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��/����?�#�%�#AB�AH��	?��,��E�����&E��	�\]	����)	��� #$GE��	����	��	����(C���

��AH��	 �	�A��#�
�/�	����������@<	����),��,�����#$&����,	�#�&�� �	��&/�	�/�	�#/�GE��(�� 

#�GE���	��,	��	�A����������,���&E#AB�(C�������&E(�,?�,(C��� �	�A��#�
�(C����,	��	��K�#AB��
E�

�<	#AB�)����<	/��/�,���(A ^KE�)����	�/�	�#�GE��G�(�������,�)�� #$GE�?�����C�	�C��AH��	�&E

�����
� ���#+$	���,	��
E��	�A��#�
��&E��,��<	 �	�	������K�A���
�!
�	$C�� intervention �&E?��

���(C��G���AH��	(����,	��& 

 �	�A��#�
�(C����&��	��
!& �
!&�&E�
��?��?��������?�/�
�
� /G��	����(C���?)�'
����� 

(skinfold thickness, SKF) �	����/�	�)�	��	������(``j	 (Bioelectrical Impedance 

Analysis, BIA) ^KE���@� 2 �
!&�����,	��&�	�A��#�
�(C�������	�?�����	��&E$�0�	CK@��&E�&?����E�(A?�

��,��	����#$��&E),	���� ^KE��,��?��,#AB��	�$�0�	�	�C�����),	��	)
 �	��	��&E�&�	��	��	�

�
����&E����/�	��)�),	�C��#�G@��	)
�&'�),��	�����	�)��C���	�����(C����&E �<	?��#�
�/�	�

(�,��E�?�?��	�A��#�
�(C������?�����	��&E(�,(��$�0�	�	�C�����/�(�� C��#�&������	����

/�	�)�	��	������(``j	�%#AB��	�$�0�	�	�A��#�
�(C����	�C������&E(�,#Ax�#'�C���	���
-�� 

�<	?��#�
�/�	�(�,��E�?�?��	��<	�	?�� 

  ��)�A����/*C���	��K�-	?���,�A���	�� 600 /� �	� 10-18 Az��@� #AB��	�$�0�	

���	�A��#�
�(C����,	��	� ����	���� SKF #���������,	��	� �����K�-	/�	�#�GE��G�(�� 

(validity) �����,�)�� (reliability) #�&������	���������
!& Dual Energy X-ray Absorptionmetry 

(DEXA) �&E?��#AB��
!&�	)�T	�#A�&��#�&�� ���#�GE�(�����	��&E�&/,	)���A��&E#��	��� ����&

/�	����$��!*���/,	�&E(���	��	���� DEXA �	�	���<	(A?��?��	�A��#�
�(C���C��#�%�(�� 

����	��&@���?��?��	�A��#�
�(C����	��	��,����#�%�(����E�A��#���,��(A����	���E��@<	�������

����,����� #$GE�?��#AB�#��U*�����)��?��	��	/,	 BMI for age  

 �	����#������#���%#AB��&�A��#�%��&E���#AB��&E��#�&������,	�������
#��?� �	��K�-	/��@��&@

#�GE���	��&/,	�	���� DEXA �K��	�	���	/�	����$��!*�,	�	����#������#����
#�� ?��&E��?��/,	�&E

A�
�	�(C����,	��	�(��?���#/&�����/�	�#AB���
� 

 �	���,��,	��	����#AB� 4 �,�� (4 compartment model, 4C) #AB��&��
!&��KE��&E���	�/�	�

��E�?����?��	�A��#�
�(C����,	��	�����&���)
T	��,	�,	��	�A����������,��C��(C��� ���

�,���&E(�,?�,(C��� ^KE����#AB�A�
�	��@<	?��,	��	� A�
�	����	�#�G@� ������������ (bone 

mineral content) ��@��&@�	��<	 4C #AB��	�A��#�
�/,	����	��������,�����)�� ���(�,�<	#AB�)���

�&C��)���#�G@��)�� (assumption) #�,�#�&������
!&�	���E��@<	����?)��@<	 �	���� BIA ��G��	���� SKF 
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�	��K�-	 4C #�%�C�����#+$	�?�#�%��	�/��
��,���	� 16-18 Az #$GE��	/�	����$��!*�	����

A�
�	�(C����,	��	� �	�	��#A�&��#�&��(C����	��	���� 4C ����	�����	���E��@<	����?)��@<	 ��G�

�	���� DEXA 

 AH�����	�#/�GE��(���,	��	� #AB��&�AH������KE��&E�&'��<	?��#�
���/����(����@�?�#�%����

'��?��, �&�������	��&E������?�������	�� Internation Physical Activity Questionnaire 

(IPAQ) ��� Global Physical Activity Questionnaire (GPAQ) �),���(�,�&���A��#�
��	�

#/�GE��(���,	��	�C��#�%���E�(A �����@�C��#�%�(�� �	��K�-	?�/��@��&@(���<	�	�$�0�	

�������	����#�&����� Actigraph K̂E�#AB�#/�GE���G��&E(������	� validate ���?�� stable isotope 

����&/�	�#�GE���E��&E������(������ 

�	$���C���	��K�-	/��@��&@ �<	?��(�����	��&E?��A��#�
�(C����,	��	� �������	��	�

#/�GE��(���,	��	��&E#�GE��G�(�������,�)�� �����@�/,	 BMI for age C��#�%�(�� �	�	���<	(A?��(��

��@�?�/�
�
����?�������,	���E�?�?�#�%�(��),�(A 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 3 

�	��$(& 

 

��)�A����/*C���	��K�-	 #$GE�$�0�	�������	��	�A��#�
��	�#/�GE��(��

�,	��	� $�0�	���	��<	�	�A�
�	�(C����,	��	��&E�&/�	�#�GE��G�(�������,�)��C��

#�%�(�� �K�-	�	����A�
�	�(C����,	��	� ���?��  4 compartment model �����@����	�

����&����	�)	��	�C��#�%�(��  

�	��K�-	/��@��&@(���<	�	� #�%�C������	�	���/��	���
��&E�&�	�����,	� 10-18 Az 

^KE�$�0�	�������	� (Physical Activity Questionnaire, PAQ) �����	�����	-�*

#�	��K� ( Focus group) A��#�%�/<	�	�#�%� 30 /� (��C��/<	�	��<	(A�������E�A��#��

?�#�%����#�&����@�A���������!�� 4.280 �� �	� item selection ��� factor analysis 

(���������	� 2 �� /G��������A���� ������������!�� ���� validate �������	�

�	��	��K�-	?�#�%� 589 /� ����	�)
� Actigraph (CSA model 7164) #AB�#��	 7 ��� 

#$GE��	/,	/�	�#�GE��G�(�� (validity) ?����
)
 Pearson correlation  (��/,	 r =0.3 ����<	

�������	�^@<	�,	��	�/��@���� 1-3 ��� #$GE��	/�	���,�)�� (reliability) (��/,	��,�)�� 

(intraclass correlation, ICC) = 0.79 ?��������	���A���� ���  0.74 ?�

�������	�����!�� 

?��	�	���/���,�#�&����� �<	��� 509 /� �&E�&C�����������*C���	���� SKF, 

#��������  �<	�	�$�0�	���	��	�A��#�
�(C����,	��	������	���� SKF #�����������

#������#�� 4 )<	���,� Omron HB-300 ���#�&����� %BF_DEXA �<	�	� validation ��� 

cross validation ����,�#�G��#$GE�$�0�	���	� (�����	��&E#��	����<	����#$��	�Sum 

skinfold of triceps, suprailiac oblique and calf (sum 3skf) < 50 mm: aged 10 – 12 

yr, %BF equation = 17.27 + [0.776 x (Sum3skf)   – (0.127 x height in cm)]; aged 13 

– 14 yr,  %BF equation  = 13.398 + [0.774 x Sum3skf – (0.106 x height in cm)];   

aged 15 – 18 yr, %BF equation  = -19.207 + [0.697 x Sum3skf + (0.090 x height in 

cm)];  #�GE� sum3skf >50 mm: %BF equation = 47.121 + [0.214 x Sum3skf - (0.155 x 

height in cm)]; ����<	����#$���
��	� 10-18 yr #�GE� sum3skf < 50 mm: %BF 

equation =  - 5.077 + [0.432 x Sum3skf + (1.169 x BMI) – (0.130  x weight in kg)]; 

#�GE� sum3skf >50 mm %BF equation =  5.086 + [0.311 x Sum3skf + (0.596 x BMI)]   

������$��,	�	����#������#��?�)<	���,��&E�)�),	���� 4 )<	���,�/�	����$��!*�	����

#������#����
#��',	����G����A�
�	�(C����,	��	���@� ?�#$���
��	�	���<	�	� %BF 
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��� total body fat mass (TBFM) ����&/,	 R2 = 0.51  ��� 0.83  �,��?�#$��	��	�	��

�<	�	� %BF ��� TBFM ����&/,	 R2 =0.86 ��� 0.84 )	��<	��� 

�	���� 4C ?��	�	���/��	���
� 55 /� ����	���E��@<	����?)��@<	#$GE��	 Density 

�	���� deuterium oxide #$GE��	A�
�	��@<	?��,	��	� ������ DEXA #$GE�(��/,	��������� 

�	���@��	/,	(C��� Baumgartner’s equation $��,	�	�A���	�(C����,	��	������
!&��E�

�@<	����?)��@<	?��/,	?���#/&�����/,	 4C �&E�� (R2 = 0.92 ?�#$��	� ��� R2 = 0.87 ?�#$�

��
�) C���&E/,	 DEXA A���	�/,	(C���(��#�
�/�	�#AB���
�?�#$���
����$��,	�&�	�

#A�&E���A��)	���,��	�?�#$��	�  �K��<	�	�A���C����� % BF_DEXA �
����/,	 4C �<	

?��(�����	�A���	�/,	(C����,	��	� ����<	(A?��?��	�$�0�	����&����	�)	���,�

�	��&E���/�������(C����,	��	�C��#�%�(��  

'��	��K�-	/��@��&@ �<	?��(��#/�GE���G��	�����	�	��&E#�GE��G�(�������,�)��

�	�	���<	(A?��?�#�%�(�� (����, �������	��	�#/�GE��(���,	��	�C��#�%���@�A���� 1 

�� �����@���!�� 1 ��   ���	��	�A��#�
�(C����,	��	�����	����(C���?)�'
�������
#�� 

triceps suprailiac oblique ��� calf  �@<	���� /�	���� ����	�  �����@�����&����	�)	�

��,��	��&E#��	������#�%�(�� 
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Abstract 

 

Purpose: To assess the reliability and validity of the constructed self-administered 

physical activity questionnaire, the body fat equation using skinfold and anthropometry, 

and BMI for age  in Thai children aged 10-18 years.   

 Materials and Methods : Firstly, The prototype of physical activity questionnaire 

(PAQ) was developed from the items obtained from 30 children using focus group, and 

later sent to 4,280 school children  all over Thailand.  Item selection and factor analysis 

were used.  The final version of Thai PAQ  was developed from a prototype PAQ and 

validated with accelerometer (Actigraph, CSA model 7164), for 7 days in 566 children.  On 

the next day they completed the self-administered PAQ for the validation process. Then 

the PAQ was completed again in the next 1-3 days for the reliability analysis. Secondly, 

the body fat equations were developed using the skinfold thickness measurement at 

different sites, weight, height, age sex and BMI were used as dependent variables. Body 

fat from DEXA was used as the reference value in 509 children.  Bioelectrical impedance 

using Omron HB-300 was also measured.  Thirdly, the 4 compartment model was 

measured in 55 males and females  aged 16-18 years.  The measurement included under 

water weighing (UWW) for body density, deuterium Oxide (D2O) dilution technique for 

total body water, and DEXA for bone mass. Percent body fat 4C was assessed using 

Baumgartner’s equation. Fourthly, waist circumference  was measured at different sites ( 

WC1=at midway between the lowest rib and the iliac crest, WC2= at the narrowest waist, 

WC3= at the immediately above the iliac crest, and WC4 = at the umbilicus kevel) to 

correlate with body fat from DEXA.  Lastly, BMI for age was developed using the 

information from  1,967 children around Thailand.  

Statistical analysis:  Percentile, paired t-test, Pearson correlation, simple and 

multiple regression analysis and Bland - Altman analysis were used.  

Results:  Firstly, two forms of the developed physical activity questionnaires (for 

elementary school children and secondary school children) were used for the validity and 

reliability The validity of this group of subject demonstrated the acceptable correlations.  
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The validation was 0.260 and cross validation was 0.33. The intra-class correlation for test- 

retest repeatability was 0.74.  Secondly, the body fat equation for male: when Sum skinfold 

of triceps, suprailiac oblique and calf (Sum3skf) < 50 mm: aged 10 – 12 yr, %BF equation  

= 17.27 + [0.776 x  (Sum3skf) – (0.127 x height in cm)]; aged 13 – 14 yr, %BF equation =  

13.398 + [0.774 x Sum3skf – (0.106 x height in cm)];  aged 15 – 18 yr , %BF equation =  -

19.207 + [0.697 x Sum3skf + (0.090 x height in cm)]; when sum3skf >50 mm, %BF 

equation =  47.121 + [0.214 x Sum3skf - (0.155 x height in cm)]. For female aged 10-18 yr, 

when sum3skf < 50 mm, %BF equation =  - 5.077 + [0.432 x Sum3skf + (1.169 x BMI)] – 

(0.130  x weight in kg)]; and when sum3skf >50 mm, %BF equation = 5.086 + [0.311 x 

Sum3skf + (0.596 x BMI)]. Thirdly, the 4 compartment model demonstrated that the UWW 

provided the comparable result compared to 4C ( R2 =0.92 and 0.87 in male and female 

respectively), whereas the DEXA was found to be acceptable for male and not for female.  

Some correction was made to adjust for the systematic bias, hence the information was 

transformed from DEXA to 4C.  This developed equations for male and female were 

constructed and used for the development of BMI for age.  Fourthly, the waist 

circumference at all sites correlate with percent body fat and total body fat mass at ( R2 = 

0.51 and 0.83 in male and R2 = 0.86 and 0.84 in female respectively.  Lastly, the 

percentage of body fat which correspond with various BMI for age’s reference 

classification was developed for designing the proper overnutritional  surveillance index of 

Thai children.  

Conclusion: This research study provided the validity and reliability nutrition tools 

for the PAQ, the equation for body fat assessment, and BMI for age to be used in Thai 

children aged 10-18 years. 
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1.  '������#�!�')-1� 

1.1 �+����������&,�� #�!�����.���B�;������!����"�����(���� 

AH��	��/����?�A��#��(���&����������CK@���@�?�'��?��,���#�%�^KE�(�,),	��	�A��#��

�GE���&E�	��<	#�
��&�
)���,?��,��#A�&E��',	��	����/� (transitional society) �	#�)C��AH��	��/

����?�#�%�#AB�AH��	�&E^��^��� ���/���/��)�@��), AH��	�	�$��!���� �
E�������� �
�&�&�
) �	�

#�&@���� ���$�)
�����C�	$ #�%����������#AB�'��?��,���� ����<	(A��,AH��	�C�	$�GE���&��	��&E

)	��	 ?�������	�	�	)
AH��	�	�������G��,	#AB�AH��	�
��)
  The International Obesity 

Task Force (IOTF) �K�������)�@�CK@�?�Az 1994 #$GE����A��#�%�AH��	��/�����&E#$
E�CK@���,	����#�%� 

#$GE�?��#�
�)�������,	#AB�AH��	�������� ���)����	�/�	��,���G�(�,#+$	��/�	���	�

�	��$��* �),��������,���	���@��	/��T���#����?��	��&E���,���G�������AH��	 ����	����	�

?��	�Aj�����#$GE�(�,?��AH��	���	�(A�	� ����&E IOTF #���/�	��<	/���	�Aj�������/����?�

#�%��������,�#�,���� �	����(C#�GE�#�
��	������������@�#AB�#�GE���&E/,��C�	��	��&��)�	/�	��<	#�%�

/,��C�	�)E<	 �����@�����	���KE�?��	�Aj�����AH��	�	�������%/G��	�#\j	������	��	!	���C

���� �����
!&�	���,	��,	�?�#�%����#�	���(�� #$GE�#AB��	�#)G������),#�
E�� (Early warning at 

an early age) �����@��	����C�	���G������/�	������C��AH��	�&E�<	#AB��<	����'���<	���

����	� (policy planner) ?��	�#\j	���������	��<	�������	�Aj�����)������	����AH��	

�	������?�#�%� ^KE�)����	�/�	���,�)��?��	�/������'���&E�&AH��	�@<	����#�
����#�GE���	�	��	�

�&(C�������?��,	��	�#�
��&E�����
� #$GE�?���	�	�����'���&E�&�������?��	�#�
�AH��	����	�	�

����C�	$  �&E)����<	#�
��	����(C����&/�	�/�	�#/�GE����������,	AH����� 

 ?���&)AH��	�$����	�	��	�C	��	��	�	����$����	�#AB�AH��	?��,C��A��#��

(��  �����	�(������	����(C�����������	!	���C�����,���	��&E#�&E��C���   �	�	����AH��	

�����,	�(��#AB��&E�,	$�?� C��#�&������	������	�	�#�
� �<	?��#�
�AH��	��/����$���@�?�'��?��,

���#�%� ���$��,	�	��,��<	����	������	�	�#�%��	�)E<	��,	 5 Az ��E�A��#���<	��� 12,000 /� 

?�Az 2536(1) $�AH��	��/���������� 1-4.8 ���$��	�?�#C)�	/��	�  ����	��	��	��	/?)�

$��,	?��,��#��	 2 Az #�%�����#$
E��	������� 12.2 ?�Az 2534 #AB������� 15.6 ?�Az 2536(2) 

C������	��	/#��G�$����)
�	��*�	�#�
���/�������?��#��U*�@<	����),��,����� #�
������� 120 

$�?��,�������� 6-30(3)  ����	��	/�&�	��&EC����,�$������� 10.8   ?�#�%��	��	� 7-9 Az (4)  

�	��	��<	����	���	�	��������	�	�C��A��#��(�� /��@��&E4 $.�.2538(5) $��,	�&��)�	/�	�

��C���	������#$
E�CK@��	��	��<	���?�/��@��&E3 #�GE� $.�. 2529(6)  ?�����,��	���@�?�#C)#�G��
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���#C)���� ����&E#�%��	�)E<	��,	 5 Az   #$
E� 3 #�,	 �	������� 1.7  #AB������� 5.4  ���#+$	�

��,	��
E�?��	/��	�#$
E�CK@�A���	� 4 #�,	 �	������� 2.7 #AB� ������ 10.5   

 ?�Az 2542 ��	����
�������	�	��<	�	��K�-	?�#�%���,��	� 8-9 Az ���#�&��#���� 2 

��,� ?�#C) ���. $��,	#�%��	��&�	������(�@<	����),��,����� > P97) ������ 30 ����	������

(�@<	����),��,����� > P90)������ 16.5  ^KE�$��,	�	���,	 ���#�&��?����#�&�������� �A�. 2 ��,�

C����������$�����& /G�$��,	#�%��	��&�	������������ 10.8 ����	������ ������ 8.4 C���&E

#�%���
��&�	������������ 10.3 ����	������������ 10.3(7)   ),��	?�Az 2544  (���<	�	��K�-	

����	��,���,	�#AB�����C�����#�&��A�����K�-	#����      �<	��� 4 ���#�&��  ����	���E�

�@<	�����������,�����#�%��	� 9-12 Az  �<	��� 565 /�(8)  ���?���	)�T	��	�#��
�#)
��)C��

#�%�(����?��,   C�������	���   ��������	!	���C $.�. 2543(9) ^KE�?��#��U*�@<	����),��,�����

#�
�+3SD �,��&@�	������ ��� #�
� +2SD �,��&@�	��#�
E����� $�#�%��	��&�	������������ 11.7 

����	��#�
E����� ������ 17.8 ���#�%���
��&�	������������ 4.4 ����	��#�
E����������� 4.3 

 �	��������C���	�#�
��	����/����?�#�%�(���	�CK@� �<	?��#�
�/�	��<	#AB��&E��)����	

����	�Aj�����AH��	�����,	� #$GE����	��C��#�%�(��������/�(��?���	/)�����	��K�-	

AH����#�&E���&E�<	?��#�
��	������ �K�-	�
!&�	�/���	��,�#�&E��#$GE��	�#\j	��������)
�)	���	$

AH��	�&E�&/�	�#�GE��G�(�� ��,�)�� ����&@����	�/��/�Aj�����AH��	����	�$�0�	��A��� 

intervention program ��	��	����	�$�)
�����C�	$��	��	�	�/����	�	�����	�����<	���

�	��&E#��	��� �	�#C�	(A�&���	�?��	��&@���)�@��),�	��������#$GE����	�$�)
�����C�	$�&E�&?��

#AB��,����KE�C���	��<	���&�
) ���&���	����?��	�Aj�������G���C�	�C��AH��	 ����	��&

#��U*�&@����&E��,�)��#$GE�?��?��	�/��������,�#�&E�������,	� #$GE��	�#\j	�����������(CAH��	�),

#�
E�� ���,��?���	�	��/��/���	��	��*C��AH��	(����,	��&A���
�!
�	$ 

 

1.2 ������"�����(���� : $�*�
�!�-?��!&,��	
�#	,���� 

?���&)�&E',	��	���K�AH����� �	�����	������?�#�%�?��#��U*�@<	�����&E#��	������

/�	���� (weight for height) ���?�'��?��,?��/,	����&����	� (Body mass index, BMI) �&E(���	�

�	�/<	��� �@<	���� (��.)//�	���� (�)2 ?�/,	 BMI C��'��?��,�&��)���
��&E 25 ��� 30 �&E������

�	���@<	����#�
� �������^KE����$��!*�����)�	�	�#�
���/#�G@�����&E(�,)
�),� (Non-communicable 

Chronic Diseases, NCD) �����)�	�	�)	� ^KE�?������	#AB�#��	��	�	� ���?��,�� 10 Az�&E',	�

�	 �&/�	�$�	�	��&E���K�-	/�	����$��!*�����,	�?���,�/�#�#�&�  ^KE���A�,	�#�%���,	/����A / 

�#��
�	  �<	?��/,	��)���	������ �����������#AB��&E��)��  23  ���  27.5 )	��<	���(�K����?�
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/�(�����(�,�<	������#��)   ��,	�(��%�& A�
�	�(C����,	��	��&E����	�������&E�����
��<	#AB�)���

#��	����/�(������ 

�	��&E�����A�
�	�(C����&E���)�����,�)�� (validity & reliability) (���	��	�?��#/�GE���G�

�&E�&#�/�����&��@���� �	/	�$� ����<	#�
��	�?�����A�
��)
�	� �	����A�
�	�(C����&E�G��,	#AB� 

gold standard (���	��	��<	/,	A�
�	��@<	?��,	��	� K̂E��
#/�	��*���?�� Stable isotope 

deuterium oxide /,	������	�#�G@� ^KE��
#/�	��*(���	��	��	/,	/�	���	��,�C���,	��	� ����
!&

��E��@<	����?)��@<	 ���/,	�����,!	)^KE��
#/�	��*��� Dual Energy X-ray Absorptiometry (A������

�	�/,	�@<	����)����@���� �%�,��?����	�/,	(C����,	��	��&E#AB�/,	���)������#�GE��G�(�� �	�A��#�
�

(C����,	��	��,��?��,��#AB�?����-�� Two compartment model ��,	�/G� ���(C��� (Fat 

mass) ������A�	��	�(C��� (Fat free mass) K̂E��),���
!&?��	�����&/,	 assumption ��@��
@� (�,

�,	��#AB��	����A�
�	��@<	?��,	��	� (Total body water) �&E�<	��� Hydration 73.2% ��G��	��	

/�	���	��,��,	��	� (Densitometry) /,	 Fat free mass 1.1 ����),���.^� ?�#�%��	����&

AH��	#�&E������,���	�#��
�#)
��)����	��,	���,����,� (Maturation) �	��&'��<	?��/,	 assumption 

(�,#AB�(A)	��&E�<	��� �
!&�&E�����(���&�&E��/G� �	��<	 4 compartment �&E�����/,	),	�����(�,

#�&E��C������ ��E��%/G� �	����/�	���	��,��,	��	� A�
�	��@<	?��,	��	� A�
�	������� ����&E

#��G���#AB�A�
�	�(C����,	��	� �	��K�-	/��@��&@���&�	� subgroup #�%��	������
���@���� 50 

/� #$GE��	��K�-	�����,	�  

�	����(C����,	��	�?��	/��	���G�?����� ���?���A���*�&E�,	�  �	/	(�,�$�  �),#AB�

�
!&�	�A��#�
�A�
�	�(C����	����� �<	#AB�)������#�&������
!&�	�  gold standard    �&E��,	�

�	����C�	�)��  #$GE�$�0�	���	��<	�	�A�
�	�(C����<	�����),��#$������,����),	�� �
!&�&E?��?�

�	/��	�(����, �	����(C���?)�'
����� (Skinfold thickness, SKF) �	����/�	�)�	��	�

�����(``j	 (Bioelectrical Impedance Analysis, BIA) �,��(A����	����#���������,	��	� 

(circumference) /,	�&E(����#A�&��#�&�����/,	 gold standard ?��	�����	�	���/���,�#�&����� 

#AB��	� validate #/�GE���G��	/��	� �	���@��	/,	�����$��!*���/,	#�&E��#���&E������(�� 

(correlation coefficient, r ��� Standard Error of Estimation, SEE)   ����
!&�	���
)
  #$GE�?��(��

���	��<	�	�A�
�	�(C����&E������(�� ^KE��	���#�&��#$
E�#)
�(���<	#���?��	��	��	������

���������	�$�0�	��A����	�A��#�
��	�#/�GE��(���,	��	����A�
�	�(C����,	��	��&E#�GE��G�

(�������,�)���<	����/�(�� �&E#���),�����
!
�	!	���C��,��	)
(10) 

 �<	������,�#Aj	��	��&E#��	���?��	�$�0�	���	��<	�	�A�
�	�(C��� ?��,��)���&@/��

#AB�#�%�(���,���	� 10-18 Az �<	����?��?��	�/�������&E����K�AH��	�	��������������	�

C�����C��#�%�(����������	��	��<	�	��&E(���	�C�����),	��	)
�&E?��?�AH����� ^KE����<	(A��,�	�
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/��������,�#�&E���&E�����
�?��	�#\j	��������)
�)	�AH��	�	������ A�����	��*?��	��
���?�

��,�#�%����	�	��?��?��	�$�0�	���	��<	�	�A�
�	�(C���?���,�#Aj	��	��GE�� /G�?�'��?��, 

����,� ���'������	� 

  

1.3 �����.���B�	
�),&��
$�*�
�����)��&�- (BMI for age)  

 �	��&E�����C�	�C��AH��	�	������C��#�%�����	�#\j	�����?��	��	!	���C����

?�A��#��(��?�AH�����/G��	�?��#��U*�@<	����),��,����� ^KE�������,	�),��	��,	�'��	���,	/,	

����&����	�(BMI) K̂E�)���#C�	��)�/<	��� �),������&AH��	/�	�(�,��,�)�����#�GE���	�	�/�	�

�&E(�,#+$	�#�	�������	� �	���$�?�����(���&#+$	���,�#�%��&E�&�	�#)
��)?��,��A��)
��G����

�����#�,	��@� �	�?�� BMI for age ?��	�A��#�
��	������?�#�%� ��#AB��&E����������,	�&��,	 �),

#��U*�&@������?�� BMI ?�#�%���),	����?�'��?��, ����&E?�'��?��,�	�?��/,	 BMI 25 ��� 30 ��@�(��

�	��	��K�-	�,	�&/�	����$��!*�����)�	�	�)	��	��	�#�
���/NCD C���&E?�#�%����(�,�K�����&E��

����'��,	�&AH��	�	�#�
���/�����,	� �����@��	�?��A�
�	�(C����&E����?��,	��	��&E#$
E�CK@�#�
�

��,	#��U*�&E��������(���,	��?��#AB��
!&�	��&E�&?��	��,��&@�	������?�#�%� �&�	��K�-	#��U*C��

/,	 BMI for Age   �&E����/�	����$��!*��������(C������������,	�?��(�������/,	 BMI for age �&E

��?��#AB�#��U*)���
��	�������&E�
��	��������	�����(C����,��#�
�?��,	��	� �K��&/�	��<	#AB�

#$GE�?���	�	���<	(A?��#AB�)���,��&@�	������?�������	���
�	��	!	���C�����&E�&��,	#�
� 

 �	�?��)���,��&@����&����	�?�#�%�),	��	��	�?������&����	�?�'��?��,�&E/��#/���� 

#�GE���	��	��&E#�%�����&�	�#A�&E���A��/�	����)	��	� /,	C�� BMI ?�#�%��K�#A�&E���A��(A)	�

�	�(�,(��#AB�/,	/,��C�	�/��&E#��G��?�'��?��,�&E/�	����(�,#A�&E���A������  ^KE�C���&@#�
E��&/�	�

$�	�	��&E��$�0�	 BMI �<	����?�����#�%�?���	�A��#�� K̂E�(��#AB�/,	�	�����	�)��C��/,	 BMI 

C���),���,���	� (BMI for age) (���&/�	�$�	�	�����<	 International BMI for age(11) #$GE��	�

#A�&��#�&��'�����,	�A��#��),	�� ���$��,	#��U*)���
��&E�	� 18 Az ^KE�#AB���#�GE��),�������

'��?��,�&����������,	#��U*?�'��?��,#$GE����(CAH��	�&@ Cole ���/��(��������C������	� 6 

A��#��(����, �����- �#��
�	 #�#!��*����*  ��	 
̂� �
�/�A�* �,���� ?�#�%����#�
��K� 25 Az  �	�

�<	��� 97,876 /� �����
��<	��� 94,851 /�  ����?��#�/�
/�	���
)
?��	�#�GE�������)���
�

���#�GE���	���)���
��	�'��?��,�	���#�%� �����@�#��U*)���
� Cole ���/�� �K��
(��$�0�	CK@����

�	��
�/�	����$��!*),���/ ��G������(C��������),��,	�?�  

 ����	��&@#AB��&E�,	���#�)�,	 ?���,�A���	���&E�&/�	��)�),	�#�G@��	)
#',	$��!* #�,�/�	�

�)�),	�����,	� Caucasians ��� Asians �<	?���	��<	 BMI for age �	?������	����/���� 

�<	#AB�)����&/�	�#+$	�C����,�A���	�� (ethnic group specific)(12) )����,	�#�,� �	��K�-	
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#A�&��#�&������,	�/��&E�&A�
�	�(C���$������),�&/,	 BMI ),	���� 2-3 ��,�� $��,	/�#�#�&��&

��������&E���&(C��������,	/� Caucasian �&E�&/,	 BMI #�,	���(13)  ��	����
�������	�	�(�������

�
#/�	��*C�����C��#�%��	�  9-12  Az   ?����#�&��A�����K�-	#����   �<	��� 4 ���#�&�� ���� 

BMI for Age C�� Cole ���/��     $��,	�&�	�����	�����������,	#�GE�A��#�
������	)�T	�

�	�#��
�#)
��)C��#�%�(����?��,�	���@�?�#�%��	����#�%���
� ���$��,	�	������?�#�%��	�

#AB������� 40.3 ���?�#�%���
������� 26.5(8) �����@� BMI for age �<	����#�%��	��<	#AB�)����&

�	��K�-	?���,�A���	����@�� #�GE���	��&/�	��)�),	��	�#�G@��	)
  

 ���/
��&E���	/�	����$��!*C�� BMI for age #$GE��	��)���
��&E#��	����&E������	��

�@<	����#�
���G��	������ /���<	/��/�,����	�A��#�
�(C�������C���,	��	�C��#�%�(���&E���)��� 

����&/�	���,��<	#$GE�?��(��#AB�#��U*?��	��<	�����)���&E?��#)G������,	#C�	��,�	���@<	����#�
�

���������E�#�� ������,?���A����&E�&/�	��<	#$	�C���	����#$� (age and sex specific) ���

#�GE���	�A�
�	�(C����,	��	��&�	�#A�&E���A��?��,��#��
�#)
��) (redistribute during growth) 

�	�A��#�
�(C����,	��	��<	#AB�)����<	/��/�,(A����	�����@<	��������,����� #$GE��	/�	����$��!*

����,	�(C���������� BMI  ?��),���,���	� #AB�AH�����&E�,���<	���#��U*)���
�C�� BMI for 

age C���,���	���@�� �����@��	�),���)���	��	���,������������?�'��?��,�	���#�%�)	��&E Cole 

(2000) (���<	?� 8 A��#�� ��G��&E Yap (2000) �<	?�#�%��
�/�A�* 

 �	��K�-	/�	����$��!*�����,	�)���?����,�)����,	�C�	�?��, �),�	����A�
�	�(C���C��

�,	��	����?�� DEXA #AB� gold standard K̂E���?��/,	(C��������&E��,��<	�	�	���<	#�
��	�(�����

��,�)����,	��&E�<	����<	�������<	(��#+$	�?�����A�
��)
�	�    �����@��	����(C���?)�'
��������

#���������,	��	� (circumference) ?��,��),	��C���,	��	� #A�&��#�&������	�����&E��,�)�����

?�� DEXA ��� / ��G� stable isotope (D2O) #$GE�$�0�	?��(�����	��<	�	�A�
�	�(C���C��

#�%�(���&E��,�)�����#�GE��G�(�� #�G�����	��	��	����/,	�&E�&/�	��A�A��������	?���K�-	

/�	����$��!*C��A�
�	�(C��������&E/<	���(���	��	����(C���?)�'
��������#���������,	��	� 

���/,	 BMI for age �&E�K�-	?���,�)����,	�C�	�?��,?�����#��U* BMI for age �&E$�0�	����

C�@�)�������,	���#AB�)���,��&@�&E�
�#��U*�����(C�������^KE��	�	��?��?��	�#\j	������	������?�

#�%��	��	!	���C����(����,	��&A���
�!
�	$�
E�CK@� 

 

1.4 �����!����������%�&�"'��(���� : �J����(��;����	.���������
��)(&���&,�� 

 �	��	��&E�&/�	�(�,��,���?��	�A��#�
��	���
��/�	�	�?�#�%� ^KE�#AB�AH�����&E����K�

�	�(�����$����	�#�
� �	�����	�#/�GE��(���,	��	� (Physical activity, PA) �&E�������K��	�?��

$����	��,	��	���@�(�����/�	��
���	�CK@�#�GE���  AH�����?�A��#��(�����(�,�&��A����	�
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A��#�
� PA  �&E#�GE��G�(�������,�)��  �K��<	#AB�)����&�	�$�0�	�������	��&E#��	��������
��

C��#�%�(�� K̂E�?���&)�	����	��������	��<	����'��?��,���#�%� �����)�@�C��/<	�	�?���GE�

/�	���	�)	�/�	�/
�#�%�C��'�������G�'��#�&E���	�?��	C	��@� (content expert)  �),(�,(���<	�	�

����� validity ��������	��&E�	��<	�	������ reliability C���������	�#�,	��@�(14)  �<	?��(�,

�	�	����E�?�(���,	��������@��&/�	�/���/������	�	�����?��
E��&E)����	�A��#�
�/G� �����

�	�#/�GE��(��(���&��,�)���	�����#$&��?�  ����	��&@�	�$�0�	�������	�����&/�	�

��	���	�?��	�?��/���������
!&),	��(15) ^KE��	�),��	��&E���<	�	�K�-	#A�&��#�&�����(�� �<	?��

),��	�
��?��/����#AB���,���&E#�&E��C������/,	$����	��&E��)���?��?��	��<	�
�������@�� #�,� 

energy expenditure (EE), metabolic equivalent time (MET) #AB�)��(16) 

 �����@�?�AH������
!&�	����	��������	��K��&C�@�)��),	���&E)����	�����@� content expert 

����
!&�	��	���
)
?��	�/������C��/<	�	�(item selection)(17) )	���,�A���	��#Aj	��	��,��

���� �������	��&E���$�0�	CK@��	���&C����	����	�C��/<	�	�����#�/�
/(����	��
!&  #�,�   

empirical approach technique(18) ��G� focus group interview(19) ^KE���#AB��	��������
�����

),	���&E#�&E��C������#AB�(A(����@����?��/���/��?���,�A���	��#Aj	��	���,	��&��A��� ��(��

C��/<	�	��&E#�&E��C����	��	��),#�
�/�	��<	#AB�����	�^@<	^��� �K�)����&�	������/���������

����������,C��C��/<	�	������	�������������	�?���,�A���	��)����,	��<	���A���	� 

8-10 #�,	C��C��/<	�	������
!&�	���
)
),	�� ��#AB��������	�)������&E���<	(A?��(��  

 �	������ validity �����#AB���� criterion validity(17) ����	�#A�&��#�&������A���*

�	)�T	�?��	/��	��&E����	�#/�GE��(���,	��	�(motion sensors) ��
�),	�� �&E',	��	� validate 

#�&������
!&�&E������?�C���&@�,	#AB�#/�GE���G��	)�T	� (gold standard) ?�����A�
��)
�	� ���

�	�?�� Double Labeled Water technique (DLW) ^KE�#AB� stable isotope(14) ?��	�A��#�
�

$����	��&E?����@����?��),����� (total energy expenditure) �����/�	����$��!*C��C������&E(���	�

�������	����#/�GE���G��	)�T	�  ��#AB�)���,��&@/�	���,�)��C���������	���@��(20)  ?�

�	�/��@�������&�	�������	 construct validity C���������	�#$
E�),�(A����?��	��<	 cross 

validity test ?�A���	����,��GE�  #$GE��������,	�������	���@���&/�	��	�	��?���,������

�	�#/�GE��(��C��A���	���&E�&/�����)
�)�),	����(���&���#��#$&��?�   

�	�������	   reliability   C���������	��%�&/�	��<	/���	�#�,�#�&�����(20)   #$�	�

AH��	����C���	�)���������	���CK@����,���/�	��	�	��C��'��)���&E��)������<	��G��<	�K�

��������(recall) �
�����?���&)�&E',	��	(����G�(�, �	��<	�������#��	?��	������<	�K��K�

�
������&E)����	��	���#AB�C���<	����&E�<	/���	�(21)  ���#+$	�?�A���	��#�%��&E�&AH��	
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�	���,	?�'��?��,(22)  �����@��������	�?�#�%��K�/���&����#��	?��	��<	�K���@� (short-time 

recall) /G�A���	� 1-3 ��� CK@����,����	�C��A���	��#�%��&E)����	��K�-	 (�,#��G���������	�

C��'��?��,�&E#/��&?���&)  �&E�	����	�?���K�����(A#AB� ��A�	�* #�G�� Az ��G��&E������<	�����E�(A  

^KE����&/�	�'
�$�	�����	�CK@�)	��<	���  AH������
!&�	������/�	��,	#�GE��G��K������?���<	

�������	�^@<	(test-retest reliability) ����<	���?���<	�K��,��#��	#�
�?��	��<	������^@<	?�/��@�

�&E���  #$GE�(�,?��#�
�/�	�'
�$�	��	��	��A�A���C��������
������&E��#A�&E��(A)	�#��	(16) 

 �	���� PA C��#�%����	�	��������������	�#/�GE��(���,	��	� ^KE��,	��#AB�AH�����,��

?��	�����K�AH����#�&E��C��#�%������������  AH�����?�A��#��(��(���&/�	�$�	�	��&E��

A��#�
��	�#/�GE��(���,	��	�C��'��?��,(23) ���?���������	�^KE�(�� validate ���#/�GE���G� 

motion sensor �&E#AB� single-axial accelerometer   �&E�&�GE��,	   Actigraph(24-26)   ^KE��G�(���,	#AB�

�A���*�&E�
��?��#AB�#/�GE���G��	)�T	�?��	��
����	/��	��&E�&/�	����)������ ����&�	��K�-	

#A�&��#�&��(������	�?�� DLW ���?�Az�&E',	��	�&/�	�$�	�	��&E��$�0�	�������	��&E?��?�

#�%���
��	� 7-8 Az?��/���	�A���
�!
�	$C���	�#$
E��	�����<	����	�),��	�#$
E����������

C��#�%���
�     ^KE����,?�����,	��	��
#/�	��*C�����  ��,	�(��%�&�<	#AB�)����&�	��K�-	#$
E�#)
� ��@�?�

��,�#�%���
����#�%��	� 

 AH��	��/����?�#�%�?������	������$��!*�����)�	�	�#�%�A]�������)�	�	�)	� 

(morbidity and mortality)  ��G�(�,��@�   ���(�,�&C�����#$&��$� ��,	�(��%�&�	��K�-	��	��	��K�-	 

�����K��	��&E#�%�������#AB�'��?��,����  ^KE�#�GE��K�)����@���$�/�	����$��!*�����)�	�	�#�%�A]��

���)	�    �	�Aj�����AH��	�%/G��&#��U*�&@����&E#�GE��G�(�������,�)��?��	�/������'���&E�&�������

���&AH��	    #$GE��	�#\j	��������������	��	!	���C����(�,?��AH��	���	���E�#�� ���#+$	�

��,	��
E�?��,�����#�%��,��#C�	��,����,� 

 

2. ��)+-��!���� 

1. #$GE�$�0�	����<	����	�A��#�
��	�#/�GE��(���,	��	�C��#�%�(�� 

2. #$GE�$�0�	���	��<	�	�A�
�	�(C����&E�&/�	�#�GE��G�(�� �����,�)��C��#�%�(�� 

3. #$GE��K�-	�	����A�
�	�(C����,	��	� ���?��  4 compartment model 

4. #$GE����	��	)�T	�����&����	�)	��	� ( BMI for age ) C��#�%�(�� ���?��#��U*

A�
�	�(C����,	��	��&E#��	��� 

 

 

�!!����$.�������� 15 �
��	/�  2547 – 28 !���	/� 2551 
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3. ���
���89�:�#�!1� 

 �	��K�-	/��@��&@��,�#AB� 3 �,�� �,�����#AB��	�$�0�	�
!&�	�A��#�
��	�#/�GE��(��

�,	��	� �,���&E���#AB��	��	/,	/�	�#�GE��G�(�����A��#�
�/�	���,�)�� (Validity & Reliability) 

C���	�����	�#/�GE��(���,	��	�#�&����� Actigraph ����	�A��#�
�(C����,	��	�#�&����� 

DEXA ����,���&E�	�#AB��	��<	�	�A��#�
�(C����	����	��&E(��?��,����� ���(C���#�%�(���	�

�	��,���,	�#AB������	���E�A��#�� #$GE����	��	)�T	�����&����	�)	��	� (BMI for age) C��

#�%�(�� ���?��#��U*A�
�	�(C����,	��	��&E#��	��� 

 

�/���	��&@(������	����������/�������	��
�!
��-���#�&E������	������?���-�* 

��	�
��	�����
�� (�	/'��� �) 

 

*(��	
� 1   

��������#���&�+����!����������%�&�"'��(���� 
3.1 ��������),�#��#���&�+��������%�&�"'��(���� (Prototype Physical Activity 

Questionnaire) 

3.1.1 ������?�:��#�����!�9� (Indepth Interview) 

�<	�	�������C��/<	�	� ���)����,	��������	��&E�&�	�A��#�
��	�#/�GE��(��

�,	��	��	�  International Physical Activity Questionnaire (IPAQ) ��� Global Physical 

Activity Questionnaire (GPAQ) #$GE����	�A��#�%�/<	�	� �	���@��<	/�,�G�����	-�*#�	��K�

��,�#Aj	��	� (�	/'��� C) ?��	�#�	��K���,�#Aj	��	�(�� �&�	�)
�),����#�&�� 4 ���#�&�� #$GE�

����	-�*#�	��K���,����#�&�� �	� 10 – 18 Az ^KE�A�����������,����#�&��?���������T�	� 30 /� 

������#�&��?�������#���� 30 /� �������)	�'�� 

 

 

 

 

 

 

 

 
�������� 

	
���
���	 
�������� 

����
�
��� 

��	����� 30 �� 
���	������
� 

�.5 �.6 
�
� 5 ��
���� 5 �� 

�. 1 – 3  
�
� 5 ��
���� 5 �� 

�. 4 – 6  
�
� 5 ��
���� 5 �� 

�������� 
����!��" 

�������� 
�!	���" 

��	����� 30 �� 
���	���!	�� 

�.5 �.6 
�
� 5 ��
���� 5 �� 

�. 1 – 3  
�
� 5 ��
���� 5 �� 

�. 4 – 6  
�
� 5 ��
���� 5 �� 
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 ���C���&E����	-�*#�&E������
�����?��&�
)A���<	��� A��������� C������	�#�
��	��	

#�&�� �
������&E�<	?����#�&�� �
������&E�<	�&E��	� �	��,���	���	� �	�����<	����	� �	���#�,� 

�����@��
������&E#����	���E� #�,� ���&�& #�,�#��/��$
�#)��* C������	-�*���#�&���),��/� (��C�

���	)���#�A #$GE�?��(���	��	��
��������
������&E���#�&���<	 �����	����#�A���#�&����/� 

(�	/'��� /) ����K����
������&E���#�&���<	��@������?��A����� Excel �����	/,	 MET C���),

���
����� ���#�&��/,	�	�?��$����	�?��),���
������	�)	�	� Compendium table(27) ���

����?� (�	/'��� �) ����	��&@�&�	�#$
E�#)
��
�����C�����#�&���&E(���	�	��	��K�-	C��

#�%�(���&E',	��	 (28, 29) 

3.1.2 Draft questionnaire �.��������	�=�'�$	
�"$,���������?�:�����!�9�#�!���89�:�

#$
E�#)
�?��	��
����&E',	��	 �<	�	����<	�������	��,	���� (�	/'��� �) ��,��
�����

#AB� 3 ��,� /G� 

- �
�������E�(A A��������� �
�����$��',����,��?�),	��  

- �
������	���	� �	�/��� �	��,���	�'��A�/��� 

- �
������	���#�,� �	�����<	����	� ��G�#�,��&�	 

/��#�G�����#�&�� 30 /� #$GE��<	�	������/�	�#C�	?�?��	��<	�������	�(Pre-test) 

?����#�&�����#�&��#����� ���#�&��/�����&��0�	 $��,	 ���#�&��?���@� A.5 A.6 ����&AH��	)��

/<	�	�#�&E�����/�	��	�C���	��<	�
����� �����@��������	��&E��$�0�	 �K����A���#A�&E��#AB� 

2 �� /G� 

1.��A���� (�	/'��� +) A����������	��	��
������&E�<	 (�,�&����#��	�&E�<	�
����� 

2.����!�� (�	/'��� �) A����������	��	��
������&E�<	 ����&����#��	�&E�<	�
����� 

 

#$GE�?��C��/<	�	��
�������@�/���/���
������&E���#�&���<	 ���/���/����E�A��#�� 

�K��,��������	�)�������@� 2 ��� (A��E�A��#�� ����<	�	���,�A��#��(��#AB� 5 �,�� /G� 

�	/#��G� �	/��	� �	/?)� �	/)�������#+&��#��G� ������#�$��	�/� �����,����#�&���	� 5 

�,�������,	� )
�),����#�&��#$GE�C�/�	���#/�	��*?��	�)���������	� C���	��<	���

���#�&�� ����<	�������?��),����@�Az #�GE�(������	��
����?��/�	��,���G� (�������	��,������&E?��

�	����#�&�����#�%�C������������	� �&��	�(������,��������	���E�A��#�� 4,280 �� 

A��������� ��A���� 1,397 �� �������!�� 2,883 �� ���?�,^��)
���)�A�#$GE�?�����#�&���,�

�������	�����/G� 

�	��	������$�*)
�)	��	�#�%�C�����C�����#�&��),	����E�A��#�� (��C���������/G��	

�<	��� 59 ���#�&�� �	����#�&����@���� 79 ���#�&�� ����&�<	����������	���A�����<	��� 
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1,348 �� �������!���<	��� 2,742 �� �	��
#/�	��*�������	�)�����#$GE��	 Validity ��� 

Reliability ����<	C������&E(��������*�	�
#/�	��*#$GE��<	 item selection 

 

3.1.3 ���	$�&������	
��)�� (Criterion-Related Validity #�! Constructed Validity) 

�,&�.�+������,&����$/�	�����!�	8  

����������	���@�����&E�,������	 �<	�	�
#/�	��*�	��,�� (#�GE���	��������	��	�

+���)��(�,������*) �������	���A�����
#/�	��* 1,123 �� �������!�� 1,013 �� �<	�	�

/��#�G�����C���
������&E�&/,	�����A���
�!
"C����,��
�����),	�� �	�/,	 Item ��� Total 

Correlation Coefficient #$GE��<	(A?����
�$��,	 �������	���A�����&��@���� 138 �	��	� 

�����	��
#/�	��*#��G�#+$	� 98 �	��	��&E�&/,	�����A���
�!
"�	���,	 0.4 ����&/,	 Cronbach 

Alpha Coefficient = 0.94 �<	�����������	�����!���&��@���� 139 �	��	� �����	��
#/�	��*

#��G� 66 �	��	� ���?��/,	 Cronbach Alpha Coefficient = 0.83 ���$�0�	�������	��	�

�	�#�G���
������&E�&/,	�����$��!*����&E������(���	����/��	�)�* (/,	 Cronbach Alpha 

Coefficient  (�,/��)E<	��,	 0.6)  

�	��
#/�	��*��/*A����� (Factor analysis) #$GE��<	�����������,��
������&E�&/�	�

?���#/&����� ���#�G��/,	 Communalities C���),���
������&E�	���,	 0.5 (��������� �����	���@�

��A#AB��������	� 2 �� (�	/'��� ^, �) �����<	(A�����/�	�#�&E��)��?��,���&E 2 ),�(A 
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*(��	
� 2  

���'��(������*%�&+%&"$, (Validity) #�!����#�(�)�� (Reliability) �&�

#���&�+��������%�&�"'��(����	
�������9=��	
���� Actigraph   #�!���

��!����"�����(�����	
���� DEXA 

 
3.2 ���'��(������*%�&+%&"$,#�!#�(�)���&�#���&�+��������%�&�"'��(���� 

3.2.1 ���'��(������*%�&+%&"$,#�!#�(�)���&�#���&�+��������%�&�"'��(����

�	
����  Actigraph 

 #/�GE���&E?��?��	�A��#�
�/�	���,�)��C���������	��&E��$�0�	 /G� #/�GE������	�

#/�GE��(���,	��	� �&E�GE��,	 Actigraph accelerometer �	���
-�� Computer Science 

Application (CSA) model 7164  '�
)�	� Florida A��#���#��
�	 #AB��A���*C�	�#�%�^KE�

$�0�	CK@��	�/�	���	����	�	�#�/�����&��	��
#�/����
/ �	�	���A��/�	�#�%� /�	������ 

����
��	��	�#/�GE��(���,	��	�?�����
E� ?��#AB�/�GE���,#��%� �����	��	�'����?���A�����

/��$
�#)��*#A�&E��/�GE���,#��%��	� Actigraph �	��	�#AB�)��#�C?���,�� Counts ),�#��	�&E)
�

#/�GE�� �	�	��)�@��A�����?��#�
E����?�#��	�&E�<	��� �&/�	��	�	��#�%�C�����(���	��K� 3 – 6 

��A�	�* ^KE�#�%�/�	���#�&��C���	�#�%�C����� ����#�/�����&?��,�&@ �K��&'���
��?������
!&�	�#\j	

���#�) �������K��
�����?����#�,	 (Time motion record) ^KE��&C���<	��� (�,�������������

�
���)�A���<	���C��'������<	���  

 

3.2.1.1 ��-(�)��&(�����89�:� 

 - ��,�������	�?����������� Actigraph �����@���,��&E)�������	��<	�	�C��#/�GE���G� 

(����, ��,�'������<	����	���,	����� #�,� ��,�'������<	����	�����	�#)�������
/ ��,�����&�	�
E�

������@��������(�� ��,����#�&�����#�&����
���
��	����* �����@���� 30 /� 

- ��,��	/�	�#�GE��G�(�������,�)��C���������	�#�GE�#�&����� Actigraph �	�	���/�

�	���
� 589 /� �	����#�&��A���� 4 ���#�&�� (����, ���#�&��/�����&��0�	 ���#�&��)�@� $
���*

!��� ���#�&������	�	��� ���#�&��/����	�$��� ���#�&����!�� 5 ���#�&�� (����, ���#�&����#^`

�A����* ���#�&���	���	�
#-� �/�AT� ���#�&����)����
���*�������� ���#�&�������

$���$�	 ���#�&�����A��	�	� (������	��&@���C�@�)���	�#�%�C����� ����������`��*��	�#C�	

�,���/���	�����/�	����/�?� (Sign informed consent) �&�	����)	�	��	�)
�#/�GE�� Actigraph 

),�#�GE��#AB�#��	 7 ���)	�/�	������C���	�	���/� ?�����,	��	�#�%�C������&�	�)����	�)
�
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#/�GE���G���	��
!& (����, �	�)
�),��	�	��*'��A���	��	� �	������$�*�K��	�	���/� �	��,� SMS 

#)G��?��?�,#/�GE����#��	 ����	��&@�&�	�����	����$
#�-?���<	����'��)
�#/�GE��),�#�GE�� 

 

3.2.1.2 �����/��,&��� 

 - �	�)�������	��<	�	�C��#/�GE���G� #/�GE������	�#/�GE��(���,	��	��&��@���� 35 

#/�GE�� �<	�	�)����	��	��<	�	�C����)#)��&E?�#/�GE������<	���#��	�&E#�
E�����K�C����� ���?��

#/�GE��/��$
�#)��* �<	#/�GE������	�#/�GE��(���,	��	��&E$������#�%�C���������?�,#C%�C����
#��#�� 

�������#�
���#/�GE���	�$	�#�GE�� (Treadmill) ����/�	�#�%������),	�� )�@��),#�
���	� A���	� 

3 �
��#�)�),���E���� �������E��
E�����/�	�#�%����A���	� 15 – 20 �
��#�)�),���E���� #$GE���/�	�

#A�&E���A��C��������	�#/�GE��(�����/�������/�	�#�%��&E#$
E�CK@���G�(�, �<	C�����C���	�

#/�GE��(���,	�#C�	/��$
�#)��* �����,	���A��	`�	��A����� Excel (�	/'��� �) ?��	�

������),��/��@��<	�&�� 8 – 10 #/�GE�� �	���A��	`C��#/�GE������	�#/�GE��(��#/�GE��(���&E�,	�

��A��	`�)�),	��	�#/�GE���GE� ��G�(�,���/����)	�/�	�#�%��&E#$
E�CK@� ��)����<	�	�)���#�%/?��, 

����,	��(�,�&/�	�'
�A�)
 �K����<	(A#�%�C�������
� ?��	�)������#/�GE������	�#/�GE��(��

�,	��	��),��#/�GE����)��������/��@��,���<	(A?����,	�����#�G���� 2 /��@� 

 

- �	�������	�����������	�?���	�#/�GE������	�#/�GE��(���,	��	� #/�GE���G��&E',	��	�

������	��<	�	����?��/��$
�#)��*�<	���#��	�<	�	��&@ (���<	(A������	����������#AB�(A

(��?��	�?�,)�����,	�),�#�GE�� 7 ��� ��������?���,�/���	�� ��,� �����@���� 30 /� $��,	

�	�/��@�#/�GE��(�,����K�C����� �	��	��&E�� contact C��#/�GE�����'
�����(�,�&����	�/��@��	����

(�,��,��<	?��#/�GE�������(A�	 /,	�&E�,	�(��(�,���)��� �K��<	�	�A���#A�&E���	��	�?���	�#C%�C��

)
�#/�GE���	#AB����#A�	#�%�� #��%�(����
#��#�� �������?��	/'��� ! 

  

- �	�#)�&��/�,�G�?��	�����K��	�)
�#/�GE������	�#/�GE��(���,	��	� �	�	���/���/���

(������	��&@����	���#�&��C���/���	�� #$GE�?��#C�	?����A�
��)
)	�C���<	��� /G� )
�#/�GE���G�

��
#��#��)���#��	 ��#���#��	�	��@<	 ��G��&�	�	��@<	 #�,� �,	��@<	 �������K�?��������K� 

(�	/'��� ;) ��/��@��&E�&�	����#/�GE���	�#�
� 1 ��E���� ?��,���&E���#�&�����,���#�&�������	�?��

/��'��A���	��	��������)���#�%/�	�?�,#/�GE���G��������K� #$GE��	��	�?��'���
�����	� ����	��&@

'���
������)
�)	��	�	���/�?��,��#��	�&E���,��	� #�,���������G�#��	�,���	���#�&�� #$GE�)������

�����@�#)G��?��)
�#/�GE���G�)���#��	 ����������,�#/�GE��/G�'���
��� (�	/'��� �) 
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�������	���@�����&�,���,��?��/��	$C��C�����C��#/�GE������	�#/�GE��(���,	��	�

���/��������
������&E�	�	���/��<	 ����&�	�����	��	�	���/��&�/��@������	��&E�<	#/�GE�����

�	�#/�GE��(��(A�,	�C�������/��$
�#)��* ����$��,	�&/�	�'
�A�)
 (#�,� ?��,���&E(�,�&/�GE�C��

�	�#/�GE��(���	�� ��	��K�(�,(��?�,��G�#AB��
������&E���,�
E��) ���&�&E(�,(��?�,�	�#�
��<	��� 

�<	#AB�)���C�?���	�	���/�)
�#/�GE������	�#/�GE��(��#$
E�#)
� ��G��	�/��@��<	#AB�)�����#�
�C�����

C���	�	���/���@��
@�(A��@���� �	�$��,	#��	�,��?��,(�,(��)
�#/�GE���G� #AB�)�� 

��,��	/�	�#�GE��G�(�������,�)��C���������	�#�GE�#�&����� Actigraph �	�	���/�

�	���
� 589 /� (�����#/�GE�� Actigraph ���)
�#/�GE����,	�),�#�GE�� 7 ��� �����	���@��<	

�������	�#�&E������
������&E�<	)��� 7 ����&E',	��	 (PAQ1) $������@��	������ reliability 

����	��<	�������	�/��@��&E 2 (PAQ2) ����������	���@� 2 /��@��,	���� 1-3 ��� #$GE����/�	�

��,�)��C���������	� PAQ1 ��� PAQ2  

 

3.2.1.3 �+�)�	
�;*, 

 �	��<	 validation & cross validation ?����
)
#$GE��	/�	����$��!*����,	� Actigraph ���

�������	� ?�� Spearman ’s Correlations ��� Pearson Correlations ���?����
)
 Intraclass 

Correlations #$GE����/�	�#�GE��G�(�� (Reliability) 

 

3.2.1.4 1����89�:� 

?�C���<	#�
��	��
����&�	�	���/� 23 /� (�	� 16 /� ��
� 7 /�) ���)������	�

�/���	� #�GE���	�AH��	(�,)���������	� �<	#/�GE���	�����<	�� ����&�	��
��&E�<	?���	�#�%�

C�����(�,/�� 7 ���  

�	�C�����?�#/�GE�� Actigraph ����������	�/��@��&E1 ��� /��@��&E2 (���<	(A�,	�C�����

�������C����� #$GE�/<	����
#/�	��*�	���
)
#$GE��	 validity ��� reliability 

- C������&E����	�	� Actigraph #AB�)��#�C����������	�#/�GE��(��)���#��	�&E���#�&��

?�, C������&��,��#AB� count per day #�GE��<	/,	��@� 7 ��� �	������ ��(��/,	������	��<	�
�������@�

��A�	�*#AB� count per week �),�	��G�?�,?��,��C�������G�)�����@���� )��#�C�&E�,	�����	��

#AB� “0” K̂E��<	?��(�,���/��������
������&E���#�&���<	��
������@����#�&����,��&E?�,#/�GE��������(��/,	 

count per week (�,���)��� (�����A�&E 1-3 ������	`)����,	�C���	�	���/��&E?�,#/�GE����@���� ?�,��	�

���?�,����)  
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���	
� 1 graph shows different level of activity performed in a day 

���	
� 2 graph shows different level of activity performed (< 14 hr) 

���	
� 3 graph shows no signal of wearing Actigraph 
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�����,���,����#�&��)	�����#��	�	�)
�#/�GE��#AB� 3 ��,� ���)	��	���#�&�����)	�	�

�&E 1 

 

)����	
� 1 Characteristic of level in wearing Actigraph 

 

��-(�	
� ���!�&
$ 

 ;�(���	�=� 7 ��� 

“������*” 

������)
�?��),�� ��� (�,������,	 14 �.�. ��

��� 

;�(�,�� 

“$�?��(��” 

���#�&��)
�(�,������,	 14 �.�. ��,	����� 4 ��� 

������ ���?������KE�)
� �	���,	 8 �.�. ���

�&����)���)
�(�,������,	 4 �.�. 

;�(�,&��� 

“(�,������*” 

���#��G��	� 2 ��,��&E��,	��	�������
@� 

 

�	��	���,���,��	�	���/��	���
��	� 10 – 18 Az�	����#�&��)	��	�)
�#/�GE��(��

�<	����	�	���/��&E/������#$GE��<	�	�
#/�	��* �	��<	�����@���� 566 /� )����,�����	��&E)
�

�����	���� ���  /��&E�& /,	          count per week (�,���/��������������	�/��@��&E1 (��A� �# 4) 
�����@���� 224 /� A��������� A���� 37/� ��� ��!�� 187 /� #��G� 332 /� �������?�

)	�	��&E 2  

 

)����	
� 2 Number of children in the PAQ study (n = 332)  

#$�   

  �	� ��
� 

��� 

 

$�?��(�� 16 17 33 A���� 

  ������* 63 61 124 

 ��� 79 78 157 

$�?��(�� 23 18 41 ��!�� 

������* 37 97 134 

 ��� 60 115 175 
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CLAS_QUE:            1   primary sc.

MET_freq_test
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���	
� 4  Relationship of Actigraph value (estimated count per week and Met_freq_test  

           in elementary school children 

 

 

 

 

 

 

 

 

 

 

 

 

 

���	
�  5 Relationship of Actigraph value (estimated count per week and Met_freq_test  

           in secondary school children 

CLAS_QUE:            2   secondary sc.

MET_freq_test
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�<	������,�$�?��(�� �&�	�A���	�/,	 count per week ?��,���&E(�,(��?�,����	�/<	���

/,	 count ?��,��(�,?�, �	�/,	#+�&E�?�����&E?�,#/�GE��  ��)����,	�#�,� �G�?�,#/�GE��?��,�� 7.00 – 

16.30 �	�
�	 C�� ���$������& �%?��/,	#+�&E�C�����#�&����@� 4��� �&E)
�#/�GE��?��,��#��	#�&�����

��� ���?�������?��,��#��	�&EC	� �%?��/,	 count  C���������&����?��,��#��	#�&�������� 

�����	���@��K��<	/,	'����C�� count per day �	���#AB� estimated count per week 

- C������	��������	��
����� #AB��,��#�&������	�)
�#/�GE�����������	�#/�GE��(�� 

(Actigraph) ���?�����#�&��#�G���
������&E�<	������/�	��&E�&E�<	),���A�	�*  ?����&�������	�

��@���!�� ?�����#�&����������#��	�&E�<	�
�������@������ �������	� ��@� /��@��&E1 ���/��@��&E 2  

�<	�	)���#�%/���C������&E(���<	�	Aj����?��A����� Excel /<	��� /,	$����	��&E?��?� 1 ��A�	�* 

?��T	�C����� �	�/,	 MET C�� Compendium table ?��	����/�	�����C���),���
����� /,	�&E

(���	��
������&E�<	��@���� �<	�	/<	���$����	��&E?��),���A�	�* ?���,�� METS_min / week ��G� 

METS / week ����	����/,	$����	��&E?��?��	��<	�
�����),	����@���A�	�* ?����&�&E���#�&��)��

�������	�(�,/��#$&���/,�
�����#�&�� #�,� #�G���<	�
������,	��@<	 �),(�,����,	�<	�&E���),�

��A�	�* �	��	/,	���/<	���$����	�),���A�	�* C�����#�&��/���@� ?��
������,	��@<	�%��(�,�&  
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�	�/<	���$����	�),���A�	�*(���<	 ��	�����	� ����&@  

 METs_min / week (all)         =   '���� {MET C���
������&E�<	 x #��	�	�& x �<	�������&E�<	}  

METs_min / week (w/o inactivity)= '���� {MET C���
������&E�<	 ((�,��� inactivity) x #��	�	�& x�<	���

����&E�<	} 

METs / week (all)                 =   '���� {MET C���
������&E�<	 x �<	�������&E�<	} 

METs / week (w/o inactivity)         =   '���� {MET C���
������&E�<	 ((�,��� inactivity) x �<	��� ����&E�<	} 

 

(Inactivity ��	��K� �
������&E�&�	�#/�GE��(������ (����, �	���E� ���&�& #�,�#��

/��$
�#)��* #�,���	�����	� #AB�)��)   

 

)����	
� 3 Actigraph value and MET/ week for PAQ1 and PAQ2 in elementary children 

    

Sex   N Minimum Maximum Mean Std. Deviation 

Male Count / week 79 1534038 5163146 3530727 744932 

  Estimated / week 79 2090951 5163146 3551663 716709 

  METs / wk (all) PAQ1 79 64 1397 538 286 

  METs / wk (all) PAQ2 79 48 1461 488 335 

  METs / wk (w/o inactivity) PAQ1  79 46 1387 527 285 

  METs / wk (w/o inactivity)  PAQ2 79 35 1450 475 334 

           

Female Count / week 78 1368849 5082186 2741810 737154 

  Estimated / week 78 1425879 5082186 2772361 717983 

  METs / wk (all) PAQ1 78 159 1279 502 252 

  METs / wk (all) PAQ2 78 98 1394 468 263 

  METs / wk (w/o inactivity) PAQ1  78 149 1268 491 251 

  METs / wk (w/o inactivity)  PAQ2 78 88 1379 456 262 

        

  

 Estimated / wk �	�A���/,	 count / wk �&E(�,�&C����� �	�$G@�T	�#+�&E�/,	��
�C��/����@� �����<	�	

������#$GE�?��?���#/&�����/,	�&E/����#AB� 
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)����	
� 4 Actigraph value and MET/ week for PAQ1 and PAQ2 in secondary children 

Sex   N Minimum Maximum Mean Std. Deviation 

Male Count / wk 60 1425890 5664187 2959997 937300 

  Estimated count / week 60 1461148 5664187 2996699 913070 

  METs/wk (all) PAQ1 56 15.4 426 155 81 

  METs/ wk (all) PAQ2 36 66.9 318.8 158 62 

  METs_min/wk(all)PAQ1* 56 924 103105 15524 17109 

  METs_min/wk(all)PAQ2* 36 1724 53248 12593 10685 

  METs_min/wk (w/o inactivity) PAQ1  56 12.4 415.5 147 81 

  METs_min/wk (w/o inactivity) PAQ2 36 56.4 308.3 149 62 

  METs_min/wk (w/o inactivity) PAQ1* 56 744 102835 13584 17065 

  METs_min/wk (w/o inactivity)  PAQ2* 36 1409 49783 10555 10629 

        

Female Count / week 115 1007938 3953113 2114083 606440 

  Estimated count / week 115 1007938 4011058 2140129 625831 

  METs_min/wk (all) PAQ1 110 19.3 338.2 140 73 

  METs_min/wk (all) PAQ2 96 10.5 368.7 136 82 

  METs_min/wk (all)PAQ1* 110 799 42500 10690 8236 

  METs_min/wk (all)PAQ2* 96 821.5 37395 9086 7135 

  METs_min/wk (w/o inactivity) PAQ1  110 17.8 327.7 130 72 

  METs_min/wk (w/o inactivity) PAQ2 94 19.1 358.2 129 81 

  METs_min/wk (w/o inactivity)  PAQ1* 110 619 37460 8412 7558 

  METs_min/wk (w/o inactivity)  PAQ2* 94 245 33300 6646 6335 

            

* Distribution is not normal  

 

C������&E(����@�����<	(A�
#/�	��*����A����� SPSS  version 13.0 )	�	��&E 3 ��� 4 

����/,	������	�#/�GE��(���	� Agtigraph (Count / week ��� Estimated count / week)  ����	�

�������	� (METS_min/week ��� METS/week) $��,	�	��������	���#�%�A������@�����&

�	�����	�)��C��C��������A�)
 (normal distribution) ��#�������!��^KE�/,	$����	��&E?��),�

��A�	�*�&E#�	#��	�	/<	��� (METs_min / wk(all) ��� METs_min / wk( w/o inactivity) �����@��	�

?����
)
#$GE��	/�	����$��!* ����,	�  count per week �&E(���	�#/�GE�� Actigraph ��� $����	�

��@����),���A�	�*�&E/<	����	� METs / wk (all) ��� METs / wk( w/o inactivity) �K�?����
)
 

Spearman ’s Correlations $��,	(�,�&/�	����$��!*��� �<	#AB�)����	�
!&�
#/�	��*?��,����	�)��
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/,	 METs_min �
@�(AC���������	�����!�� �����	��	���������	�����	�)��$��,	#AB� 

normal distribution �K��<	�	� validate ���?����
)
 Pearson Correlation �<	�	��
#/�	��*#AB� 2 

�
!& ����&@        

�
!&�&E 1 �
#/�	��*#+$	� Validity ?����
)
 Pearson Correlation (r) #$GE��	/�	����$��!* ����,	� 

Actigraph (counts/wk)  ��� �������	�  PAQ1 (METs / wk) �����,��	��
#/�	��*

#AB� 2 ���-�� ?��C�����#+$	���,�������* ���C�������,�������*������C�����$�?�� 

$��,	 ��@��������	���A���������!��(��/,	 r A���	� 0.3 )	��	���#�&�� 

)	�	��&E 5 

�
!&�&E 2 �
#/�	��* Validity ��� Cross validate ?����
)
 Pearson Correlation (r) ����,���,�

C�����C�����#�&����,�������*���$�?�� #AB� 2 �� �����#$GE��
#/�	��* Validity ���

������#$GE��
#/�	��* Cross validate �%��(��/,	 r ���A���	� 0.3 )	� )	�	��&E 6 

 

)����	
� 5 Validity of MET/ week from all activity and without inactivity in different groups 

 

PAQ n P value Pearson   

Correlation 

Elementary  

MET / wk  (all) 

 

119 (completed data set) 

 

0.000 

 

0.321 

MET / wk  (w/o inactivity) 119 (completed data set) 0.000 0.322 

MET / wk  (all) 151 (completed and 

estimated data set) 

0.001 0.257 

MET / wk  (w/o inactivity) 151 (completed and 

estimated data set) 

0.001 0.258 

Secondary 

MET / wk  (all) 

 

132 (completed data set) 

 

0.002 

 

0.268 

MET / wk  (w/o inactivity) 132 (completed data set) 0.002 0.271 

MET / wk  (all) 166 (completed and 

estimated data set) 

0.000 0.282 

MET / wk  (w/o inactivity) 166 (completed and 

estimated data set) 

0.000 0.284 
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)����	
� 6 Validity and cross validity in elementary and secondary PAQ 

PAQ n P value Pearson 

Correlation 

Elementary 

MET / wk  (all) 

 

100 (validity) 

 

0.009 

 

0.260 

MET / wk  (w/o inactivity) 100 (validity) 0.009 0.262 

MET / wk  (all) 51 (cross validate) 0.018 0.329 

MET / wk  (w/o inactivity) 51 (cross validate) 0.018 0.329 

Secondary  

MET / wk  (all) 

 

109 (validity) 

 

0.006 

 

0.260 

MET / wk  (w/o inactivity) 109 (validity) 0.006 0.260 

MET / wk  (all) 57 (cross validate) 0.013 0.325 

MET / wk  (w/o inactivity) 57 (cross validate) 0.012 0.331 
 

 

�	��<	 Reliability C��C������������	� /��@��&E 1 ���/��@��&E 2 ^KE��,	���� 1-3 ��� #$GE����

/�	�#�GE��G�(�� ���?����
)
 Intraclass correlation #$GE����	�#A�&E���A��C��C�����/��@��&E 1 ���

/��@��&E 2 �,	�&/�	����/����(A?��
��	�#�&�������G�(�, #�GE�/,	�����$��!* (Intraclass 

correlation) #C�	?��� 1 �����,	�������	���@��&/�	�#�GE��G�(�� �	�)	�	��&E 7 ����?��#�%��,	/,	

C�������$��!*?��,�� 0.7 – 0.8 ��@��������	���A���� �������!��  
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)����	
� 7 Reliability for PAQ1 and PAQ2 
 

PAQ n Intraclass 

Correlation* 

95% Confidence Interval 

Lo Bound      Up Bound 

Elementary (MET / wk) all 201 0.792 0.734 0.838 

male 103 0.762 0.667 0.822 

female 97 0.838 0.767 0.889 

MET / wk  w/o inactivity 200 0.794 0.736 0.840 

male 103 0.764 0.670 0.834 

female 91 0.839 0.769 0.890 

Secondary  (MET / wk) all 158 0.715 0.629 0.783 

male 52 0.807 0.686 0.884 

female 106 0.663 0.542 0.758 

MET / wk  w/o inactivity 156 0.738 0.653 0.799 

male 52 0.806 0.684 0.884 

female 104 0.691 0.575 0.779 

* p value <0.001

3.2.1.5 ��-����'��(������*%�&+%&"$,#�!#�(�)���&�#���&�+�� 

 #�GE���������?��#�%��	���
� 10 – 18 Az �<	��� 566 /� )
�#/�GE�� Actigraph 7 ��� ����

?��)���������	��&E$�0�	CK@� #$GE��	/�	����$��!*C���	��,	�/,	 Actigraph (count / wk) ���

/,	 METs/wk $��,	 �������	���@���A�����������!�� �&/,	�����$��!*�&E 0.3 K̂E�#AB��&E������

(�� ����	���� Reliability C���������	��&E�,	���� 1 – 3 ���(��/,	 intraclass correlation 0.7 – 

0.8 �������	���@� 2 �� �	�	���<	(A?��A��#�
��	�#/�GE��(���,	��	�C��#�%�(��(����,	�

#�GE��G�(�������,�)��   
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3.3 �������������	.���������"����	
��
�����*%�&+%&"$, #�!#�(�)���&��$/�"	 

 

3.3.1 ��$������!���89�:�  
 
 

I 
 
 
 
II 
 
 
 
III 
 
 
 
IV 
 
 
V 
 
 
VI 

 
 
 
 
 
 
 
 

�� Validity ��� Reliability 
��	
�� % BF ���
����	 DEXA 

���������
����� % BF �� 
Anthropometric method 

Cross validate ���������� ���� % BF 
�� Anthropometric method  

��������������� % BF  
��
�� BMI  

Cross validate ����������
���� %BF �� BMI 

�!"���� %BF �� BMI #����$������ 
%BF ��	 BMI Reference %��	& 
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3.3.2 �
6�($����/7�8� 
I. �	��	 Validity ��� Reliability C��/,	 % BF �	�#/�GE�� DEXA C�� ���$�	�	��	�	!
��& ����

��,��	� 16 – 18 Az (4C) ��@� 2 #$� (Sample design 50 /�, Sample collection 55 /�) 

 
 
  
 
 
 
 
 
 
 
 
 
 
II. �	�$�0�	���	�/<	��� % BF �	� Anthropometric method (�	���E� – �������,��),	�� C��

�,	��	�) C����,��	� 10 – 18 Az ��@� 2 #$� (Sample design 380 /�, Sample collection 380

/�) 

 
 
 
 
 
 
 
 
 
 
 
 
 

4C DEXA �
�
$���� 

% BF 4C % BF DEXA – 4C  

Correlation Bland - Altman 

��
  Coefficient  Limits of agreement   

DEXA �
�
$����  Anthropometric assessment   

% BF DEXA_Validation Wt, ht, circum, skf, age   

multiple regression 

% BF Equations model &�
�'   

�$��������� Eq �'��'
�� R2 ��� SEE �'�'��(� �����������	#)$��%$���'��(� 
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III. �	������ %BF Equation �&E$�0�	CK@�������,��	� 10 – 18 Az (cross validation) ��@� 2 #$� 

(Sample design 120 /�, Sample collection 129 /�) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
IV. �	�$�0�	���	��<	�	� % Body fat �	�/,	 BMI C����,��	� 10 – 18 Az ��@� 2 #$�  

      (Sample design 1980 /�, Sample collection 1,967 /�) 

 
 
 
 
 
 
 
 
 
 
 
 

DEXA �
�
$����  Anthropometric assessment   

% BF DEXA_cross 

% BF Equation    

Correlation 

% BF Eq 

Bland Altman 

��
 Coefficient   Limits of agreement   

Anthropometric assessment   

BMI % BF �
	 Equation  

Simple correlation  

Equation ������ % Body 
fat ��
�� BMI 
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V. �	������ % BF Equation �<	�����<	�	� % Body fat �	� BMI ������,��	� 10 – 18 Az 

(cross validation) C����,�)����,	��&E�&�	�A��#�
� % BF �	�#/�GE�� DEXA �	�	!
��& ��@� 2 #$�  

(Sample design 500 /�, Sample collection 509 /�) 

 

 
  
 
 
 
 
 
 
 
 
 
 
 

VI. ?�����	� %BF �	� BMI A��#�
������ %BF C�� BMI Reference ),	�� #$GE��	�$
�	��	

#�G�� cutoff C�� BMI �&E#��	����<	�����	�#\j	������	������	�	�#�
�?�#�%�(�� 

 

 

 
 
 
 
 
 
 
 
 
 

DEXA �
�
$����  BMI   

% BF DEXA 

% BF Equation BMI    

Correlation 

% BF BMI 

Bland Altman 

��
 Coefficient   Limits of agreement   

(�* % BF Equation BMI +/
�
���
 % BF BMI  
:!� BMI cutoff (��&��;BMI Reference 

+�#��<��	"=>��;����
�;���
	
��	��+�#��(� 
 (��&��;�;��� (��&��;�?� 

��/,	�<	�	� % Body fat C�� BMI cutoff  

?��),�� BMI Reference �&E����������� % Body fat  

�&E/
��,	#��	���?��	�#\j	������	������	�	�#�
� ?��),��#$� 
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3.3.3 �����!����"�����(�����$;*, 4 Compartment model  

3.3.3.1 ��-(�)��&(�����89�:� 

)
�),����#�&���&E�����?��	�#�%�C����� 3 ���#�&�� (�.�.��
���
��	����*, �.�.�	���	

�
#-��
��	��� �/�AT� ��� �.�.��)����
���*����� ����
#���* �	�	�	) �&@���/��/�� '��A�/��� 

������#�&�����?�����#�&�����/�?�#C�	�,���/���	�#�� �	�#Aj	��	�#$��� 25 /� (���	�	���/�

�	� 16-19 Az �	� 29 /� �����
� 27 /� ���#AB� 56 /� ����&�	������	�	����,?��,�� + 1 

SD ���?���	�#A�&��#�&�����#��U*�	)�T	�C���	�#��
�#)
��)C��#�%�(�� �	� 1-19 Az C��

��������	!	���C (9) 

 

3.3.3.2 �����/��,&������89�:� 

�	�A��#�
�(C�������
!& 4 compartment model �& assumption /G� �,	��	�A��������� 4 

�,�� /G��,���&E#AB�(C��� ����,���&E(�,?�,(C��� ^KE�A���������A�
�	��@<	?��,	��	�(TBW) bone 

mineral content (BMC) ���A�
�	����	�#�G@� �	��	A�
�	��@<	?��,	��	�?���
!& Isotope Dilution 

technique ���?�� Deuterium (D2O) ����	��	A�
�	�������?���
!& Dual Energy X-ray 

absorptiometry (DEXA) ����	/�	���	��,�C���,	��	� (body density, Db) ���?���
!&�	���E�

�@<	����?)��@<	 (Underwater weighing, UWW) ^KE��	�	���/�(���<	�	��������@� 3 �
!& ?����

#�&���������&@  

- 1 ����,���	�#�%�C����� C�/�	��,���G�?���	�	���/����	�����<	����	� �����

�	�	����#/�GE���GE����� 22:00 �.���K�#��	���#�%�C����� 

- 6:45 �. ����	�	���/��&E���#�&�� 

- 7:00 �. ��E��@<	���� ����,�����  

- 7:10 �. ���A�
�	��@<	?��,	��	� ���#�%��@<	�	�/��@��&E 1 ���?���	�	���/�����?�,C��

$�	�)
� A�
�	� 2 ��. �����	���@�?���GE� Deuterium Oxide A�
�	� 0.15 ����/

�@<	����)�� 1 �
������ ����?���	�	���/���E�$���	� 2:30 �.�. (C��$��?�����	�	� 

#/�GE���GE� ����	�����<	����	� �	�	���<	�
�����#�	� #�,� #�,�/��$
�#)��* ���&^&�& 

�,	������G�(��) 

- 7:30 �. ���A�
�	�(C�������#/�GE�� Bioelectrical Impedance Analysis (BIA) ���?�� 

OMRON HB-3000 ���(C���?)�'
���������#/�GE�� Skinfold Caliper ���#������������

�	�?�� measuring tape /<	����	/,	#A��*#^%�)*(C����,	��	��	�(C���?)�'
���������

���	�C�� Durnin(41) 



 34 

- 9:40 �. #�%��@<	�	�/��@��&E 2 �����<	�@<	�	��&E#�%���@� 2 /��@� #�%�(���&E������
 –80 ���	 

#$GE�#)�&���,��
#/�	��*�	A�
�	��@<	?��,	��	�),�(A 

- 10:00 �. ?�����A���	��	�	�#��	 

- 12:00 �. ���/�	���	��,�����������#/�GE�� DEXA ����	�#A�&E�������$�	�	� ���

#/�GE��A���������
� �����#/�GE������ �	�A���	� 15 �	�& 

- 14:30 �. ���A�
�	�(C��������	���E��@<	����?)��@<	�&E��	����
�������	�	����?��?�,��

�,	��@<	 ��E��@<	���� �	��@<	 ���'� ����?����E���#��	�&@�&E�C�����,?����/*�@<	?�?��,̂ KE�),�

���#/�GE����E��@<	�����&E�,	�/,	���?��/��$
�#)��* /�	��K�C���@<	���,������� ?��

�	�	���/��	�?����?����� ���@��	�?� ����&�-�?�����,��C���,	��	������,?)��@<	 ?��

#��	 7-10 �
�	�&?��	���E� 1 /��@� �<	^@<	 8-10 /��@� �<	/,	#+�&E�C���@<	����?)��@<	?��	���E�

�),��/��@��&E����� 3 /,	 �	�	/,	#+�&E�#$GE�#AB��@<	����?)��@<	�&E�����
� �<	(A/<	����	

/�	���	��,��,	��	� �	��	/,	 Residual lung volume #AB��	�A���	�/,	���?��

���	�C�� Goldman and Becklake(42) ^KE�A���	�/,	�	�/�	����C���	�	���/� 

����&@  

Male RV = 0.017 (age in years) + 0.06858 (stature in inches) – 3.477 

 

Female RV = 0.009 (age in years) + 0.08128 (stature in inches) – 3.9 

 

�<	/,	 RV �&E(�����/,	?����	�#$GE��	/�	���	��,�C���,	��	�  
 

       Body density  =                          Weight in air (Wa)               

                                Weight in air (Wa) – weight in water (Ww) – (RV + 100) 

                                                               Density of water 

  

����&E Wa /G� �@<	����?��	�	� 

 Ww /G� �@<	����?)��@<	 

 RV /G� Residual lung volume 

 Density of water /G� /�	���	��,�C���@<	^KE�(���	�#Ax�)	�	� (�	/'��� 2) 

 100 /G� /,	C���	�	�?� GI tract ���A���	� �&��,��#AB� �
��
�
)� (43) 
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�	���@��<	/,	/�	���	��,��,	��	��&E(��(A/<	����	#A��*#^%�)*(C����,	��	����

?�����	�C�� Siri (44) 

 

% Body fat = (4.95 / Db – 4.50) * 100 

 

�,���	�/<	���#A��*#^%�)*(C����,	��	��	��
!& D2O K̂E�#AB� 2 compartment 

model /G��,	��	���,����#AB� 2 �,�� (FM ��� FFM) ����& assumption �,	A�
�	��@<	?� 

FFM ���&/,	A���	� 73.2% K̂E��	�	��/<	����	#A��*#^%�)*(C����,	��	� )	���)�����&@ 

 Body Mass = FM + FFM 

FFM (kg) = TBW / 0.732 

 %BF = {[BM – (TBW / 0.732)] / BM} * 100 

 

����	�/<	���#A��*#^%�)*(C����,	��	��	��
!& DEXA ^KE�#AB� 3 compartment 

model �����,��,	��	����#AB� 3 �,�� /G� Fat mass + Lean soft tissue mass (LM) + 

Bone mineral content (BMC) ����	��������	�',	�����&#�%�#��* 2 ����� (40 kV ��� 70 

kV) �������)�	�,��?��	����',	�C������&#�%�#��*C����@� 2 ����� ^KE�CK@����,���/�	���	 

/�	���	��,� ����	�#/�&?��,��A�����),	�� C���,	��	� ^KE��	�	��/<	���#AB�

#A��*#^%�)*(C����,	��	� )	����	� ����&@ 

 

 %BF = {FM / [FM + LM +BMC]} * 100 

 

- #�GE�(��C�����A�
�	��@<	?��,	��	� (Total body water, TBW) �	��	��
!& Deuterium 

dilution technique A�
�	���������� (Bone mineral content, BMC) �	��
!& DEXA 

���A�
�	�/�	���	��,��,	��	� (body density, Db) �	��
!&�	���E��@<	����?)��@<	���� 

�<	C������&E(���	/<	����	#A��*#^%�)*(C����,	��	����?�����	� 4 Compartment 

model C�� Baumgartner (45) 

 

%BF4C = 205 * (1.34 / Db – 0.35 * (TBW / BW) + 0.56 * (BMC / BW) – 1) 

 

 �	���E��@<	����?)��@<	 #AB��
!&�	��&E�	�	���<	?��#�
��	�C��'
�$�	� (Error) (����C�@�)�� 

��@��	���	�#/�GE���G� #�/�
/C��'������� ���/�	��,���G�C��'������<	��� �����@�#$GE�?��C������&E(��
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�&/�	��,	#�GE��G��	��&E�� �K��&�	������/�	����)������#�&E��)��C��#/�GE���G� (reliability and 

accuracy) ����	���E��@<	����#��%��&E�&�@<	���� 1, 2, 3, 4 ��� 5 �
������ �),�������,	����<	��� 

10 /��@� �	���@�/<	����	/,	#A��*#^%�)*/�	�'
�$�	�C���	��,	�/,	 ����	/,	 coefficient of 

variation (CV) C��#/�GE����E� ^KE�/,	�&E(��(�,�&/�	��)�),	���,	��&����<	/���	���
)
 (P>0.05) 

(�	/'��� T) ����<	�	�������	���E��@<	����?)��@<	C��#$��	��<	��� 8 /� ^KE�(��/,	 CV (�,�K� 

5 % �������?� (�	/'��� U) 

 

3.3.3.3 �+�)�	
�;*,;����89�:� 

 /,	#A��*#^%�)*(C����,	��	��&E(���	��	��������
!&),	�� (UWW, DEXA, D2O ��� 4C) (��

����'�#AB�/,	#+�&E� + /,	#�&E��#���	)�T	� ���?���A������<	#�%���A SPSS for windows 

version 11.5 (SPSS, Chicago, IL, USA) �<	�	�#A�&��#�&��/,	#+�&E�#A��*#^%�)*(C����&E(���	��
!&

),	�� ����
!& 4 Compartment model ���?�� pair t-test �
#/�	��*�	/�	����$��!*����,	��	�����),

���
!& ����
!& 4 Compartment model ���?�� Pearson’s correlation ��� ?���
!& Bland & Altman 

#$GE���/�	��)�),	�C��/,	#+�&E� ����	��<	���/�	����/�����&E (Limit of agreement) ���

�<	���/,	/�	��)�),	���,	��&����<	/���	���
)
(���&E 0.05 (p<0.05) 

 

3.3.3.4 1����89�:� 

 �	�	���/��&E#C�	�,���	��K�-	?�/��@��&@�&��@���� 56 /� #AB��	� 29 /� �����
� 27 /� �&

�	�����,	�16-19 Az ?��	��&@�& �	� 1 /� �&E(�,�	�	��������
!&��E��@<	����?)��@<	(�� �<	?��C������&E

�<	�	�
#/�	��*#��G� 55 /� #AB��	� 28 /� �����
� 27 /� K̂E�/,	#+�&E�����,��#�&E��#��

�	)�T	�C��C�������E�(AC���	�	���/��������)	�	��&E 8 
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)����	
� 8 Characteristics of subjects 

 

Male (n=28) Female (n=27) 
 

Mean + SD Range Mean + SD Range 

Age (yr) 17.6 + 0.9 15.8 – 19.0 17.0 + 0.9 15.4 - 19.7 

Height (cm) 171.0 + 6.2 159.5 - 183.3 159.7 + 4.0 152.0 - 166.2 

Weight (kg) 57.2 + 6.8 44.3 - 69.0 49.8 + 4.7 39.5 - 61.5 

Density (g/cm3) 1.073 + 0.012 1.051 - 1.092 1.052 + 0.007 1.036 - 1.065 

TBW (kg) 35.6 + 4.1 27.2 - 42.8 27.4 + 2.2 21.9 - 31.7 

BMC (kg) 2.54 + 0.45 1.42 - 3.23 2.14 + 0.27 1.56 - 2.85 

 

)����	
� 9  %Body fat assessed by different methods 

Subject 
 

%BF4C 
(Mean+SD) 

 

 
%BFUWW 

(Mean+SD) 
 

 
%BFDEXA 

(Mean+SD) 
 

 
%BFD2O 

(Mean+SD) 
 

 
Male 

(n=28) 
 

11.44 + 3.10 11.70 + 4.99 11.86 + 5.60 14.78 + 2.39* 

 
Female 
(n=27) 

 
21.64 + 3.24 20.96 + 3.21 28.70 + 3.00* 24.54 + 2.10* 

* significantly different from 4C model value at p<0.05 

 �	�)	�	��&E 9 ��#�%��,	#A��*#^%�)*(C����,	��	��	��
!& UWW ��@��	�	���/��	������
�

(�,�&/�	��)�),	��	�#A��*#^%�)*(C����&E(���	��
!& 4C ��,	��&����<	/���	���
)
�&E p<0.05 

#A��*#^%�)*(C����&E(���	��
!& DEXA ?��	�	���/��	�(�,�&/�	��)�),	��	��
!& 4C �,��C�����

�	�	���/���
��&/�	��)�),	���,	��&����<	/���	���
)
 C���&E#A��*#^%�)*(C����&E(���	��
!& D2O 

�&/�	��)�),	���,	��&����<	/���	���
)
�	��
!& 4C ��@��	�	���/��	������
� 
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)	�	��&E 10 �����K�/�	��)�),	��,	�	�A��#�
�/,	(C������?���
!&),	��#�GE�#�&�����/,	 

4C $��,	�	�?���
!&�	���E��@<	����?)��@<	 ��� DEXA ?��(���&?��	�	���/��	� ���/,	#+�&E��&E(��C��

��,���)E<	��,	�	��,	�/,	�	� 4C ����/,	 -0.25 + 2.44 % ��� -0.41 + 3.81% )	��<	��� ���?�

�	�	���/���
� �	���E��@<	����?)��@<	���&/,	�&E?���#/&����� 4C �&E 0.68 + 1.74% �,��/,	C�� DEXA 

),	��	� 4C �K� -7.06 + 2.69% �,���	�A��#�
�/,	(C������?�� D2O $�/�	��)�),	��	� 4C  �&E 

-3.34 + 2.77% ?��	�	���/��	� ��� -2.90 + 1.08% ?��	�	���/���
� 

 

)����	
� 10 Differences between percent body fat from 4-compartment model and     

                percent body fat from single method 

Male (n=28) Female (n=27)  

Mean SD Mean SD 

4-compartment model minus:  

    UWW 

    DEXA 

    D2O 

 

-0.25 

-0.41 

-3.34* 

 

2.44 

3.81 

2.77 

 

0.68 

-7.06* 

-2.90* 

 

1.74 

2.69 

1.58 

UWW, underwater weighing; DEXA, dual energy X-ray absorptiometry; D2O, deuterium method  

*: significantly different from 4-compartment model value at p<0.05 

 )	�	��&E 11 #AB��	�����K�/,	 R2 ��� SEE �&E����K�/�	����$��!*���/,	 4C K̂E��&?��	���E�

�@<	����?)��@<	 �������?��	�����	� DEXA ��� D2O )	��<	��� ��,	�(��%�&/,	 SEE ���,?�#��U*

�&E�&�	� ���?��)	�	��	�������/,	 SEE �	)�T	� )	�)	�	��&E 12 
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)����	
� 11 Summary of regression of percent body fat by the 4-compartment model  

                against other single method 

Single  

method 

 

R2 

 

Intercept (%) 

 

Slope 

 

SEE (%) 

UWW 

      Male 

      Female 

DEXA 

     Male 

     Female 

D2O 

     Male 

     Female 

 

0.85 

0.73 

 

0.58 

0.59 

 

0.27 

0.54 

 

4.74 + 0.60* 

9.18 + 1.52* 

 

6.44 + 0.92* 

9.32 + 2.07* 

 

1.54 + 3.27* 

2.39 + 3.55* 

 

0.57 + 0.05* 

0.59 + 0.07* 

 

0.42 + 0.07* 

0.43 + 0.07* 

 

0.67 + 0.22* 

0.79 + 0.14* 

 

1.22 

1.18 

 

2.05 

1.46 

 

2.71 

1.54 
UWW, underwater weighing technique; DEXA, dual energy X-ray absorptiometry technique; D2O, 
deuterium technique. 
*: Intercept significantly different from zero, or slope significantly different from 1.0; R2, coefficient of 
determination; SEE, standard error of estimate. 

 

)����	
� 12 Standards for evaluating prediction errors (30) 

 

%BF 

(SEE or TE) 

Db (g/cc) 

(SEE or TE) 

FFM (kg) 

(SEE or TE) 

Subjective rating 

Males and females Males and females Males Females  

2.0 0.0045 2.0-2.5 1.5-1.8 Ideal 

2.5 0.0055 2.5 1.8 Excellent 

3.0 0.0070 3.0 2.3 Very good 

3.5 0.0080 3.5 2.8 Good 

4.0 0.0090 4.0 3.2 Fairly good 

4.5 0.0100 4.5 3.6 Fair 

5.0 0.0110 >4.5 >4.0 Poor 

SEE = standard error of estimate; TE = total error or pure error. 
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���#�GE��	/�	����$��!*����,	��
!& 4C ����
!&),	�� ��#�%��,	 �
!& UWW �&/�	����$��!*�&E

�����@��	�	���/��	������
� (R2 = 0.87-0.92) �,���
!& DEXA �����,������&E)E<	��,	#�%����� (R2 = 

0.76-0.77) ���/�	����$��!*����#�GE�?���
!& D2O (R2 = 0.52-0.74) �������?�)	�	��&E 13 ��� 14 

 

)����	
� 13 Correlation coefficient between percent body fat from 4-compartment model 

and single methods in male 

 %BF4C %BFUWW %BFDEXA %BFD2O 

    %BF4C -    

    %BFUWW 0.92 -   

    %BFDEXA 0.76 0.76 -  

    %BFD2O 0.52 0.19 0.29 - 

 

)����	
� 14 Correlation coefficients between percent body fat from 4-compartment model 

and single methods in female 

 %BF4C %BFUWW %BFDEXA %BFD2O 

    %BF4C -    

    %BFUWW 0.87 -   

    %BFDEXA 0.77 0.61 -  

    %BFD2O 0.74 0.31 0.59 - 

%BF4C, percentage body fat from 4-compartment model; %BFUWW, percentage body fat by underwater 

weighing; %BFDEXA, percentage body fat by dual energy X-ray absorptiometry; %BFD2O, percentage 

body fat by deuterium method 

  

Bland & Altman analysis #AB�#�/�
/�&E�<	�	?���
#/�	��*#$GE�����K�/�	����/�������

�,��/�	�#�GE���E� ����,	�#A��*#^%�)*(C����&EA��#�
��	��
!& 4C ����
!&�GE� (�	���E��@<	����?)��@<	, 

DEXA ��� D2O) ��� plot ��	`����,	�/,	#+�&E�/�	��)�),	�C��#A��*#^%�)*(C���C���
!&�	���@�� 

��� 4C ���/,	#+�&E�#A��*#^%�)*(C���C���
!&�	���@�� ��� 4C ����<	���/�	����/���� (limit of 

agreement) �&E/,	#+�&E�C��/�	�),	� + 2SD 

 ��A�&E 6 – 7 �����K�/�	����$��!*C��#A��*#^%�)*(C����&E���(������,	� �
!& 4C ����
!&�	���E�

�@<	����?)��@<	C���	������
�)	��<	��� ��� /,	#+�&E�/�	�),	� +2SD #�,	��� 5.13% ��� -2SD 

#�,	��� -4.63% ?�#$��	� ���?�#$���
�#�,	��� 2.80% ��� -4.48% ���/,	#+�&E�/�	�),	�C��

#$��	�#�,	��� 0.25% #�,	��� -0.68% ^KE�(�,�&/�	��)�),	������,	��&����<	/���	���
)
 (p>0.05) 
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�	���A�&E 6 - 7 ������?��#�%��,	�������C��#A��*#^%�)*(C���C����@��	������
� �	�A��#�
��	�

�
!&�	���E��@<	����?)��@<	���&/,	)E<	��,	/�	�#AB���
�?�'���&E�&��A�,	�'�� ������&/,	�����,	/�	�#AB�

��
�?�'���&E��A�,	����� 

 
 

 

 

 

 
 

���	
� 6 Bland-Altman plot showing the limits of agreement between percentage body 

fat calculated with the 4-compartment model (%BF4C) and percentage body fat 

calculated with the underwater weighing (%BFUWW) in male 

���	
� 7 Bland-Altman plot showing the limits of agreement between percentage body 

fat calculated with the 4-compartment model (%BF4C) and percentage body fat 

calculated with the underwater weighing (%BFUWW) in female 
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 ��A�&E 8 - 9 �����K�/�	����$��!*C��#A��*#^%�)*(C����&E���(������,	��
!& 4C ����
!& DEXA

C���	������
�)	��<	��� ��� /,	#+�&E�/�	�),	�+2SD #�,	��� 8.03% ��� -2SD #�,	���           

-7.21% ?��	� ���#�,	��� 12.44% ��� 1.68% ?���
� ���/,	#+�&E�/�	�),	�C���	�#�,	��� 

0.41% ^KE�(�,�&/�	��)�),	���,	��&����<	/���	���
)
 (p>0.05) ?�C���&E��
�#�,	��� 7.06% K̂E��&

/�	��)�),	�����&E p<0.05 

 

 

 

 
 

 

 

 

 

���	
� 8 Bland-Altman plot showing the limits of agreement between percentage 

body fat calculated with the 4-compartment model (%BF4C) and percentage body 

fat calculated with the dual energy X-ray absorptiometry (%BFDEXA) in male 
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 ��A�&E 10 – 11 �����K�/�	����$��!*C��#A��*#^%�)*(C����&E���(������,	��
!& 4C ����
!& D2O

C���	������
�)	��<	��� ��� /,	#+�&E�/�	�),	�+2SD #�,	��� 8.88% ��� -2SD #�,	��� -

2.20% ?��	� ���#�,	��� 6.06% ��� -0.26% ?���
� )	��<	��� ���/,	#+�&E�/�	�),	�C���	�

#�,	��� 3.34% �����
�#�,	��� 2.90% ^KE���#�%�(���,	��@��	������
�?��/,	/�	��)�),	�C���	�

�,	�#A��*#^%�)*(C����	� 4C ��� D2O �&/�	��)�),	������,	��&����<	/���	���
)
 (p<0.05)  

 

 

 

���	
� 9  Bland-Altman plot showing the limits of agreement between percentage body fat 

calculated with the 4-compartment model (%BF4C) and percentage body fat calculated 

with the dual energy X-ray absorptiometry (%BFDEXA) in female 
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���	
� 10 Bland-Altman plot showing the limits of agreement between percentage 

body fat calculated with the 4-compartment model (%BF4C) and percentage body 

fat calculated with the deuterium method (%BFD2O) in male 

���	
� 11 Bland-Altman plot showing the limits of agreement between percentage 

body fat calculated with the 4-compartment model (%BF4C) and percentage body 

fat calculated with the deuterium method (%BFD2O) in female 
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�	���A�&E 6 - 11 ����?��#�%��,	�	�	���/��&E�&��A�,	����� #A��*#^%�)*(C����&EA��#�
��	�

�
!&�	���E��@<	����?)��@<	 ��� DEXA #A��*#^%�)*(C���C����@�?�#$��	������
��&��������,	���&/,	

�����,	/�	�#AB���
�#�GE���� ?�C���&E#A��*#^%�)*(C����&E(���	��
!& D2O ��@�#$��	������
��&

��������,	�&/,	)E<	��,	/�	�#AB���
� 

�	��	��&E DEXA #AB��
!&�&E�
��?��A��#�
�(C����,	��	� �K��<	#AB�)����&�	�A���/,	�&E(���	�

�	��,	� DEXA ���?���
!&�	� 4C #AB����� �������?���A�&E 12 �����K� Bland-Altman plot C����@�

#$��	������
� �	����)
T	������,	� #�GE��<	�	�����?���A#�&����� ���C����� % @:���/�

A�)
#$��	� ���,(�,#�
�/,	 18 ���#�
� 18 ?�#$���
� ��#�%��,	�&��A���������	�/�	�#/�GE���&E

�	������$��!*��������(C��� K̂E�(�,(��#�	����&/�	�/�	�#/�GE��#+$	�?�#$���
� �),#$��	��&E�&

(C�������%�	��&/,	�&E/�	�#/�GE�����#�&�����#$���
� #�GE��<	/,	(C����&E�,	��	���@� DEXA ��� 

4C �	�	/�	����$��!*����������?���A�&E 13 ��(�� Correlation Equation ����&@  

 

% Body fat 4C = 5.156 + (0.561 * %BF DEXA) 

����&/,	 R Square Linear = 0.89 

 

 
 ���	
� 12  Bland-Altman plot showing the limits of agreement between percentage body fat 

calculated with the 4-compartment model (%BF4C) and  difference  of percentage body fat 

calculated by dual energy X-ray absorptiometry (%BFDEXA) and %BF4C in both sex 
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3.3.3.5 ��-������!����"����;�#)(�!���
��%�&�.������
��	
�������
 4-compartment 

model (4C)  

�	��	��&E�&�	���,��,	��	����#AB� 4 �,�� �����	�),���,�����)�� ^KE��<	?��#�&E��C������ 

assumption �����&E����@� A�	���,	 �
!& UWW #��	��<	�����&E���<	�	?�����?��	�A��#�
�(C���

?��,���	� 16-19 Az ��@��	������
� �,���
!& DEXA ��?��(��#+$	�#$��	� �,��#$���
�$��,	�&

/�	��)�),	���� C���&E D2O ���(�,#��	��&E���<	�	?��?���,������,	���@��	������
� 

�K���� UWW #AB��
!&�&E?��(���&�),�%�,��	�?��	���� C���&E DEXA �&�	�?����,	����	�C�	� 

��,	�(��%�&�K����/,	 DEXA ?�'����
����,	�/,	(��/,��C�	��)�),	��	� 4C K̂E��	����	�	�#/�GE�� 

DEXA �&E�&/�	��<	#$	� ?��	�A��#�
�(C������#$���G�(�,�%)	� ��#�%��,	/,	�	��,	�(C���

�	�	��A����	��	��,	� DEXA ����
�/,	�	� 4C (�����?�����	� �����,	�����C�	�)��   

 

   

 

���	
� 13  Correlation of  percentage body fat calculated with the 4-compartment model     

               (%BF4C) against  percentage body fat calculated with the dual energy X-ray   

                absorptiometry (%BFDEXA) in both sex. 
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3.3.4 �������������	.���������"����$,� Anthropometric Assessment  

 

3.3.4.1 ��-(�)��&(�����89�:� 

)
�),����#�&��),	��?�#C)���. ���A�
��U� �<	��� 10 ���#�&�� A�����(A���� 

���#�&��A���� 4 ���#�&�� (����, ���#�&��/�����&��0�	 ���#�&��)�@�$
���*!��� ���#�&�����

�	�	��� ���#�&��/����	�$�� ���#�&����!�� 6 ���#�&�� (����, ���#�&����#^`�A����* 

���#�&���	���	�
#-��
��	��� �/�AT�  ���#�&����)����
���*����� ����
#���* �	�	�	 

���#�&�������$���$�	 ���#�&����
���
��	����* ������#�&�����A��	�	� �����A�&#�%� 

�	� / ��
� �	� 10 – 18 Az �<	��� 598 /�  

 

3.3.4.2 �����/��,&������89�:� 

- �&��	��&@����	���#�&��C���/���	���,'����
�	����#�&�� /��/�� '��A�/���������#�&�� ���

(������	��
�����	�'��A�/����&E�
��&?���)���	�#C�	�,���
������/���	� ����,��?��,

�
����?���,����@��
�����A��#�
�(C������������	�#/�GE��(���,	��	�  

-  �<	#�
��	���E��@<	����/����,����� C��#�%���@�A�����K�-	Az�&E 4-6 �����@���!���K�-	Az�&E 1-6 

���?��#��U*�	)�T	��	�#��
�#)
��)C��#�%�(��(9) #$GE��<	�	�/��#�G����,�#�%��&E�&�	��

����	�	� ����	��&E -2SD : + 1.5SD : +2SD ?���)�	�,�� 2:6:2 

- #�%��	���
� �	� 10-18 Az (�����#�G����������<	�	#�%�C������	����(C����,	��	������	�

���(C���?)�'
����� (SKF) ����	���� Bioelectrical Impedance (Omron HBF-300) ����<	(A

���DEXA �&E �$. �	�	!
��& 

- #�%�C������	����(C���?)�'
����� 5 )<	���,� (biceps, triceps, subscapular, suprailiac ��� 

calf) ���#�������� 7 )<	���,�  (mid upper arm, hip, waist 4 )<	���,� ��� calf) �	���
�  

598 /�  

 �A���*����,	����	)�T	�),	������?��	/'��� �,),� ��� � 

3.3.4.3 �+�)�	
�;*,;����89�:� 

�	��<	 validation & cross validation ?���	��
#/�	��*��� Multiple Regression �
#/�	��*

���#$����?��)���A�)	� (dependent variable) #AB�/,	#A��*#^%�)*(C����	� DEXA (% 

BF_DEXA) ��������?�,)���A��
��� (independent variable) (����, �	�  �@<	����  �,�����  

����&����	� (BMI) (C���?)�'
����� ��� #���������,	��	� ������
#/�	��*�� Model ?�

��A���),	�� ����	�#�G��)���A��
������ Stepwise �<	?��(�����	��<	�	�#A��*#^%�)*(C���

�,	��	� ���#�G�����	��&E/,	���A���
�!
"�	�)���
�?� (Coefficient of Determination Adjust: 
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R2) ���/,	/�	��A�A����	��
�!
$��GE�� (standard error of estimation: SEE) ���,?�#��U*

�&E�,	$�?�(30) �	���@��<	�	��
#/�	��*���?�� Bland and Altman analysis #$GE�����K�/�	�

�)�),	�C��/,	#+�&E� (mean difference) ��� /�	����/�����&E������(��  (limit of 

agreement)  

 

3.3.4.4 1����89�:� 
 

�	�	���/��	���
� 598 /� ��@����/����� 29 /� #�GE���	� WHZ- score �&/,	�	���,	 

4.0 ^KE��	�(�,#��	�������	�$�0�	���	�#$GE��<	�	�(C����,	��	� ��,	�(��%�&�<	����&E#��G� 569 

/� �%����&/,	 missing value �K�)������&� #��G��<	����&E�&C�����/�� 509 /� (�	��&E)�@�#Aj	(�� 500 

/�) ���#�GE��,����?��/��$
�#)��* ���#$��	�/��
� �,�A���	� 75% C��C����������,	�#$GE�

#AB���,�$�0�	���	� (validation group) ��� 380 /� (�	� 181 /� �����
� 199 /�) ����&E

#��G�#AB���,���������	�(cross validation group) ��� 129 /� #AB��	� 60 /� �����
� 69 

/� (�	�#Aj	��	��&E)�@�(��(�,������,	#$��� 60 /�) �������?�'�� Profile of the subject 

 

Profile of the subject 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

598 subjects aged 10-18 yrs 

weight for height z-score (WHZ) proportion 2:6:2 

569 subjects (WHZ � ± 3.99SD) 

509 subjects (completed data set) 

validation (n=380) cross validation (n=129) 

male 

 (n=181) 

female 

 (n=199) 

male 

 (n=60) 

female 

 (n=69) 

exclude WHZ > 4.0 SD 
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�	�)	�	��&E 15 ����/,	#+�&E����/,	/�	�/�	�#/�GE��C��)���A� anthropometric ���

/,	���(C���?)�'
����� (SKF) ���/,	���#�������� (circumference) ������#$�C����,� validate 

��� cross validate 

 

WC1: at mid point between lowest rib and the iliac crest 

WC2: at the narrowest waist 

WC3: at immediately above iliac crest 

WC4: at the umbilicus level 

* Significant difference between validation and cross validation group p<0.05 (unpaired t-test) 

 male  female 

 validation cross validation  validation cross validation 

 (n=181) (n=60)  (n=199) (n=69) 

age (yr) 13.25 ± 2.30 13.80 ± 2.37  13.90 ± 2.41 13.68 ± 2.25 

weight  (kg) 47.39 ± 13.30 51.91 ± 12.78*  44.74 ± 10.62 47.34 ± 11.17 

height (cm) 153.84 ± 13.51 159.04 ± 13.27*  152.61 ± 8.75 151.69 ± 8.41 

BMI (kg/m2) 19.73 ± 3.76 20.28 ± 3.47  19.03 ± 3.54 20.40 ± 3.97* 

SKF (mm)              

  biceps 6.45 ± 3.50 6.50 ± 3.73  7.32 ± 3.09 8.11 ± 3.12 

  triceps 11.65 ± 5.66 11.59 ± 5.93  14.13 ± 5.04 15.46 ± 5.15 

  subscapular 9.48 ± 4.25 10.02 ± 4.01  10.70 ± 4.09 12.23 ± 4.56* 

  suprailiac oblique 9.15 ± 5.14 9.49 ± 4.73  10.93 ± 4.23 12.19 ± 4.40* 

  suprailiac straight 14.30 ± 8.85 15.34 ± 8.88  16.00 ± 7.09 17.52 ± 6.47 

  calf 10.67 ± 5.61 11.41 ± 6.14  13.09 ± 5.41 14.56 ± 5.19 

circumference (cm)              

      mid arm  23.78 ± 3.64 24.55 ± 3.37  22.70 ± 3.32 23.82 ± 3.84* 

      WC1 69.36 ± 10.33 71.85 ± 9.90  66.69 ± 8.26 68.59 ± 9.02 

      WC2 67.46 ± 9.33 69.26 ± 8.58  63.22 ± 7.26 65.46 ± 8.45* 

      WC3 71.79 ± 10.02 74.96 ± 9.69*  72.13 ± 9.07 74.49 ± 10.13 

      WC4 70.21 ± 10.62 73.05 ± 10.29  68.27 ± 8.59 71.04 ± 9.88* 

      hip  81.43 ± 9.70 85.03 ± 9.12*  83.09 ± 9.06 85.59 ± 9.55 

      calf  32.52 ± 4.02 33.83 ± 3.76*  31.85 ± 3.67 32.89 ± 3.72* 

)����	
� 15 Characteristics of validation and cross validation group stratified by sex  
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�	����	����	�#A��*#^%�)*(C���(model) ����
#/�	��*  multiple regression #+$	�?���,� 

validate ��,�'���	� 181 /� �����,�'����
� 199 /� ���	����	�������#$� �	�/,	)���A��&E

�<	�	� (Dependent) /G�/,	#A��*#^%�)*(C���C�� DEXA ���$
�	��	)���A��
����&E�&�
�!
$�),�)��

�A� DEXA ���������(���<	)���A��
���),	��#C�	 model #$GE����
�!
$�C���),��)���A���@����

���?�,)���A� age weight height BMI biceps, triceps, subscapular, suprailliac oblique, calf 

skf, mid-arm waist, hip ��� calf_circumference ���#�G���
!&�	�#C�	)���A��
����),��)����� 

stepwise ��$��,	)���A��&E�&�
�!
$�),����	��<	�	�(C��� (DEXA) ?���,�'���	�(����,)���A�

�
��� age height mid-arm triceps suprailliac oblique ���calf_skf (��/,	 R2 = 0.909, SEE= 

0.071 ?���,�'����
�(��)���A��
��� BMI triceps suprailliac oblique ���calf_skf  (��/,	 R2 = 

0.879, SEE= 0.045 ���(���&�	�����
#/�	��*���?�,)���A���	����A��� ��?��&E��(��$�0�	 

model ����	 4 equation �������?� )	�	��&E 16  

 

)����	
� 16 Developed percent body fat (%BF) equations from skinfold measurement   

                 compared to percent body fat from DEXA  

model log (%BF from DEXA) R2 SEE 

male    

equation 1  1.433 + [1.039 x log (4skf)] - [0.746 x log (height)] - (0.011 x age) 0.907 0.072 

equation 2  -0.114 + [1.143 x log (4skf)] - (0.018 x age) – (0.008 x BMI) 0.905 0.072 

equation 3  1.700 + [1.034 x log (3skf)] - [0.820 x log (height)] - (0.012 x age) 0.909 0.071 

equation 4  0.018 + [1.137 x log (3skf)] - (0.020 x age) – (0.008 x BMI) 0.907 0.072 

    

female    

equation 1  0.137 + [0.785 x log (4skf)] 0.871 0.047 

equation 2  0.239 + [0.636 x log (4skf)] + (0.007 x BMI) 0.879 0.045 

equation 3  0.204 + [0.780 x log (3skf)] 0.869 0.047 

equation 4  0.300 + [0.619 x log (3skf)] + (0.008 x BMI) 0.878 0.046 

4 SKF = biceps + triceps + suprailiac oblique + calf 

3 SKF = triceps + suprailiac oblique + calf 

equation 1 : ?�,)���A��
��� age, weight, height, 4skf 

equation 2 : ?�,)���A��
��� age, BMI, 4skf 

equation 3 : ?�,)���A��
��� age, weight, height, 3skf 

equation 4 : ?�,)���A��
��� age, BMI, 3skf 
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#�GE�$
�	��	�	���@� 4 equation ��� equation1 ��� 3 #AB� equation �&E?�,)���A� age 

weight height �),),	�����&E?�,/,	��� skf ������ 4 /,	 ������ 3 /,	 )	��<	��� �,�� equation 2 

��� 4 ?�,)���A� age BMI ���?�,/,	��� skf  4 /,	��� 3 /,	)	��<	��� ��$��,	 equation 1��� 

equation 3 ?���,�'���	�)���A��&E#C�	���	�?��	� run model  ��#��G�����/G�/,	��� skf height 

��� age ?�C���&E��,�'����
�)���A��&E#C�	���	�/G�/,	 skf #�,	��@� �,�� equation 2 ��� equation 

4 )���A��&E#C�	���	�?���,�'���	�/G� skf age ��� BMI �,����,�'����
�#C�	���	�#+$	� skf ��� 

BMI 

�	�)	�	��&E 17 #AB�/,	#+�&E�����,��#�&E��#���	)�T	�#A��*#^%�)*(C����&E�<	�	�(predict) 

�	����	���@� 4 �	�)	�	��&E 16 ������#$���������,�#AB� validation ��� cross validation 

groups �������/,	#�&�����/,	C��#A��*#^%�)*(C����	�/,	�	)�T	� reference /G� DEXA ^KE�

$��,	 /,	#A��*#^�)*(C����&E(���	� equation 1 �K� equation 4 (�,),	�������/,	 DEXA ?���,�'���	�

��@���,� validate ��� cross validate �,��?���,�'����
��&#+$	� equation 2 #�,	��@��&E),	���� 

DEXA ?���@���,� validate ��� cross validate 

#�GE�#�&��/,	 %BF �	��	��,	�/,	 Omron ����	����	�C�� Slaughter �&E�
��?��?���,�

#�%� ��#�%�/�	��)�),	�C����@� 2 /,	 �	�/,	�	)�T	� DEXA p<0.05 �������?�)	�	��&E 17 
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)����	
� 17  Percent body fat from DEXA and equation in the validated group  

                    and cross-validated group 

 

        validation group    cross-validation group 

      X ± S.D. (range)      X ± S.D. (range) 

male            (n = 181)            (n = 60) 

 %BF_ DEXA 20.30 ± 10.46 (5.30-44.80) 20.57 ± 11.17 (5.70-44.10) 

 %BF_ equation1 20.29 ± 11.58 (6.73-60.56) 20.23 ± 11.83 (7.76-50.92) 

 %BF_ equation 2 19.86 ± 11.10 (6.60-57.08) 20.02 ± 11.57 (7.75-51.75) 

 %BF_ equation 3 20.32 ± 11.57 (6.67-60.78) 20.26 ± 11.67 (7.74-50.99) 

 %BF_ equation 4 20.05 ± 11.20 (6.61-57.81) 20.25 ± 11.54 (7.84-52.47) 

 %BF_ Omron 21.59 ± 6.68* (8.95-37.50) 20.27 ± 6.82* (6.60-34.05) 

 %BF_ Slaughter, 1988 17.4 ± 8.1* (7.2-41.9) 17.9 ± 8.6 (8.1-40.4) 

   
female            (n = 199)            (n = 69) 

 %BF_ DEXA 27.23 ± 7.85 (10.80-47.60) 29.90 ± 8.01 (15.40-44.90) 

 %BF_ equation1 27.14 ± 7.75 (13.26-48.44) 29.43 ± 7.70 (7.76-50.92) 

 %BF_ equation 2 26.66 ± 7.68* (13.29-46.93) 29.14 ± 7.90* (15.24-50.18) 

 %BF_ equation 3 27.09 ± 7.68 (13.09-48.56) 29.35 ± 7.65 (15.44-47.84) 

 %BF_ equation 4 26.99 ± 7.81 (13.27-47.85) 29.55 ± 8.12 (15.32-50.93) 

 %BF_ Omron 23.04 ± 6.62* (5.65-37.25) 25.12 ± 7.27* (7.20-40.75) 

 %BF_ Slaughter, 1988 21.7 ± 6.2* (11.7-41.5) 23.4 ± 6.1* (12.6-38.4) 

*Significantly difference from %BF_ DEXA within same sex and group, P<0.05 (Pair t-test) 
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)����	
� 18 Correlation coefficient (r) and Bland & Altman analysis (mean difference, limit 

of agreement) of difference equations to predict body fat compared to BF_DEXA 

 

        validation         cross validation 

 r mean 

difference 

limit of 

agreement 

r mean 

difference 

limit of 

agreement 

male       

 equation1 0.953 -0.01 -7.63 – 7.62 0.965 -0.34 -5.76 – 5.08 

 equation2 0.952 -0.44 -7.71 – 6.82 0.957 -0.55 -6.09 – 4.98 

 equation3 0.954 0.02 -7.63 – 7.67 0.965 -0.31 -5.67 – 5.04 

 equation4 0.953 -0.25 -7.66 – 7.16 0.955 -0.32 -6.04 – 5.41 

       

female       

 equation1 0.934 -0.09 -5.57 – 5.39 0.940 -0.47 -6.53 – 5.59 

 equation2 0.938 -0.56 -5.77 – 4.64 0.948 -0.76 -6.41 – 4.89 

 equation3 0.932 -0.14 -5.65 – 5.37 0.939 -0.55 -6.63 – 5.53 

 equation4 0.938 -0.23 -5.46 – 4.99 0.948 -0.36 -6.17 – 5.45 

 

)	�	��&E 18 ����/,	���A���
�!
"�����$��!* (coefficient correlation : r) C����@� 4 

equation ����&E��,�'���	��&/,	 0.95 CK@�(A �,��?���,�'����
�(��/,	 0.93 CK@�(A ?������	���@�

��,� validate ��� cross validate (#�GE�$
�	��	/,	#+�&E�C��/�	��)�),	�����,	�#A��*#^%�)*

(C���C�� DEXA  ���#A��*#^%�)*(C���C����@� 4 equation (mean difference) ^KE��&/,	���,?��� 0 ^KE�

�G��,	�����	����/,	C��/�	����/�����&E������(�� (limit of agreement) �<	��@� 4 equation ?�

��,� validation ?�'���	�$��,	�&/,	���,?��,���&E������ ±7.7  �,��?�'����
��&/,	���,?��,��������

±5.7 �,��?���,� cross validation ?�'���	�$��,	�&/,	���,?��,���&E������ ±6.0  �,��?�'����
��&/,	

���,?��,�������� ±6.6) 

�	��	��	��	��
�����	� body composition �&E',	��	 ?��/�	��<	/��C��/�	�#+$	�

C�� ethnic group �&E�<	#AB�)����&���	��	��<	�	�#+$	�C�� population ��@�� ���#�&�����/,	

�	)�T	��&E/����#AB� (?��&E�&@/G� BF_DEXA) �����@��	��K�-	�&@#AB��	��G�����,	���	��&E$�0�	

�	� population �GE���@��	�(�,#��	������/�(�� ����&���	��&E$�0�	�	��	��K�-	/��@��&@ 4 

���	��&E#��	���?��#�G��?��	��<	�	�(C���#�%�(��?��	$�����,�A���	�� ����&E?�'���	���@� 4 

���	�?��/�	����)���C���	��<	�	�/,	#+�&E�(C���(�,),	��	��	��,	�/,	�	� DEXA C���&E?�
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'����
��	��<	�	����?�����	��&E 2 /,	#+�&E�C��A�
�	�(C���C����,�)E<	��,	/,	�&E(���	� DEXA 

��,	��&����<	/���	���
)
 (p<0.05) �),�	�?�����	� 1,3 ��� 4 $��,	(��/,	(�,),	��	� DEXA  

�	�����/�	����$��!*C���	��
#/�	��*�	���
)
����	�?���
!&�	� Bland and Altman(31) 

#AB��	������K�/�	���,�)���	����	��&E�<	�	�/,	�&E�,	�(�����)�),	��	�/,	�&E#AB���
� 

(BF_DEXA) �	������/,(�� �&�	��<	���/�	����/���� (limit of agreement) ?��,��#�,	(�  

�	����	��&E$�0�	(�� 4 ���	� �<	�	�	/�	����$��!*����,	����	��&E$�0�	(�����/,	

#A��*#^%�)*(C����&E���(���	��
!& DEXA ����
!& Bland and Altman (����	`���������A�&E 14-29 
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��A�&E 15 

��A�&E 14 
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(mean) -0.01 

(mean+2sd) 7.62

(mean-2sd) -7.63

(mean+2sd) 5.08

(mean) -0.34 

(mean-2sd) -5.76
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60.0050.0040.0030.0020.0010.000.00
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Validation group sex: female
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Cross validation group sex: female

��A�&E 16 

��A�&E 17 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(mean) -0.09 

(mean+2sd) 5.40

(mean-2sd) -5.57

(mean) -0.47 
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(mean-2sd) -6.53
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60.0050.0040.0030.0020.0010.000.00
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Cross validation group sex: male

��A�&E 18 

��A�&E 19 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(mean) -0.44 

(mean+2sd) 6.82

(mean-2sd) -7.71

(mean) -0.55 
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(mean-2sd) -6.09
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(mean) -0.56 

(mean+2sd) 4.64

(mean-2sd) -5.76

(mean) -0.76 
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(mean-2sd) -6.41
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 60 

��A�&E 25 
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60.0050.0040.0030.0020.0010.000.00

(%BFeq3+%BFdexa)/2

20.00

15.00

10.00

5.00

0.00

-5.00

-10.00

(%
B

Fe
q3

-%
B

Fd
ex

a)

Validation group sex: female

60.0050.0040.0030.0020.0010.000.00

(%BFeq3+%BFdexa)/2

20.00

15.00

10.00

5.00

0.00

-5.00

-10.00

(%
B

Fe
q3

-%
B

Fd
ex

a)

Cross validation group sex: female

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(mean) -0.14 

(mean+2sd) 5.37

(mean-2sd) -5.64

(mean+2sd) 5.53

(mean) -0.55 

(mean-2sd) -6.63



 61 

��A�&E 27 
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��A�&E 28 

60.0050.0040.0030.0020.0010.000.00

(%BFeq4+%BFdexa)/2

20.00

15.00

10.00

5.00

0.00

-5.00

-10.00

(%
B

Fe
q4

-%
B

Fd
ex

a)

Validation group sex: female

60.0050.0040.0030.0020.0010.000.00

(%BFeq4+%BFdexa)/2

20.00

15.00

10.00

5.00

0.00

-5.00

-10.00

(%
B

Fe
q4

-%
B

Fd
ex

a)

Cross validation group sex: female

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

(mean) -0.23 
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(mean) -0.36 
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(mean-2sd) -6.16
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Bland and Altman plot ��#�%�(���,	�&�	�/,	�&E���������� + 2SD ���#+$	���,	��
E�

?�#$��	� K̂E���@� 4 ���	�C���	��������-��C��/�	�/�	�#/�GE����,	��&����'���@�?�

C����� Validate ��� Cross validate �����#�%�(���,	�& over estimate ?��,���&E(C���#�GE�)E<	��,	 

10% ���#�GE�#�
� 30% C���&E�,������,	���	� ���&�
��	�(A?��	� under estimate 

C��#�&����������#�)�,	/,	#+�&E��&E(����?���#/&����� C�� DEXA �),/,	�,���� (Maximum) C����

���	������,	C�� DEXA #AB�'��������,	���	����&@�	�$�?��?��	��<	�	�/,	#+�&E�C�������

(C���C����,�A���	�� �&E�&���-��#�&����� �),�	��&AH��	����	�A��#�
��	��//� �&E�&�����

(C������ ��G�?��	�A��#�
���,�A���	���&E�&�	������ �<	����	�� ��G�#�GE�?�������,�A���	��

)����,	��&@ 

?�#$���
� ���(�,�&���-��AH��	#�&�����#$��	� ^KE��������,	���	��	�	���<	�	�/,	

�����(C���#�&��#/&�����/,	 DEXA (���& �),#AB��&E�,	���#�)�,	 /,	#+�&E�C�������(C����&E(��/,��C�	�

���#�G���K�#��U*)���
������(C������?�'��?��,#$���
� (30%) ��������,	/,	�&E(���	����	� (?�

�&E�&@��	��K� Slaughters) ���#/�GE�����A�
�	�(C����GE� (?��&E�&@��	��K� Omron) �	� #�GE�

$
�	��	�	���,�C�����C����,�)����,	�#$���
��&E�&�	������	�	�A�)
 C���	��K�-	 4C ��

$��,	/,	#+�&E� % (C����&E(���	� DEXA ?���#/&�������,�)����,	��&@ ?�C���&E),	��	� % (C����	� 

4C ?����-��#�&����� �K��	�)����&�	�A���/,	�������	�?����	 45   

�	��	�#�&�����A��#�%��&E���	�	��A���A���	��
#/�	��*?���&��@� % BF Equation �&E/��

��� puberty �����),	�� ���#+$	���,	��
E� ?�#$��	� ����	��&@#�GE��<	�	�$
�	��	)���A�

�
����&E#��	���(����, age weight height BMI ��� sum3skf (triceps + suprailiac oblique + 

calf) $��,	/�	����$��!*C�� %BF_DEXA ���/,	���)���A��
���(�,#AB�#���)�� K̂E���#�
����#��

?��,���&E�����(C������� �<	?���	�?�����	�#���)���<	�	�(C������������ �&/,	/�	�#/�GE��(A

?��	� over estimate ����	��	����#�)��A���C��/�	�/�	�#/�GE������ /,	�����(C����&E�,	��

#AB���#A�&E��/�	����$��!*#AB�#����/���� �,	�����,A���	������(C���)�@��), 30% CK@�(A K̂E�

��)���?�����	�),	��	��	�/��&E�&�����(C���)E<	��,	�&@ ^KE�#�GE�������	���&E#�
E��&�	�

#A�&E���A��C��/�	����$��!*����,	� %BF_DEXA ��� sum3skf $��,	 sum3skf �&E 50mm #AB���

�&E#��	���?��	�����
#/�	��*�	���	��<	�	�(C������#AB� 2 �,�� �&E?��(����@�?��	������
� ?�

#$���
�(�����	��<	�	�(C�����,�)	�/,	 sum3skf < 50 mm ��� > 50 mm �������?�)	�	��&E 

19 �,��?�#$��	��K��������,�#�,�#�&�����#$���
����$��&��,	A�
�	�(C����&�,��'�'��)	��	� 

?�/��&E�&/,	 sum3skf < 50 mm �K��<	#AB�)�����,����	�)	���,��	����� �������?�)	�	��&E 19   
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)����	
� 19 Developed percent body fat (%BF) equations  from skinfold measurement   

                 compared to percent body fat from DEXA by Sum3 SKF criteria  

                  

model %BF from DEXA R2 SEE 

male 

Sum3skf < 50 mm  3 age group 

 10 – 12 yr 17.274 + [(0.776 x Sum3skf) – (0.127 x height in cm)] 0.928 2.343 

 13 – 14 yr 13.398 + [(0.774 x Sum3skf) – (0.106 x height in cm)] 0.935 1.943 

 15 – 18 yr -19.207 + [(0.697 x Sum3skf) + (0.090 x height in cm)) 0.888 1.929 

Sum3skf >50 mm All age group 

 47.121 + [(0.214 x Sum3skf) - (0.155 x height in cm)] 0.611 2.332 

female   

Sum3skf < 50 mm  3 age group   

 10 – 12 yr -8.616+[(0.477 x Sum3skf)+(1.650 x BMI)-(0.298 x weight in kg)] 0.865 2.279 

 13 – 14 yr 0.073+[(0.358 x Sum3skf)+(0.712 x BMI)] 0.808 1.930 

 15 – 18 yr -3.422+[(0.439 x Sum3skf)+(0.759 x BMI)] 0.772 1.947 

Sum3skf < 50 mm All age group   

 - 5.077 + [(0.435 x Sum3skf) + (1.169 x BMI) – (0.13 x weight in kg)] 0.837 2.409 

Sum3skf >50 mm All age group   

 5.086 + [(0.311 x Sum3skf) + (0.596 x BMI)] 0.629 2.497 

Sum3skf = Sum skin fold of triceps, suprailiac oblique and calf in mm. 

 

 �<	���	��	�)	�	��&E 19 (A?���<	�	�/,	(C���?�#$��	���@� 4 ���	�(��/,	 #A��*#^%�)*

(C��� (%BF_ equation_skf50_3age gr) ���?�#$���
�(��/,	 #A��*#^%�)*(C��� (%BF_ 

equation_skf50_all age group) �����<	�	#A�&��#�&����� #A��*#^%�)*(C��� �	�/,	 DEXA (%BF_ 

DEXA) $��,	 ?���,� cross-validation group (��/,	��
)
$G@�T	�C��#A��*#^%�)*(C�������,	� 

%BF_ DEXA ��� %BF �	� equation ?��,�&@(�,�)�),	�����&E P > 0.05 ���?���	������ Paired t-

test  #�GE�����������<	���)����,	��&E�	�CK@����?����,�)����,	���@����C�� validation group 

(��'��G����?��<	���#�&����� �������?�)	�	��&E 20 
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)����	
� 20 Percent body fat from DEXA and from equations in the validated group  

                    and cross-validated group 

        validation group    cross-validation group 

      X ± S.D. (range)      X ± S.D. (range) 

male            (n = 181)            (n = 60) 

%BF_ DEXA 20.30 ± 10.46 (5.30-44.80) 20.57 ± 11.17 (5.70-44.10) 

%Bf_SKF50_3age gr 20.34 ± 10.23 (3.50-42.23) 20.23 ± 10.49 (6.55-39.12) 

% Bf_SKF50_4C 16.56 ± 5.74 (7.12-28.85) 16.50 ± 5.89 (8.83-27.10) 

female            (n = 199)            (n = 69) 

%BF_ DEXA 27.23 ± 7.85 (10.80-47.60) 29.90 ± 8.01 (15.40-44.90) 

%Bf_SKF50_3age gr 27.22 ± 7.49 (12.37-44.97) 29.52 ± 7.58 (12.30-46.91) 

%Bf_SKF50_ all age gr gr 27.24 ± 7.47 (12.97-44.97) 29.76 ± 7.47 (14.04-46.91) 

%Bf_SKF50_4C 20.43 ± 4.19 (12.43-30.39) 21.85 ± 4.19  (13.03-31.47) 

Non significant (p > 0.05) by pair t-test within group 

�	���@��
#/�	��*�	/�	����$��!*C��/,	�<	�	�#A��*#^%�)*(C��� �	����	�#A��*#^%�)*

(C�������	� DEXA ����	/,	 Correlation coefficient ����	/,	/�	����/�����&E������(�� (limit 

of agreement) ?��	��<	���	�(A?����@�?��	������
�����&/,	 mean difference C��/,	���	�

�&E$�0�	 ���/,	 DEXA �&/,	#C�	?��� 0 ��@� 2 #$� ��@�?�#$��	������
� ��@� 2 group (validation 

��� cross validation) ����&E/,	 limit of agreement �&/,	���,?��,���&E������(��?��	������
� ���

����?�)	�	��&E 21 �����A�&E 30 - 33 

)����	
� 21 Correlation coefficient (r) and Bland & Altman analysis (mean difference, limit 

of agreement) of difference equations to predict body fat compared to BF_DEXA 

*Correlation is significant at the 0.01 level (2-tailed). 

        validation         cross validation 

 r mean 

difference 

limit of 

agreement 

r mean 

difference 

limit of 

agreement 

male       

%Bf_SKF50_3age gr 0.980* 0.04 -4.14 – 4.22 0.981* -0.34 -4.80 – 4.12 

female       

%Bf_SKF50_3age gr 0.955* -0.01 -4.66 – 4.64  0.945* -0.39 -5.63 – 4.86 

% BF_SKF50_ all age gr 0.953* 0.01 -4.77 – 4.78 0.944* -0.15 -5.44 – 5.15 
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���#$GE�#AB��	�)������/,	�<	�	�#A��*#^%�)*(C����	����	��&E$�0�	�,	���&�	��<	�	�

?�������	��//�(���&�	�����#$&��?�#�GE�#�&�����/,	 DEXA ���$
�	��	 percentile ),	�� #$GE�

���	�����	�)��C���),����,��	����#$��	�C�������@���� (n = 509) $��,	(��/,	?���#/&��������

����?�)	�	��&E 22 �����A�&E 34 – 39 ()	�	�C�����/,	 percentile C����A�&E 36 ��� 37 ����?�

�	/'��� �) �����@� �K�/��?�����	�?�)	�	��&E 19 ������	�?�)	�	��&E 17 

 

)����	
� 22 Percentile of percent body fat from equations  

 

 

 

 

 

 

 

 

 

 

 

% BF DEXA  
sex age group N Percentiles 
      3 5 10 25 50 75 90 95 97 
male gr. 10-12 103 8.62 10.84 11.64 14.60 26.40 34.90 40.18 42.02 42.95 
 gr. 13-14 74 5.93 6.30 8.30 10.88 15.65 27.30 33.60 37.48 38.23 
 gr. 15-18 64 6.35 6.58 7.10 8.55 11.75 18.55 25.10 29.58 31.18 
            
female gr. 10-12 96 12.29 13.40 14.73 18.43 22.65 31.95 39.68 41.61 42.99 
 gr. 13-14 77 17.77 18.77 19.86 22.70 29.00 35.35 40.38 42.30 42.96 
 gr. 15-18 95 18.34 19.42 22.12 25.20 28.80 33.80 37.72 41.66 42.52 
            
% BF_developed equation Eq3
sex age group N Percentiles
      3 5 10 25 50 75 90 95 97 
male gr. 10-12 103 10.57 11.54 12.65 14.95 24.21 35.97 38.41 39.72 40.21 

gr. 13-14 74 6.64 7.68 9.08 10.95 16.48 28.61 32.91 33.88 36.82 
gr. 15-18 64 6.26 6.65 6.92 8.60 11.70 17.51 24.18 31.42 32.04 
           

female gr. 10-12 96 13.23 14.96 15.76 18.40 22.98 31.42 38.19 41.89 43.00 
gr. 13-14 77 18.10 18.88 19.89 22.30 28.48 34.93 38.40 40.47 42.24 
gr. 15-18 95 19.93 20.76 22.10 24.68 28.04 33.78 37.89 41.41 42.06 
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������  a        Comparison between % Body Fat_DEXA and Eq_sum skf_50_3 age-group 
in 241 male subjects
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������  b         Comparison of % Body Fat_DEXA, developed Eq_sum skf_50_3 age-group 
         and Eq_sum skf_50_all age-group in 268 female subjects

0

5

10

15

20

25

30

35

40

45

50

P3 P50 P97 P3 P50 P97 P3 P50 P97

10-12 yr  13-14 yr  15-18 yr

%
 B

od
y 

Fa
t

% BF DEXA
%BF 3Gr_skf_50
%BF All_skf_50

 

35 



 71 

��	
�����������	 percentile distribution �����	� %BF_EQ3 
��  % BF DEXA ��� %BF EqSKF ������	�� Male Develop (n=241)
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��	
�����������	 percentile distribution �����	� %BF_EQ 
��  % BF ������	� Slougter ������	�� Male Develop (n=241)
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3.3.4.5 ��-������	.���"�����&��$/�"	 

��A�	�$�0�	���	�#$GE��<	�	�(C�������	����/,	 skf (triceps, suprailiac oblique 

and calf) �,��(A����	���	�/,	�	� �@<	���� �,����� C��#�%�(���	���
��,���	� 10 – 18 Az��@� 

#AB����	��&E(��#�G������	�	���	� model ���$��,	���	��&E�<	#����&@ ?��/,	#A��*#^%�)*(C���?��

/,	?���#/&����� DEXA �&E�
�C������	�#�&���	� 4C #AB�������T	� �	���@��&�	�)��������@�/,	 

Paired t-test #$GE�����K�/,	�,	(�,�)�),	��������,	�#A��*#^%�)*(C����&E(�����/,	�	� 4C )������ 

Bland and Altman test #$GE����/�	����$��!*C��/,	�	��<	�	����/,	�&E/����#AB� ����	��&@���

(���	/,	 percentile #$GE�#�&���	�����	�)��?������),	�� #$
E�#)
� $��,	���	��&E$�0�	�	�	��

�<	�	?��?��	�A��#�
�(C���(����,�)�����#�GE��G�(�� (���	�����?�)	�	��&E 19)    

 
   

3.4 ���89�:�$�*�
*
=��$��,��&��&� #�!������������)(&"�����(����;����-(� 

 �	�����	������	�	�����	����#������#����@��<	(��(�,�	��������	�	��?��#AB�����&

/������#�%��&E�&AH��	�C�	$(�� �),#�GE���	��	����#������#����@��	�	�����(����	�������&E

��
#���<	)�� ��)�A����/*�	��K�-	/��@��&@#$GE� (1) )����	��K�-	#A�&��#�&��/,	/�	��)�),	�C��

#������#���&E��� � ��
#�� 4 )<	���,� ����K�-	)<	���,��&E#������#���&E?��?��	��<	�	�A�
�	�

(C����,	��	����(C����&E��
#���,������(���&�&E�� (2) �K�-	�	/,	�<	�	�#������#���&E�	�	��?��

#AB���)��?��	�/������#�%��&E�&�	������	�	�#�
� 

 

3.4.1 ��-(�)��&(�����89�:� 

 �	�	���/��	� / ��
� �	� 10-18 Az �<	��� 509 /� ��,�#�&���������	��K�-	C�	�)�� ���

����?� '���	�C�� 3.3.4.4 (���	 48) 

 

3.4.2 �����/��,&������89�:� 

 �<	�	�����K� ��� #�G�� Az#�
� C����,�)����,	���?��������K��	������	�	� ���#�&���),

��/���(������	���E��@<	��������#/�GE����E��@<	���� beam balance  (Weylux;  Model 424J, 

Clarkton, UK) ����&/�	���#�&�� 100 ���� �������,��������?���&E����,����� (Stadiometer, 

Yamakoshi Seisakusko Co Ltd., Tokyo, Japan)  

�<	�	����#������#�� 4 )<	���,� �������
���/�/�#�&�����/G�  

WC1 /G�#������#���&E��
#�����KE���	�����,	� lowest rib ��� iliac crest )	�#��U*

C����/*�	���	������ (32) 
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WC2 /G�#������#���&E)<	���,�)��#���&E/���	��&E�� (33) 

WC3 /G�#������#���&E��� �.)<	���,��&E���,#��G� iliac crest (34)  

WC4 #AB�)<	���,��&E���?������ horizontal plane �&E',	����G�  

�<	�	����#���������$��&E)<	���,��&E?��#���������$��	��&E�� ����	����#������#����

)<	���,�������$� ���<	�	����^@<	 2 /��@� ����<	/,	#+�&E��&E(���	����'� ?��	����#������#��

������$��),��/��@����<	���?���&/�	���#�&�� 0.1 ^.�.  

 ��,�)����,	���(������	�A��#�
�/,	������(C����,	��	����(C����&E�<	)�� (Trunk fat) ���

�	��������#�/�
/ whole-body dual energy X-ray absorptiometry (DEXA, GE LUNAR; Model 

Prodigy, software version 3.50.176, Madison, WI, USA) ����	�',	�����& X-ray A�
�	������ 

(A�
�	� 40 ���70 keV) �	��&�-��K�A�	�#��	 A�
�	�����&�&E������^���������C��(C���������

���	�#�G@� �����A�����'����#AB�/,	A�
�	�(C������������	�#�G@�?��,	��	� �	�)����������

#/�GE���G������,	�?��/,	 coefficient of variation (CV) C��/,	(C����,	��	�A�
�	������� 0.4  

 

3.4.3 �+�)�	
�;*,;����������!'� 

 /,	����&�&@����	������	�	�),	��(������'�#AB�/,	#+�&E� ±/,	#�&E��#���	)�T	� �<	�	�

�
#/�	��*/,	�	���
)
 ���?���A������<	#�%���A SPSS for Windows (version 13, SPSS Inc, 

Chicago) �
#/�	��*/,	/�	��)�),	�C��)���A�),�#�GE��),	������,	�#�%��	���
����?�� student 

t-test ��G� Mann-Whitney U test #�GE�C�����)���A�),�#�GE���&�	�����	��&E(�,#AB��/��A�)
 

�
#/�	��*/,	���	��<	�	�A�
�	�(C����,	��	���@�������(C����<	)�� �	��	�?��/,	#������#��

�<	��� linear regression analysis �
#/�	��*/,	��)�����/�	��	�	��C��#������#��?��	�/��

����#�%�����,��&E�&�	������	�	�#�
����?�� receiver operating characteristic (ROC) plot ���

���/,	/�	�(����/�	���,��<	C���	�?������&�&@�����@�� 

 

3.2.5.4 1����89�:� 

 (���<	�	��
#/�	��*'�?���,�)����,	���@���� 509 /� #AB��	� 238 /� ��
� 271 /� �	�

)	�	��&E 23 (������'��	������	�	�C����,�)����,	�������)	�#$� $��,	#$���
��&/,	#+�&E�

C���	������,	#$��	�#�%����� �),/,	#+�&E��@<	����)������,�����������,	#$��	���,	��&����<	/�� 

#�GE�/<	���/,	����&����	� $��,	��@����#$��&/,	�&E(�,�)�),	�������/,	 WHZ-score ���,?�#��U*

A�)
 /,	(C���'
�����?���)<	���,�C��#$���
��&/,	�����,	#$��	� A�
�	�(C����,	��	����

(C����&E�<	)��C��#$���
������,	�	���,	��&����<	/�� (p<0.001) ���#������#�� WC1���WC2 

�&/,	������,	#$��	���,	��&����<	/�� (p<0.001) 
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)����	
� 23 Anthropometric data of Thai adolescent children, by gender 

 
Anthprometric indices All subjects 

 Male Female P-value 

No. of subjects 238 271  

Age (yr) 13.3 + 2.3 13.8 + 2.4 0.015** 

Body weight (kg) 48.2 +12.9 45.6 +10.9 0.019* 

Height (cm) 154.8 +13.4 152.4 + 8.6 0.021** 

BMI (kg/m2) 19.8 +3.7 19.5 +3.8 0.243 

WHZ score, Thai 0.55 +1.56 0.18 +1.48 0.009** 

Skinfold (mm)    

Biceps 6.5 + 3.5 7.6 +3.2 0.001* 

Triceps 11.6 +5.7 14.6 +5.2 0.001* 

Subscapular 9.57 + 4.1 11.2 + 4.4 0.001* 

Suprailiac 9.21 + 5.0 11.3 + 4.4 0.001* 

Waist circumference (cm)    

  -WC1 69.8 +10.1 67.4 + 8.7 0.005* 

  -WC2 67.7 + 9.0 64.0 +7.9 0.001* 

  -WC3 72.4 + 9.9 72.9 + 9.5 0.541 

  -WC4 70.8 + 10.4 69.2 + 9.2 0.076 

Hip circumference (cm) 82.1 + 9.5 83.9 + 9.3 0.035* 

 % Total body fat (region) 20.4 +10.6 28.1+8.1 0.001** 

     Total body fat mass (kg) 10.1 + 6.7 13.4 + 6.6 0.001** 

  % Trunk fat (region) 20.1 +12.1 27.4 + 9.7 0.001** 

     Trunk fat mass (kg) 4.4 + 4.4 5.8 + 3.3 0.001** 

*Significantly different between male and female, by t-test. 

** Significantly different between male and female, by Mann-Whitney test.  

 

 )	�	��&E 24 ��� 25(������'�#A�&��#�&��/,	�<	�	� Trunk fat �	��	�?��#������#���&E

)<	���,�),	�����^KE��
#/�	��*'����?�� Simple regression $��,	 ?�#$��	�/,	 WC4 �<	�	�/,	 

%trunk fat (R2 = 0.596, p<0.001) ��� trunk fat mass (��.) (R2 = 0.854, p<0.001) (���&�&E�� 

C���&E?�#$���
� /,	 WC4 �	�	���<	�	�/,	 %trunk fat (R2 = 0.732, p<0.001) ���WC3 

�	�	���<	�	�/,	 trunk fat mass (��.)(���&��,	 (R2 = 0.865, p<0.001) 
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)����	
� 24   Regression equation to predict percentage trunk fat* using waist circumference  

                  measured at different sites  

 
Measurement site WC coefficient Constant R2 P-value 

Male (n=238)     

WC1 0.021 -0.250 0.581 0.001 

WC2 0.023 -0.315 0.534 0.001 

WC3 0.021 -0.270 0.526 0.001 

WC4 0.021 -0.243 0.596 0.001 

Female (n=271)     

WC1 0.016 0.314 0.720 0.001 

WC2 0.018 0.273 0.699 0.001 

WC3 0.015 0.321 0.723 0.001 

WC4 0.016 0.331 0.732 0.001 

     

WC1= at midway between the lowest rib and the iliac crest, WC2 = at the narrowest waist,  

WC3 = at immediately above the iliac crest, WC4 = at the umbilicus level. 

* Values  as log transformed 
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)����	
� 25   Regression equation to predict trunk fat mass* (kg) using waist  

                  circumference measured at different sites  

 
Measurement site WC coefficient Constant R2 P-value 

     

Male (n=238)     

WC1 0.032 1.292 0.838 0.001 

WC2 0.035 1.133 0.812 0.001 

WC3 0.032 1.174 0.820 0.001 

WC4 0.031 1.310 0.854 0.001 

Female (n=271)     

WC1 0.029 1.761 0.827 0.001 

WC2 0.031 1.692 0.799 0.001 

WC3 0.027 1.733 0.865 0.001 

WC4 0.027 1.799 0.832 0.001 

WC1= at midway between the lowest rib and the iliac crest, WC2 = at the narrowest waist,  

WC3 = at immediately above the iliac crest, WC4 = at the umbilicus level. 

*Values as log transformed 

 

 )	�	��&E 26 - 27 (������'�#A�&��#�&��/,	#������#���&E?���<	�	�/,	 total body fat ?�

#$��	�$��,	/,	 WC4 �<	�	� % total body fat  ��� total body fat mass (��.) ����&/,	 R2= 

0.506 ���0.826 p<0.001 )	��<	��� ?�#$���
�$��,	/,	 WC4 �<	�	� % total body fat (���&

�&E�� (R2 = 0.864, p<0.001) ?�C���&E WC3 �	�	��?��#AB�)���A��<	�	�/,	 total body fat mass 

(���&�&E�� (R2 = 0.876, p<0.001) 
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)����	
� 26   Regression equation to predict percentage total body fat* using waist          

                  circumference measured at different sites  

 

Measurement site WC coefficient Constant R2 P-value 

Male (n=238)     

WC1 0.016 0.095 0.493 0.001 

WC2 0.018 0.059 0.442 0.001 

WC3 0.016 0.093 0.436 0.001 

WC4 0.016 0.100 0.506 0.001 

Female (n=271)     

WC1 0.013 0.555 0.727 0.001 

WC2 0.014 0.525 0.701 0.001 

WC3 0.012 0.551 0.746 0.001 

WC4 0.013 0.564 0.864 0.001 

     

WC1= at mid between the lowest rib and the iliac crest, WC2 = at the narrowest waist,  

WC3 = at immediately above the iliac crest, WC4 = at the umbilicus level. 

* Values as log transformed 
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)����	
� 27 Regression equation to predict total body fat mass* (kg) using waist      

                circumference measured at different sites  

 

Measurement site WC coefficient Constant R2 P-value 

     

Male (n=238)     

WC1 0.026 2.065 0.810 0.001 

WC2 0.029 1.943 0.775 0.001 

WC3 0.027 1.972 0.787 0.001 

WC4 0.026 2.079 0.826 0.001 

Female (n=271)     

WC1 0.024 2.427 0.828 0.001 

WC2 0.026 2.372 0.797 0.001 

WC3 0.023 2.394 0.876 0.001 

WC4 0.023 2.455 0.839 0.001 

WC1= at midway between the lowest rib and the iliac crest, WC2 = at the narrowest waist,  

WC3 = at immediately above the iliac crest, WC4 = at the umbilicus level. 

*Values as log transformed 

 

 )	�	��&E 28 �	��	��
#/�	��*���?�� Receiver Operating Characteristic Curve (ROC 

curve) #$GE��	/,	A���	�C��#������#���&E/	��,	���	�	��?��#AB�/,	���/�	�#�&E��),��	��

����	�	�#�
�?�#�%��������,� ?�#$��	�$��,	#�GE��<	���/,	 Thai WHZ score �&E�	���,	 +1.5 

SD #AB�#��U* ��(��/,	#������#���&E 73.5 ^.�. #AB���)�� ^KE� � ���&@��?��/,	/�	�(��&E������ 

96.8 ���/�	��<	#$	��&E������ 85.7 �,��?�#$���
� #�GE��<	���/,	 Thai WHZ �&E�	���,	 +1.5 

SD #AB�#��U* ��(��/,	#������#���&E 72.3 ^.�. �����)���&@?��/,	/�	�(��&E������ 96.1 ���

/�	��<	#$	��&E������ 80.5 �	��	��
#/�	��*#$
E�#)
�#�GE�?��#��U* Cole’s BMI $��,	��(��/,	

��)��#������#���&E#$
E�CK@�?���@�#$��	����#$���
� ����&/�	�(����/�	��<	#$	�����

#�%����� �),��	�	�?��#��U*(C����,	��	��&E�	���,	������ 25 ?��	� ����	���,	������ 30 ?�

��
�#AB�#��U* ��(��/,	#������#���&E���� �),/�	�(�C������& �.���&@���/��	���,	������ 90 

#�GE�#A�&��#�&��#��U*��@� 3 ��� $��,	��)���&E���#���&E(���	�#��U*(C����,	��	��&E�	���,	 ����

�� 25 ?��	� ����	���,	������ 30 ?���
� ��?��/,	/�	���C���	������	�	�#�
�C��#�%� 
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������34.5-39.9 ?�C���&E#�GE�?�� Thai WHZ score ��G� Cole’s BMI #AB�#��U*?��	��<	���

��)��#������#�� ��(��/,	/�	���C���	������	�	�#�
�����#��G� ������18.8-26.5 ��� 

18.8-27.3 )	��<	���    

 

)����	
� 28   Prediction of waist circumference values using different criteria for  

                  screening of the overweight and obese children and adolescents. 

 
 AUCa  

(95% CI) 

Cut-off b 

WC 

(cm) 

Sensitivityc 

(%) 

Specificityd 

(%) 

PPVe 

 (%) 

NPVf 

(%) 

% 

Prevalence 

Male        

Thai WHZ 

(>+1.5 SD) 

0.971  

(0.953-0.989) 

73.5 96.8 85.7 70.9 98.6 26.5 

Cole’s BMI 

(BMI > 25 kg/m2 ) 

0.963  

(0.943-0.984) 

75.2 93.8 88.4 75.3 97.4 27.3 

%Total body fat 

( Williams,1992; 

> 25% for male, 

>30% for female) 

 

0.920 

(0.887-0.953) 

 

71.4 

 

90.2 

 

80.8 

 

66.2 

 

84.6 

 

34.5 

Female        

Thai WHZ 

(>+1.5SD) 

0.969 

(0.944-0.993) 

72.3 96.1 80.5 53.2 80.4 18.8 

Cole’s BMI 

(BMI > 25 kg/m2 ) 

0..954 

(0.926-0.983) 

73.8 94.1 85.0 59.2 98.4 18.8 

% Total body fat 

( Williams,1992; 

> 25% for male, 

>30% for female) 

 

0.956  

(0.934-0.978) 

 

70.6 

 

91.7 

 

89.6 

 

34.2 

 

35.0 

 

39.9 

 

a AUC: Area under the curve indicate the probability that a person with  adverse health consequences has a 

higher value of the WC measurement than person without adverse health consequences; 95% confidence 

intervals were given within parentheses. 

 b Cut-off producing equal values of sensitivity and specificity. c Sensitivity=true positive rate d Specificity= 1-

false positive rate 

 e  Positive predictive value (PPV) = Posttest likelihood of positive results  f  Negative predictive value = Posttest 

likelihood of negative results. 
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(���&�	��K�-	�
���),	���&E����,	 #������#��?��#AB�����&�&@����	���C�	$#�%�(�� ���$��,	

#������#���&E�	�CK@��&/�	����$��!*����	�#�
��	��()���&#^�(��*?�#�G����� �	���G@�),��
�^��
�

����	��(C���?�#�G�����(35-38)  Higgin ���/��(39) �	��	��,	#�%��,������,��	��#��
����&E�&#���

���#���&E#�,	�����G��	���,	 71 ^.�. $��,	���&AH����#�&E��),��	�#�
���/����#�G�����?��	���,	

#�%��&E�&�@<	����A�)
�K� 14 #�,	 ?�C���&E Asayama ���/��(40) ^KE��K�-	?�#�%���
��	��&EA]� �	� 

9-15 Az �<	��� 124 /� $��,	#������#���	���,	 77 ^.�. �&/�	����$��!*���/�	�'
�A�)
C��

�����(C�������
���
�?�#�G��  

 

3.4.5 �,�����
!�+��$��$�'�#
��
����
����������
��&�����  
����*+,��������"��������'������$������%�� ��-	 4 %������	 �����.������#�$���

/�������	�����/����!��	�"�	/�"�' ����������"��������'�%������	�'�0�������� �����.���/�"
	���������/�"�"��%���	 1+�	������!"�#2���!�'!'-������
����	3���53!�����$� ����"����
��6/��/�" ����	/�6%��
���'��*+,���$���%$������ �#2��� verify ������	
����"��������'�
�����/�"�#2��(�%�� ��
����	!'��
�'%��	& �!�� ������-��%�����������/������������'�0$�#%$��	
��6�(����'��	 �������"�����.�!"��!�'��"������� �#2��
����	�������
����	��6�'��'3���
53!�����$�����"��/�" 
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*(��	
� 3  

���89�:���%�&�����%&����{�)�$����.�'�����)�|��$�*�
�����)��&�-�&�

�$/�"		
��'��!�� �$&�����{�������"�����(���� 
 

3.5 ��������������������������&�������"�����(���� ����(�$�*�
�����)��&�-

�.�'����$/�"	 

�6��"��7�5����!��	�-����� ��������7	 ���#�$���/�������	��5���!"�$8' BIA 5���!"�
����	 
OMRON HBF-300 ����
����	 TANITA-532 ����-�
�+�	��+�	��	��6��-	�����.7���/�����%"
0$����	 �����"�����	����%��	& ��	���	�� /�"�� %"���� ���	 ��� ��5� �����	
������
����'���������"�'�������%����	3���53!���� ���(���'�
��5���7�� weight for height 

(under : normal : over nutrition ��������� 2 : 6 : 2) �����'-��6�(
���	/�"���������.���'�
�������!��	�'� 2 �������.+	$�����'��������� 1 ��#���;�'�0����� 

 

3.5.1 ��-(�)��&(�����89�:�  

�<	�	��,��<	���#�%����#�&���	� 10 – 18 Az ���?���
!& Stratified random sampling C��

���#�&����E�A��#�� (�	/'��� 0) �	� 4 �	/ �	/�� 2 ������� 4000 
� 5���0����'���	
��'
�-��������$���=;�����"���$���=;1+�	���/�������������� BMI for age) ���	��/�"���

��������������	5�	��'�� %$�%����"
(�
�7�(����6�%���!�-���'����	�"�	�'�.7�(���6��"��7�����	
�#2����� 5���%��������!�-����' 25 – 30 
� 5���'!���@$	��& ��  

������5�	��'�����	�#2�����������%�������%�(��3$�����	�%�����	���� ������ 
720 
�/3�
 ����� ��. 1,080 
� (�����	�� ��. ���������6�"���������6%��	��	����
�+	�6���$������������$�) ��	�0�37�$�'� 1 
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�:�;���'�# 1 �������:� � &�(
�$�&�� 
 

 
 

 

 

 

3.5.2 :����/7�8� 

3.5.2.1 ��,&�(
�$�&��  
��	�����'�.7�(�������� 4 3�
 /�"��3�
�����(%���������) 3�
�%"(�(��,H�;8��'���

�	���) 3�
%�������I'�	�����(����������(����!8��') 3�
��	(�(�����(�'���I��!$	����) 
����(	�������
� ��� 51 5�	��'�� (3�
0�� �) �#2�!���@$	������ 3,898 
� ��!��	���( 
10 – 18 #K ��	�0�37�$�'� 2 
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�:�;���'�# 2. Development of Equations for %BF predicted from BMI 

 

 
 

%���	�'� 29 ���	.+	�������%����	��6���%���3�
5����%���(�����(�����* 
�����%���(�����(��	��6��-	��� %���	�'� 30 ���	.+	�������%����	�"��7�%�����(%��	& 
���%���	�'� 31 ���	.+	��������6�'���� SKF ��� BIA  

%���	�'� 32 ���	�"��7��������
�!���@$	#�����"�� �-����� �����7	 BMI Thai_WHZ 

score /�����%"0$����	��$��� triceps subscapular calf �����"���������$����'�0�������� (W4) 

�����'-�'����
�� % BF_Omron, % BF_Tanita ��� % BF_ Eq3 �'��������!��	��*+,��'� 
2 ����	/�6�'�����	������� Omron ��� Tanita �#2���������������
�!���@$	��-	����'�/�"
�����6��"��7�����#����* �+	�����#����$�/����5����
���������8;��	������
���� 
Omron ��'���� DEXA ���(���������
�!���@$	 ���� Validate �"��7���!��	�'� 2 ����-�
#����$�
��/������	�������
�!���@$	����#����*��
�� Omron �'�.7#�����"� ��"����������
�#2�������
���� DEXA ��	���	��%���	�'� 32 (% BF_Omron transformed DEXA) 1+�	��

������'�/�"�� 2 �(�� 
�� ����� % BF_ Eq3 �'� validate ��"� ����� % BF ��������
�� 

Omron �'�#�����'���� DEXA 
 



 85 

)����	
� 29 Number of total subjects from inside and outside municipal area 

(n=3,898) 

 

  male female 

  Municipal area Municipal area 

  in out in out 

Zone Province n Percent n Percent n Percent n Percent 

North Tak 87 49.7 90 50.0 88 50.3 90 50.0 

 Phayao 89 51.1 98 51.0 85 48.9 94 49.0 

South Surattanee 95 51.1 93 50.8 91 48.9 90 49.2 

 Songkhla 82 46.6 89 49.4 94 53.4 91 50.6 

North 

east Khonkaen 79 46.7 96 49.2 90 53.3 99 50.8 

 Ubon 91 49.7 90 50.0 92 50.3 90 50.0 

Central Suphanburi 91 50.6 90 49.5 89 49.4 92 50.5 

 Chachoengsao 87 48.6 90 50.0 92 51.4 90 50.0 

BMA  125 49.4 113 48.1 128 50.6 122 51.9 

  132 49.4 120 48.2 135 50.6 129 51.8 
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  male female 
Zone yr n Percent n Percent 
North <10  3 100.0   
 10 21 42.9 28 57.1 
 11 22 46.8 25 53.2 
 12 27 55.1 22 44.9 
 13 26 48.1 28 51.9 
 14 21 51.2 20 48.8 
 15 24 51.1 23 48.9 
 16 25 54.3 21 45.7 
 17 18 47.4 20 52.6 
 18 26 54.2 22 45.8 
South <10   1 100.0 
 10 17 53.1 15 46.9 
 11 20 48.8 21 51.2 
 12 14 45.2 17 54.8 
 13 14 48.3 15 51.7 
 14 18 56.3 14 43.8 
 15 15 46.9 17 53.1 
 16 17 54.8 14 45.2 
 17 15 44.1 19 55.9 
 18 15 55.6 12 44.4 
North east <10  1 33.3 2 66.7 
 10 23 53.5 20 46.5 
 11 21 48.8 22 51.2 
 12 21 51.2 20 48.8 
 13 17 40.5 25 59.5 
 14 21 60.0 14 40.0 
 15 21 47.7 23 52.3 
 16 16 44.4 20 55.6 
 17 23 57.5 17 42.5 
 18 18 50.0 18 50.0 
Central <10  8 42.1 11 57.9 
 10 35 53.0 31 47.0 
 11 29 48.3 31 51.7 
 12 29 42.0 40 58.0 
 13 37 56.1 29 43.9 
 14 28 50.0 28 50.0 
 15 28 46.7 32 53.3 
 16 36 50.0 36 50.0 
 17 27 48.2 29 51.8 
 18 19 63.3 11 36.7 
 > 18   1 100.0 
BMA <10  1 100.0   
 10 17 41.5 24 58.5 
 11 18 48.6 19 51.4 
 12 23 54.8 19 45.2 
 13 22 51.2 21 48.8 
 14 15 46.9 17 53.1 
 15 22 62.9 13 37.1 
 16 16 44.4 20 55.6 
 17 18 56.3 14 43.8 
 18 19 50.0 19 50.0 

)����	
� 30 Number of subjects stratified by age and sex
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)����	
� 31 Number of subjects with SKF and BIA information (n=1,967) 

 

  male female 

  Municipal area  Municipal area  

  in out in out 

Zone Province n Percent n Percent n Percent n Percent 

North Tak 46 51.7 45 50.0 43 48.3 45 50.0 

 Phayao 60 49.2 62 51.2 62 50.8 59 48.8 

South Surattanee 46 51.1 45 49.5 44 48.9 46 50.5 

 Songkhla 25 47.2 29 51.8 28 52.8 27 48.2 

North 

east Khonkaen 43 48.9 47 50.5 45 51.1 46 49.5 

 Ubon 47 51.1 45 50.0 45 48.9 45 50.0 

Central Suphanburi 77 49.4 45 50.6 79 50.6 44 49.4 

 Chachoengsao 74 47.7 80 51.6 81 52.3 75 48.4 

BMA  45 51.1 40 49.4 43 48.9 41 50.6 

  43 52.4 43 50.0 39 47.6 43 50.0 
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)����	
� 32 Descriptive characteristics of subjects aged 10-18 yrs 

 male female 

 N Mean S.D. Median Minimum Maximum N Mean S.D. Median Minimum Maximum 

Weight (kg) 987 47.40 12.75 48.10 19.30 87.00 980 44.70 10.17 44.85 19.00 72.00 

Height (cm) 987 156.65 13.84 160.20 123.90 184.00 980 151.74 8.83 153.60 115.50 170.00 

BMI (kg/cm2) 987 18.98 3.20 18.57 12.45 29.38 980 19.24 3.38 18.78 12.45 31.20 

Thai WHZ score 985 0.13 1.41 0.04 -2.78 4.90 980 0.14 1.32 0.11 -2.69 4.45 

%BF_EQ.3 987 17.51 11.08 13.24 5.23 69.00 980 28.80 8.73 27.75 11.36 56.12 

%BF_ Tanita 986 13.49 7.31 11.60 5.00 38.50 980 23.43 7.21 23.15 7.30 45.70 

%BF_Omron 975 18.74 6.37 17.70 5.20 37.00 966 22.87 6.58 23.00 5.00 39.20 

Transformed from  

DEXA (n=506) 
975 16.90 8.80 15.47 -1.81 42.14 966 27.29 7.00 27.43 8.27 44.66 

triceps 987 9.76 5.05 7.95 3.30 30.30 980 14.34 5.10 13.65 3.65 32.05 

subscapula 725 8.77 4.49 7.25 3.20 28.20 713 12.62 6.72 10.50 4.10 37.25 

calf 987 8.47 4.41 6.95 3.00 27.75 980 13.84 5.48 12.78 3.90 34.70 

mid arm 987 23.55 3.60 23.85 15.30 33.60 980 23.07 3.39 23.00 15.00 32.80 

calf 987 32.89 4.02 33.10 22.00 44.50 980 32.12 3.61 32.20 22.70 43.40 

WC4:measured through 

umbilicus 
987 68.90 8.87 68.00 48.55 96.00 980 67.62 8.31 66.90 48.35 94.00 

hip 982 82.48 9.17 83.65 58.25 108.50 980 84.63 8.97 85.55 56.60 110.70 
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3.5.2.2 1��������������	.���������"�����(����$,��(�$�*�
�����)��&�- 

�	��	� Validate /,	 %BF C��#/�GE�� DEXA �	� �$. �	�	!
��& C����,�)����,	� �	� 16-19 

Az (Post puberty) %BF �	�#/�GE�� DEXA ?��/,	#+�&E�?���#/&����� %BF C�� 4C ?�#$��	� �),),	�

A���	� 7% ?�#$���
�����	����	� %BF Equation 4 ���	��&E�&/,	 R2 ��� SEE �& �),�	�'�

�	� Validate %BF C�� DEXA ��� 4C ?�#$���
��&E�&/,	�����,	����	������,	� /,	 %BF �&E(���	� 

Equation #$���
� �K��,	���&�����,	/�	�#AB���
����� 

Eq3 ?�#$��	�����,	/,	#+�&E�?���,��	� 16 – 18 Az ��(�,�)�),	��	� 4C ���/,	 correlation 

coefficient ����� �),#�GE����	� scatter plot ����,	� % BF_DEXA ��� % BF_Eq3 ��#�%��,	(�,?�,

#AB� linear regression line #�&��&#�&�� �������?���A�&E 40 ^KE��,	��#�
��	��	��&E#$��	��&�	�

#A�&E���A�� body composition ?��),���,�������,	����#������&����,��C��(C����&E���� C���&E

���	�#�G@�#$
E�CK@�?��,�� pre-puberty, puberty ��� post-puberty �<	?�� Equation �&E#��	�����@�

/�����#AB��),���,������	���,	�	�?�� Equation �,���	� 10 – 18 Az #AB� Equation #�&�� ����,	

C�����?��	$���C����,�A���	����$�?��(�� �),/�	����)���C��/,	 % BF �	��//���

/�	�#/�GE��(���	� 

�	����	� Equation ���)	� puberty ����),	�� �	��,���	�)���#�
E�C�@�)��),	�� ?��,���

^KE�)���?��#��	�	� �����@� �<	�	������A���/,	C�@�)��������#�)�	��	��&E/,	/�	����$��!*C�� % 

BF_DEXA��� % BF_Eq3 C��#$��	��&E�&���-���/��#�%����������,	� ��G��&������KE�/��	�

#���)�� 2 #����&E��������A���	��,�� % BF �&E 25 #�GE���,�C�����#AB� 2 �,���&E < 25 ��� > 25 C��

/,	 %BF ��(�� correlation �&E#AB� linear regression line 2 #��� #�GE�?�����	�C�� 2 #����&@ adjust 

%BF_Eq3 #AB� %BF Eq3_DEXA K̂E�$��,	C�����A���)��#AB����)�������A�&E 41 �,�� Eq3 ��� 

Eq3_DEXA ?�#$���
���?���#/&����� �������?���A�&E 42 �K� 43 �K�(�,�<	#AB�)���A��������
!&�&@�%

(�� '��	������ Limits of agreement ����?���A�&E 44 �K� 47 

�	�C�����#�)?�C�	�)�����'��	�������	�A���/,	�����,	� #�GE�#$
E��	�)������/�	�

#�GE��G�(��?��	��<	�	�/,	(C���������	��//� ����	�$
�	��	/,	 Percentile Distribution �,��

���� �<	(A��,�	�$�0�	���	��&E�&CK@� ^KE������	���#�&��?����	 63-72 

#�GE��<	���	��&EA���A��?��,(A$�0�	 Equation �<	�	� %BF �	� BMI ?�C�@�)���&E VI C�� 

conceptual framework ��(��/,	 %BF C�� BMI �&E P50 C�� Reference Thai 1997 �&E�	� 18 Az ���,

?������A���	� 30% �������?�)	�	��&E 40 ^KE�#AB�#/�GE���,���G�����,	 %BF �&E(���	� Eq 3 C��

#$���
����#�
���
� /�	�/	�#/�GE���&@�,	��#�
��	�/,	 %BF C��#/�GE�� DEXA ^KE����(�,�	�	��
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��A�&E 41  

����	#�) �),�&�	��	��	��	��K�-	�GE��&E?��#/�GE�� DEXA ��
-��#�&������&@ $��,	�& %BF ���#�
�

��,	/,	 4C /,��C�	��	� ?�#$���
�#�,�#�&����� (46) 
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�	����)
T	��&E�,	 /�	�/�	�#/�GE��C��/,	(C���C�� DEXA �&/�	����$��!*��������(C����&E

/
��,	#AB�)����	��
��	� 4C ����	�A��������/�	�/�	�#/�GE���������	�?����	 45 #�GE��<	

���)
T	��&@(A��������A���/,	 % Body fat �	� Eq_skf50 C��#$���
�$��,	 �&/,	#+�&E�����

?���#/&�����/,	#+�&E�C��/�A�)
#$���
��&E(���	� 4C Percentile distribution C��C���������,�

)����,	�$�0�	��)��<	�	� %BF ����?���A�&E 48 ��� 49 �������,�)����,	��<	�����E�A��#��

����?���A�&E 50 �K� 53 (C�����/,	 percentile C����A�&E 52 ��� 53 ����?��	/'��� �)�	�)	�	�

�&E 33 #�GE�$
�	��	C���������� % body fat ?���,�)����,	��&E/��,��?��,�������,	�,	���&�	��

�@<	����#�
�?���,�/�#�#�&� (BMI>23) ^KE�?�C��������<	���$��,	�&#$��	� 108 /� ���#$���
� 

136 /��&E�&/,	#+�&E� BMI ���,?��,��A���	� 24 ��#�%��,	/,	#+�&E�C������� % body fat �	�

���	��&E$�0�	CK@��	�/,	 DEXA �&E���(�,�&�	� Adjust   (Eq skf 50_3 age-gr ���  Eq skf 50_all 

age-gr) ���&/,	#+�&E������,	�	����	���G�#/�GE���G�A��#�
������(C���?��,	��	��GE�� ����&

���������	��K�A���	� 30 ��� 40 % body fat ?��	����?���
�)	��<	��� #�GE�������<	�	�

A���/,	�������	�/�	����$��!*����,	� % body fat �	� 4C ��� DEXA �������&/,	?���#/&�����

�
!&�	��GE�� ����&/,	?���#/&��������	�C�� Slaughter (SLA_TC) �	��&E�� �K���A�,	�����

�	�	��$�0�	���	��&E�<	�	�/,	(��?���#/&������	��������#/�GE�� DEXA �%)	� �),#�GE���	��& 

Systemic error �	� DEXA /,	�&E�<	�	�(���K�����	�(�,?�,/,	 % body fat �&E���)���  
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������  c       Comparison of % Body Fat from various equations of 10-18 yr in 241 Male subjects

0

5

10

15

20

25

30

35

40

45

P3 P50 P97

%
 B

od
y 

Fa
t

% BF DEXA
%BF 3Gr_skf_50
% BF Omron
% BF SLA_TC
% BF SLA_TS_W
% BF SLA_TS_B
%BF Dx_4Cmf
%BF Eq_50_4Cmf

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

48 



 96

������   d        Comparison of % Body Fat from various equations of 10-18 yr in 268 female subjects
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������  e        Comparison between % Body Fat from various equations in 725 male surveyed group
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������  f        Comparison between % Body Fat from various equations in 713 female surveyed group
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������ 48 ������	
�����������	 percentile distribution  ��� Survey (n=720) �����	� 
%BF_EQ ��  % BF ������	� Slougter ��� %BF !	����"��� BIA ������	�� Male
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������ 49 ������	
�����������	 percentile distribution  ��� Survey (n=713) �����	�
 %BF_EQ ��  % BF ������	� Slougter ���%BF !	����"��� BIA ������	�� Female
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)����	
� 33 Statistics value of percent body fat from various Equations and body fat 

assessment tools in the Thai adolescent who have BMI above 23 

 

 

#�GE��<	 % BF �	����	�),	�� ?�#$��	� (A�	/�	����$��!*���/,	 BMI ?���,�)����,	��	�

�<	�����E�A��#�� (�����	��	� Simple Regression ?��),����,��	� 10 – 12 Az, 13 – 14 Az ��� 

15 – 18 Az #AB�C�@�)���&E IV ?� Conceptual Framework ���)	�	��&E 34 ��� 35 ����&'��	�

����� Correlation ��� Bland & Altman analysis C�� equation �&E$�0�	C�@��&@����	��<	 cross 

validation ���C����� %Body fat �	����	�?���,�)����,	��GE��&E�&C����� %Body fat ?��&E�&@��?��

C��������&E?��$�0�	��)��<	�	� %BF (380 /�) ���������&E?�� cross validate ��)��<	�	� %BF 

(129 /�) #AB� 509 /� (��'��	�������������?�)	�	� 36, 37 ��� ��A�&E 54-57 ��� 58-61 K̂E�

$��,	���,?��,���&E������(�� #�GE�������	��<	/,	 %Body fat �&E�<	�	��	�/,	 BMI ',	����	� eq-

skf50 �	 adjust �������	� DEXA-4C �	����	 45 ���)�� (eq_skf50 BMI_DEXA_4C) $��,	 

(��'�C���	������ cross validation ��� validation (�,),	�����	� equation C�� 

eq_skf50_4CBMI ()	�	��&E 38 ��� ��A�&E 62-65) 

#�GE��<	 %BF �&E�<	�	��	�/,	 BMI ',	����	� eq_skf50_BMI (A cross validated ��� 

%Body fat �	�#/�GE�� DEXA �������?�)	�	��&E 39 �����A�&E 66-67 ���/,	 %BF �&E�<	�	��	� 

eq_skf50_4CBMI ��� eq_skf50 BMI_DEXA_4C ���/,	 %Body fat �	�#/�GE�� DEXA ��� 

adjusted �������	� DEXA_4C �������?�)	�	��&E 40 ��� ��A�&E 68-71 

 

 

  Male (N=108) Female (N=136) 

  Mean SD Median Min Max Mean SD Median Min Max 

BMI 24.3 1.1 24.1 23.0 29.4 24.5 1.2 24.3 23.0 31.2 

% Body Fat                  

    Eq_skf 50_3 age-gr 29.2 9.1 32.4 6.3 41.7         

    Eq_skf 50_all age-gr          39.8 3.7 39.7 26.3 50.7 

    Eq_skf 50_4C 21.5 5.1 23.3 8.7 28.6 27.5 2.1 27.4 19.9 33.6 

    SLA_TC 22.7 6.8 23.3 8.2 36.1 30.8 4.9 30.9 17.3 41.5 

    SLA_TS_W 25.7 7.5 26.2 10.4 42.8 32.9 5.1 32.6 19.0 45.6 

    SLA_TS_B 24.7 8.0 24.4 9.1 42.8         

    Omron 25.5 5.1 25.0 15.7 34.6 31.5 2.1 31.6 23.3 39.2 

    Tanita 24.5 5.8 24.3 14.1 38.5 33.9 2.7 33.7 27.6 45.7 
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)	�	��&E 34 Developed percent body fat (%BF) equations from BMI measurement 

compared to percent body fat from various %BF equations in Male 

 

model %BF from BMI R2 SEE 

male 

%BF Eq3    

 10 – 12 yr -38.276+3.412*BMI 0.801 6.007 

 13 – 14 yr -30.907+2.569*BMI 0.707 5.117 

 15 – 18 yr -20.596+1.677*BMI 0.515 4.408 

%BF Eq_skf50 (3 age - group)   

 10 – 12 yr -26.348+2.710*BMI 0.904 4.529 

 13 – 14 yr -31.856+2.635*BMI 0.847 5.113 

 15 – 18 yr -28.142+2.043*BMI 0.740 5.036 

%BF Eq_skf50_4C   

 10 – 12 yr -9.625+1.520*BMI 0.817 2.541 

 13 – 14 yr -12.715+1.478*BMI 0.717 2.868 

 15 – 18 yr -10.632+1.146*BMI 0.547 2.825 

%BF SLA TC   

 10 – 12 yr -18.279+1.908*BMI 0.827 3.134 

 13 – 14 yr -17.879+1.689*BMI 0.723 3.243 

 15 – 18 yr -11.481+1.166*BMI 0.506 3.162 

%BF SLA TS_W   

 10 – 12 yr -23.818+2.344*BMI 0.856 3.458 

 13 – 14 yr -22.254+1.972*BMI 0.751 3.528 

 15 – 18 yr -20.090+1.612*BMI 0.621 3.462 

%BF SLA TS_B   

 10 – 12 yr -5.410+1.189*BMI 0.853 3.645 

 13 – 14 yr -6.829+1.104*BMI 0.741 3.693 

 15 – 18 yr -4.349+0.816*BMI 0.617 3.536 
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)	�	��&E 35 Developed percent body fat (%BF) equations from BMI measurement 

compared to percent body fat from various %BF equations in Female 

 
model %BF from BMI R2 SEE 

female 

%BF Eq3    

 10 – 12 yr -16.261+2.934*BMI 0.859 3.900 

 13 – 14 yr -14.573+2.262*BMI 0.802 3.985 

 15 – 18 yr -9.528+1.984*BMI 0.669 4.251 

%BF Eq_skf50 (All age - group)   

 -14.205+2.222*BMI 0.888 2.668 

%BF Eq_skf50_4C(All age - group)   

 -2.813+1.246*BMI 0.888 1.497 

%BF SLA TC   

 10 – 12 yr -9.994+1.700*BMI 0.809 3.177 

 13 – 14 yr -8.455+1.605*BMI 0.763 3.161 

 15 – 18 yr -6.689+1.484*BMI 0.599 3.486 

%BF SLA TS   

 10 – 12 yr -15.920+2.017*BMI 0.825 3.567 

 13 – 14 yr -14.224+1.938*BMI 0.787 3.565 

 15 – 18 yr -10.700+1.749*BMI 0.674 3.493 
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)	�	��&E 36 Correlation coefficient (r) and Bland & Altman analysis (mean difference, limit of 

agreement) of difference equations Eq_skf50BMI to predict body fat compared to 

BF_SKF50 for validated with survey (n=1438) cross validated with Develop (n=509) 
 
 validation cross validation 

 r mean 

difference 

Limit of 

agreement 

r mean 

difference 

limit of 

agreement 

male       

gr. 10-12 0.904 0.95 -8.16 – 10.05 0.937 2.20 -5.87 – 10.27 

gr. 13-14 0.847 1.14 -8.35 – 10.64 0.867 0.39 -9.25 – 10.04 

gr. 15-18 0.740 0.71 -8.71 – 10.13 0.774 -0.42 -9.20 – 8.36 

female       

gr. 10-12 0.960 -0.35 -5.47 – 4.76 0.968 0.95 -3.73 – 5.62 

gr. 13-14 0.952 -0.01 -5.27 – 5.24 0.925 0.72 -5.20 – 6.64 

gr. 15-18 0.908 0.52 -5.08 – 6.12 0.925 1.22 -4.01 – 6.44 

 
 
)	�	��&E 37 Correlation coefficient (r) and Bland & Altman analysis (mean difference, limit of 

agreement) of difference equations Eq_skf50_4CBMI to predict body fat compared to 

BF_SKF50_4C for validated with survey (n=1438) cross validated with Develop (n=509) 
 
 validation cross validation 

 r mean 

difference 

Limit of 

agreement 

r mean 

difference 

limit of 

agreement 

male       

gr. 10-12 0.904 0.52 -4.58 – 5.63 0.937 1.23 -3.30 – 5.75 

gr. 13-14 0.847 0.64 -4.69 – 5.96 0.867 0.22 -5.19 – 5.63 

gr. 15-18 0.740 0.40 -4.89 – 5.68 0.774 -0.24 -5.16 – 4.69 

female       

gr. 10-12 0.960 -0.21 -3.08 – 2.66 0.968 0.52 -2.10 – 3.14 

gr. 13-14 0.952 -0.02 -2.97 – 2.93 0.925 0.39 -2.93 – 3.71 

gr. 15-18 0.908 0.28 -2.86 – 3.42 0.925 0.67 -2.26 – 3.60 
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)	�	��&E 38 Correlation coefficient (r) and Bland & Altman analysis (mean difference, limit of 

agreement) of difference equations Eq_skf50BMI_Dexa4C to predict body fat compared to 

BF_SKF50_4C for validated with survey (n=1438) cross validated with Develop (n=509) 
 validation cross validation 

 r mean 

difference 

Limit of 

agreement 

r mean 

difference 

limit of 

agreement 

male       

gr. 10-12 0.904 0.53 -4.58 – 5.64 0.937 1.23 -3.29 – 5.76 

gr. 13-14 0.847 0.64 -4.69 – 5.97 0.867 0.22 -5.19 – 5.63 

gr. 15-18 0.740 0.40 -4.89 – 5.68 0.774 -0.23 -5.16 – 4.69 

female       

gr. 10-12 0.960 -0.20 -3.07 – 2.67 0.968 0.53 -2.09 – 3.15 

gr. 13-14 0.952 -0.01 -2.96 – 2.94 0.925 0.40 -2.92 – 3.72 

gr. 15-18 0.908 0.29 -2.85 – 3.43 0.925 0.68 -2.25 – 3.61 
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)	�	��&E 39 Correlation coefficient (r) and Bland & Altman analysis (mean difference, limit of 

agreement) of difference equations Eq_skf50BMI to predict body fat compared to 

BF_DEXA for cross validated with Develop (n=509) 
 

 Eq_skf50BMI 

 r mean 

difference 

Limit of 

agreement 

male    

gr. 10-12 0.925 1.93 -7.01 – 10.87 

gr. 13-14 0.863 0.48 -9.61 – 10.57 

gr. 15-18 0.783 -0.35 -8.56 – 7.86 

female    

gr. 10-12 0.932 1.14 -5.61 – 7.89 

gr. 13-14 0.875 0.61 -7.21 – 8.44 

gr. 15-18 0.860 0.92 -5.87 – 7.72 
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)	�	��&E 40 Correlation coefficient (r) and Bland & Altman analysis (mean difference, limit of 

agreement) of difference equations Eq_skf50_4CBMI and Eq_skf50BMI_Dexa4C to predict 

body fat compared to BF_DEXA_4C for cross validated with Develop (n=509) 

 
 Eq_skf50_4CBMI Eq_skf50BMI_Dexa4C 

 r mean 

difference 

Limit of 

agreement 

r mean 

difference 

limit of 

agreement 

male       

gr. 10-12 0.925 1.08 -3.94 – 6.09 0.922 -0.09 -2.65 – 2.47 

gr. 13-14 0.863 0.27 -5.39 – 5.39 0.863 0.05 -2.33 – 2.43 

gr. 15-18 0.783 -0.20 -4.80 – 4.41 0.773 -0.03 -2.14 – 2.08 

female       

gr. 10-12 0.932 0.63 -3.15 – 4.42 0.935 0.08 -2.79 – 2.96 

gr. 13-14 0.875 0.33 -4.05 – 4.72 0.880 -0.05  -2.82 – 2.71 

gr. 15-18 0.860 0.51 -3.30 – 4.32 0.845 -0.09 -2.72 – 2.54 
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�
���� 41 ��
 BMI :!� Overweight ��; Obesity cut-off :!�  GBMI References &�
�' :!���H	
�
�@+� !
�� 10-18 �J  

 
 
	
�
���� 42 ��
 BMI :!� Overweight ��; Obesity cut-off :!�  GBMI References &�
�' :!���H	
����@+� !
�� 10-18 �J  

 
 
 
 

 Lohman IOTF CDC WHO 2007 THAI 1997 

AGE(Yr) Lower Uper Cole’s~25 Cole’s~30 P85 P97  +2SD  +3SD P50 P97  +2SD  +3SD 

10 15.30 21.00 19.80 24.00 19.30 23.70 21.40 26.07 16.20 21.60 21.90 24.80 

11 15.80 21.00 20.60 25.10 20.20 24.80 22.45 28.03 16.60 22.20 22.50 25.50 

12 16.00 22.00 21.20 26.00 21.00 26.00 23.58 29.96 17.00 22.60 22.90 25.90 

13 16.60 23.00 21.90 26.80 21.80 27.00 24.76 31.69 17.60 22.80 23.20 26.00 

14 17.50 24.50 22.60 27.60 22.60 27.80 25.92 33.08 18.20 23.00 23.30 25.80 

15 18.10 25.00 23.30 28.30 23.40 28.60 26.97 34.08 18.70 23.00 23.30 25.60 

16 18.50 26.50 23.90 28.90 24.20 29.30 27.88 34.75 19.20 23.10 23.40 25.50 

17 18.80 27.00 24.50 29.40 24.90 29.90 28.30 35.19 19.70 23.20 23.40 25.30 

18 19.00 27.80 25.00 30.00 25.70 30.60 29.24 35.43 20.10 23.30 23.50 25.20 

 Lohman IOTF CDC WHO 2007 THAI 1997 

AGE(Yr) Lower Uper Cole’s~25 Cole’s~30 P85 P97  +2SD  +3SD P50 P97  +2SD  +3SD 

10 16.60 23.50 19.90 24.10 20.00 24.50 22.57 28.38 16.10 22.20 22.60 25.80 

11 16.90 24.00 20.70 25.40 20.80 25.80 23.73 30.19 16.70 22.90 23.30 26.50 

12 16.90 24.50 21.70 26.70 21.70 27.10 24.97 31.91 17.40 23.40 23.70 26.90 

13 17.50 24.50 22.60 27.80 22.50 28.20 26.21 33.44 18.10 23.70 24.00 27.00 

14 17.50 25.00 23.30 28.60 23.30 29.30 27.32 34.66 18.70 23.80 24.10 26.90 

15 17.50 25.00 23.90 29.10 24.00 30.30 28.22 35.54 19.20 23.90 24.20 26.70 

16 17.50 25.00 24.40 29.40 24.70 31.30 28.87 36.07 19.50 23.90 24.10 26.50 

17 17.50 26.00 24.70 29.70 25.20 32.20 29.28 36.28 19.60 23.80 24.10 26.40 

18 18.00 27.30 25.00 30.00 25.70 33.00 29.52 36.28 19.70 23.80 24.10 26.30 
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)����	
� 43 ���� %Body fat C��#$��	��&E�<	�	��	����	� simple correlation ����,	�/,	 

BMI ��� %BF Eq3 C�� BMI reference ),	�� �&E cut-off �����),	�� 

 Lohman IOTF CDC WHO 2007 THAI 1997 

AGE(Yr) Lower Uper Cole’s~25 Cole’s~30 P85 P97  +2SD  +3SD P50 P97  +2SD  +3SD 

10 13.9 33.4 29.3 43.6 27.6 42.6 34.7 50.7 17.0 35.4 36.4 46.3 

11 15.6 33.4 32.0 47.4 30.6 46.3 38.3 57.4 18.4 37.5 38.5 48.7 

12 16.3 36.8 34.1 50.4 33.4 50.4 42.2 63.9 19.7 38.8 39.9 50.1 

13 11.7 28.2 25.4 37.9 25.1 38.5 32.7 50.5 14.3 27.7 28.7 35.9 

14 14.1 32.0 27.2 40.0 27.2 40.5 35.7 54.1 15.8 28.2 29.0 35.4 

15 9.8 21.3 18.5 26.9 18.6 27.4 24.6 36.6 10.8 18.0 18.5 22.3 

16 10.4 23.8 19.5 27.9 20.0 28.5 26.2 37.7 11.6 18.1 18.6 22.2 

17 10.9 24.7 20.5 28.7 21.2 29.5 26.9 38.4 12.4 18.3 18.6 21.8 

18 11.3 26.0 21.3 29.7 22.5 30.7 28.4 38.8 13.1 18.5 18.8 21.7 

��)� ��,��	� 10-12 Az %BF = -38.276+3.412*BMI 

 ��,��	� 13-14 Az %BF = -30.907+2.569*BMI 

 ��,��	� 15-18 Az %BF = -20.596+1.677*BMI 

 

)����	
� 44 ���� %Body fat C��#$��	��&E�<	�	��	����	� simple correlation ����,	�/,	 

BMI ��� %BF Eq_skf50 (3 age - group) C�� BMI reference ),	�� �&E cut-off �����),	�� 

��)� ��,��	� 10-12 Az %BF = -26.348+2.710*BMI 

 ��,��	� 13-14 Az %BF = -31.856+2.635*BMI 

 ��,��	� 15-18 Az %BF = -28.142+2.043*BMI 

 

 

 Lohman IOTF CDC WHO 2007 THAI 1997 

AGE(Yr) Lower Uper Cole’s~25 Cole’s~30 P85 P97  +2SD  +3SD P50 P97  +2SD  +3SD 

10 15.1 30.6 27.3 38.7 26.0 37.9 31.6 44.3 17.6 32.2 33.0 40.9 

11 16.5 30.6 29.5 41.7 28.4 40.9 34.5 49.6 18.6 33.8 34.6 42.8 

12 17.0 33.3 31.1 44.1 30.6 44.1 37.6 54.8 19.7 34.9 35.7 43.8 

13 11.9 28.7 25.9 38.8 25.6 39.3 33.4 51.6 14.5 28.2 29.3 36.7 

14 14.3 32.7 27.7 40.9 27.7 41.4 36.4 55.3 16.1 28.7 29.5 36.1 

15 8.8 22.9 19.5 29.7 19.7 30.3 27.0 41.5 10.1 18.8 19.5 24.2 

16 9.7 26.0 20.7 30.9 21.3 31.7 28.8 42.9 11.1 19.1 19.7 24.0 

17 10.3 27.0 21.9 31.9 22.7 32.9 29.7 43.8 12.1 19.3 19.7 23.5 

18 10.7 28.7 22.9 33.1 24.4 34.4 31.6 44.2 12.9 19.5 19.9 23.3 
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)����	
� 45 ���� %Body fat C��#$��	��&E�<	�	��	����	� simple correlation ����,	�/,	 

BMI ��� %BF Eq_skf50_4C C�� BMI reference ),	�� �&E cut-off �����),	�� 
 Lohman IOTF CDC WHO 2007 THAI 1997 

AGE(Yr) Lower Uper Cole’s~25 Cole’s~30 P85 P97  +2SD  +3SD P50 P97  +2SD  +3SD 

10 13.6 22.3 20.5 26.9 19.7 26.4 22.9 30.0 15.0 23.2 23.7 28.1 

11 14.4 22.3 21.7 28.5 21.1 28.1 24.5 33.0 15.6 24.1 24.6 29.1 

12 14.7 23.8 22.6 29.9 22.3 29.9 26.2 35.9 16.2 24.7 25.2 29.7 

13 11.8 21.3 19.7 26.9 19.5 27.2 23.9 34.1 13.3 21.0 21.6 25.7 

14 13.2 23.5 20.7 28.1 20.7 28.4 25.6 36.2 14.2 21.3 21.7 25.4 

15 10.1 18.0 16.1 21.8 16.2 22.1 20.3 28.4 10.8 15.7 16.1 18.7 

16 10.6 19.7 16.8 22.5 17.1 22.9 21.3 29.2 11.4 15.8 16.2 18.6 

17 10.9 20.3 17.4 23.1 17.9 23.6 21.8 29.7 11.9 16.0 16.2 18.4 

18 11.1 21.2 18.0 23.7 18.8 24.4 22.9 30.0 12.4 16.1 16.3 18.2 

 

��)� ��,��	� 10-12 Az %BF = -9.625+1.520*BMI 

 ��,��	� 13-14 Az %BF = -12.715+1.478*BMI 

 ��,��	� 15-18 Az %BF = -10.632+1.146*BMI 

 

)����	
� 46 ���� %Body fat C��#$��	��&E�<	�	��	����	� simple correlation ����,	�/,	 

BMI ��� %BF SLA TC C�� BMI reference ),	�� �&E cut-off �����),	�� 
 Lohman IOTF CDC WHO 2007 THAI 1997 

AGE(Yr) Lower Uper Cole’s~25 Cole’s~30 P85 P97  +2SD  +3SD P50 P97  +2SD  +3SD 

10 10.9 21.8 19.5 27.5 18.5 26.9 22.6 31.5 12.6 22.9 23.5 29.0 

11 11.9 21.8 21.0 29.6 20.3 29.0 24.6 35.2 13.4 24.1 24.7 30.4 

12 12.2 23.7 22.2 31.3 21.8 31.3 26.7 38.9 14.2 24.8 25.4 31.1 

13 10.2 21.0 19.1 27.4 18.9 27.7 23.9 35.6 11.8 20.6 21.3 26.0 

14 11.7 23.5 20.3 28.7 20.3 29.1 25.9 38.0 12.9 21.0 21.5 25.7 

15 9.6 17.7 15.7 21.5 15.8 21.9 20.0 28.3 10.3 15.3 15.7 18.4 

16 10.1 19.4 16.4 22.2 16.7 22.7 21.0 29.0 10.9 15.5 15.8 18.3 

17 10.4 20.0 17.1 22.8 17.6 23.4 21.5 29.6 11.5 15.6 15.8 18.0 

18 10.7 20.9 17.7 23.5 18.5 24.2 22.6 29.8 12.0 15.7 15.9 17.9 

 

��)� ��,��	� 10-12 Az %BF = -18.279+1.908*BMI 

 ��,��	� 13-14 Az %BF = -17.879+1.689*BMI 

 ��,��	� 15-18 Az %BF = -11.481+1.166*BMI 
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)����	
� 47 ���� %Body fat C��#$��	��&E�<	�	��	����	� simple correlation ����,	�/,	 

BMI ��� %BF SLA TS_W C�� BMI reference ),	�� �&E cut-off �����),	�� 

 

��)� ��,��	� 10-12 Az %BF = -23.818+2.344*BMI 

 ��,��	� 13-14 Az %BF = -22.254+1.972*BMI 

 ��,��	� 15-18 Az %BF = -20.090+1.612*BMI 

 

)����	
� 48 ���� %Body fat C��#$��	��&E�<	�	��	����	� simple correlation ����,	�/,	 

BMI ��� %BF SLA TS_B C�� BMI reference ),	�� �&E cut-off �����),	�� 

��)� ��,��	� 10-12 Az %BF = -5.410+1.189*BMI 

 ��,��	� 13-14 Az %BF = -6.829+1.104*BMI 

 ��,��	� 15-18 Az %BF = -4.349+0.816*BMI 

 

 Lohman IOTF CDC WHO 2007 THAI 1997 

AGE(Yr) Lower Uper Cole’s~25 Cole’s~30 P85 P97  +2SD  +3SD P50 P97  +2SD  +3SD 

10 12.0 25.4 22.6 32.4 21.4 31.7 26.3 37.3 14.2 26.8 27.5 34.3 

11 13.2 25.4 24.5 35.0 23.5 34.3 28.8 41.9 15.1 28.2 28.9 36.0 

12 13.7 27.8 25.9 37.1 25.4 37.1 31.5 46.4 16.0 29.2 29.9 36.9 

13 10.5 23.1 20.9 30.6 20.7 31.0 26.6 40.2 12.5 22.7 23.5 29.0 

14 12.3 26.1 22.3 32.2 22.3 32.6 28.9 43.0 13.6 23.1 23.7 28.6 

15 9.1 20.2 17.5 25.5 17.6 26.0 23.4 34.8 10.1 17.0 17.5 21.2 

16 9.7 22.6 18.4 26.5 18.9 27.1 24.9 35.9 10.9 17.1 17.6 21.0 

17 10.2 23.4 19.4 27.3 20.0 28.1 25.5 36.6 11.7 17.3 17.6 20.7 

18 10.5 24.7 20.2 28.3 21.3 29.2 27.0 37.0 12.3 17.5 17.8 20.5 

 Lohman IOTF CDC WHO 2007 THAI 1997 

AGE(Yr) Lower Uper Cole’s~25 Cole’s~30 P85 P97  +2SD  +3SD P50 P97  +2SD  +3SD 

10 10.5 24.4 21.5 31.8 20.3 31.0 25.4 36.8 12.7 25.9 26.6 33.7 

11 11.7 24.4 23.5 34.5 22.5 33.7 28.0 41.6 13.7 27.4 28.1 35.5 

12 12.2 26.9 24.9 36.7 24.4 36.7 30.8 46.4 14.7 28.4 29.1 36.4 

13 8.7 21.5 19.3 29.2 19.1 29.6 25.1 39.0 10.7 21.1 21.9 27.6 

14 10.5 24.6 20.7 30.8 20.7 31.2 27.4 41.8 11.9 21.5 22.1 27.2 

15 7.8 19.0 16.3 24.4 16.4 24.9 22.3 33.9 8.8 15.8 16.3 20.0 

16 8.4 21.5 17.2 25.4 17.7 26.1 23.7 35.0 9.6 15.9 16.4 19.9 

17 8.9 22.3 18.2 26.2 18.9 27.0 24.4 35.7 10.4 16.1 16.4 19.5 

18 9.2 23.6 19.0 27.2 20.2 28.2 26.0 36.1 11.0 16.3 16.6 19.4 
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)����	
� 49 ���� %Body fat C��#$���
��&E�<	�	��	����	� simple correlation ����,	�/,	 

BMI ��� %BF Eq3 C�� BMI reference ),	�� �&E cut-off �����),	�� 

 

��)� ��,��	� 10-12 Az %BF = -16.261+2.934*BMI 

 ��,��	� 13-14 Az %BF = -14.573+2.262*BMI 

 ��,��	� 15-18 Az %BF = -9.528+1.984*BMI 

 

)����	
� 50 ���� %Body fat C��#$���
��&E�<	�	��	����	� simple correlation ����,	�/,	  

BMI ��� %BF Eq_skf50 (all age group) C�� BMI reference ),	�� �&E cut-off �����),	�� 

 

��)� %BF = -14.205+2.222*BMI 

 

 

 Lohman IOTF CDC WHO 2007 THAI 1997 

AGE(Yr) Lower Uper Cole’s~25 Cole’s~30 P85 P97  +2SD  +3SD P50 P97  +2SD  +3SD 

10 23.5 40.0 31.4 41.4 31.6 42.4 37.8 51.7 22.3 36.9 37.8 45.5 

11 24.2 41.2 33.3 44.5 33.5 45.5 40.5 56.0 23.7 38.6 39.5 47.2 

12 24.2 42.4 35.7 47.7 35.7 48.6 43.5 60.1 25.4 39.8 40.5 48.1 

13 25.0 40.8 36.5 48.3 36.3 49.2 44.7 61.1 26.4 39.0 39.7 46.5 

14 25.0 42.0 38.1 50.1 38.1 51.7 47.2 63.8 27.7 39.3 39.9 46.3 

15 25.2 40.1 37.9 48.2 38.1 50.6 46.5 61.0 28.6 37.9 38.5 43.4 

16 25.2 40.1 38.9 48.8 39.5 52.6 47.8 62.0 29.2 37.9 38.3 43.0 

17 25.2 42.1 39.5 49.4 40.5 54.4 48.6 62.5 29.4 37.7 38.3 42.8 

18 26.2 44.6 40.1 50.0 41.5 55.9 49.0 62.5 29.6 37.7 38.3 42.7 

 Lohman IOTF CDC WHO 2007 THAI 1997 

AGE(Yr) Lower Uper Cole’s~25 Cole’s~30 P85 P97  +2SD  +3SD P50 P97  +2SD  +3SD 

10 22.7 38.0 30.0 39.3 30.2 40.2 35.9 48.9 21.6 35.1 36.0 43.1 

11 23.3 39.1 31.8 42.2 32.0 43.1 38.5 52.9 22.9 36.7 37.6 44.7 

12 23.3 40.2 34.0 45.1 34.0 46.0 41.3 56.7 24.5 37.8 38.5 45.6 

13 24.7 40.2 36.0 47.6 35.8 48.5 44.0 60.1 26.0 38.5 39.1 45.8 

14 24.7 41.3 37.6 49.3 37.6 50.9 46.5 62.8 27.3 38.7 39.3 45.6 

15 24.7 41.3 38.9 50.5 39.1 53.1 48.5 64.8 28.5 38.9 39.6 45.1 

16 24.7 41.3 40.0 51.1 40.7 55.3 49.9 65.9 29.1 38.9 39.3 44.7 

17 24.7 43.6 40.7 51.8 41.8 57.3 50.9 66.4 29.3 38.7 39.3 44.5 

18 25.8 46.5 41.3 52.5 42.9 59.1 51.4 66.4 29.6 38.7 39.3 44.2 
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)����	
� 51 ���� %Body fat C��#$���
��&E�<	�	��	����	� simple correlation ����,	�/,	 

BMI ��� %BF Eq_skf50_4C C�� BMI reference ),	�� �&E cut-off �����),	�� 

 

��)� %BF = -2.813+1.246*BMI 

 

)����	
� 52 ���� %Body fat C��#$���
��&E�<	�	��	����	� simple correlation ����,	�/,	 

BMI ��� %BF SLA TC C�� BMI reference ),	�� �&E cut-off �����),	�� 

 

��)� ��,��	� 10-12 Az %BF = -9.994+1.700*BMI 

 ��,��	� 13-14 Az %BF = -8.455+1.605*BMI 

 ��,��	� 15-18 Az %BF = -6.689+1.484*BMI 

 

 Lohman IOTF CDC WHO 2007 THAI 1997 

AGE(Yr) Lower Uper Cole’s~25 Cole’s~30 P85 P97  +2SD  +3SD P50 P97  +2SD  +3SD 

10 17.9 26.5 22.0 27.2 22.1 27.7 25.3 32.5 17.2 24.8 25.3 29.3 

11 18.2 27.1 23.0 28.8 23.1 29.3 26.8 34.8 18.0 25.7 26.2 30.2 

12 18.2 27.7 24.2 30.5 24.2 31.0 28.3 36.9 18.9 26.3 26.7 30.7 

13 19.0 27.7 25.3 31.8 25.2 32.3 29.8 38.9 19.7 26.7 27.1 30.8 

14 19.0 28.3 26.2 32.8 26.2 33.7 31.2 40.4 20.5 26.8 27.2 30.7 

15 19.0 28.3 27.0 33.4 27.1 34.9 32.3 41.5 21.1 27.0 27.3 30.5 

16 19.0 28.3 27.6 33.8 28.0 36.2 33.2 42.1 21.5 27.0 27.2 30.2 

17 19.0 29.6 28.0 34.2 28.6 37.3 33.7 42.4 21.6 26.8 27.2 30.1 

18 19.6 31.2 28.3 34.6 29.2 38.3 34.0 42.4 21.7 26.8 27.2 30.0 

 Lohman IOTF CDC WHO 2007 THAI 1997 

AGE(Yr) Lower Uper Cole’s~25 Cole’s~30 P85 P97  +2SD  +3SD P50 P97  +2SD  +3SD 

10 18.2 30.0 23.8 31.0 24.0 31.7 28.4 38.3 17.4 27.7 28.4 33.9 

11 18.7 30.8 25.2 33.2 25.4 33.9 30.3 41.3 18.4 28.9 29.6 35.1 

12 18.7 31.7 26.9 35.4 26.9 36.1 32.5 44.3 19.6 29.8 30.3 35.7 

13 19.6 30.9 27.8 36.2 27.7 36.8 33.6 45.2 20.6 29.6 30.1 34.9 

14 19.6 31.7 28.9 37.4 28.9 38.6 35.4 47.2 21.6 29.7 30.2 34.7 

15 19.3 30.4 28.8 36.5 28.9 38.3 35.2 46.1 21.8 28.8 29.2 32.9 

16 19.3 30.4 29.5 36.9 30.0 39.8 36.2 46.8 22.2 28.8 29.1 32.6 

17 19.3 31.9 30.0 37.4 30.7 41.1 36.8 47.2 22.4 28.6 29.1 32.5 

18 20.0 33.8 30.4 37.8 31.4 42.3 37.1 47.2 22.5 28.6 29.1 32.3 
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)����	
� 53 ���� %Body fat C��#$���
��&E�<	�	��	����	� simple correlation ����,	�/,	 

BMI ��� %BF SLA TS C�� BMI reference ),	�� �&E cut-off �����),	�� 

 

��)� ��,��	� 10-12 Az %BF = -15.920+2.017*BMI 

 ��,��	� 13-14 Az %BF = -14.224+1.938*BMI 

 ��,��	� 15-18 Az %BF = -10.700+1.749*BMI 

 

#�GE���� BMI cut off �&E#AB��	������	�	�#�
�#AB� 2 ����� ���#A�&��#�&������,	� BMI 

reference ),	�� /G�������&E 1 �	������	�	�#�
� (IOTF �&E >BMI~25,CDC > �&E P85, WHO 

2007 ��� THAI1997 �&E >+2SD) ����&E������&E 2 �	������ (IOTF �&E >BMI~30,CDC > �&E P97, 

WHO 2007 ��� THAI1997 �&E >+3SD) ���������&E 2 �������?���A�&E 72 �K� 73 

�	���A),	�� �����,	���#�%��,	 BMI reference C�� WHO2007 (�,�,	��#��	��� #�GE���	�

����������� %BF �&E���������	���,	 reference �GE�� �	� ����),��A�&E 75 ��� 93 K̂E��	�	�

���	��&E$�0�	�	�	�/,	 %BF �&E(�� adjust /,	 DEXA ?��?���#/&�����/,	�	� 4C ���� reference 

C�� WHO2007 �%������������������ %BF �&E/,��C�	����#�
�(A�<	�����	�#\j	������	��

����	�	�#�
�?���@� 2 #$� (/,	 BMI cut-off ������&E 2 ��G� obesity level ������ %BF = 30 ��� 

42.4 �<	����#�%��	� 18 Az ?�#$��	� ���#$���
� )	��<	���) 

 ?�#$��	� ����&� 3 References �&E#��G�/G� IOTF, CDC ���(�� ���&/,	?���#/&�����

?��,���	� 10 Az �),�&E�	� 18 Az IOTF ��� CDC ��A���	��	�/,	 %BF �&E#�
� 20% (23.7 ��� 

24.4 %BF �	� IOTF ��� CDC )	��<	���) C���&E Reference (��?��/,	A���	� 18.2 % 

�<	���� cut-off ������&E 2 ��� 16.3% �<	���� cut-off ������&E 1 

 Lohman IOTF CDC WHO 2007 THAI 1997 

AGE(Yr) Lower Uper Cole’s~25 Cole’s~30 P85 P97  +2SD  +3SD P50 P97  +2SD  +3SD 

10 17.6 31.5 24.2 32.7 24.4 33.5 29.6 41.3 16.6 28.9 29.7 36.1 

11 18.2 32.5 25.8 35.3 26.0 36.1 31.9 45.0 17.8 30.3 31.1 37.5 

12 18.2 33.5 27.8 37.9 27.8 38.7 34.4 48.4 19.2 31.3 31.9 38.3 

13 19.7 33.3 29.6 39.7 29.4 40.4 36.6 50.6 20.9 31.7 32.3 38.1 

14 19.7 34.2 30.9 41.2 30.9 42.6 38.7 52.9 22.0 31.9 32.5 37.9 

15 19.9 33.0 31.1 40.2 31.3 42.3 38.7 51.5 22.9 31.1 31.6 36.0 

16 19.9 33.0 32.0 40.7 32.5 44.0 39.8 52.4 23.4 31.1 31.5 35.6 

17 19.9 34.8 32.5 41.2 33.4 45.6 40.5 52.8 23.6 30.9 31.5 35.5 

18 20.8 37.0 33.0 41.8 34.2 47.0 40.9 52.8 23.8 30.9 31.5 35.3 
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 ?�#$���
����
E�#�%����#���,	 IOTF ��� CDC reference (�,#��	���?��?�#�%�(�� 

���A���	��	�#�&��#�,	 Body fat 34.6 ��� 38.3% �<	���� cut-off ������&E 2 ���#�G�� 30% 

(28.3 ��� 29.2 % )	��<	���) C��#�%��	� 18 Az ^KE��,	����	#�
�(A�<	�����	�#\j	������	��

����	�	�#�
� C���&E�	)�T	�(��#�&��#/&��A���	�/,	 27.2 ��� 30% �<	���� cut-off ������&E 

1 ��� 2 )	��<	��� 

 

3.5.3 ��-����89�:� 

 �	��K�-	�&@ �,��#��
�C������&EC	����, /G�/�	����$��!*C��/,	 BMI �&E?��#AB�#��U*A��#�
�

�	������ �������� % BF �<	?��'��?���	�	��$
�	��	#�G�� BMI cutoff �&E���/������� % BF �&E

��?� ��G�)	���)�A����/*C���),���	�^KE�#�G��(��#AB���	������ #�,� ����� % BF �&E#AB�#��U*

�	���������#��U*#)G���&E/��?�� % BF �&E)E<	��,	'�C���	��K�-	#$GE����	�/�	����$��!*C��

����� %BF �&EA���	��	��	����	��&E$�0�	CK@� ����������/
��&E�,	�	)�T	�����&����	��&E

$�0�	�	�#�G@��	)
�GE�^KE���/*�	���	�����������/*�	��	���GE�� ����<	?��?���	�(�,#��	���

����	�#\j	������	������	�	�#��?�#�%�(������&E��#)G��#�%�(A?�#�%� prepuberty �����	#�
�(A

?�#�%� post puberty C���&E�	)�T	� BMI for age �&E$�0�	�	�	��	��<	����	)�T	��	�

#��
�#)
��)�<	����#�%�(�� C�������	��� $.�. 2538 ���& cut-off �&E����������� %BF�&E�	� 18 

Az �&E���/����?���#/&���������� %Body fat cut-off �&E?��������,?�'��?��,�	���,	 reference �GE��

�����,	� 

����	��&@��/*/�	����#�&E�����AH����),	�� �&E#�&E��C�������,	�)���A��	��	�A��#�
�����

#�/�
/),	�� �	�#�/�
/C�@��������K�#�/�
/��,	��,	� �&E(��?��	��K�-	�&@���,��?���	�	��$�0�	

)���&@����&E�<	(A��,�	�?��?�������
�	��	!	���C 
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%Body fat ����#$�	�����&	'	�!	����	������	� BMI �� 
%BF Eq3 ��� BMI reference ��	�� ��� Obesity cut-off level ��� 1
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%Body fat ����#$�	�����&	'	�!	����	������	� BMI �� 
%BF Eq_SKF50 ��� BMI reference ��	�� ��� Obesity cut-off level ��� 2
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%Body fat ����#$�	�����&	'	�!	����	������	� BMI �� 
%BF Eq_SKF50_4C ��� BMI reference ��	�� ��� Obesity cut-off level ��� 1
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%Body fat ����#$�	�����&	'	�!	����	������	� BMI �� 
%BF SLA_TC ��� BMI reference ��	�� ��� Obesity cut-off level ��� 1
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%Body fat ����#$�	�����&	'	�!	����	������	� BMI �� 
%BF SLA_TS_W ��� BMI reference ��	�� ��� Obesity cut-off level ��� 1
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%Body fat ����#$�	�����&	'	�!	����	������	� BMI �� 
%BF SLA_TS_B ��� BMI reference ��	�� ��� Obesity cut-off level ��� 1
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%Body fat ����#$�*,�����&	'	�!	����	������	� BMI �� 
%BF Eq3 ��� BMI reference ��	�� ��� Obesity cut-off level ��� 1
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%Body fat ����#$�*,�����&	'	�!	����	������	� BMI �� 
%BF Eq_SKF50 (all age group) ��� BMI reference ��	�� ��� Obesity cut-off level ��� 1
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%Body fat ����#$�*,�����&	'	�!	����	������	� BMI �� 
%BF Eq_SKF50_4C ��� BMI reference ��	�� ��� Obesity cut-off level ��� 1
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%Body fat ����#$�*,�����&	'	�!	����	������	� BMI �� 
%BF SLA TC ��� BMI reference ��	�� ��� Obesity cut-off level ��� 1
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%Body fat ����#$�*,�����&	'	�!	����	������	� BMI �� 
%BF SLA TS ��� BMI reference ��	�� ��� Obesity cut-off level ��� 1
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4. �,&���&#�! #�!����.�"�;*, 

4.1 #���&�+��������%�&�"'��(���� 

 �������	��	�#/�GE��(���,	��	���@� 2 �� #�GE�#�&����� Actigraph (��/,	�&E������(�� �&

/�	��,	�),��	����� ��,	�(��%�& #�GE���	�#AB��	�����C�����#�� (self administration) �����@��	�

�<	(A?�� /��#����	�?��/<	����<	�	�����C����� ���)���#�%//�	�#AB�(A(��C���	�����C�����   

��)����,	� #�,� ����#��	?��	��<	�),���
��������/�������/,	���#+�&E���E�(A��G�(�, #$GE���

/�	�'
�$�	�C��C�����   

 

4.2 ���89�:�$�*�
*
=��$��,��&��&�#�!������������)(&"�����(����;����-(� 

�	��K�-	#������#�� $��,	?���@�����,��	������
� �	����#������#��?����-����@� 4 

��� #������#������� ��(��/,	/�	��	�	��?��	��<	�	�A�
�	�(C����,������ ����	�

�<	�	�(C�����@����C���,	��	�(�� ���?��/,	�	��<	�	� (R2) �&E?���#/&����� �),#�GE���	�#������

#���&E���?���������G� (WC4) #AB�#������#���&E'������	�	�����(���,	� ����&)<	���,��&E��,��� 

#C�	?��,	� �K��&C��#�������,	�,	��?��#AB�����&?��	�/�����������E�(A ��,	�(��%)	� �	�#AB�

�	��
���^KE�)����	�#A�&��#�&��/,	/�	��)�),	�C��#������#��?���,�A���	�� �%�	�$
�	��	���

/,	#������#�� �&E)<	���,��KE���	�����,	� lower rib ��� iliac crest K̂E�#AB��
!&�	��/��/�,(A���� 

�	��K�-	��)��#������#�� ���$
�	��	�,���������&�GE�� $��,	#�GE�?��/,	�@<	����),�

�,����� (#��U*��	��
�#�%�(��, $.�. 2542) #AB�#��U*?��	�/������#�%��&E�&AH��	����	�	�#�
� 

$��,	/,	#������#���&E$
�	��	�	�/,	�@<	����),��,������&@ ��(��/,	/�	�(������,	 �),/,	

/�	��<	#$	�)E<	��,	#�%����� #�GE�#�&������	�?��#��U*����&����	�C�� Cole ��G� ?��#��U*����

��(C����,	��	��&E�	���,	������ 25 ?��	�����	���,	������ 30 ?���
� 

�	��	��	��	��
���),	�� ?���,�'��?��, $��,	#������#���&E�&/,	�	�#�
�#��U*��	��
�C��

/�A�)
��E�(A #AB�����&�,�����	��������$� ^KE��<	(A��,�	��	��*#�
���/#�G@�����&E(�,)
�),� #�,�

��/#�	��	� ?��	��K�-	#������#��?���,�#�%��	� 10 – 18 Az ?�/��@��&@ �,��?��(����	�/,	#���

���#���&E�,	��?��#AB�����	�?��	�/������#�%�����,� �&E�&�	������	�	�#�
�  
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4.3 ���������������!����"��������(� SKF 

 ���	��&E?��?��	�A��#�
�(C����&E#��	������?��/,	�&E#�GE��G�(�� �	�)	�	��&E 19 (���)���

�K�-	)<	���,�����&E���)����������?��	/'��� �)  

 

 

Developed percent body fat (%BF) equations  from skinfold measurement 

compared to percent body fat from DEXA by Sum3 SKF criteria 

model %BF from DEXA R2 SEE 

male 

Sum3skf < 50 mm  3 age group 

 10 – 12 yr 17.274 + [(0.776 x Sum3skf) – (0.127 x height in cm)] 0.928 2.343 

 13 – 14 yr 13.398 + [(0.774 x Sum3skf) – (0.106 x height in cm)] 0.935 1.943 

 15 – 18 yr -19.207 + [(0.697 x Sum3skf) + (0.090 x height in cm)) 0.888 1.929 

Sum3skf >50 mm All age group 

 47.121 + [(0.214 x Sum3skf) - (0.155 x height in cm)] 0.611 2.332 

female   

Sum3skf < 50 mm  3 age group   

 10 – 12 yr -8.616+[(0.477 x Sum3skf)+(1.650 x BMI)-(0.298 x weight in kg)] 0.865 2.279 

 13 – 14 yr 0.073+[(0.358 x Sum3skf)+(0.712 x BMI)] 0.808 1.930 

 15 – 18 yr -3.422+[(0.439 x Sum3skf)+(0.759 x BMI)] 0.772 1.947 

Sum3skf < 50 mm All age group   

 - 5.077 + [(0.435 x Sum3skf) + (1.169 x BMI) – (0.13 x weight in kg)] 0.837 2.409 

Sum3skf >50 mm All age group   

 5.086 + [(0.311 x Sum3skf) + (0.596 x BMI)] 0.629 2.497 

Sum3skf = Sum skin fold of triceps, suprailiac oblique and calf in mm. 

 

#�GE���	�C�����#�)/,	/	�#/�GE����,	�#AB�����C��/,	 %BF �	�#/�GE�� DEXA ^KE����$��!*

�	������� %BF �	� 4C �K�/���&�	� adjust /,	 %BF �	�#/�GE�� DEXA �������	� 

 

 

 

 

% Body fat 4C = 5.156 + (0.561 * %BF DEXA) 
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4.4 �����%&����{�*
=��$�?*����������$ BMI for age ����(���!�������&�%Body fat 

�	�#�G�� BMI for Age Reference ���$
�	��	�	� cut-off �&E�&/�	����/������������ 

%Body fat ^KE�����<	?��?��?��	�A��#�
��	������	�	�#�
�?�#�%��	� 18 Az C���),��#$� K̂E�'�

�	��K�-	�&@#������?��$
�	��	�	�C�����/,	A���	��	�#A�&��#�&��% Body fat C�� /,	 BMI 

cut-off C�� Reference ),	�� ?�#$��	����#$���
� �	�)	�	��&E 45 ��� 51 )	��<	��� �	�

�	��K�-	�&@'���
����&/�	�#�%��,	 BMI for Age �	��	)�T	��	�#��
�#)
��)�<	����#�%�(�� C��

�����	��� ��������	!	���C  ��AH����� ($.�. 2538) �&/�	�#��	����&E��?��?��	�#\j	�����

�	������	�	�#�
�?�#�%�(��  

 

BMI for Age reference for Thai Children and Adolescents by MOPH 1997 
         

MALE FEMALE AGE(Yr) 
Median 1.5SD 2SD 3SD Median 1.5SD 2SD 3SD 

2 16.4 18.3 18.9 20.1 15.9 17.9 18.5 19.7 
3 16.0 18.0 18.7 20.1 15.7 17.8 18.5 19.9 
4 15.6 17.9 18.6 20.1 15.4 17.8 18.6 20.2 
5 15.3 18.0 18.8 20.5 15.2 17.9 18.8 20.7 
6 15.2 18.2 19.1 21.0 15.1 18.3 19.3 21.4 
7 15.3 18.5 19.6 21.8 15.1 18.7 19.9 22.4 
8 15.5 19.1 20.3 22.8 15.3 19.5 20.8 23.5 
9 15.8 19.8 21.1 23.8 15.6 20.2 21.7 24.7 
10 16.2 20.5 21.9 24.8 16.1 21.0 22.6 25.8 
11 16.6 21.0 22.5 25.5 16.7 21.7 23.3 26.5 
12 17.0 21.4 22.9 25.9 17.4 22.1 23.7 26.9 
13 17.6 21.8 23.2 26.0 18.1 22.5 24.0 27.0 
14 18.2 22.1 23.3 25.8 18.7 22.7 24.1 26.9 
15 18.7 22.2 23.3 25.6 19.2 23.0 24.2 26.7 
16 19.2 22.4 23.4 25.5 19.5 22.9 24.1 26.5 
17 19.7 22.5 23.4 25.3 19.6 23.0 24.1 26.4 
18 20.1 22.7 23.5 25.2 19.7 23.0 24.1 26.3 
19 20.4 22.8 23.6 25.2 19.8 23.1 24.1 26.2 
20 20.7 23.1 23.8 25.3 19.8 23.1 24.1 26.2 
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Body fat �&���8*�	
�	.����������� simple correlation �!'�(���(� BMI ��� %BF 

Eq_skf50_4C �&� BMI reference )(��� 	
� cut-off �!$��)(��� 

 Lohman IOTF CDC WHO 2007 THAI 1997 

AGE(Yr) Lower Uper Cole’s25 Cole’s30 P85 P97  +2SD  +3SD P50 P97  +2SD  +3SD 

10 13.6 22.3 20.5 26.9 19.7 26.4 22.9 30.0 15.0 23.2 23.7 28.1 

11 14.4 22.3 21.7 28.5 21.1 28.1 24.5 33.0 15.6 24.1 24.6 29.1 

12 14.7 23.8 22.6 29.9 22.3 29.9 26.2 35.9 16.2 24.7 25.2 29.7 

13 11.8 21.3 19.7 26.9 19.5 27.2 23.9 34.1 13.3 21.0 21.6 25.7 

14 13.2 23.5 20.7 28.1 20.7 28.4 25.6 36.2 14.2 21.3 21.7 25.4 

15 10.1 18.0 16.1 21.8 16.2 22.1 20.3 28.4 10.8 15.7 16.1 18.7 

16 10.6 19.7 16.8 22.5 17.1 22.9 21.3 29.2 11.4 15.8 16.2 18.6 

17 10.9 20.3 17.4 23.1 17.9 23.6 21.8 29.7 11.9 16.0 16.2 18.4 

18 11.1 21.2 18.0 23.7 18.8 24.4 22.9 30.0 12.4 16.1 16.3 18.2 

��)� ��,��	� 10-12 Az %BF = -9.625+1.520*BMI 

 ��,��	� 13-14 Az %BF = -12.715+1.478*BMI 

 ��,��	� 15-18 Az %BF = -10.632+1.146*BMI 

 

%Body fat �&���8'���	
�	.����������� simple correlation �!'�(���(� BMI ��� %BF 

Eq_skf50_4C �&� BMI reference )(��� 	
� cut-off �!$��)(�����)� 

 

%BF = -2.813+1.246*BMI 

 

 

 Lohman Cole's CDC WHO 2007 THAI 1997 

AGE(Yr) Lower Uper 25.0 30.0 P85 P97  +2SD  +3SD P50 P97  +2SD  +3SD 

10 17.9 26.5 22.0 27.2 22.1 27.7 25.3 32.5 17.2 24.8 25.3 29.3 

11 18.2 27.1 23.0 28.8 23.1 29.3 26.8 34.8 18.0 25.7 26.2 30.2 

12 18.2 27.7 24.2 30.5 24.2 31.0 28.3 36.9 18.9 26.3 26.7 30.7 

13 19.0 27.7 25.3 31.8 25.2 32.3 29.8 38.9 19.7 26.7 27.1 30.8 

14 19.0 28.3 26.2 32.8 26.2 33.7 31.2 40.4 20.5 26.8 27.2 30.7 

15 19.0 28.3 27.0 33.4 27.1 34.9 32.3 41.5 21.1 27.0 27.3 30.5 

16 19.0 28.3 27.6 33.8 28.0 36.2 33.2 42.1 21.5 27.0 27.2 30.2 

17 19.0 29.6 28.0 34.2 28.6 37.3 33.7 42.4 21.6 26.8 27.2 30.1 

18 19.6 31.2 28.3 34.6 29.2 38.3 34.0 42.4 21.7 26.8 27.2 30.0 
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5. ���	
�),&�������=�)(&"� 

 

5.1 #���&�+��������%�&�"'��(���� 

/�����&�	��
#/�	��*#$GE�?��(���	^KE�#��U*/���� (scoring) �	�	���<	(A?��?�#�
����	�

�
��	#$GE����������	�#/�GE��(���,	��	� #$GE��<	(A��,�	�?��/�	����?��#AB�(A)	�C������<	�	�

�	�����<	����	�����	�#/�GE��(���,	��	�?�#�%�  

 

5.2  ���89�:�$�*�
*
=��$��,��&��&� 

�	�$
�	��	/,	��)��#������#�� #$GE�?��#AB�����&/������#�%�(����@� /��(���&�	��K�-	

#$
E�#)
� �K�/�	����$��!*C��/,	#������#�������,	� ���/,	�	��&�#/�&?�#�G���&E'
�A�)
 ��G�/,	�,�

���������	$�,	��	��&E������ K̂E����,��?���	����/,	#������#�������,	� (A?��/������#�%�(��

��,	��&A���
�!
�	$ 

 

5.3 ���������������!����"��������(� SKF 

����,	�	��K�-	?�/��@��&@���	�	��$�0�	���	� �	��������,��C���,	��	� #$GE�A��#�
�

�����(C���?��,	��	�C��#�%�(��(��?���#/&������	�A��#�
�����#/�GE�� DEXA scan ^KE��&/,	?���,	�

�������&#+$	�?����$�	�	�?��,� (�,�&E��,� �<	?���	�	��?�����	��&E$�0�	CK@�?��	��<	���

�C�	$C��#�%�(��?������A���	����E�A��#��(�� �),��,	�(��%�& �	��	��K�-	/��@��&@$��,	 �&

C���<	������)����	��	��K�-	�
���C�@�),�(A/G� 

1. �	��K�-	�	�A��#�
�A�
�	�(C������� 4C ?�/��@��&@�<	������,�&E��,��	�A���	� 17 – 

18 Az ���?�/��	������	�	�A�)
 �<	?���&C������<	���?��	�?��A������ systematic 

error C��/,	����	�#/�GE�� DEXA scan �K�/���&�	��K�-	 4C ?���,�����GE�� ����	��

����	�	��GE�� ���#+$	���,	��
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�������)����	��	�\¥�\�?��	�?���A���*(�,�	���� �),���	��&E?�,�	?�#/�GE���	�(�,

#��	��������,�A���	��(�� �K�/��$�0�	���	��&E#��	�������	�?��/,	/�	�
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��)?�
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- #�,����#$GE�� ���$	�����	�
�C�� �
�����#�,��&�������Aj� ()�@��,	��
E�(�,        

                                  ���)	�#��������A� ����)������(A) 

- �
E�(�,��� ^,����� �),��/��@�#�,�(�,�	�  

- #C�	��� 8 �����,	 #/	�$!��	)
 �����)* 

;�',&���
�        -       ����#�&�����,��@� 5 A��)
�����,?���@�#�&�� �&#�
�#�&����	�?���E���� 

             $�� ��#�,����#��*��� ������*��� �&�
E������	�#�%�� 5-6 ��� �&�	����   

             �<	����	� ������)� ����G� ����E� �/����§<	  ?���E����#�)��	�& �� 

                          (���
E������	�?��,��	����<	��- �),�,�?��,�%��E�#�&��?�����#�&�� 

               -      �&$�� 2 /��@� #�&��/	� 2 #��%�����,���,	� �,��$����(A�
��@<	 

 �����
��������       �,�� 11 ���  

- �
�C�	� Ĝ@�C�� #�,����#$GE�� �&#�,����),	�C	#�&�� )&E��� A�	#AB�A�	 

       )	� (����)	���$��A�	#AB� )����
E� $��A�	)	��
E�(�,(��) ?��#��	 10 – 15  

        �	�& #��	#�,��%#��GE�� 

*(���(�            #�&���K� 4 ���#�%� $,��	���(A���,��	����$&E#�&@�� $,����	)�� 6 ���#�%� �,��  ��$,��% 

                         �	��@<	 �
E�#�,� ���AH�̈�����	� ���#$GE��?����,��	� �<	�	���	� �
�C�	� ���,?���	� �� 

                        TV �����, #C�	��� 3 �,� �	�����%(��#�,�/��$
�#)��* 

���'-$ 

  �&#�&���&E�
��	����	��
�A� #�&��)&C
� 2 ��E���� ?����#�	�* ( 9 – 11 )  
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��������  

- )GE� 6 ��� (A#�,�)�	�/�KE���E���� ������	�(A#�&��)&C
����$,�(A�,��&E���#�$ ����	���	� 

7 ���#��	 �����
�C�	�#�&E���&E�����/�  

- ������	��,����,�<	�	���	� �&^��'�	)	�'�	 ��	��	� #�%�$G@� ��	���	�?��#��	�	�)�@� 4 

��E���� �	��&�%(A#�&E��A���	��	�
)�*#����	�
)�* ��	��&E(A#�,� #������ �����)�*#C	

#C&�� 

- #C�	��� 3 �,� 

���&�	�)�  

- ���,��	�#�,����#$GE��#�,� #�,���	�#�%� #�,�/��$
�#)��* ��TV AH¨������	� �,��$,���,�<	�	�

��� 3 �,�/�KE� 

�&�	�&E#�,�    ���#��*��� ���*��� �,	��@<	 

�
������&E�<	#��	�,	�   �,	������G� #�,�/��$
�#)��* ���@<	)��(�� /����#$GE��  

�	���������	�$,� – ��,?������<	����	�   

- $,�$	(A�,	��@<	 ��G�$	(A�
E������	�)��#��	����	�
)�* 

 

 

2.    *%�& $.�.)�&��	� #������)��-�*�   

��A�,	� ����  �@<	���� 80 ��  ���  ^.�. 

#�
�        �	� 11 Az 6 #�G�� ��@� A.6  ���#�&��/�����&��0�	   #AB����/��&E 1  �	��<	���� 2 /�  

/���/���#�&E�� 

�	��&E�,��'��A�/���(�,?���,���	�?��#�&��#$&����,	�#�&�� 

 

�����
� 

�,��#C�	#�&�� - )GE� 6.00 �. 

-�	���#�&�����'��A�/����	�,�A���	� 15 �	�& 

- �<	#����	����� #�%����	),	� #A�&E���@<	��	��G� �<	�	�
)�*����� 3 /��@�/��� 

?�#��	#�&�� -#�
E�#�&�� 8.10 �.  

  -��E�#�&��?�����,�&�	�#�
�#�&����	� 

  -�&#�&���
�	$��K�-	 1 /��@�/��A�	�* #�&��/&)����(��#��GE���	� #$�	)���#)%��&E 

 -#�&�����	�	� �&#Ax����#�&��#�G����/��@� 2 /��@�  ����$
#�-#�&��)	��	� 
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$����	���� -�
�C�	�, �
����� �A�. �<	�	�A�����/���	��G�, �),�����, �,	������G� 

#�
�#�&��  -��'��A�/����	�����G���E����*(^�*�����	�������	� 

�����K���	� -�<	�	���	� �,	������G� ���(A#�,�C�	���� #�,� )&��� �������	� A���	� 20 �	�&  

����� )&��� �K� 5 ���/�KE��%$�  

  -�	�C�	�#�%�#��%�#�%����C�	�?����,, ���&�&, #�,�#�����$,���, #C�	��� 21.00 �. 

���'-$�*,� -)GE���� 8.00 �. 

  -���&�& )�@��),)GE���������K�#�&E��  

  -�
�C�	�#�&E�����(A��E�#�,����#$GE�� 

   -#�,�C	�C��, ����<	����	�����	�#�
�(A�	����,	�^�� 

  -#C�	���#�&E��/G� 

�	��������C��/���/���  #+�� 

�&�	�&E���     �
������&E�<	#��	�,	� 

1.����
�)��     1. ���&�& #�,�#��������� 

2.�	�#�)���    2.�,	������G� 

3.Ax�A��     3.��� 

      4.����	� 

      5.�������Aj�  40 �	�& 

#�,���#$�&�#�,�#+$	������� 

 

����),� 

1.    *%�& �$/�*���)�����  ��
$������-�   

��A�,	� ����  �@<	���� 69 ��  ��� 165 ^.�. 

#�
� 21 $./. 2533 �	� 14 Az 1 #�G�� ��@� �.2  ���#�&���	���	�
#-�   #AB����/��&E 1  �	��<	���� 3 

/�  

/���/���?��, ).�	�	�	  �.$�!��U�  �.�/�AT�  

*(�1�,����&�  

1.��	��	� (���	�&E) 15 �	�&/��� 

2.#�&@��������	� ?�������
�C�� 

3.��	��	�����	�(���	�&E) 

�����
� 

�,�� - )GE� 6.00 �.  #�,�#��, #�&@������  

-�	���#�&�� 7.00 � 
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-^������*#)��*(^/*��,(A���#�&��A���	� 15-20 �	�&  

-�������#�&����E������'��A�/���#$GE�� 

-�,�#C�	�������E�/�#�,����#$GE�� 

-#C�	��� 20 �	�& 

;�������
� -#�
E�#�&�� 8.10 �. 

  -�&�	�#�
�(A#�&���&E����),	�� #�GE������E���� ?��#��	 5-10 �	�& 

  - �
�	/�
)�	�)�* / �	-	(�� �,��?��,��E��)©�, ���	� 

 -��E����$� / �
E� / �	�  �
E������	� 1 ��� �	���
�	�/��@��� 10 �,	  

 - #�&���
�A �������#�&�� �	���A)��(�� 

���������� -\	�#$GE��^G@�C�	��	�
��&E����#�&�� 

  -#�,�`)�������	- (��#$GE��^G@�C�	�), ��E�`H�#$�� 

  -#�
E�#�&�� 12.10 �. 

������
�  -15.30 �. ������* �,	� 2 ��� 

  -#�,�`)���, (�,��� ��'��A�/���#$GE���	��� 1 �.�. 

����+9��,�� -�,��#�&@������, �,	������G�, �<	�	���	� 

  -���&�& ���  22.30 �. 

���'-$�*,� -)GE� 6.00 �. 

  -��	���	� ���(A#�,�#��/��$
�#)��*�&E��	���@���� 

 -�	�C�	��&E��	�#��#�� �	�����/,�,	� 3��� 

  -(A#�,�`)�����	������),�&#$GE�� 

  -^��#�G@�'�	)��#�� / ��,�&�?�� 

  -����	�
)�*)������)	�	�#�&�� 

  -��	��	� #)�����
���,�� / /����$&E�C�	���	� 

  -��� 5 �,� 

���������-��&���&����� 

 -#+�� 

 -^G@��A���*?����	C	� #�,� ���#��	, ���`)��� 

�
��	
�*&�     ��� 

1.`)���     1.),����  

2.�	�     2.�
E�(�,��� 

3.����
�)��     

4.Ax�A��      
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5.#A)�� 

 

2.     *%�& �$/�'	����)�  ������*����  

 ��A�,	� A�)
  �@<	���� 48 ��  ��� 162 ^.�. 

#�
� 1 !./. 2533 �	� 13 Az 6 #�G�� ��@� �.2  ���#�&���	���	�
#-�   #AB����/��&E 1  �	��<	��� 1 /�  

/���/���?��,   �.��	��A]�  �.�	���&  

�,��'��A�/����&E��	�  

1.�,��Aj	C	�'�(���&E��	� 

2.(#�	�*-�	�
)�*) $,��	����&E��$���&E���#�&�� ���,���#�&��A���<	 

3.��	��	�����	� 3 ��E����//��@�  

4.�����@<	?�,)��#�%� 15 �	�& 

5.�,��?��,��(�,/,��(���&���	�(A#�,���G��<	�
���������<	����	����/���/���#$�	�(�,��	�(A 

��	�/����$,���,�	���,	��G�#�,	#�)�	��*C���&E���,��$��?��$,���,`H��&��,	 

�����
� 

�,���	#�&�� - )GE� 5.45 �.  �	��@<	 6.30 �. �������&E���	��$�� 

-�	���#�&������	�#�
�����	���$�� 5-10 �	�&  #��	 7.15 �. #C�	����&E���#�&�� 

-�
��������	#�	!�  ������ �&#��	/����#$GE�� 1.30 ��E����  

 

?�#��	#�&�� -#�
E�#�&�� 8.10 �. 

-�&�
�	�	�#C&�����)���#�
�(A#�&���	������&E��@�5 (A#�&���&E�	/	�C�	��,	� #�GE����

��E���� ?��#��	 5-10 �	�& 

  - �
�	/�
)�	�)�* / �	-	(�� �,��?��,��E��)©�, ���	� 

 -��E����$� #�&��/ �
E� / ����&E������  1 ��E����/ ��A�	�* 

 - #�&���
�A� �������#�&�� �	���A)��(�� 

$����	���� -�	�C�	� 

  -(�,/,��(��#�,���G�����<	����	� 

  -#�
E�#�&�� 12.10 �. 

 

#�
�#�&��  -�,��?��,�������� #�,�����
�)�����#$GE�� A���	� 1-2 ��E���� (���/	�-

$������&) 

-�
�������$��?��#�%�#)�� Aerobic )��#�%� 17.00-18.00 �. �&/���<	#)��A���	� 1 

��E����  
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  -�	�/��@��&��#�&����� #�,� �̂	���� C�	��� ?�����#�&���
E������	� 1 ��� (�����* $! 

���*) 

�����K���$�� -���,�&E��$���&�&E#�&��$
#�-�&E��$�� �&�	�	��*�	����&E��$�� 

  -�	��@<	 �<	�	���	�  

  -���&�&�����#+$	�C,	� 10 �	�&  ���  . 

���'-$�����-&�	�)�  

-)GE� 7.30 �. 

  -�	��@<	+�	��	�	� 

 -11.00 �. �	�C�	�#�&E�� 

  -13.00-18.00 �,��?��,���, �
E�����<	����	� 

  -18.00 �. �	�C�	�����<	�	���	� 

  -����	�
)�* 

  -�<	�	���	� ?��#��	 2-3 ��E���� 

  -16.00-18.00 �. ����	��&E$��#�,����  

���������-��&���&����� 

 -#+�� 

�
��	
�*&�      

1.����
�)��      

2.Ax�A��      

3.#�,��
�#)�#�)           

      

������� 

 

1.    *%�& ����������*�  ��$��!����| 

	���"� 

#�
� 3 �
.�. 31 �	� 16 Az 1 #�G�� ��@� �.4  ���#�&���	���	�
#-�   #AB����/��&E 1  �	��<	���� 

2 /�  

/���/���#�&E�� ���,�&E  �.����,����  �.�����	/� 

�,���	���	�  

1. �,����	������� �<	���#������ ?��#��	 1 ��E���� ('�������������) 

2. �,��^��'�	C��)��#�� (^���G�) ?��#��	 20 �	�& ��A�	�*�� 3 /��@� 

3. (�,���&�& �),�	C�����?� internet 1½ ��E����/��� 
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2. �����
�    #�&�� 7 /	� #��	 4 �
�	  �,	� 3 �
�	 

�(&���
� - )GE���� 5.00 �. #)�&��)��/�	��@<	 + �
�C�	� 

- ����	���	� 6.00 �. �����#�&���	��� 

-?��#��	#�
��	���@���� 1 ��E����   

-�K����#�&�� 7.00 �. )����	���	��,	#�&��������G�(�, 

-#C�	��� 7.30 �.  �,��?��,(�,�&�
������&E����<	���?�)��#��	 

-�<	#�������$! �,��#C�	#�&��+����#C�	#�&�� ?��#��	A���	� 10 �	�&),���� 

*(����
� -�,��?��,��#AB��	���E�#�&�� �&�
�	�
��	�	�)�*���/��$
�#)��*�&E��)���#�
�(A

#�&��?��#��	A���	� 5 �	�& ?��	�#�
��	�(A#�&�� 

   -#�&��$�/ ��A�	�* (�,�&�	����*� ?���<	�
�����#��  

���������� -$���	�C�	� 12.10 – 13.10�.   

   -�,��?��,��E�#C&���	�?�����#�&�� 

������
�  -16.10 �. 

   -clear �
�	�&E#�&�� �,��?��,��#AB��	�#C&�� 

   -��A�	�*��KE� �	���#�,��	�#�)��� 2-3 /��@�),���A�	�* #�,�1/2 ��E���� 

   -���� 17.20 �. ����&��)���	��� ?��#��	#�
��	� 1 �.�. 

   -�K���	��	�C�	� �	��@<	 �<	�	���	�?��#��	 20.30 – 22.30 �. 

   -��� 23.00 �. 

���'-$ -)GE� 6.00 �. �	��@<	�),�)��  7.00 �. ����	���	� 

  -��E���)��(A#�&��$
#�- �&EAx¨�#���	 8.00 – 12.15 �. 

  -$���	�C�	� 45 �	�& (A#�&��),��&E ��$	�$���	�  #�
E�#�&�� 13.00 – 15.30 �. 

  -��E���������	�?��#��	��@�������  2 �.�. 

-**(�,#�,��&�	#��, �,��$,�C	�C�	����(�, 

-#C�	��� 24.00 �. 

���������-��&���&����� 

  -(�,(���,��#$�	�)���C	�C�	����(�,�,��'��A�/��� 

  -#��	�,	��,��?��,�����(A����	�#�&��$
#�-/ �<	�	���	� 

 

�
��	
�*&�      

1. �	�#�)���     

2. ���#��*���  

3. #)��#�&��* �&�#���* 
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2.   ��#1("�8�� �	�'��$�� �. &-�� 

	���"� 

�. 4 / 4     ���#�&���	���	�
#-�    

�	� 15 Az      �@<	����   49 �.�.      �,����� 169 ^.�.        ���/�#�&�� 

#AB����#�&��A���<	���,��$�����#�&��  $,���,��������� 2 �	�
)�* 

���	�&EA���<	�&E���#�&�� �,��#�%��<	/�	����	�?)���$�� ��	�$G@����)©�CK@� �
E�����<	����	�)	�/��#��  

�,��#��	)GE� 6 ���#��	 

#�&���A�����   �
�A� – /<	��� 

2.�����
�               #��	)GE� 6 ���#��	 �	��@<	 �),�)�� 

�(&���
�  -  �	���#�&�� 7 ���#��	�	����A���<	 ��	���(���&#��)����<	  

                                           1 �	�
)�*  ),�/��@� �&��	�$G@�#�%��)©� �<	#��A���	� 15 �	�& ��	(�, 

                                            �&#���%�<	�	���	��&E���(�,#��%� 

                                        -  #C�	��� 7 ��� 45 �	�& #/	�$!��	)
 �����)* ����#$���	�*�  

    �K� 8 ���   

 *��������
�    - ������&��E���� Home room �,��?��,��#�&��?������&�	� 

                                                    �
�	�&E#�
�#�&�� K̂E��	�/��@���)���C�	�)K� �),����#�&�����,��@� 1  

                                                  �%(�,�<	�	� ��E����$�� #�&�� 1 ��E���� / �	�
)�* #�&�������,	� 

                                                  �	�?�#������ #��� 2 #�&�� `)��� #����&E�&#�&��#����	� 

                                                 #/�GE��(���&�
E������	� 2 – 3 ��� ��E�`H��<	�	��	� 

               �������           $�� 12.10 �. – 13.10 �. �	��	�	���	���� ��E��,	������G� 

   *(���(�         -     #�&��),��K� 4 ��� ��	�&A�����%#�
� 5 ���  

- �&�	�#�&�� �.�. ��������* ���(�,���� ?�#�G�����;	/�)���(A     

#�&���&E/,	� �,���&@�&#�&��#+$	���-;&�&#+$	��,������������ /G��,�$&E

?���
E� 

 

'���������
�      -  ������$��#A�&E��#�G@�'�	�	#)��������� 5 ��� – 6 ���/�KE� 

          -  �	�C�	��&�	�A���� �����* $! ���*  �	��@<	 �<	�	���	�  

      ��TV ���� 1 �,� – 3 �,� #C�	��� 4 �,� 

 ���'-$ 

  ��������            (�,�&#�&��$
#�- #�
�#�,�(�,�&��(� 

���&�	�)�         #�&��$
#�-���/��#�� 3 – 4 ��E���� �),(�,��,��� �&�
�	�	-	(��  

                                                     �
��* �����),/�	�)����	�C�����#�&��  
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- )GE����)��#��	A���	� 8 ��� #$�	����,��	�	�#��	�	#�%� 

- #�&E���
�C�	�A���	� 11 ���/�KE�  

- #�
�#�,� ^G@�C���	� #�,��&�	)��#�%� 

- ���A���	� 4 – 5 �,� �	�/��@����/����#$GE�� 

��������,��  -  ���* 4 ���#�%�������	� �����,	�#�&�� �	�/��@�$
�$*�	��	� 

                          �	���������	�'��A�/���?��	�����<	����	�   $,� ��, (�, 

                         /,���&#��	 /�$,�)���(A),	�������� �	�/��@��� TV �	�� $,� 

                         ��(�,?��(A#�
�#�,� �,��?��,��/�������$,� ��, #�%�����	�
)�* 

                        A���	� 3 ���#�%�����#C�	�� ��	#C�	����	��ª��<	��-����� 

                         �
E������	� 2 – 3 ��� �	���,��$�� 2 Az���� �),#������	�� 

                            ��	�(A���,����� K̂E�����������	� 

�
��	
�*&���(�  -    1  `)���    2  �	�#�)���    3  #A)��    4 �,	��@<	 

                      �������	
�	.������(��   

1. ��	���#�,��	�#AB���E����  2.�� TV  3. ��E�/����#$GE�� 4. �
�C�� 

 5. �,	��	�*)��   6. #�,�#��/��$
�#)��*��(��#�,��&E��	�       

      



?��1��� � 

activity group code met  Activity 

/���)
� 1 05080 1.5  home activities, 

^�����)�& ��)�&(�� #�,�C
� 1 10070 2.5  music playing, 

�� cd �	�*)�� 1 13030 1.5  self care, 

���&�& 1 13030 1.5  self care, 

������ 1 13030 1.5  self care, 

#�
����AAx«� 1 11791 2  occupation, 

#�
�#�&�� 1 11792 3.3  occupation, 

#�
�#�,� 1 11792 3.3  occupation, 

#�
�#�,� $	����#�
�#�,� #�
�#�,����$,� ��, 1 11792 3.3  occupation, 

#�
���	� 1 11791 2  occupation, 

)�A�	 1     

�),��
�	� 1 13030 1.5  self care, 

�<	�	���
�	��
) 1 13036 1  self care, 

�<	�	���	� 1 13030 1.5  self care, 

#�&E����	� 1 11791 2  occupation, 

���$�� 1  0.9  inactivity 

������� ���$��',�� 1  0.9  inactivity 

��E�/� 1 13030 1.5  self care, 

��E�/����#$GE�� 1 13030 1.5  self care, 

��E�/������$�* 1 13030 1.5  self care, 

��E����&�& 1 13030 1.5  self care, 

��E����&�& ������ ���	�*)�� 1 13030 1.5  self care, 

��E�),��
§�^� 1 13030 1.5  self care, 

��E��<	�	���	� 1 13030 1.5  self care, 

��E�A���
-T*C��#�,� 1 13030 1.5  self care, 

��E�AH«��
��@<	��� 1 13030 1.5  self care, 

��E�`H�#$�� 1 13030 1.5  self care, 

��E�����#$�� 1 13030 1.5  self care, 

��E�#�,� 1 13030 1.5  self care, 

��E�#�,�#�� 1 13030 1.5  self care, 



��E�#�,�#���* #����� #�,��	�*� 1 13030 1.5  self care, 

��E�#�,�C	�C�� 1 13030 1.5  self care, 

��E�#�,�/�� 1 13030 1.5  self care, 

��E�#�,�/��$
�#)��* �
�#)��*#�%) 1 13030 1.5  self care, 

��E�#�,�)©�)	 #�,�C	�C�� 1 13030 1.5  self care, 

��E��	���A ���	��& 1 13030 1.5  self care, 

�,	������G� �	�*)�� 1 13030 1.5  self care, 

��E��,	������G� �,	��	�*)�� �����G�$
�$* 1 13030 1.5  self care, 

#�
�#�&E�� (A^G@�C�� (A)�	� (A#�&E�� ����Ax«� 1 11791 2  occupation, 

(A�<	�	���,����#$GE�� 1 13030 1.5  self care, 

$
#�-/�
) #�&��$
#�- 1 13030 1.5  self care, 

����#$�� 1 13030 1.5  self care, 

#�,�#�� 1 13030 1.5  self care, 

#�,�#��/��$
�#)��* 1 13030 1.5  self care, 

#Az���� 1 10070 2.5  music playing, 

#�,��
�#)��*#�) 1 13030 1.5  self care, 

�,	������G� 1 13030 1.5  self care, 

���),	�C	#�&�� 2 12020 7  running, 

��	���	� 2 05041 2.3  home activities,  

#�%��	� 2 05042 2.5  home activities, 

#�%��&E��� 2 05025 2.5  home activities, 

C	�C�� 2 21070 3  volunteer activities, 

��������(�� 2 21070 3  volunteer activities, 

�����	� 2 05026 3.5  home activities, 

�,������<	�	�	� 2 05050 2  home activities, 

�,��C	�C�� 2 21070 3  volunteer activities, 

�,��/��	��<	�	�	� 2 05050 2  home activities, 

�,���	�?���	� �,��C	�C�� �,���<	�	�	� ^��

#�G@�'�	 2 21070 3  volunteer activities, 

�,���)©��&� 2 21070 3  volunteer activities, 

�,���<	���C�	� 2 05050 2  home activities, 

�,���<	C�� 2 05050 2  home activities, 

#�%������ 2 05020 3  home activities, 



#�%����	),	� 2 05020 3  home activities, 

^��'�	 2 05070 2.3  home activities, 

���\]� 2 05010 3.3  home activities, 

)	�'�	 2 05070 2.3  home activities, 

����	� 2 05021 3.5  home activities, 

������ 2 05021 3.5  home activities, 

�<	���C�	� 2 05050 2  home activities, 

�<	/�	����	����� 2 05041 2.3  home activities,  

�<	#�� 2 05025 2.5  home activities, 

A���)��(�� 2 21016 2.5  volunteer activities, 

$��'�	 2 05070 2.3  home activities, 

$	��	�
E�#�,� 2 12020 7  running, 

���)©� 2     

���@<	)��(�� 2 11792 3.3  occupation, 

�&�'�	 2 05070 2.3  home activities, 

��	��	� 2 05041 2.3  home activities,  

��	������@<	 2 05021 3.5  home activities, 

#�&@������ 2 21016 2.5  volunteer activities, 

#�&@��A�	 2 05053 2.5  home activities, 

#�&@�����C 2 05053 2.5  home activities, 

����	���	����� 2 13030 1.5  self care, 

�&�	� 3 03015 6.5  dancing, 

����E� 3 21070 3  volunteer activities, 

#�,�)&)��$� 3 15135 5  sports, 

������#�G�� 3.1 15550 12  sports, 

������)� 3.1 15550 12  sports, 

�������	� 3.1 15135 5  sports, 

��	����� 3.1 05010 3.3  home activities, 

�	���
�	� 3.1 03015 6.5  dancing, 

C&E�����	� 3.1 01010 4  bicycling, 

C&E��	 3.1     

C&E��©)#)��* 3.1     

���C�� 3.1 13030 1.5  self care, 



��),�� 3.1 15100 12  sports, 

���/�#�,� 3.1 15135 5  sports, 

^,����� 3.1 15135 5  sports, 

),���� 3.1 15100 12  sports, 

)&E��� 3.1 12020 7  running, 

#)��#�&��* �&�#���* 3.1 03015 6.5  dancing, 

#)���<	 #)����©� 3.1 03031 4.5  dancing, 

#)�������
/ 3.1 03015 6.5  dancing, 

(),�	� 3.1 15300 4  sports, 

�������Aj� 3.1 12020 7  running, 

AH¨������	� 3.1 01015 8  bicycling, 

A	��� 3.1 15135 5  sports, 

�������� 3.1 15300 4  sports, 

������ 3.1 15135 5  sports, 

��#�&����� 3.1 12020 7  running, 

#�&�� �.�. 3.1 12020 7  running, 

#�,��������	� 3.1 15550 12  sports, 

#�,����),	�C	#�&�� 3.1 12020 7  running, 

#�,����C�� 3.1     

#�,���),�� 3.1 15100 12  sports, 

#�,�^,���	 3.1 15135 5  sports, 

#�,�^,����� ���
��	� �
E�#�,� 3.1 15135 5  sports, 

#�,�)&E��� 3.1 12020 7  running, 

#�,�#)�  3.1 12020 7  running, 

#�,��A��Aj� 3.1 12020 7  running, 

#�,�#�G�?� 3.1     

#�,��,	� 3.1 15135 5  sports, 

#�,��
E�#Az«�� 3.1 12020 7  running, 

#�,���	�#�%� 3.1 21010 2.5  volunteer activities, 

#�,��&�	`H�(C, 3.1 15135 5  sports, 

(�,��� 3.1 12020 7  running, 

�
E�#A�&@�� (�,��� )&E��� 3.1 12020 7  running, 

�
E�#Az«�� 3.1 12020 7  running, 



�������	 3.1 15734 10  sports, 

����
����� 3.1 12020 7  running, 

�������� 3.1 12020 7  running, 

���������� 3.1 12020 7  running, 

���������� (����������) 3.1 12020 7  running, 

���������������� 3.1 12020 7  running, 

������
�	 �
����
���� 3.1 15580 5  sports, 

���	�!�� 3.1 15550 12  sports, 

�"���
� 3.1 15300 4  sports, 

�
#�		��� 3.2 15733 6  sports, 

�
#�		$%��
�&� 3.2 15734 10  sports, 

���	'*&� 3.2 05041 2.3  home activities,  

����+ 3.2 15255 4.5  sports, 

�-/��
-9� 3.2 15734 10  sports, 

�-/�:;
���� 3.2 15050 6  sports, 

�-/��<��� 3.2 15690 8  sports, 

�-/��� 3.2 15050 6  sports, 

�-/�:�	������ 3.2 15030 4.5  sports,  

�-/��>���� 3.2 15660 4  sports, 

�-/������ 3.2     

�-/�+?���� 3.2 15610 7  sports, 

�-/�����@� 3.2     

�-/��������� 3.2 15300 4  sports, 

�-/����������� 3.2 15711 8  sports, 

�-/������&�� 3.2 18350 4  water activities, 

�-/�:A�	���� 3.2 15330 8  sports, 

:;
���� 3.2 15050 6  sports, 

�#�
%� 3.2     

�<�����	 3.2 15430 10  sports, 

�<��� 3.2 15690 8  sports, 

�������� 3.2 15050 6  sports, 

:�	������ 3.2 15030 4.5  sports,  

�������� 3.2 15150 5  sports, 



�>���� 3.2 15660 4  sports, 

����� 3.2     

�����&�� 3.2 15510 8  sports, 

'��BC�<�����	 3.2 15430 10  sports, 

'��BC�<��� 3.2 15675 7  sports, 

'��BC:�	������ 3.2 15030 4.5  sports,  

'��BC+D�	�� 3.2     

+D�	�� 3.2     

+?���� 3.2 15610 7  sports, 

+?����;��"�	 3.2 15210 9  sports, 

��� ����<� ������ 3.2 15100 12  sports, 

��	
����� 3.2 02130 3  conditioning exercise, 

����@� 3.2     

�������� 3.2 15300 4  sports, 

���	 �����&�� 3.2 15430 10  sports, 


���-& 3.2 15560 10  sports, 

����������� 3.2 15711 8  sports, 

�����&�� 3.2 18350 4  water activities, 

����:$�� 3.2 15734 10  sports, 

�����&��:$�� 3.2     

��E�; 3.2 15650 12  sports, 

+D��'��  13030 1.5  self care, 
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3.    ��
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�����.��/ ������������
��)                                                              ���� 
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�� 
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�!� 1 ��.�0�� 

 
 

    



 3 

 

 

 

  

 

 
 

3�-������
���	�1�������	
              3���+��������1
��	$!�2���� ���  ������  ���������
�/�%
���������'�(	 /�%0��1	��	�3�/$!�%1�����-
1��0  
                                               

1.     ��+�������2� / ��+�������4!���
!��3+    3�-��	�	�/1!2��3�/$!�%1���� 

           ��.��2#��� ����0� ��:��� �2-��� �2
��($2�          …......��.�0��……��#� 

           ��.���!��������$��( ����$��(��;$                             …...…��.�0��…….��#�  

           ��.���!��
� �
���� ��!�
��(�                                      ……...��.�0��........��#�  

           ��.�%<����� ��������                                       ….. ....��.�0��........��#� 

           ��.�)��8�                                                            …......��.�0��.......��#� 

           ��.���!�
������ ��.���!�$&=
$� ��!�7��7��                      ….......��.�0��........��#� 

           ��.�����2� �����)�                             ….......��.�0��.......��#� 

           ��.��&�
�����.��
������ -�����.��&�0#����#(                 …........��.�0��......��#� 

           #*�
������ ��#*����
��
�&!����.��                         …........��.�0��.......��#� 

           �!��-���)��  '$!���#��                                          ...........��.�0��......��#� 

            ����������                                                       ….........��.�0��......��#�  

           �<
���)$�)                                                        ….......��.�0��.......��#� 
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3.     ��+�����	��%��!� �����	����	
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����� Reliability of the load cell: weight in air of known weights 

Known 

Weight 

(kg) 

 

Trial 1 

(kg) 

 

Trial 2 

(kg) 

 

Trial 3 

(kg) 

 

Trial 4 

(kg) 

 

Trial 5 

(kg) 

 

Trial 6 

(kg) 

 

Trial 7 

(kg) 

 

Trial 8 

(kg) 

 

Trial 9 

(kg) 

 

Trial 10 

(kg) 

 

Mean+SD 

(kg) 

 

CV 

(%) 

 

Error 

(%) 

1.07 1.09 1.08 1.10 1.07 1.06 1.06 1.09 1.06 1.08 1.07 1.08+0.01 1.33 0.56 

2.03 2.05 2.03 2.02 2.04 2.05 2.05 2.02 2.01 2.04 2.04 2.04+0.01 0.70 0.25 

3.15 3.14 3.15 3.15 3.15 3.16 3.15 3.14 3.15 3.17 3.16 3.15+0.01 0.29 0.06 

4.11 4.09 4.12 4.10 4.12 4.11 4.11 4.12 4.12 4.11 4.11 4.11+0.01 0.24 0.02 

5.10 5.13 5.13 5.12 5.12 5.11 5.12 5.11 5.13 5.10 5.10 5.12+0.01 0.23 0.33 
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����� Reliability of UWW measurements in male subjects 

Subject 

(weight) 

(kg) 

Trial 1 

(kg) 

Trial 2 

(kg) 

Trial 3 

(kg) 

Trial 4 

(kg) 

Trial 5 

(kg) 

Trial 6 

(kg) 

Trial 7 

(kg) 

Trial 8 

(kg) 

Trial 9 

(kg) 

Trial 10 

(kg) 

Mean+SD 

(kg) 

CV 

(%) 

1. (73.00) 3.28 3.31 3.47 3.53 3.57 3.40 3.61 3.45 3.66 3.45 3.47+0.12 3.55 

2. (64.00) 3.45 3.26 3.55 3.69 3.71 3.71 3.72 3.73 3.73 3.60 3.62+0.16 4.31 

3. (59.50) 3.18 3.05 2.98 3.04 3.1 3.11 3.11 3.13 3.2 3.27 3.12+0.08 2.71 

4. (62.50) 2.14 2.13 2.13 2.16 2.20 2.24 2.28 2.32 2.35 2.39 2.23+0.10 4.34 

5. (71.10) 2.40 2.34 2.39 2.47 2.48 2.50 2.51 2.53 2.63 2.54 2.48+0.08 3.40 

6. (56.00) 2.20 2.21 2.09 2.18 2.21 2.40 2.43 2.31 2.20 2.25 2.25+0.10 4.62 

7. (54.70) 2.09 2.11 2.25 2.13 2.15 2.17 2.23 2.34 2.29 2.33 2.20+0.08 3.67 

8. (63.80) 2.60 2.56 2.60 2.61 2.70 2.74 2.85 2.85 2.75 2.70 2.70+0.10 3.84 
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2. 	�����"����	�����-��%����*&�$�&�F�:���q-���"�*�����?	<-�<����
*���"��� 1 ��������


3. F;% caliper "�-��
���P���"���<-�	��$�&����
����:"���<-�<����
*���"�����% �%����%

�
#��P 2 ����<- �������������������


Suprailiac oblique
1. ��	���:"����"�*� iliac crest �
#��P 1 ��&�

2. 	�����"����	�����-��%����*&�$�&�F�:���q-���"�*�����?	<-�<����
*���"��� 1 ��������


3. F;% caliper "�-��
���P���"���<-�	��$�&����
����:"���<-�<����
*���"�����% �%����%

�
#��P 2 ����<- �������������������


(U%����� Suprailiac straight @����-
�
����)



X

Calf
1. ��	���:"���	%��F�$�������
���P<-�F"H�<-�?	

2. 	�����"����	�����-��%����*&�$�&�F�:���
��"�*�����?	<-�<����
*���"��� 1 ��������


3. F;% caliper "�-��
���P���"���<-�	��$�&����
����:"���<-�<����
*���"�����% �%����%

�
#��P 2 ����<- �������������������
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(Actigraph CSA model 7164)

1. �"����?��
P��
���P���$�� �
���P$��������"
*��
#��
�

2. F����	��������%�����&��"
*������-/�<���&��
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��
����
-���<-����� percentile distribution  ;?	 Develop (n=509) 
#"���� %BF_EQ ��� % BF DEXA :�# % BF $�����
 Slougter ��
����I  

 

Male % BF DEXA % BF EQ3 %Bf_EqSKF50 %Bf_EqSKF50_4C % BF SLA_TC % BF SLA_TS_W % BF SLA_TS_B 

Age P3 P50 P97 P3 P50 P97 P3 P50 P97 P3 P50 P97 P3 P50 P97 P3 P50 P97 P3 P50 P97 

10 8.30 35.60 44.80 9.80 35.11 60.78 10.61 36.10 49.84 11.11 25.40 33.11 8.53 27.02 41.90 9.55 29.12 37.58 8.05 27.98 37.58 

11 9.88 26.80 42.44 11.20 24.43 52.99 9.36 26.60 47.94 10.40 20.08 32.04 9.55 18.75 40.13 9.88 21.87 37.77 8.38 20.37 37.77 

12 8.00 20.85 43.09 8.73 20.55 51.23 11.49 23.90 48.35 11.60 18.56 32.27 7.78 16.44 40.10 8.79 18.51 39.26 7.29 17.01 39.26 

13 6.66 17.50 41.34 9.54 15.89 49.72 5.35 16.91 41.15 8.16 14.64 28.24 9.51 14.30 39.62 8.76 14.15 40.76 6.96 12.35 40.76 

14 5.72 15.60 36.64 7.38 14.36 33.27 6.97 16.15 39.19 9.06 14.21 27.13 7.59 14.12 31.52 7.10 14.48 28.96 5.30 12.68 28.88 

15 6.40 16.20 31.10 8.11 17.77 28.63 6.01 14.22 27.54 8.53 13.13 20.60 8.90 14.71 27.83 8.22 13.46 29.75 6.92 12.16 29.75 

16 6.50 10.70 26.20 7.89 11.47 21.98 4.06 13.47 20.60 7.43 12.71 16.71 8.42 12.17 23.82 5.69 12.10 20.95 4.39 10.80 19.65 

17 7.00 11.55 32.60 8.93 12.03 31.98 5.46 13.33 30.50 8.22 12.63 22.26 8.97 13.31 33.49 7.77 14.51 33.15 6.47 13.21 33.15 

18 5.30 11.10 20.50 6.67 9.84 17.14 7.40 12.29 22.56 9.31 12.05 17.81 7.62 10.90 19.82 7.72 11.67 22.41 6.42 10.37 21.11 

Female % BF DEXA % BF EQ3 %Bf_EqSKF50 %Bf_EqSKF50_4C % BF SLA_TC % BF SLA_TS    

Age P3 P50 P97 P3 P50 P97 P3 P50 P97 P3 P50 P97 P3 P50 P97 P3 P50 P97    

10 13.50 38.10 44.90 15.44 37.53 47.84 14.65 36.49 51.28 13.37 25.61 33.91 12.60 29.77 37.00 11.89 30.42 39.84    

11 10.90 19.50 44.09 13.40 19.54 44.82 13.18 20.89 48.56 12.54 16.87 32.38 12.22 15.53 37.74 11.03 15.68 36.59    

12 12.97 23.60 39.68 14.71 23.62 42.63 15.85 24.15 43.45 14.04 18.69 29.52 12.53 19.19 33.67 11.42 19.97 30.67    

13 19.70 27.40 42.30 18.74 26.30 40.00 19.11 27.27 47.32 15.87 20.44 31.69 15.13 20.82 32.55 12.49 21.36 32.91    

14 16.52 30.20 45.19 17.77 29.58 45.80 18.21 29.16 44.93 15.37 21.50 30.35 14.22 22.79 38.52 13.90 23.23 35.10    

15 18.40 26.35 41.60 19.57 27.20 45.48 20.86 28.37 40.60 16.85 21.06 27.92 15.07 22.24 36.76 14.81 22.89 33.78    

16 21.90 29.00 37.20 21.01 30.28 40.55 20.78 30.39 43.02 16.80 22.19 29.28 16.90 23.72 32.06 17.57 25.02 33.94    

17 22.40 29.50 45.30 22.50 27.02 45.07 20.25 29.70 51.06 16.51 21.81 33.79 17.42 22.59 38.41 18.61 22.33 39.40    

18 15.30 29.50 42.40 17.86 28.03 43.75 21.33 28.90 46.83 17.12 21.36 31.41 14.34 22.33 36.36 14.71 22.69 36.24    

 



����
�� 	

��
����
-���<-����� percentile distribution  ;?	 Survey (n=1,433) 
#"���� %BF_EQ ���  % BF $�����
 Slougter :�#%BF �����
*��� BIA ��
����I  

 

 
Male SKF Eq50 SKF Eq50_4C SLA_TC SLA_TS_W SLA_TS_B Omron Tanita 

 Age P3 P50 P97 P3 P50 P97 P3 P50 P97 P3 P50 P97 P3 P50 P97 P3 P50 P97 P3 P50 P97 

 10 8.87 19.50 40.27 10.13 16.09 27.74 7.10 14.01 32.06 7.77 15.59 39.54 6.27 14.09 39.54 7.03 25.00 33.97 7.09 16.60 36.78 

 11 9.20 20.96 41.21 10.31 16.91 28.27 6.93 13.64 32.81 7.59 14.94 36.94 6.09 13.44 36.94 8.88 23.20 33.53 5.00 14.10 32.37 
12 11.29 20.64 41.89 11.48 16.73 28.65 6.98 13.46 34.21 7.64 14.21 35.78 6.14 12.71 35.78 11.30 20.40 32.13 5.00 12.05 32.08  
13 5.99 15.14 34.06 8.51 13.64 24.26 7.32 11.77 29.59 6.69 11.60 32.71 4.89 9.80 32.71 9.82 17.75 28.48 5.00 11.35 27.22 

 14 5.84 15.45 35.23 8.43 13.82 24.91 7.12 11.22 27.86 7.51 11.72 29.93 5.71 9.92 29.93 9.33 16.80 28.33 5.00 9.90 27.55 
 15 3.06 10.20 24.39 6.87 10.87 18.84 7.10 10.56 25.45 5.66 9.38 27.88 4.36 8.08 27.21 9.19 16.40 25.66 5.00 9.70 25.92 
 16 4.27 11.59 24.09 7.55 11.65 18.67 6.85 10.63 23.78 5.65 10.07 24.88 4.35 8.77 23.58 7.19 15.75 25.01 5.00 9.20 21.86 

17 5.18 10.72 22.85 8.06 11.17 17.97 6.76 9.97 23.20 6.36 9.82 26.70 5.06 8.52 26.30 6.61 13.80 24.30 5.00 10.10 19.73  
18 5.07 14.30 24.43 8.00 13.17 18.86 6.86 10.22 22.43 6.27 11.74 23.60 4.97 10.44 22.30 8.30 14.90 25.10 5.00 12.25 21.05 

 
Female SKF Eq50 SKF Eq50_4C SLA_TC SLA_TS Omron Tanita    

 Age P3 P50 P97 P3 P50 P97 P3 P50 P97 P3 P50 P97 P3 P50 P97 P3 P50 P97    
 10 14.89 22.88 42.29 13.50 17.98 28.87 11.87 18.67 38.73 10.78 17.99 40.88 5.48 19.80 33.77 10.63 18.35 38.35    

 11 15.33 23.50 43.11 13.75 18.33 29.33 11.07 18.00 37.09 9.11 17.40 37.91 6.84 18.30 34.26 9.98 18.20 37.70    
12 14.86 26.19 42.14 13.48 19.84 28.78 12.43 20.62 35.38 10.65 21.47 36.02 6.06 21.70 32.99 9.65 21.40 36.41     
13 16.03 28.60 44.75 14.14 21.19 30.25 12.58 22.35 39.35 10.95 22.71 41.45 9.19 23.35 33.93 10.90 22.85 38.66    

 14 18.03 29.93 43.42 15.27 21.94 29.50 14.60 23.31 35.39 12.37 23.29 37.79 13.84 24.60 34.12 12.59 24.00 36.80    
 15 18.48 30.01 42.84 15.51 21.98 29.18 15.18 22.00 37.76 14.34 23.65 39.60 13.59 24.80 32.70 13.04 25.00 37.00    
 16 20.10 30.56 44.26 16.42 22.29 29.97 14.77 22.65 36.43 13.05 22.52 39.01 15.49 24.50 33.61 14.79 25.10 35.96    

17 20.37 28.97 41.54 16.58 21.40 28.45 14.82 21.27 37.67 15.98 23.26 37.16 16.89 23.75 32.47 15.89 24.60 34.21     
18 20.98 29.78 45.05 16.92 21.85 30.42 15.00 21.91 34.95 15.87 23.78 37.53 14.43 23.10 34.97 17.17 25.30 35.98    
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