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 %#��2 :;�< =#�> �� �'��� (���) *��$��� ��#+�� ?�$@  �
�  ��5 �
�)500 = n(  

 ;�<  

VO2-max  
=#�>  ��5 �
�)%
5(  

6:  
29-20  39-30  49-40  59-50  

L.min-1 mL.kg-1 

.min-1  
L.min-1 mL.kg-1 

.min-1  
L.min-1 mL.kg-1 

.min-1  
L.min-1 mL.kg-1 

.min-1  
L.min-1 mL.kg-1 

.min-1  
5  63/2  25/29  33/2  68/24  96/1  08/23  71/1  50/19  07/2  71/24  

10  68/2  61/30  44/2  51/26  05/2  75/23  80/1  52/19  35/2  83/27  

20  71/2  26/32  53/2  38/29  12/2  17/27  92/1  01/23  54/2  91/29  

30  75/2  08/34  61/2  69/30  27/2  25/29  97/1  71/25  65/2  37/31  

40  79/2  15/35  66/2  18/32  33/2  92/29  98/1  59/26  69/2  00/33  

50  84/2  06/38  69/2  05/34  41/2  81/30  99/1  26/28  72/2  81/34  

60  86/2  37/39  71/2  46/35  48/2  13/32  08/2  63/29  77/2  47/36  

70  89/2  05/42  75/2  46/37  55/2  28/33  40/2  09/31  83/2  03/39  

80  96/2  20/45  81/2  80/40  63/2  97/34  45/2  24/33  88/2  05/42  

90  09/3  37/50  88/2  83/44  68/2  38/38  55/2  66/34  96/2  20/46  

95  17/3  07/52  90/2  24/46  69/2  36/40  56/2  68/35  02/3  37/50  
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;�<  

VO2-max  
 �
� =#�>BMI*  

5/18 <  9/24 -5/18  9/29 -25  ≤ 30  

L.min-1 mL.kg-1.min-1  L.min-1 mL.kg-1.min-1  L.min-1 mL.kg-1.min-1  L.min-1 mL.kg-1.min-1  
5  91/1  23/34  25/2  61/29  05/2  31/25  97/1  50/19  

10  99/1  46/36  43/2  87/31  35/2  47/27  04/2  49/21  

20  52/2  08/44  58/2  83/34  50/2  28/29  54/2  98/23  

30  69/2  81/47  67/2  00/36  64/2  13/30  58/2  27/24  

40  70/2  37/50  73/2  00/38  67/2  80/30  63/2  67/24  

50  72/2  13/51  77/2  07/39  69/2  76/31  68/2  26/26  

60  72/2  27/51  83/2  00/41  73/2  29/32  70/2  97/26  

70  75/2  73/51  87/2  22/42  76/2  00/33  75/2  98/28  

80  82/2  07/52  91/2  81/44  85/2  14/34  78/2  26/29  

90  92/2  78/57  00/3  78/47  89/2  96/35  91/2  56/30  

95  96/2  04/58  13/3  40/50  97/2  58/37  97/2  89/30  

* BMI:  Body mass index 
 

��� � BMI f�*L�  ���Z q�a ���� �		��	 . =�� =��[<@

!�  ���Z �V�DX �	��-� �	 4��
@ %�>�e �8� �� 	�> =�� ��Y

�� ��O �� 	��� �� �� 	
<� =��V$ ��
$.  !� %�� |�B
$ !' ��w

�
��Y  4���Y 4�@Kruskal-Wallis � Mann-Whitney U 

,*1� =�' !� %O�� KL�� PVO2-max  	�� 4�@��#*� �

 �����V� y�D$�� 4���Y �8� ��  	��	 	
C� 4��	)001/0 < P(.  

F4�  

 !V6�N� 	�
� !V��C !' ��
C %D1�)66/7 ± 01/32 ( 4���	 �

 4�Z !' 	
' ���' %D1�)93/5 ± 10/176 .( r��*� �� =��[<@

�� �' =��A  �V�DX ��*1� �	 !V6�N� 	�
� 	��>� �t�� !� ��Y

BMI  ���Z��*��	 )58/3 ± 82/24 .( ]��-�� � =� ����

 	�����*��VO2-max  !,�Z	 �	 �*�6 J1S �')L.min-1 ( �
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����  !,�Z	 �	 ��' ��� ���
��� �' �*�6)mL.kg-1.min-1 ( !'

 �' �'��' J�$�$263/0 ± 69/2  �39/7 ± 95/35 ' !��Y %�	.  

 !� %O�� KL�� !V6�N� =�� �� Pa�S r��*� =��*��'

�� j@�� 
=� j���>� �' 4��
@ %�>�e �'�� . =�� �����

j@�� }�D��,$ 10  !@	 �@ 4��� !' �a�		
'  J�N� =�� !�

�0V6�N� � �	 �� Pa�S r��*� ��! �@ �� ���' )33.(  =��[<@

 ���,� =��*��' !� %O�� KL�� !V6�N� =�� �� Pa�S r��*�

VO2-max  =��� �	29 -20  �' ��� c
B
� =�� !� 	
' /��

!V6�N� �� Pa�S r��*�  %�� M>�
$ �	 � �	 4�@)21( . �>�X ��

 !V6�N� �� Pa�S r��*� �' !V6�N� =�� r��*�Virtanen  �

 �����<@%�� \��V$ �	 .�Y  !� ��	�	 ���� �@ %�>�e ��A �@

���� �	 4��
@  4w�' ��� 4�@40 �� j@�� /�� ��'���� 
  �'

��V� !N'�� =� 	���� 4��	 )34 .(6	�P ��= ]7*O� �� �� ��
$ 

!' +��T$ �	 �	 ���� 	�
� !V6�N� )�� �8� ��%L �����
 kD� 

�����
 +�	�� �#$�! �4
 	�i� �  (...%D1� 	�	.   

 =��*��' =� ���� !� %O�� KL�� !V6�N� =�� r��*�

���� �	 4��
@ %�>�e  ��� 4�@29-20 
39-30 
49-40  �

59-50  J�$�$ !' /��84/2 
66/2 
37/2  �13/2  �	 �*�6

 !V6�N� �� Pa�S r��*� !' !� %�� !,�Z	D�N� ������� � 

�����<@ k�	�� �� ���' )35 .(k�	�� �	
' r��*� Pa�S �� 

=�� �	 !V6�N� �� �� ��
$ !' !�D� ��i�� �	
' ���� 4�@  4�@

!�"#$ +�	�� 
	�i� 
����� I�-� �8� �� !V6�N� 	�
�  � 4� ...

	�	 %D1� .  

q�a !� 	�	 ���� !V6�N� =�� r��*� =��[<@ �@4 

 	��Y�' f�*L�VO2-max �*� !' %D1��r  !V6�N� �� Pa�S

=���� 
������ �
�� �	 ��� ��9��  %�� �$)32(
  =�' ���

 P� =� ����VO2-max  �� Pa�S !V6�N� �	 4���Y ~�-6 ��  

��V� ]7*O� ��� 	
C� 4��	%� )168/0  =P( . P��
�

 � !�"#$ 
	�i� 
���
@ � gY I���� !�<C �� �T�*L� ...��  ���
$

���' ]7*O� =�� 	
C� P�6	.  

  
$���G >���  

V$��= VO2-max 
6�� �� ������� �	�% �@4  �-D� �	 ;&�

�
�
����  ��#��� ��<� !' ��Y .�� !V6�N� =�� r��*�  ���
$

 !V��C �	 k�5
6
���> �$��7X� k��' !���� �	 	
C� ���

���<� �� 4�S �$ �� %V�a jL' �	 PQ�� ������ ������� .

�'����� � !1��,� %&C 4���V� ��
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	��� ���Z �	�T*�� 	�
� k�5
6
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C�
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6
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��� �&C
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$
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�	 �� �8� 	�
� ��� ��9�� �����
$ ���5
6
���>��� .  

 
��7 # �H�I����  

 �	�� �� ����	 ���� ��6
6 	�
C�<-� �*�	 4�ZY �� !���� =��'

 ���1S !��Y ;��O � 4
TN^� �B���<S �*�	 4�ZY 
�<e��

 4��� ���� 
��	
<� 4��� �� ��,,-� !V6�N� =�� ��9�� �	 !�

�� 	
�.  �� ���	 ��@�i� %���V� ��
S !���� !' !V6�N� =��

 ���<� 	�	���Z {��� �' ����� ����� �
��5301-89 

%�� ��� �6�� %��<S. ����� �� !*>���' !V6�N� =��  !���

 �������� 4
9���	 4��<���	 4	�@ 4�ZY ���� ��������

�� ����� ����� �
�� �� ���	 ��
�
��� ���� ���'.  

 
References  
1. Astrand PO, Rodahl K, Dahl HA, Stromme SB. Textbook of work physiology: physiological bases of exercise. 

4th ed. New York, NY: Human Kinetics; 2003. p. 237. 
2. Mououdi MA, Choobineh AR. Ergonomics in practice: selected ergonomics topics. Tehran, Iran: Markaz 

Publication; 1999. p. 81-95. [In Persian]. 
3. Kroemer KH, Grandjean E. Fitting the task to the human: a textbook of occupational ergonomics. 5th ed. London, 

UK: Taylor & Francis Group; 1997. 
4. Abdoli Eramaki M. Occupational biomechanics and design of workplace (ergonomics). Tehran, Iran: Omid-e-

majd Publication; 1999. p. 237. [In Persian]. 
5. Karwowski W, Marras WS. The occupational ergonomics handbook. London, UK: Taylor & Francis Group;  

 [
 D

ow
nl

oa
de

d 
fr

om
 h

sr
.m

ui
.a

c.
ir

 o
n 

20
26

-0
2-

10
 ]

 

                               5 / 8

http://hsr.mui.ac.ir/article-1-591-fa.html


 

 �=�%2#�� ��
& ��	
M%& � 

 

 
%�7� ��8� +�,�,-$ !�9�//�� ;&� / ���<�/�� / =�	���>1392 47 

  

www.mui.ac.ir  

1999. p. 261. 
6. Yoopat P, Vanwonterghem K, Louhevaara V. Evaluation of a step-test for assessing the cardiorespiratory 

capacity of workers in Thailand: a pilot study. J Hum Ergol (Tokyo) 2002; 31(1-2): 33-40. 
7. Wilson JR, Corlett EN. Evaluation of Human Work, 3rd Edition: A Practical Ergonomics Methodology. 3rd ed. 

London, UK: Taylor & Francis Group; 2005. p. 429, 444, 445, 449. 
8. Akalan C, Robergs RA, Kravitz L. Prediction of vo2max from an individualized submaximal cycle ergometer. 

protocol. JEPonline 2008; 11(2): 1-17. 
9. Huggett DL, Connelly DM, Overend TJ. Maximal aerobic capacity testing of older adults: a critical review. J 

Gerontol A Biol Sci Med Sci 2005; 60(1): 57-66. 
10. Hepple RT, Hagen JL, Krause DJ. Oxidative capacity interacts with oxygen delivery to determine maximal O(2) 

uptake in rat skeletal muscles in situ. J Physiol 2002; 541(Pt 3): 1003-12. 
11. Astorino TA, Willey J, Kinnahan J, Larsson SM, Welch H, Dalleck LC. Elucidating determinants of the plateau 

in oxygen consumption at VO2max. Br J Sports Med 2005; 39(9): 655-60. 
12. Hale T. Exercise Physiology: A Thematic Approach. New Jersey, NJ: John Wiley & Sons; 2004. p. 19. 
13. Wilmore JH, Costill DL. Physiology of Sport and Exercise. Trans. Moeini Z,  Rahmani Nia F, Rajabi H, Agha 

Alinejad H, Salami F. 10th ed. Tehran, Iran: Mobtakeran Publication; 2009. p. 254. [In Persian]. 
14. Zou Alaktaf V, Marvi N, Ahmadi Behzad, Marandi SM, Houspian V. Vo2max estimation for pupils by aerobic 

octal test (AOT). Olampic 2010; 7(4): 85-93. 
15. Myhre L, Tolan G, Bauer D, Fischer J. Validity of Submaximal Cycle Ergometry for Estimating Aerobic 

Capacity [Online]. 1998; Available from: URL: www. 
http://oai.dtic.mil/oai/oai?verb=getRecord&metadataPrefix=html&identifier=ADA397840/ 

16. Lambrick DM, Faulkner JA, Rowlands AV, Eston RG. Prediction of maximal oxygen uptake from submaximal 
ratings of perceived exertion and heart rate during a continuous exercise test: the efficacy of RPE 13. Eur J Appl 
Physiol 2009; 107(1): 1-9. 

17. Ladyga M, Faff J. Assessment of the accuracy of prediction of the maximal oxygen uptake based on submaximal 
exercises in the former elite rowers and paddlers. Biology of Sport 2005; 22(2): 125-34. 

18. Verma SS, Gupta JS, Malhotra MS. Prediction of maximal aerobic power in man. Eur J Appl Physiol Occup 
Physiol 1977; 36(3): 215-22. 

19. Yoopat P, Toicharoen P, Boontong S, Glinsukon T, Vanwonterghem K, Louhevaara V. Cardiorespiratory 
capacity of Thai workers in different age and job categories. J Physiol Anthropol Appl Human Sci 2002; 21(2): 
121-8. 

20. Uth N, Sorensen H, Overgaard K, Pedersen PK. Estimation of VO2max from the ratio between HRmax and 
HRrest--the Heart Rate Ratio Method. Eur J Appl Physiol 2004; 91(1): 111-5. 

21. Tayyari F, Smith JL. Occupational Ergonomics: Principles and applications. New York, NY: Springer; 1997. p. 
108-13. 

22. Wilmore JH, Costill DL. Physiology of Sport and Exercise. Trans. Moeini Z,  Rahmani Nia F, Rajabi H, Agha 
Alinejad H, Salami F. Tehran, Iran: Mobtakeran Publication; 2006. p. 316. [In Persian]. 

23. Rodahl K. The physiology of work. London, UK: Taylor & Francis; 2005. p. 44. 
24. Schiller BC, Casas YG, Desouza CA, Seals DR. Maximal aerobic capacity across age in healthy Hispanic and 

Caucasian women. J Appl Physiol 2001; 91(3): 1048-54. 
25. Tanaka H, Desouza CA, Jones PP, Stevenson ET, Davy KP, Seals DR. Greater rate of decline in maximal aerobic 

capacity with age in physically active vs. sedentary healthy women. J Appl Physiol 1997; 83(6): 1947-53. 
26. Ladyga M, Faff J, Burkhard-Jagodzi ٌ◌ska K. Age-Related Decrease of the Indices of Aerobic Capacity in the 

Former Elite Rowers and Kayakers. Biology of Sport 2008; 25(3): 245-61. 
27. Beere PA, Russell SD, Morey MC, Kitzman DW, Higginbotham MB. Aerobic exercise training can reverse age-

related peripheral circulatory changes in healthy older men. Circulation 1999; 100(10): 1085-94. 
28. Daneshmandi H, Choobineh A, Rajaei Fard A. Estimation of aerobic capacity and determination of its associated 

factors among male workers of industrial sector of Shiraz city. Iran Occupational Health Journal 2010; 8(3): 48-
58. [In Persian]. 

29. Guyton A, Hall JE. "Guyton Medical Physiology". Trans. Bigdeli MR, Barzanjeh A, Ansari Sh. 1st ed. Tehran, 
Iran: Tabib Publication; 2005. p. 1179. [In Persian]. 

30. Brauer RL. Safety and Health for Engineers. New Jersey, NJ: John Wiley & Sons; 2006. p. 611. 
31. Faulkner J, Parfitt G, Eston R. Prediction of maximal oxygen uptake from the ratings of perceived exertion and 

heart rate during a perceptually-regulated sub-maximal exercise test in active and sedentary participants. Eur J  

 [
 D

ow
nl

oa
de

d 
fr

om
 h

sr
.m

ui
.a

c.
ir

 o
n 

20
26

-0
2-

10
 ]

 

                               6 / 8

http://hsr.mui.ac.ir/article-1-591-fa.html


 0
��1 (�
:�;� �#
��,��&  
 

 

48 %�7� ��8� +�,�,-$ !�9�//�� ;&� / ���<�/�� / =�	���>1392  

  

www.mui.ac.ir 

Appl Physiol 2007; 101(3): 397-407. 
32. Dwyer GB, Davis SE. ACSM's Health-Related Physical Fitness Assessment Manual. 2nd ed. Philadelphia, PA: 

Wolters Kluwer Health/Lippincott Williams & Wilkins; 2008. p. 11-124 
33. Astrand PO, Bergh U, Kilbom A. A 33-yr follow-up of peak oxygen uptake and related variables of former 

physical education students. J Appl Physiol 1997; 82(6): 1844-52. 
34. Virtanen M, Vahtera J, Pentti J, Honkonen T, Elovainio M, Kivimaki M. Job strain and psychologic distress 

influence on sickness absence among Finnish employees. Am J Prev Med 2007; 33(3): 182-7. 
35. Motallebi Kashani M, Lahmi M, Khavanin A. Evaluation of physical work capacity at Iranian workers. 

Proceedings of the International Conference on Ergonomics 2007 (ICE07); 2007 Dec 3-5; Kuala Lumpur, 
Malaysia; 2007. p. 42-7. 

 
 

 [
 D

ow
nl

oa
de

d 
fr

om
 h

sr
.m

ui
.a

c.
ir

 o
n 

20
26

-0
2-

10
 ]

 

                               7 / 8

http://hsr.mui.ac.ir/article-1-591-fa.html


 

 �=�%2#�� ��
& ��	
M%& � 

 

 
1- Department of Ergonomics, School of Health and Nutrition, Shiraz University of Medical Sciences, Shiraz, Iran 
2- Professor, Research Center for Health Sciences, Shiraz University of Medical Sciences, Shiraz, Iran (Corresponding Author)  
Email: alrchoobin@sums.ac.ir 
3- Professor, Department of Epidemiology, School of Health and Nutrition, Shiraz University of Medical Sciences, Shiraz, Iran 
 

%�7� ��8� +�,�,-$ !�9�//�� ;&� / ���<�/�� / =�	���>1392 49 

  

www.mui.ac.ir  

Data Bank of Aerobic Capacity (VO2-max) in Male Industrial Workers 
of Shiraz, Iran, Based on Age 

 
Hadi Daneshmandi1, Alireza Choobineh 2, Abdolreza Rajaei Fard3 

 

Abstract 
Background: In order to match workers physiological characteristics with job demands and personnel to 
perform different jobs, maximum aerobic capacity (VO2-max) can be used. This study was conducted to 
develop a data bank of VO2-max among male workers of the industrial sector in Shiraz, Iran. 

Methods: In this cross-sectional study, 500 healthy male workers employed in industries in the city of 
Shiraz participated voluntarily (20 to 59 years of age). Subjects were assessed by ergocycle test according 
to Astrand protocol for 6 minutes. A questionnaire consisting of two parts was used as data collecting tool. 
In the first part, demographic, and in the second part anthropometric and physiological characteristics 
were included. 

Findings: 5th, 50th, and 95th percentiles of VO2-max of workers were 2.07, 2.72, and 3.02 L.min-1, 
respectively. The results showed that aerobic capacity decreases at a rate of ~10% per decade. 

Conclusion: Developing such a data bank can be useful for personnel selection and assessment of  
workers’ physiological characteristics and job demand relevance. 
Key words: VO2-max, Ergocycle Test, Astrand Protocol, Data Bank of Aerobic Capacity 
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