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�®°¦ºº¯�¶º#zº-��¾¦±ºº�ºº´¯�bº���Zº]�¾¦±ººº�º´¯�Áz��À Z³±�ÁÂ z-�Â®
�±¦� zdº�À]�¾¦±ºº�ºº´¯�bº���À Zºº³±�ÁÂ z-�°®�±Â° º�ºXd�¦�Â� ¾´�ºXd�¦
�Ä° Zº¯¡�· Zºp«�±¦�» Èºds¦�²º¿¦� Zºº¯¦� �®º]�¾¦±º�º´¯�Áz��À Z³±�ÁÂ z-
�°®��� ÑÔ�Ó�zº ³�ÐÍ�¶º�«Z�¯�®°ººº¯�ÄZ·¶³º°³�ª§°®��® º^³�°¦®¾´�¯
�Á®Âvººp¯�°®��� ÎÖ�Î�� zºº ³�ÎÏ�Â� vººº³®º]�¾ Zº¯z³�BMD�Á®Âvºp¯
�Â�¾ Zºº¯z³�BMD�� Zººº·¾³¦Â¦z��²º¿¦�� v´dº�¦®�Ä Zºk�¦ºÀcÂz�ºXdº�¦
���ÎÑ�Õ�� ÑÂ��ÒÎ�Ö�ÎÑ¾¦±º�º´¯Áz��À Z³±°®�\Àczc¶]��±Â°º�ºXd�¦

�� � ®º]���ÏÏ�Ï�� ÕÂ��� ÑÑ�Ñ�� ÎÓ¾¦±º�º´¯�b���À Z³±°®�Â
±g²g³µ´ ¶¸· ¹�º »½¼ ¾p¿ À�Á Â½Ã Ä ÅµÆÈÇ+ÉËÊÍÌÎÊ$Ï�Ð Ñ Ò ÓÕÔ ÖØ×

 Ù Ú½Û Ü`Ý Þ�ßpàâá  ã äØå æ ç èêé ë ì�íîì+ï;ð ñóòõô ö$÷ ø�ù  ú û+ü ý þêÿ ���������	� 
������� ���  ���	��� ��� 
 ÒÎ�ÍÕ�t�� Ñ�ÔÕ  ÒÎ�ÓÖ�t�� Ò�ÏÔ  ÒÍ�ÎÏ�t�� Ð�ÖÏ  �����  "! #%$

� ÔÍ�ÎÕ�t�� ÎÍ�ÕÑ � ÓÖ�ÐÏ�t�� ÎÎ�ÍÓ � ÔÎ�ÏÔ�t�� ÎÍ�ÔÍ  & kg ')(+*�,
� ÎÒÖ�ÍÏ�t�� Ñ�ÕÔ � ÎÒÕ�ÐÒ�t�� Ñ�ÖÎ � ÎÒÖ�ÕÖ�t�� Ð�ÔÖ  & cm ' -/.
� ÏÔ�ÔÓ�t�� Ñ�ÏÍ � ÏÕ�ÍÒ�t�� Ñ�ÎÑ � ÏÔ�ÑÍ�t�� Ñ�ÐÑ

� � � 0 BMD

� Î�ÎÍÖ�tÍ�ÏÎÏ � Î�ÎÍÔ�tÍ�ÎÖÑ � Î�ÎÍÖ�tÍ�ÏÐÔ L1-L4 1 2 354 687�9
� Í�ÖÑÏ�tÍ�ÎÒÍ � Í�ÖÏÕ�tÍ�ÎÐÐ � Í�ÖÓÍ�tÍ�ÎÔÍ :�;�<>=@?BA�68C

All differences by T test were not significant (P>0.05)

 D EGF	E�H�I JLK�M�N O PRQ�S�TVU W�X WHO Y Z [�\�] ^ _ ` a bdc�e fhgGi jlk monqp L1-L4 r s t u vxwzy { BMD |~} ������� �����"�h� �����	� ���l���8���l� � ���V� �h�G� �������� �¡ ¢x£ ¤ ¥ ¦@§ ¨�©
 ª «�¬ )®°¯�±>²°³  ª ¬/«  ´ µ�¶ ·�¸�¹�¸�º¼»�½¿¾�¹lÀ�Á Â�·  Ã Ä�Å Æ ´ µ�¶ ·�¸�¹�¸�º	»�Ç�È�¹�À�Á Â�·  É8Ê¼Ë�Ì¼Í
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P value by chi-square = 0.459
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�°ZºÀ�¯�Â� BMD²ºÀ]�¶ Zº^c°¦�Ä ºldºº�k�¶�«Z�¯�²¿¦�» v·�²¿zd°¸¯
��bº�¦�Á® ºº]�¾ºº�°z]�®°º¯�¶«Z��ÒÒ�Zc�ÑÒ�À Z³±� BMI�Z¿�¾³v]�Á®ºc
�¶ºÀoZ³�Â®� ¦ºÀ¨ c�¶ºº]�¶�«Z�¯�®°º¯�À Z³±� ¶³º°³�ª§�°®�¶ Z^c°¦�²¿¦
�Â  L1-L4Äz°§�Ä Z·Áz¸¯��À¦ºtd�¦�Ä zd¯ºdÀ�³¦®� ¾]Z¿±°¦�°®� ®¸¯
��Î��°¦®ºº°³�°®�À ºº�zÀ��¾.dº�^°·�±¦�Á® Z dº�¦� Zºº]�Â� �°º°��À®z-
�¾.dº�^°·�\º¿z��z¿®Zº¤¯��¸ºº°l¯�°®�� bºº�¦�Á v��Á®¦®� �¿Z°³
�Zº]�®ºº]�zºº]¦z] L1-L4¶ÀoZ³�°®� BMI�Â  BMD¶Z^c°¦�Ä¦ z]�Àº�zÀ�
�¶ºÀoZ³�BMD�Zº]�¶ Zº^c°¦�°®�°¦ vºº¤¯�²¿¦�Â  �P= 0.026�� r = Í�ÐÎÒ
�z¿®Zº¤¯�¶º§��®ºº] �P= 0.036�� r = Í�ÏÖÔ�¾® Zº�¯�°ººº°��À®z-
�BMD�²À]�°¦®¾´�¯�Z¯¦�¾^�³�¶ Z^c°¦�±¦� b¿Z¨o�¾.d�^°·�\¿z�
�ÀZºº³±�ÁÂ zºº-�Â®� ²ººÀ]�¶ Zºº^c°¦�²ººº¿¦�¶º�¿Z¤¯�Zº]��bº�¦®� BMI�Â
� �¶Zºº^c°¦�²ºº¿¦�¶§�v¿®z-��t�¯��¾¦±º�º´¯�b���Â�¾¦± º�º´¯Áz�

�
�
�
�

�
�
�
�

�/� � ��� ��� �����  L1-L4 ����� �����(� �����_ ¢¡(£  BMD ¤ ¥ ¦�§ ¨(©�ª « ¨(©�¬®�¯
� °r±³²�´ µ ¶ ·¸/¹�¶º°r²»´ ¼ ½�½ ´ ¾ ¿�À Á(Â BMI ÃoÄtÂ Å ÆtÇ È É

�À Zººººº³±�°®� Zººº¯¦�°¦®¾º´�¯�¾¦±ºº�ºººººººº´¯�bº���À Zº³±�ÁÂ zº-�°®
�\º¿z��z¿®Z¤¯�¶§�\Àczc�²¿v]��®º^³�°¦®¾´�¯�¶ Z^c°¦�¾¦± º�º´¯Áz�
�L1-L4�¶ÀoZ³�°®� BMI�Â  BMD�²À]�¶ Z^c°¦�°®�À º�zÀ��¾.d�^°·
�bººº���À Zº³±�°®�Â�� P� 0.300�� r � Í�ÏÐÎ�¾¦±ºº�ºº´¯Áz��À Zº³±�°®
�°®� z¿®Zº¤¯�²ºº¿¦�¶§¾«Zo�°®��® º]��P� 0.034�� r Í�ÑÍÏ�¾¦±º�º´¯
�r Í�ÐÔÓÂ�� P� 0.270�� r Í�ÏÑÓ��\Àczc¶ººº]�°ºº°��À®zº-�¶ºÀoZ³

� �®º]��P 0.049�
�¾zdº´§�Â�¶ Zº^c°¦�²ºº¿¦�z]�°¦x-zÀgPc�Ä Z·zÀ�d¯�z¿Z��À®z§�· Zp«�Z]
�²º¿¦�© vº��°®� ¾c¦zÀººÀ�c��¶³Z-v´#�ÀºÀ�z-°� |À«Z³¡�\«Z£�°®  Z¸³¡
�©v¯�Â� ²���Adjustment��¾ zd´§�Z]��¾Zoz·¶]��v��® Zl¿¦�¶ Z^c°¦

� z¿®Zºº¤¯�±¦� ¾.dºº�^°·�\ºº¿¦z���±ººº�ºº´¯�±¦�Á vº��Äz�º��À Zº¯±
 °®�\Àczc¶]�BMI�Â  BMD�¶Z^c°¦�Ä¦ z]�r = Í�ÏÖÔ�Â� r = Í�ÐÎÒ�
�¶º³Z-vº´#�ÀºÀº�z-°�\º¿¦z��z¿®Zº¤¯�¶º]��°ººº°��À®z-�ÂL1-L4

�±¦�b¿Zº¨o�¶ºd�Z¿�²º¿¦��b�Zº¿�zÀºÀ�c R = Í�ÐÔÓ�Â  R = Í�ÑÍÏ
�zÀgPc�Â� BMD�Z]�±º�º´¯�©v¯�Â� ²��b^�³�¶]�BMI�zcÄº£�¶ Z^c°¦
�©vº��zº]�±ºº�ºº´¯�©vº¯�Â� ²ºº��Áv´´§�³Âvt¯�Ä Z·zÀ�d¯�|À#Z³
�bº�¦®� ¶ºkºc�v¿Zºº]�¶d¨³�²¿¦�¶]�¶d^«¦��b�¦®� BMI�Â� BMD�¶�]¦°
�Äz�ºº��À Z¯±�© v¯�|À³�Â��¾ Z��ÒÒZc�ÑÒ��²��©¦zÀÀ�c�Á®Âvp¯�¶§
�ªÀ¬pc�À¦ºd]�Zc�®º^³�Á®zd�-�°v¤³¡� z�Zo�¶³º°³�°®�± º�º´¯�±¦�Á v�
�BMI�Â� BMD²ºÀ]�¶ Zºº^c°¦�© v��z]�Z·°ºd§Z��²¿¦�zÀgPc�±¦� ¾d�°®
�³Â°¶ºº]�¶ººº³Z-vº´#�ÀºÀº�z-°� |À«Zº³¡� �Ð��¾Âvºk�°®��®¦®� ¶º¿¦°¦
�³Âvt¯�Ä Z·zÀ�d¯�²¿¦�zÀgPc�¾�°z]�b¸k�� Stepwise��Ä¦ ¶¬oz¯
�� �b�¦�Á v��Á®¦® �ÀZ�³�BMI�Â� BMD�²À]�¶�]¦°�© v��z] Áv´´§

ÊrËÍÌ�Î ÏÑÐ�Ì�Ò/ÓÔ�ÓÕ�Ö × ØÚÙÑÛ ÜÞÝ ß àMá�á	â ãåä æÚçéè êìë ílî/ïð�ñòë ó ô!õ�öT÷ ø8ù�ú�÷ û�ü/ý�þ ÿ���� ����� 	�
��������������	�� �����! " #%$ & ')(+*,
� -/./0!1 2�3%4658763%9%1 :<;�5=4 BMD > ? BMI @BA�?

C8D6EFD6G�HJI KL8M�N�OQP R SUTVM�N�O�P R
Beta r W%X�Y=Z Beta r W%X�Y=Z

R [�\�]�^`_�a�bc d�e�f g�hi�j k
l�m�npo�qr

s t�u�v`w�x�y z�{
|~}��

� � � �=�Q� � � � �=���
P= � � ����

� � � �=��� � � � �����
P= � � �/�=�

� � �����
P= � � �����

� � �����
P= � � ����� L1-L4

� � � �Q�8� � � � �/���
P= � � ����

� � � ����� � � � ���6�
P= � � � �8�

� � �=�p�
P= � � ���6�

� � �6�8�
P= � � �~�p�

�8�6�+ �¡%¢6£�¤

� ¥ �6¦~��§�¨%©«ª¬¨�)®U¯±°³² ´�£�µ�¶~·�¨%¸)£�·�§�¹«² º » ¼ ½8¾�¿F¾6À�ÁJÂ�ÃÁ�Ä)ÅUÆÈÇ±É Ê�Ë�Ì�ÍFÎ�Á Ï Adjustment Ð�Ñ)Ò�Ó�Ô�Õ�Ö�×pØÙ Ú

 

BMI 

r L1-L4 = 0.315
(p = 0.026)
r FN = 0.297
(p = 0.036)
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�¶º§�®®zºº-¾¯�¶�oÈ¯��®¿¦Á®¦®�À Z�³��Ð��¾Âvk�°®� ¶§�¶³º.³Z°·
�²��b^º�³�¶º]�BMI��¾º�°z]�®°ººº¯�¶«Z��ÒÒ�Zc�ÑÒ�À Z³±� ¶³º°³�°®
��Predictor��Á vºº´´§�¾¿º.�À��� ±º�º´¯�±¦�Á v��Äz���À Z¯±�©v¯Â

� �b�¦�Á® º] BMDÄ¦z]�ÄzººººcÄº£
�

fp]
� BMI²ººÀ]�¶ Z^c°¦�¾ Z^³®¶]�Z¯�¶�«Z�¯�²¿¦�°®� v��Á° Z�¦�¶§�¶³º.³Z°·
�© Zº�«Z�¯ �®º¿¦Á®º]�¾¦±ºº�ººº´¯�Äz��À Z³±�±¦�Ä¦ ¶³º°³�°®�  BMDÂ
�¶dÀº�³¦®� Zº]�Àvº]�¾º]z#�Á®ººc�Â  BMI²À]�¶ Z^c°¦�±¦� ¾§Zo�®v�d¯
�|Àº³�¦º¿Þººº«ºÀ¯vÀ�¦�© Z�«Z�¯�¾��°®�� � � � � � � � ��� �v³¦Á®º]�¾³¦ºtd�¦
�°®�Á vº´´§�b��Zp¯�°ºd§Z��¦¿�À¦º´�¶]�¾£Z#�¶§�Áv��Á®¦®�À Z�³
�¾¯Zºº°c�°®� Z¸º´c�¶º³�¶ Zº^c°¦�²º¿¦ �  !#" $ %�& 'bº�¦�±Â° ºº�ºXdº�¦�zº]¦z]
�© Zº^g¦��¾¦± ºº�ºº´¯�bºº���Â�Ä z���Áz���À Z³±�°®� ¾´��Ä Z·Á®Âvp¯
�Ávº��Á®¦®�À Zº�³�|Àºº³��zcÇZ]�²À´��°®�Á &¿Â¶]��À¦® z¯�°®� ¶¨¬]��Áv�
�BMI�¶ Zºº^c°¦�́ º�s�°®�® v�d¯�Ä Z¸�°¦|-�®ºkÂ� Z]�� ( ) * +#, -b�¦
�±ººº´·��¶Zºº^c°¦�²ºº¿¦�À® ºººº]�¶ºd�z¿x��Â� BMD�Zº]�Àvº]�¾º]z#�Â
�°®� ¾¿Z·¶À�z��Z¯¦�b�À³�Áv��¶dsZ´��È¯Z§�À¡� ¢À£®�Ä Z·®�À³Z¨¯
�¶º]�²ºds¦®z��±¦��ºÀ���´ºº�s�²º¿¦�°®�� v³¦Ávºº��¶¿¦°¦�¶´À¯±� ²¿¦
�zº�³�vº¯�¦°�Ä® vº�d¯�© Zºº�oÈ¯�b�¿Z]¾¯�¾«Z°do¦�Ä Z·®�À³Z¨¯
�v¿Zº^³�|º-zº·�¶ Zºº^c°¦�²¿¦�®�À³Z¨¯�¶Àkºc�¶§²¿¦�b�t³��®¦®�°¦ z£
�zÀº�³��¾³¦ºtdº�¦�¶dÀºº�³¦®� z]�°¦x-zÀgPc�Ä Z·°ºd§Z��z¿Z��±¦� ª¤d�¯
�Â�Ä¦ ¶ºº´À¯±�Ä Zºº·Ä°Z°À]��¾ºº³º¯°º·�bººÀ��Â� �bÀººº�´k��²º�
�z.ºº¿®� ¶ººd¨º³�Â�® zºººÀ-�©°ºº��Ä¦¶º¿x�c�Â� ¾�Àp¯�Ä Z·°ºd§Z�
�¦º¿�±¦�Á® Z dº�¦� Z]�Z¸´c�¶ Z^c°¦�²¿¦�¶Àkºc�Â� zÀ� c�¦�¾]��¶§²¿¦
�Ä Z·®ºº�À³Z¨¯�° Zºº´§�°®��® ºººº]�vº·¦ºt³�¾º¬°��|º-zº·�®º�À³Z¨¯
�� . / 0 1�2 3 Z¸³¦ºtdºº�¦�ÄÂ°� zº]�À±Â�¾ Zº°�¦�zÀgPºc�¶º¬°k�±¦��Ä® Z¸´º�À�
��¾º]z#�b�Zº]�°®�À¡� �º°lc�¢º¿z��±¦� D�²À¯Zºd¿Â�bºÀ��Â�bÀ^hc
�Â� IGFBP-1��·Zº§�Zº]�¾°´À«ººº�³¦z�¿Z·�� 4 576 8 Àº¯°ºc¦°Z���¿¦|�¦
�ÀºÀºººººº�¦z À«Âz��¦ººººº¿zpc�Â� IGF-1��ººººº¿¦|�¦�¶ºººººlÀd³�°®
�BMI�¶ººº�]¦°� ¶ººÀkºc�°®� |Àºº³�leptin��ºº¤³�� 4 5�9 8 Z·bºº�È]ºXd�¦
� 4 : ; <�: =bºº�¦�Á v��¬z�¯�v¿vk�© Z�«Z�¯�¾sz]�°®� ¶#z-¦�BMDÂ
�Zº]�Àvº]�¾º]z#�Á®ººc��º¿¦|�¦�®À¤dº�¯�¶º�]¦°� vºº�°¾¯�z�³¶]�¾«Â
�¢ººº¿z��±¦� Zººº·ÀÞÂ°vºººº³¡� ªºº¿v^c��¾³¦ºtdºº�¦�Á® ºººc��ºº¿¦|�¦

�²ºÀ´$°·�� > ?�@ A BDC Evºº�Z]�¾]z#�b�Z]�°®�ÀÞÂ zd�¦�¶]�ÀºÀ�¦|ÀcZ¯Â°¡
� �·Zºººººº§�Â�ÀÞÂ° vººººº³¦�vºººººÀ«ºc��ººººº¿¦|�¦� Zººººº]�¾ººººº]z#
��º¿¦|�¦�\^º����SHBG�Sex-Hormone Binding Globulin 

�²À´#�À¦ºc¾¯�²¿¦z]Z´]�� > ?�F A BHG E �®®z-¾¯�®¦±¡� ¾�´k�Ä Z·vÀ¿Âzd�¦
�¾º]z#�À¦|Àºº¯�z]�zÀgPc�Z]�BMI��·Z§�Z¿��¿¦|�¦�¶§�b�z-�z�³°®
�¶º]º³¶]�¶º§�®ºº�¾¯�ÀÞÂzdº�¦�vºÀ«ºc�À¦|Àº¯�°®� zÀÀ�c�\kº¯��Àv]
�°®��® ººº]�v·¦ºs�°¦x-zÀgPc��BMD��À¦ ºtd�¦�®§¦zc�À¦|À¯�z]�®ºs
�̧ ººº£Â�±¦�Ä zÀ.ºº�À��°®� vºº³¦ºc¾¯�>ÇZººº°do¦�BMI�®ºÀ�´c�¶ºlÀd³
�Ávººº´´§�¦º°§��±ºº�ºº´¯�±¦�~º��Á&¿Â¶º]��ÀZº³±�°®�±Â° ºº�ºXdº�¦
�Ä¦¶º³º°³�°®� BMD�¶ºº§�®¿®¦®�À Z�³�¶�«Z�¯�²¿¦�°®� |À³�Z¯� I J�K Lv�Z]
�°®� BMI�z¿®Zº¤¯�Zºº]�°¦®� ¾´�¯�°º�¶]��¾³¦z¿¦�¶«Z��ÒÒ�Zc�ÑÒ�À Z³±�±¦
�°®� ¶ºº�«Z�¯�®°º¯�¶�¯Zk�°®�°¦® ¾´�¯�¶ Z^c°¦�²¿¦��b�¦�Á® º]�¶ Z^c°¦
�vº��Á®¦®�À Zºº�³�°º°��À®z-�Â� L1- L4 Äz°§�Ä Z·Áz¸¯�¶ÀoZ³�Â®
�À Zº³±�±¦� zdº�À]�¾ººº§vºº³¦�¾¦±ººº�º´¯�b���À Z³±�°®�À¡�© v��¾«Â
�°¦®¾º´�¯�»Èººds¦�¦¿�®ºkÂ�¿ v��ªÀ«®¶]�¶d^«¦��® º]�¾¦±º�º´¯�Áz�
�°®� ¾.ºº�¿Z¿�±¦�~��À¦°Â®�À® º]�Á Zcº§�|À³�Â�ÁÂ z-�Â®� ²¿¦�²��°®
�®º�À³Z¨¯�Zº]�|Àºº#Z³�»Èds¦�²¿¦�b�¦�vÀ�]��Z¯�¶³º°³�Á±º�º´¯�À Z³±
�Ä Zº�s�¶ºº]�¶º]z¯�>ÇZ°do¦�¶§²¿¦�|k�v�Z]�Á®º]�¶ Z^c°¦�°®� ¾�Zs

� �§Zºtd³¦�³° ººc��Z¸º³¡� ¾�®Zºº�c�§ Ztd³¦�¿ v��±¦� ¾�Z³�ÄzÀ-¶³º°³
�Â®� ¾´À«Zºº]��¿¦z��À®º^³�À Z�°·�>ÇZ°do¦�|À³�Â�� Selection Bias�
�²º¿¦�¾ Zºo�z·¶º]��bº�¦�Á vºº´´§�³Âvt¯�Ä Z·zÀ�d¯�®ºkÂ�Â�ÁÂ z-

� �|À«Zº³¡�À ºº¯±¡� Zº]��  ®ººº^³�°¦®¾´�¯�Ä° Z¯¡�· Zp«�±¦� |À#Z³�»Èds¦
�©vºº���zº.¿®�» zº��±¦��� P <0.05��ANOVA�~³Zº¿°¦Â�� ºº§
�¾ºº�Èds¦�® ºkÂ�ÀÂ v]�L1- L4 �¶ÀoZ³�°®� BMIÂBMD�²À]�¶ Z^c°¦
�zhººº§¦�°®� ¶ºd^«¦�¶º§�®ºº]�°ºº°��À®zº-�±¦��ºÀ]�¾º§v³¦� �°¦®¾º´�¯
�°®�Ä zd�À]�©v��Z]�BMI�Â  BMD²À]�¶ Z^c°¦�Á v��¿ Zl³¦�© Z�«Z�¯
�� M N O P�Q R �bº�¦�Á vºº��³°¦|-�Äz°§�Ä Z·Áz¸¯�b^�³�¶]�°º°��À®z-
�À±� ÐÐÄÂ°� zºº]��³¦°Z¨°·�Â� Steinschneider�¶�«Z�¯�°®� ¶¬°k�±¦
�À Zº³±�°®�° ºº°��À®zº-�BMD�¶º§�vºº��Á®¦®�À Z�³�¾¦±º�º´¯�b��
�°®� �®ºº]�zºº�Ç�À Z³±�±¦� zcÇZ]��P < 0.0001��Ä°¦® ¾´�¯�°º�]�¼ Z#
�°¦®¾º´�¯�Äzºº°§�Ä Z·�Áz¸¯��BMD�®°º¯�°®�» Èds¦�²¿¦�¶¨À«Zo
�¶ºº�«Z�¯�°®�Á &¿Â¶ºº]� S T U V T U W X Y �© Zºº�«Z�¯�z¿Zººº��°®� ¶ºd^«¦�� S W T Y ®ºº^³
�zºº]��Ertungealp�¶�«Z�¯���¾¦±º�º´¯�b���À Z³±�ÄÂ°� z]��Yahata
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