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� ��(��"�aH/=±ga/>=�����"4 �� ��(��"�)��/a=sig �

Mg/�=t(��4 �6 -"� D���# 6  ��8  � � ��  0"#�#

i>/g±=N/ii� �J��M�/M±iH/i=��  �J�� .���� ���

NC �HC � �� qF. 6�Z� R* ;�1 �� � �8�9,� ET�#� V[�

=69�?=a6F"T� 6Y
�e( �� � 
�". ��*��# 6  6�Z� �� �� ��

	
�� �� ��8�[���4 6p��� 6� ��9U(�� ��1 6  ET�#� ���

	( %���? ET�#� V[�� 6  6������ q"U( ���� � ��  ��  !.�� .

6�[��( ���� �� �Y  � V7T ��� �� 6�J�. 6 6���� ����

	��[ ��*��)�a�"(	��"
 (P���A D"  ��i�#H�� d7J

6
�
 ���� ���EDTA i�� x4 � ���* 6�.�� 5�Z�����A )��

6F"T�� ���=aaa(��AI4 �����(� ��=ah���* -��. .


� ��,. D"8O �T �%�� �%�[ 	���(�� ��� ��� �K�� 6  ��

������ �������A����* ��"� .��,. 6 ! �� �� �� %�[

 6�J�.�a�#=aK�� 6  t�&( ���A�4 E� qA�# 6F"T�

 
i -Ethylenediamine Tetraacetic Acid  
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�������	
�,���
������� � ��������� ���� ���	 
��� 
�� ���������� 
���� ��M

�#� �"@ !A� �� ��(���(��+"ZA� �� ���Z�A� �  �������A�

������ �� �� D"+��"( � �* ��"��* !7] R&8A.�N 6 -����

 � ���"9�� -���� K�����F( iTG �iiHDL K�� 6 

�������A� E"#���-�� )%���� ���� �%�(�� ���4 !"� (������ -

�* ��"���.!"� P��""Q# 0��|���� �� D"  � R&8A

R&8A y��r( ��� 6 ��# ���  0"#�# �  � ��  ���9"��i�/�

�J�� �M/��J���8T ���  �� � ��  %�[gN/��J�� �

�H/�� �J�� ��� HDL � � �� �>/��J����i/�

�J����  .

;��?�h	�3��	���(�� ��� ��� R��34)=H�Z�(��( �R"4 �� ��
�� !.���� qA %�(��*

���� 

�����. 

	Y"71 D���# 

)i�Z�(


� D���# ���,. 

)�a�Z�(

	Y"71 ;��8� 

)���Z�(


� ;��8� ���,. 

)�a�Z�(

	���(�� V� ��

)=H�Z�(

DA );�A(†=g/�±�>/>>>�/N±�a/>=g>/�±=a/>>>�/=±�g/>=Ni/=±�g/>N

%��)$����"�(M�/�a±ga/H�=�/H±=a/iHHa/H±�N/H�a=/�a±g�/H=ga/H±g�/H�

6���� ���# o%�  o

)$����"� � � �(��((

g�/=±>�/=aH=/�±>M/=�N>/=±�i/=a>=/N±N>/=�
ga/=±�N/=�

��� ��� )	���A��((>�/�a±gi/�a� �H/>±>/�aa =M/H±>g/�a� =a/��±>N/�a� Na/H±ig/�a� 

��,. qA��( 	��[�A 

)	�"(��( ��"?(

Mi/g±�a/�aa ==/>±iM/�a> =>/M±�M/�aa =>/M±M=/�aN 
MM/M±H�/�a� 

-���� )	�"($�� � 	�"( �J��"
(a�/�N±ga/�=a ia/�N±M/�=a >i/��±>g/��g �a/��±g�/�== i�/�i±g�/�=a 

��#���9"�� 

)	�"($�� � 	�"( �J��"
(

>H/=�±i�/��g ii/=�±�HM M�/�H±�g/�ai �=/==±aa/�Hi 
H=/=�±��/�aM 

D":#��4�b"
 �4;�+O 

)	�"($�� � 	�"( �J ��"
(

>N/N±�=/=gaM/=±M/=MNM/�±�i/=gi�/�±i�/=>aa/=±Mi/=M

��"�(�zE"
� ��( $��8A i�/a±>>/>a>/=±�=/MiH/�±N�/M=N/�±M�/>�i/�±HN/>

D":#��4 �� 	�.���� ��
�� Ha/H�±>/=ii =�/�Mi±��/NHa aH/�i>±>g/>�g �M/�>�±=/N�� =�/�>H±NH/N>H 

�8T �� 	�.���� ��
�� Mg/�Ng±gM/��=g NN/�Hi±MM/��NM ig/��M±�i/���a MM/�NN±=�/��>= H�/�ai±Mg/��ii

	 �O �� 	�.���� ��
�� �i/��M±ig/>M= g=/�>M±=M/>MN N�/�g�±M>H >/�a=±iM/>=N H�/���±�a/>ia 

V�6����� 	�.���� ��
�� >g/=�>±�N/��Ha �/�HH±�>/��a> �M/=Ha±i>/�=aM >N/=ia±Ni/��aH >�/=Na±=g/���i

*	8Y( P��Z# ����� ��?� 	���� D"  ���)a>/a>P(B†D"+��"(±��"Y( ~��U�� 

	��(�� 6�� 6 6"J�# �� 6(���  �� 	��)��� �""Q# 6� �*

 !"
�Y. �L@ 
�5� ��+
� �� � 	�� �882� ��&�� ;��Y( 	�B� 


�5� 	�.���� ��
�� � 	 �O �D":#��4 ��8T ���F( ;�� D��

 � R��34 ��@� 6  ����( 6�Z� E� � 6A 	1 �� 6����� 	��L@


� O86�Z� 	1 �� D" �� �j"FU# $�&�� 
,* � 
&84 ���

6A 	��L@ �(���� !7] j��1 6�Z� �� ���)� ���� ��� ��

��� E� V"eY# (67A�U( ��8T ���F( ���r�A� �� x4 � �*

 �  6����� 	��L@ 
�5� 	�.���� ��
�� � 	 �O �D":#��4

$�� �� ���Z�A� ��-.�N4���� �V(�� %��8� 6  61� �( ��� ���


� ��"�(� 6  k� �( s���� V"�U# �� K��4zE"
� ��( $��8A

���* ���� .	���(�� �� ����Y# $�� �	�r* V�\� 6  ��

l8( ���� 6�A��[ ����( !���� �� 0A�8( ���2�� �� � 


6�.�� %���4 �� � ���* ���[ R��34 %���? �� ���* ���

 6  k� �(=H���* ���� ���(� V"�U# �� 	���(�� .);��?

�(

!A� 6  ���  $��8A !"Y|� �� 	�� XI( E� %���� 

E"
� ��(���� � 6���( �� �� �� ���( �� ����� ��"�(�z��

}[�* �e[ ��VJ�� ~I�[����� 	���(�� �� $�[ ��� � 

�  
"9F# ��e[ }[�* %� �?�( K��� �������A� ~��U��

 %������� ���* 67A�U( .��"�(� xbAz$��8A �� E"
� ��(

 P���"�(� ��?z}[�* $��# �* 67A�U( �e[ ���.�> 6����

 67A�U( ���  %�(�� R"4 6���( �� ��* ���Z�A� ;�(�.

�(� ��"z�� 	Y"71 q���* �� K��� ���� E"
� ��( $��8A

!A� ��* 6���� ��� .
i- Triglyceride 
ii- High Density Lipoprotein 
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��g �� ���
� ��� �� !"�#$ �%� �" &��'( �	
)* + �,- ���� �#.� &� �/���0
�

z ��"�(� = [(Na – ;�+O�4 D":#��4 �b"
)/ >N/N ] + [( ��# ���9"��  −

�>a)/ >H/=� ] + [(��*�� %�[ �8T − �aa)/ a�/�N ] + [(��� ��� – 

>/H� )/ >�/�a ] + [(	��[�A %�[ ��,. qA��( − �aa)/ Mi/g ].    

K�� ��� ����( :	Y"71 ����# �� %�8"�1� 09� �� x4

���� $��#���� ��� � �y��"�A� / ~�����
�C %�(�� �  �� ���

}[�* 6  k� �( 6�LQ# ��� ��)��
�� qA��( ���F(

6����� 	�.���� 	�.���� ��
�� V� � 	 �O �D":#��4 ��8T ��

6����� (R"4 �� ���� ��x4 � %�(�� %�(�� �  %�(��

	# �97�����* 69��F( 6.

;��?�hR"4 �� ���� �� 6����� ��
�� V� � 	 �O �D":#��4 ��8T !.���� ���F( ~I�[�x4 �  %�(��%�(�� 

69��F( ���( �����.)%�(��t6�97��(qA��( ~I�[� ����� 6?�� t���F(P

	Y"71 q���* �� D���#)H=���Y#(

D":#��4 �� 6����� 	�.���� ��
�� †gN/�Ma±H�/�aMhgMN/=h*aa/a

�8T �� 6����� 	�.���� ��
�� H�/Hg±ig/�=a ggi/=*aa/a

�� 6����� 	�.���� ��
��O	 � MN/�>a±Ma/�N> gg=/�*a�/a

6����� 	�.���� ��
�� V� Ma/�NN±>M/MHgia/aNN/a

���,. 
� q���* �� D���#)�a=���Y#(

� 6����� 	�.���� ��
��D":#��4 �N�/�=�±ia/ighHaH/�hHM/a

�8T �� 6����� 	�.���� ��
�� gg/�H>±==/�ghHNN/ahMM/a

	 �O �� 6����� 	�.���� ��
�� H=/�>�±MH/�N= HHg/�*a�/a

6����� 	�.���� ��
�� V� �=/=>i±>>/�iH�>/aia/a

���,. 
� q���* �� ;��8�)�a=���Y#(

	�.���� ��
��D":#��4 �� 6����� =a/i>±N�/NhH�M/ahig/a

�8T �� 6����� 	�.���� ��
�� ��/���±�i/>ghHM�/�h�N/a

	 �O �� 6����� 	�.���� ��
�� N=/�M�±i>/gaH=i/��H/a

6����� 	�.���� ��
�� V� >i/�aH±�N/HH�M/agH/a

	Y"71 q���* �� ;��8�)��=���Y#(

� 	�.���� ��
��D":#��4 �� 6���� Na/�==±H�/�Hh�agN/ahNg/a

�8T �� 6����� 	�.���� ��
�� Ma/>g±iH/�Nh�aN=/�h�i/a

	 �O �� 6����� 	�.���� ��
�� Ng/�M>±MN/>�a��/aH�/a

6����� 	�.���� ��
�� V� NH/�a�±�M/NHh�aia/aN=/a

*	8Y( P��Z# ���)a>/a<P(B†D"+��"(±"Y( ~��U����

6(��� ���V(��� 	
����� 
��-( �]� ;��8� ���  6�LQ# ���

���� R"4 6  k� �( ���x4 � %�(�� � %�  %�� %�(��

}[�* ��� E"
� ��()�	��[�A %�[��,. ���� ���

��# ��"�(� � ;�+O�4 D":#����b"
 �%�[ �8T ����9"��z

$��8A E"
� ��( (# %�(�� �� ���Z�A� �  ���� �� �� 	7"FY

������ x�������� V"�U# �� 	���Z��  69��F( ��2( ��"�

 ���*)n�U
 �  
� �"]�# %��� 
� 	*��4 �u�8�( P��""Q# %�(�

�"Q�( ��)O �� 6�LQ# ��.(�"Q�( �� P��""Q# %�-"( �6(��� ��

R"4 6�J�. �� x4 �# %�(�� D"  P��J 6  %�(�� � 	����

e[ x�������� V"�U# �� ���Z�A� 	)n�U
 �  �"]�# %���


� 
� 	*��4�"Q�( ��)O �� �u�8�( P��""Q# %�(� 6�LQ# ��(�

x������ 	��9�� �� %�8"�1� 09� �� x4 ����"Q�( ���

���* 69��F( �%�
 %�(�� �� ���Z�A� �  	A��  ���( .$��#

%�(��$�� �� ���Z�A� �  ���(� ��� ��-.�SPSS 19 �� �

	8Y( deA ����a>/a�* $�&��.

6�.�� ��


� � �Y"71 q���* �� �� �� o���� D���# S��  o��,.

�8Y( �""Q# ��&�� }[�* ���F( �� ��� E"
� ��( �e[ o��

 �*);��?=.(

P��Z# ����,( �  %��� ��� }[�* 	���� �e[ ���

;���� PI[��( 6 �&# �]� �� E"
� ��( P��""Q# ���F( ���*

��( ���� ;�1 �� �"Q�( ��D"  ��1 6  6�[ qA�# 	����

���� 	Y"71 ����# 	A��  �� x4 �x�������� V"�U# � ��
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�������	
�,���
������� � ��������� ���� ���	 
��� 
�� ���������� 
���� ��i

���� x������ 	��9�� n�U
 �  � ��� 
� �"]�# %��� 	*��4


��"Q�( ��)O �� �u�8�( P��""Q# %�(� 6�LQ# V� V(�* ��

��
�� qA��( � 6����� 	.��( ��
�� 6����� 	�.���� ���

 D":#��4 ��8T �����* 69��F( 	 �O �;��? �� %� s���� 6�

N!A� ��(� .);��?N(

;��?=h6�.��%��� 69��F( ��� }[�* � %�  %�� 	���� R"4 6�J�. �� E"
� ��( �e[ ��� x4 �# %�(�� %�(�� qA�# %�(��

������ x�������� V"�U# �� 	���Z��  	7"FY# ��2( ��"�)n�U
 �  
� �"]�# %��� 
� 	*��4��"Q�( ��)O P��""Q# %�( 6�LQ# ��(

���� 
qA��( ���F( 

qA��( ~I�[� ���F(P
%�(�� R"4 %�(�� x4 

%�  %��)$����"�(

	Y"71 q���* �� D���#)NT(M�/�a±ga/H�Ma/�a±g=/H��M/a±HM/a*a�/a


� q���* �� D���# ���,.)HT(=�/H±=a/iH>=/i±ia/ig>g/a±>a/�*aN/a

�	Y"71 q���* �� ;��8)NC(Ha/H±�N/H�HH/H±�a/H�N>/a±aN/aHN/a


� q���* �� ;��8� ���,.)HC(a=/�a±g�/H=�H/�a±H/H=��/a±�i/aNN/a

��� ���)	���A ��((

	Y"71 q���* �� D���#)NT(>�/�a±gi/�a� �N/i±�>/Hi��/a±>=/=*aa/a


� q���* �� D���# ���,.)HT(�H/>±>a/�aa �i/>±aa/HH�N/a±>a/�*aa/a

	Y"71 q���* �� ;��8� )NC(=M/H±>g/�a� HM/i±�i/�a� N�/a±�i/a>�/a


� q���* �� ;��8� ���,. )HC(=a/��±>N/�a� �=/�=±Ha/�a� Mg/a±M=/a=i/a

	��[�A D"+��"( ��,.)	�"( ��"? ��((

	Y"71 q���* �� D���# )NT(Mi/g±�/�aa �a/>±��/Hg=g/a±HH/�*aa/a


� q���* �� D���# ���,.)HT(==/>±iM/�a> Ha/>±MM/�a� >�/�±�a/N*aN/a

	Y"71 q���* �� ;��8�)NC(=>/M±�M/�aa �/i±a�/Hiia/�±�=/�ai/a


� q���* �� ;��8� ���,.)HC(=>/M±M=/�aN >�/g±��/�a> HH/�±Ni/ahi�/a

%�[ �8T)	�"( $����"( �J�� ��"
(

	Y"71 q���* �� D���# )NT(a�/�N±ga/�=a =�/�=±aH/��a aa/a±M�/�a*aa/a


� q���* �� D���# ���,. )HT(ia/�N±Ma/�=a ��/�g±Na/��� aa/a±�a/�i*aa/a

	Y"71 q���* �� ;��8� )NC(>i/��±>g/��g �>/H±aa/��> =g/�±>g/�=�/a


� q���* �� ;��8� ���,. )HC(�a/��±g�/�== HH/�>±N>/��i aa/a±�g/>*aa/a

���9"�� ��#)	�"( ��"( �J�� $�� ��"
(

	Y"71 q���* �� D���#)NT(>H/=�±i�/�=g aH/=H±N/�gg a=/�±N/>a*aa/a


� q���* �� D���# ���,.)HT(ii/=�±aa/�HM N�/�a±ga/�N� g�/�>±=/>=*a�/a

	Y"71 q���* �� ;��8�)NC(M�/�H±�g/�ai �H/=�±H=/�ag gi/M±�=/aHg/a


� q���* �� ;��8� ���,.)HC(�=/==±�Hi >>/==±�i� ��/�=±aa/�M�M/a

;�+O�4 D":#��4�b"
)	�"( ��"( �J�� $�� ��"
(

	Y"71 q���* �� D���# )NT(>N/N±�=/=g>�/g±�a/NgN�/a±ig/Hh*aa/a


� q���* �� D���# ���,.)HT(aM/=±Ma/=MiN/i±ia/Ng>H/�±�a/��h*aa/a

	Y"71 q���* �� ;��8�)NC(NM/�±�i/=ggM/�±i>/=>>M/a±N�/�a>/a


� q���* �� ;��8� ���,.)HC(i�/�±i�/=>��/M±�g/=iHg/�±N>/�h�M/a

ZE"
� ��( $��8A 

	Y"71 q���* �� D���#)NT(i�/a±>>/>==/�±gH/aa=/a±g>/N*aa/a

�#
� q���* �� D�� ���,.)HT(a>/=±�=/M��/�±>g/aH=/a±>M/>*aa/a

	Y"71 q���* �� ;��8�)NC(iH/�±N�/M�=/�±HN/>�H/a±Ng/a�M/a


� q���* �� ;��8� ���,.)HC(=N/�±M�/>�>/�±ig/=MN/a±gN/�*a=/a

*	8Y( P��Z# 	���Z��  	7"FY# %�(�� 09� �  ���)a>/a<P(�†"+��"(D±��"Y( ~��U�� 
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��H �� ���
� ��� �� !"�#$ �%� �" &��'( �	
)* + �,- ���� �#.� &� �/���0
�

;��?Nhx�������� V"�U# s����)
� �"]�# %��� n�U
 �  
� 	*��4 �"Q�( ��)O P��""Q# %�(� 6�LQ# ��(D"  69��F( ���( �� 	����
}[�* P��""Q# ~I�[� ���� E"
� ��( �e[ ��� 6�[��( ���� ;�1 �� �� 

�"Q�( Fsig 
���� ���( o��

69��F(†

���F(qA��( 
���F(P

%�  %�� �H/�aHg/ahhh

	��[�A ��,. D"+��"( MN/a>H/ahhh

��*�� %�[ �8T ��/aig/ahhh
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Abstract 
Introduction: There is lack of data about the effects of aerobic training in hypobaric status on 

metabolic risk factors. Materials and Methods: Thirty-nine middle-aged sedentary male volunteers 
with metabolic syndrome (Mets) were randomized into four groups, including the normobaric 
control (NC), hypobaric control (HC), normobaric exercise training (NT) and hypobaric exercise 
training (HT) groups. Both aerobic training groups (NT and HT) participated in running exercises 
on a treadmill (three sessions per week) for six weeks, 30 min per session, at 50% of HR max based 
on Karvonen's formula. Both the control groups (NC and HC) remained inactive during the six 
weeks of the study, sitting in the barometric chamber, watching TV or studying. Barometric 
pressure was adjusted to 3000 meter altitude at hypobaric conditions. Results: In both the NT and 
HT groups, all the metabolic risk factors (waist circumference, mean atrial pressure, blood sugar, 
triglycerides, high density lipoprotein and Mets overall z score) and body weight were significantly 
changed; however the rate of waist circumference decrease was sharper in the NT group (P<0.05). 
Hypobaric exposure (HC) also significantly decreased fasting blood sugar and Mets overall z score 
(P<0.05). Conclusion: The beneficial effects of inactive exposure to hypobaric conditions on overall 
metabolic state and blood glucose, indicates its therapeutic properties. However, the effects of 
hypobaric exercise training were not better than those of normobaric exercise on each metabolic 
risk factor, findings which confirm that promotion of physical fitness and hypobaric exposure 
could be instrumental in the control of metabolic risk factors. 
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