��:	 (�+ 
��� �� (�!#!- � &�	�Y I- �&�	�Y �" ���"  ��
�<8 �c� �" .\"�� �� �v!0� � �{ `
��� ���J ;
� �"

 .* &��H .���� ��T� |�A (�+�!f�	Davis &��#
� � )2013( � W�� .� �!c�8 .�
�0	 ����" �"�\� �" ����� n��:	   �	�� m�CRP  ��

 �	�� m�\� �n��:	 (�+  �� �" ;
�<8 .�F+ N�+ .* ���!�� .)!�� ;
� ." ����V���- $/�� &��T ���A�CRP  K+�* 
��� .� �+ �� ��

�	 ��� ��@	�+� )19(. Hübner ) &����<+ �2009 ( �� &������  .* K+�* s��" ��	 � &� .X:� &��!� ���* (�� ����� � �8��%  ��
�<8

 ��� ��@	CRP  ���!��<+��	 ;!��� )20(.  Cosio-Lima) &��#
� �2008>!� ( &��� ��� .* �� c�� �;
�<8  &�>!	CRP ���� (�!!f8 

)21(�
�� . ��� <+����: ��*e	  �0!0E8 `
��� o�"�	 ." ����	�Y �+ (�+ ����	�Y .���" D!0E8 ) &��#
� � �
��*2008���A� ( ;�	 �  ��"�
�

 ;!�l<+ .����"��� &���
�� 
 � ���" N!/�@A [\� �" h��@	 o�X8�� ���F�8 �X�% ����	Y CRP  ����)19( ." . ����	Y � ���" N!/�@A �8��X�

�%��� �X�% CRP ��	 K+�* ��+� .Stewart ) &��#
� �2007( �c� 12 .�F+ .	���" �X!*�8 (���+)/(��	��0	 �"  �"�G�/� (�+ ;
�*��
��

�� �� 29 ��	  &��T18 �8 35 ���	 ��� ����" ���% ����� � .)!��  &�>!	 ���A��CRP  N��� K+�* L��� �")7(.* �/�J �� . �w*�  �@/�\	 

.\"�� ����@	 ;!" m�\� N!/�@A ���<�T  �CRP  ����� &���)3(`
��� . �V�"  �0!0E8 �#
� �*�J �� &Y N�� .* .	���" ����� (�+ �" 

(�+�#���� ) �"�G�/�CRP ����� �!c�8 ()22( .Abedi )2012 (z8c�! ;
�<8 �X!*�8 �"  Nb�BCRP���  ���� &���	 �!B ��@A  ��."  �	 

12 .�F+  .��� ���% ����" ���	`
��� &��� ��� .*  m�\�CRP  ����� 
��� �<8 ��
." ��q (��� ��@	 ;!
�- �8 �� 
��� ����* ��" )22( ..

 ;!�l<+Pourvaghar )2013( ." ����"  ��c� N!/�@A ����� &��� �� (���+ $/�� ���V���-. �G�Y &��� ����� (���+ N!/�@A  ." �)�	

 m�\� K+�*CRP �	 ���)4(." . �+ ��J �" ��T�  �0!0E8 ��
� 
��"��  ��c� L��� �" $��!� ���<
� DA��8 �*� ��T� ����� .* ;
� ��V 

o�"�	 ."  ��F8 �� W���� N!/�@A (�+ ������  �� �  �	  ��
�<8 ������  ��F8 (�+ (��A � ."�)8 ���A� ����� � (�!� 
����� (�+ 

 ��F�	 M	��� $��!� ��<
�  �	 .���"CRP ;!�8��- U
 K�*�� 
��+� .�J�	 ��J N�� .* �� (�+��
��A �q �"�G�/� .�V�� �	 ." .��� 

;!�8��- �
�+ .* �c� �� ��	��� �P�G�/� &�l<+ ������ N��F� (�+ �
�
��*�" � ����
� �<!V�" � ��+ &�����0	 �� �<�Z- � ��� &���� &�V 

�  ����!J ��#��V �!!f8 �	(�+ ;!�8��- ��"�
 ��A K0� .��
�� ��J �w*� K+�*  �+ ;!�8��- ;
�  �@
�{ �"�G�/� �� NA�" �+ �	�"��� ;
� ." 

S!8�8 .* &Y ��+ SX� xA� M	�� ���V �P�G�/� &��* � �� ;!" &��"  �@\% NA�" 
�
� .	�O � �� N
�G� $!	�8 NA�" �	 ����)6 ,21( ;
� .

;!�8��- �+ �>T $��!� ��<
� �8�� 
��" � MX% ��<
� �� �O�R�V� W��� ." N!/�@A �	 ���*)23( .�	 &��� �+��� $b�	 ���" ;
�<8 .* ��+�

 K+�* SX�X� ;!�8��-�9!/� U  K+�* &Y ��X�� ." � ;!���!��<+CRP �	 ��� �e/&�>!	 CRP N��� N�+ �8 K� I- �� U
  .@
�{

.�O�AZ" � ��� �	 �+�y ��� �� I- �� $!	�8 �NA�" ." N��� �
��0	 �� �!!f8 ��� ��O� M
k� �� ��
 �
�� .�"�
 �	 K+�* CRP  &�	�

 .* ��" (�!� &�V48 O �����  ��
�<8 �� I- N����
��0	 ��  ��!!f8 ;
���!" D!0E8  �!"�� � NA��  �� CRP  N��� `�- ���J �� ��

�	 &���� �����  ��
�<8 �� I- N!���J ." .T�8 �" ��� �	 �b� ." M* �� .���*CRP  �� .* �9!8 .�!	� �� 
�� ��)��  �0!0E8 ;!�l<+ �

 ��� ��O� M
k� �� ��
 �
�� �
�� L��>� .�F+ �� ����	 ���!"�
��0	 �� �!!f8 CRP;
� .* .���" &Y 
�8�* ���	� 
��� M
��	 ��)��  �0!0E8 

(���!" �� �� .�!	� ;
� ����Y �	.���� 

 N!/�@A K+�* s��" � ���� (�c�	 K0� ����� N!/�@A ;!J �� �"�G�/� (�+ }V�� >!� � ���A� &��8 �" .* N�� ���	��+ � }V�� ��>!8��*

 ����!�*� ���Y (�+ $
>�Y���
��� K
�>A� &Y ��X�� ." �  Zv� ." &��� S!�Y (�+ }V�� L���� �}V�� � ���Y (�+�	 �"�G�/� (�+

��� )24( ;!�l<+ .[\� CRP ��"�
 �	 K
�>A� L��� ;!J (�#��V � h���� �#����) ��>!8��* � (P�G�/� �#����))25( ��>!8��* [\� .

�	 �
�� L��� ��#�+ �� �+  ���!+�"�* C�R	 � ��"�
 �	 K
�>A� L��� �� �@"��8���8�* � ��>!8��* [\� &�V ��% �FJ �" �� K+�* �� ;!	Y

 �+�)26( .k�<�J� C�R	  ����!+�"�*��+ �� ;!�J L��� �� M�	��� (���%�" ���@8 �	���" .>*���� 
���	 ��V��� <G	 (��" ������F�/G�!�� 

�!A��8��G����  �(�+=�A��*�	 
�#��� ��<
�  N��. �" .T�8 ." .��
� Nb�B >*��� &�V �������&� ��	�����8 �� 4 ��8 6 ��!	 ��	 �� ��!/ �� &�	� 

NJ����� ." ���!��- �� 5/2 ��!	 ��	 �" ��!/ )�9
�+ �<�!�� (.�" ���#�+ L��� ���"  �	 ����" ;
� K+�* >*��� k��<�J� �" U
�E8  $��!�



 

 
57 

 �"�G�/� � ��<
���e���c� N��. �� �A�q K+�* Nb�B >*��� &��V S�T�	 K
�>��A� �b�BN� &���	��+ ��>!8����* �� L����� �	 ���  .*

�	 ��=��!�� .!�:8  ��
�<8 �� &�V ��% NA� K+�* a
��� ." .T�8 �" a
��� ;
� ��<
� $�!� K�*�� � ��>!8��* Nb�B K
�>A� ." �)�	 ����8

 �!b� �"�G�/� ���- K
�>A� &Y ��X��" �CRP �	 ���)27(
����� .
�- �
��0	 � ;
�<8 �� (������ �c� �{�J D!0E8 �� �	� .!� 
��<+ .* �� (�

.��" �!!f8 &��" ;
�<8  �	 �  �� ��+ ����	�Y W�� ." .T�8 �" k�<�J� .* ��" �9!8 � ��=��!�� .!�:8 ;
�<8 
��� �� .H �!!f8 ��� �"  �0!0E8 ��

 ����	 (��� M	��� �V�" (�� �" ;
�<8 .�F+ ��GH �� I- �9!8 
��� U
 .* ��� 
��� &��� �{�J .@/�\	 �" ."��	IGF-1  S!�Y M	��� �

) ���" K:"�c� .������� ���!* ;!8��* ����	 ��Zv�28 .�F+ �� k�<�J� .* ��* �	 �!
�8 � N�� ��<+ �{�J .@/�\	 `
��� �" .)!�� ;
� .* .(

 ��!<�8  �0!0E8 ." ��!� �e/ ���e#" �c� .������� ��>!8��* �!b� ������ M	��� (�� �" ��:"�c� (��" ��
�<8 $)J K+�* ��T� .�!	� ;
� ��

.����   

6��� ����)  

 
��� �� �� ��>!8��* �
��0	 K+�* �9!8 
��� (�G��� � &�	�Y W��� MJ��	 ;!" a0A n��:	 ���	� (�+ 
��� �� �+��� &��� `
��� .H ���

.�F+ U
 ;
�<8 $)J �)
��8 K+�* .* ��� &��� D!0E8 ;
� �+��� ;!" (�+ .�A�
 �	� ��� 
�+��	 ��
�<8(� .�F+ ��GH 
��� U
 �� I- (�

 � ��>!8��* &�>!	 �" ��=��!�� .!�:8 ;
�<8CRP  ;
�<8 $)J �)
��8 K+�* .�F+ U
 ;
��"��" .����� (��� ��@	 �!c�8 ��@A �!B $/�� &���	

B $/�� &���	 �� ��=��!�� .!�:8 ;
�<8 .�F+ ��GH �� I- �"�G�/� � ������ (�+ &�	��+ �
��0	 �!!f8 ." �)�	.��� �<� ��������!  

  

�3[\� V�e�[%  

����	�Y �� M	�* N
�{� S�* �" � $% 
�#���� ��+�,- ���E	 N���@	 S
�R8 �  ��b� �" �{�J D!0E8 |ZV� �* (���� ;!�l<+ .�� ��)�� �+

 
��<� ."1398.008IR.QOM.REC. ����	�Y .��" .X�T .!�* �� �+	 .* &�	� �+ � .���� WZq� �0!0E8 (�+��	 ������V �� �������8

 .���� ���V �0!0E8 
=��-  

�1�% &��%��/�%�� 

$% 
�#���� �� ���� �������* x\F	 .	�� &�
�- �� .�A���" ./�0	 ;
� N�� .�A�#� ���% (��G� �
 � &���� �!+ �/�	 N
�<J NE8 � 
��"  

 &���B#��) ;���>% 

� 
��	Y �� &�����
�� ��<8&���
 N*���	 ./�0	 (�� .��� .���� 

 d/�B% g��.	  

�	 �Z�� ./�0	 &�����
�� ��v8 .���#l!+ .* ��������� ��T� �{�J K�+�,- �� �@A��	.�  

 �)�"��3 ! ��>	  

 �	�<8 �� &�����
�� �G��� ��&�
�)����  � ���8 .��<!<O ���� .���� (���<+ D!0E8 ��)�� �� .* (���A� ;!�l<+ � D!0E8 �� 
���* N*��

��>#��9���
�<� �	 (.  

References 
1.Flavio A Cadegiani et al. J Athl Train. Basal Hormones and Biochemical Markers as Predictors 

of Overtraining Syndrome in Male Athletes: The EROS-BASAL Study. 2019;54(8):906-914. doi: 

10.4085/1062-6050-148-18. 

2.Papacosta E, Gleeson M. Effects of intensified training and taper on immune function. Revista 

Brasileira de Educação Física e Esporte. 2013;27:159-76. 

3. Ahmad H Alghadir et al. Moderate aerobic training modulates cytokines and cortisol profiles in 

older adults with cognitive abilities. Cytokine. 2021. 138:155373. doi: 

10.1016/j.cyto.2020.155373. 

4.Pourvaghar MJ. Impact of a 2-month aerobic exercise on CRP of overweight female students. 

KAUMS Journal (FEYZ). 2013;17(4):380-6. [in persian] 

5. Junga Lee. Public Health Nurs. Influences of exercise interventions on overweight and obesity 



 

 
58 

in children and adolescents. 2021 ;38(3):502-516. doi: 10.1111/phn.12862.   

6. Zara Mayat et al. J Womens Health (Larchmt). Associations of Inflammation, Physical Activity, 

and Sleep in a Diverse Population of Women.2020. 29(7):1007-1016. 

 doi: 10.1089/jwh.2019.7663. 

7. Kaleen M Lavin et al. Effects of aging and lifelong aerobic exercise on basal and exercise-

induced inflammation. J Appl Physiol (1985). 2020. 1;128(1):87-99. 

 doi: 10.1152/japplphysiol.00495.2019. 

8. Suat Yildiz et al. J Strength Cond Res. Effects of 8-Week Functional vs. Traditional Training on 

Athletic Performance and Functional Movement on Prepubertal Tennis Players. 2019;33(3):651-

661. doi: 10.1519/JSC.0000000000002956. 

9.Moghaddam A, Ghasemniyan A, Azad A, Ghayeblou B. Compare the effect of two-stage 

tapering and gradual tapering on serum lactate, testosterone and cortisol in male athletes. Journal 

of Applied Health Studies in Sport Physiology. 2015;2(2):76-88. [in persian] 

10.Zehsaz F, Azarbaijani MA, Farhangimaleki N, Tiidus P. Effect of tapering period on plasma 

hormone concentrations, mood state, and performance of elite male cyclists. European Journal of 

Sport Science. 2011;11(3):183-90. [in persian] 

11.Bergström J, Hultman E. Muscle glycogen synthesis after exercise: an enhancing factor 

localized to the muscle cells in man. Nature. 1966;210(5033):309-10. 

12. Karl E Cogan et al. Eur J Appl Physiol. Co-ingestion of protein or a protein hydrolysate with 

carbohydrate enhances anabolic signaling, but not glycogen resynthesis, following recovery from 

prolonged aerobic exercise in trained cyclists. 2018;118(2):349-359. 

doi: 10.1007/s00421-017-3775-x. 

 13. Karl E Cogan et al. Eur J Appl Physiol. Co-ingestion of protein or a protein hydrolysate with 

carbohydrate enhances anabolic signaling, but not glycogen resynthesis, following recovery from 

prolonged aerobic exercise in trained cyclists. Eur J Appl Physiol. 2018. ;118(2):349-359. doi: 

10.1007/s00421-017-3775-x. 

14.Ghasemi Kahrizsangi A, Kazemi A, Ravasi A, Dehkhoda M. The effect of glucose and 

glutamine supplementation on serum HSP72 in non-athlete men during four weeks exhausting 

endurance-intermittent training. Res in Sport Med & Technol. 2014;7(23):1-12. [in persian] 

15. Marcin Grandys et al. Growth Horm IGF Res. Endurance training-induced changes in the GH-

IGF-I axis influence maximal muscle strength in previously untrained men. 2017 

 doi: 10.1016/j.ghir.2016.12.003. 

16. Jaak Jürimäe et al. Irisin and inflammatory cytokines in elite male rowers: adaptation to 

volume-extended training period. J Sports Med Phys Fitness. 2021. 

 doi: 10.23736/S0022-4707.20.11076-4.. 

17.Dehkordi KJ, Ebrahim K, Gaeini A, Gholami M. The effect of two types of tapering on cortisol, 

testosterone and testosterone/cortisol ratio in male soccer players. Int J Basic Sci Appl Res. 

2014;3(2):79-84. [in persian] 

18. Caoimhe Tiernan et al. Salivary IgA as a Predictor of Upper Respiratory Tract Infections and 

Relationship to Training Load in Elite Rugby Union Players. J Strength Cond Res. 2020 

;34(3):782-790. 

19.Davis F, Vidyasagar S, Maiya A, Kamath A. Dose response relationship between exercise 

intensity and C Reactive Protein in sedentary individuals. Journal of Science and Medicine in 

Sport. 2013;16:e30. 

20. Amie Woodward et al. Supervised exercise training and increased physical activity to reduce 



 

 
59 

cardiovascular disease risk in women with polycystic ovary syndrome: study protocol for a 

randomized controlled feasibility trial. Trials. 2020. doi: 10.1186/s13063-019-3962-7. 

 21.Cosio-Lima L, Schuler P, Reynolds K, Taylor L, Kellog G, Cerney J. Preliminary study of the 

effects of age and type2 diabetes on the release of IL-6, IL-10, TNF a and cortisol in response to 

acute exercise. Journal of American Cell Cardiology. 2008;119(3). 

22.Abedi B. The effects of 12-week combined aerobic/resistance training on C-reactive protein 

(CRP) serum and interleukin-6 (IL-6) plasma in sedentary men. 2012. [in persian] 

23.Hatami S, Javad Mousavi SA. C-reactive protein levels correlate with mortality in critically ill 

patients. Razi Journal of Medical Sciences. 2015;22(130):47-52. [in persian] 

24.Reza Jahani G, Entezami K, Haydari H, Abkar A, Mollasaeidi Z. The effect of intensive activity 

and regular exercise with carbohydrate ingestion on cell-mediated immunity. Razi Journal of 

Medical Sciences. 2013;19(104). [in persian] 

25. Francesca Arfuso et al. Oxidant and Antioxidant Parameters' Assessment Together with 

Homocysteine and Muscle Enzymes in Racehorses: Evaluation of Positive Effects of Exercise. 

Antioxidants (Basel). 2022. doi: 10.3390/antiox11061176. 

26. Joanna Kruk et al. Physical exercise and catecholamines response: benefits and health risk: 

possible mechanisms. Free Radic Res. 2020. doi: 10.1080/10715762.2020.1726343.  

27.Ghilson M. Immunologicl system function in exercise. Translated by H Aghaalinejad Tehran 

Donyaye harekat. 2010. [in persian] 
٢٨. Alimardani, A., Shokri, A., Rasouli, M., Daei, R. Comparison of Two Methods of Tapering 

After Four Weeks of Glycogen Depletion on Cortisol and CRP in Healthy, Inactive Males. Applied 

Research in Sports Nutrition and Exercise Science, 2024; 1(2): 7-20. doi: 

10.22091/arsnes.2024.10404.1008 
 


