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Association Between Diabetic Neuropathy 

and Balance and Risk of  Falling in Type 2 

Diabetic Patient: A Cross-Sectional Study
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Diabetic Neuropathy Assessment
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Results
� 1BUJFOU�EFNPHSBQIJDT�BOE�DMJOJDBM�EBUB�BSF�

TIPXO�JO�5BCMF����/P�TJHOJųDBOU�EJGGFSFODFT�CFUXFFO�

UIF�%/�BOE�OPO�%/�HSPVQT� JO� SFTQFDU�PG� HFOEFS
�

)C"�D
� )5/
� %-1
� $74
� $,%
� TUSPLF
� 0"
��

DBUBSBDU
�PTUFPQPSPTJT
�IZQPHMZDFNJB
�%3
�%JBCFUJD�

OFQISPQBUIZ
�IJTUPSZ�PG�%/
�TNPLJOH
�BMDPIPM
�BOE�

#.*�� "HF
� TUBUVT
� BOE� EVSBUJPO� PG� EJBCFUFT�XFSF�

TJHOJųDBOUMZ�EJGGFSFOU�CFUXFFO�UIF�UXP�HSPVQT�	Q���

����
�

/FVSPQBUIZǰ BOEǰ /FVSPQBUIZ�3FMBUFEǰ "TTPDJB-

tions 

� *O� UIJT� TUVEZ
� UIF� QSFWBMFODF� PG� %/
� BT��

EJBHOPTFE�BDDPSEJOH�UP�UIF�./4*�DSJUFSJB�XBT�����

	���DBTFT
��5IF�QSFTFODF�PG�PWFSU�OFVSPQBUIZ�XBT�

BTTPDJBUFE�XJUI�JODSFBTFE�BHF�	�����WT�������ZFBST��

Q��������
�BOE�EJBCFUFT�EVSBUJPO�	����WT������ZFBST��
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Q� �� �����
�� 5IF� EJGGFSFODFT� JO� UIF� PUIFS� TUVEJFE�

QBSBNFUFST�IBE�OP�TJHOJųDBOU�EJGGFSFODFT�CFUXFFO�

UIF� HSPVQT�� )C"�D
� IZQFSUFOTJPO
� EZTMJQJEFNJB
��

DBSEJPWBTDVMBS� EJTFBTF
� DISPOJD� LJEOFZ� EJTFBTF
�

TUSPLF
� PTUFPBSUISJUJT
� IZQPHMZDFNJB
� EJBCFUJD��

SFUJOPQBUIZ
�EJBCFUJD�OFQISPQBUIZ
�UIF�QSFWBMFODF�

PG�TNPLJOH
�BMDPIPM�DPOTVNQUJPO�BOE�#.*�	5BCMF��
�

/FVSPQBUIZǰ*NQBDUǰPOǰ#BMBODFǰ1BSBNFUFST

� *O�UIJT�TUVEZ
�UIF�QSFTFODF�PG�PWFSU�OFVSPQ�

BUIZ
�EJBHOPTFE�BT�QSFTFOUFE�JO�UIF�.FUIPE�TFDUJPO�

CBTFE�PO�UIF�./4*�TDPSF
�XBT�BTTPDJBUFE�XJUI�4-4�

	BEKVTUFE�03�������������$*������ı���������Q�������
�

BOE� 56(� 	BEKVTUFE�03�� ������ ����$*� ��������������

Q�������
��5IFTF�SFTVMUT�BSF�TJHOJųDBOU�JOEJDBUJOH�UIF�

OFHBUJWF� JNQBDU� PG� %/� PO� UIF� QBUJFOUĴT� CBMBODF�

QBSBNFUFST� 	5BCMF� �

� MFBEJOH� JOEJSFDUMZ
� UP� BO��

JODSFBTFE�SJTL�PG�GBMMT��

� 6TJOH�NVMUJWBSJBUF�BOBMZTJT
�XF�PCTFSWFE�UIBU�

QBUJFOUĴT�TFY
�WJTJPO�QSPCMFNT
�GFBS�PG�GBMMJOH
�VTF�PG�

IZQOPUJD� ESVHT
� BHF
� BOE� EVSBUJPO� PG� 5�%.�XFSF�

TJHOJųDBOU�QSFEJDUPST�GPS�SJTL�PG�GBMMT�JO�QBUJFOUT�XJUI�

5�%.�

Discussion
� 5IF�SFTVMUT�SFWFBMFE�UIBU�UIF�QSFTFODF�PG�

%/�XBT�TJHOJųDBOUMZ�BTTPDJBUFE�XJUI�JNQBJSNFOU�PG�

CBMBODF�BOE�SJTL�PG�GBMMT�BOE�PCTFSWFE�UIBU�QBUJFOUĴT�

TFY
�WJTJPO�QSPCMFNT
�GFBS�PG�GBMMJOH
�VTF�PG�IZQOPUJD�

ESVHT
� BHF�BOE�EVSBUJPO�PG�5�%.�XFSF� TJHOJųDBOU�

QSFEJDUPST�GPS�UIF�SJTL�PG�GBMMT�BNPOH�QBUJFOUT�XJUI�

5�%.�

� 'BMMT� BSF� POF� PG� UIF� HSFBUFTU� IFBMUI��

DIBMMFOHFT
�QBSUJDVMBSMZ�BNPOH�EJBCFUJD�BEVMUT��5IF�

DPOTFRVFODFT� PG� GBMMT
� TVDI� BT� GSBDUVSFT
� QPPSFS�

SFIBCJMJUBUJPO
� BO� JODSFBTFE�OVNCFS� PG� GBMMT�XFSF�

TBJE� UP� CF�NPSF� TFWFSF� BNPOH� UIF� FMEFSMZ�XJUI��

EJBCFUFT� 	��
��)PXFWFS
�POF� SFMBUFE�TUVEZ�EFNPO�

TUSBUFE� UIBU� CBMBODF� JNQBJSNFOU� BOE� UIF� SJTL��

PG� GBMMT
� NBOZ� UJNFT� XFSF� VOEFSFTUJNBUFE� BOE��

VOEFS�TDSFFOFE
� BT� B� GSFRVFOU� DPOEJUJPO� BNPOH�

QBUJFOUT�IBWJOH�%/��5IFSFGPSF
�QBUJFOUT�XJUI�5�%.�

BOE�%/�TIPVME�CF�FWBMVBUFE�SFHBSEJOH�CBMBODF�BOE�

SJTL�PG�GBMMT�	��
�

� 1BUJFOUT�XJUI�5�%.�BOE�%/�OFFE�UP�IBWF�

UIFJS�CBMBODF�QBSBNFUFST�FWBMVBUFE��8IFO�JNQBJS�

NFOUT�BSF�GPVOE
�UIFTF�QBUJFOUT�TIPVME�CF�JODMVEFE�

JO� B� SFIBCJMJUBUJPO� QSPHSBN�� � 3FIBCJMJUBUJPO� DBO��

EFDSFBTF�UIF�SJTL�PG� GBMMT�XJUI�BO�BJN�UP� JNQSPWF�

UIFJS�CBMBODF�BOE�XBMLJOH�TUBCJMJUZ�

� 5IJT�TUVEZ�GPVOE�BO�FMFWBUFE�SJTL�PG�GBMMJOH�

BNPOH�PMEFS�XPNFO�XJUI�EJBCFUFT��3FMBUFE�TUVEJFT�

PG�GBMMT�BOE�EJBCFUFT�IBWF�QSPEVDFE�NJYFE�SFTVMUT��

*O�UIF�5IJSE�/BUJPOBM�)FBMUI�BOE�/VUSJUJPO�&YBNJOB�

UJPO�4VSWFZ
�EJBCFUFT�XBT�POF� SJTL� GBDUPS� GPS� GBMMT�

BNPOH�PMEFS�XPNFO��)PXFWFS
�UIF�3PUUFSEBN�4UVEZ�

GPVOE�OP�BTTPDJBUJPO�BNPOH�XPNFO�BHFE����ZFBST��

"O�JODSFBTFE�SJTL�PG�TFSJPVT�JOKVSZ�EVF�UP�B�GBMM�XBT�

SFQPSUFE� BNPOH� EJBCFUJD� BEVMUT�� 5IF� QSPTQFDUJWF�

DPIPSU�TUVEZ�TVHHFTUFE�UIBU�QPPS�CBMBODF�JT�B�GBDUPS�

JO�UIF�QBUIXBZ�CFUXFFO�EJBCFUFT�BOE�JODSFBTFE�SJTL�

PG�GBMMJOH��/PUBCMZ
�B�QPPS�CBMBODF�IBT�CFFO�QSFWJ�

PVTMZ� JEFOUJųFE� BT� B� SJTL� GBDUPS� GPS� GBMMT� BNPOH��

PMEFS�XPNFO�	��
�

� *O� UIJT� TUVEZ
� WJTVBM�QSPCMFNT�XFSF�B� SJTL�

GBDUPS�GPS�GBMMT�BNPOH�QBUJFOUT�XJUI�5�%.��$POųSN�

JOH�FBSMJFS�TUVEJFT
�WJTVBM�JNQBJSNFOU�JT�B�SJTL�GBDUPS�

GPS�GBMMT
�PO�BWFSBHF
�BQQSPYJNBUFMZ�EPVCMJOH�GBMMT�

SJTL�JO�B�XJEF�WBSJFUZ�PG�TUVEJFT��'BMMT�SJTL�JODSFBTFT�

BT�WJTVBM�JNQBJSNFOU�XPSTFOT�	��
�

� 5IJT� TUVEZ� GPVOE� GFBS� PG� GBMMJOH� JT� B� SJTL��

GBDUPS�GPS�GBMMT�BNPOH�QBUJFOUT�XJUI�5�%.��$POųSN�

JOH�FBSMJFS�TUVEJFT
�5�%.�JT�BTTPDJBUFE�XJUI�JODSFBTFE�

GFBS�PG�GBMMJOH�BOE�GFBS�BTTPDJBUFE�BDUJWJUZ�SFTUSJDUJPO
�

BOE�UIF�SJTL�PG�GBMMT�FWFO�JO�UIF�GBDF�PG�JODSFBTFE�

GBMM�SJTL�GBDUPST�JODMVEJOH�XPSTFOFE�NPCJMJUZ��3FMBUFE�

QSPTQFDUJWF� DPIPSU� TUVEJFT� SFWFBMFE� UIBU� VTJOH��

OPOCFO[PEJB[FQJOF�TFEBUJWF�IZQOPUJDT�JT�BTTPDJBUFE�
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XJUI�BO� JODSFBTFE� SJTL�PG� GBMMT��/POQIBSNBDPMPHJD�

BQQSPBDIFT� UP� TMFFQ� EJTUVSCBODFT�NBZ� SFQSFTFOU�

UIF� TBGFTU� BQQSPBDI� UP� TMFFQ� EJGųDVMUJFT� BNPOH�

PMEFS� BEVMUT�	��
� *O� UIJT� TUVEZ
� QBUJFOUT�XJUI� 5�%.�

XIP�SFQPSUFE�VTJOH�IZQOPUJD�ESVHT�IBE�B�SJTL�PG�GBMMT
�

TP�UIF�UZQF�PG�IZQOPUJD�ESVH�TIPVME�CF�DMBSJųFE�JO�

B�GVUVSF�TUVEZ�

� "OPUIFS�SJTL�GBDUPS�GPS�GBMMT�BNPOH�QBUJFOUT�

XJUI�5�%.�JT�BHF��8F�GPVOE�QBUJFOUT�XJUI�JODSFBTFE�

BHF� IBE� JODSFBTFE� SJTL� PG� GBMMT�� 'BMMT� BSF� B�NBKPS�

DPODFSO� GPS� FMEFSMZ� BEVMUT� XJUI� %.�	��
� 5IF� IJHI�

QSFWBMFODF�PG�GBMMT�BNPOH�FMEFSMZ�JOEJWJEVBMT�XJUI�

%.�IBT�CFFO�XFMM�FTUBCMJTIFE�XJUI�SFQPSUFE�BOOVBM�

JODJEFODF�SBUFT�PG�����BNPOH�UIPTF�PWFS����ZFBST�
	��
�BOE�����BNPOH�UIPTF�PWFS����ZFBST�	��
�*O�BEEJUJPO�

UP� UIF� SFQPSUFE� IJHI� JODJEFODF� PG� GBMMT� JO� UIJT��

QPQVMBUJPO
�JU�IBT�CFFO�FTUBCMJTIFE�UIBU�JOEJWJEVBMT�

XJUI�%.�BSF�BU�B�IJHIFS�SJTL�GPS�GBMMT�	��


� 5IJT�TUVEZĴT�TVCKFDUT�IBE�MPOH�UFSN�EVSBUJPO�

PG�5�%.
�XIJDI�XBT�TJHOJųDBOUMZ�MPOHFS�JO�UIF�HSPVQ�

PG� QBUJFOUT� XJUI� 5�%.�XIP� QSFTFOUFE� CBMBODF��

JNQBJSNFOU�JO�UIF�56(5�	NFEJBO�EVSBUJPO�����
�BOE�

4-4� 	NFEJBO� EVSBUJPO� ����
�� 5IF�NFEJBO� 5�%.��

EVSBUJPO� PG� POF� SFMBUFE� TUVEZ� XBT� ��� ZFBST� 	��
��

DPOųSNJOH�UIF�MPOH�UFSN�EVSBUJPO�PG�EJBCFUFT�BOE�

%1/�XBT�TJHOJųDBOUMZ�MPOHFS�JO�UIF�GBMM�HSPVQ��

Conclusion
� 5IF�QSFTFODF�PG�%/�BNPOH�QBUJFOUT�XJUI�

5�%.�XBT� BTTPDJBUFE�XJUI� JNQBJSFE�CBMBODF� BOE�

JODSFBTF�UIF�SJTL�PG�GBMMT��*O�BEEJUJPO�UP�PVS�ųOEJOHT
�

QBUJFOUT�XJUI�5�%.�BSF�BTTPDJBUFE�XJUI�BO�FYDFTTJWF�

SJTL�PG�GBMMT��1BUJFOUT�XJUI�5�%.�BOE�%/�TIPVME�IBWF�

UIFJS�CBMBODF�QBSBNFUFST�FWBMVBUFE��8IFO�JNQBJS�

NFOUT�BSF�GPVOE
�UIFTF�QBUJFOUT�TIPVME�CF�JODMVEFE�

JO�B�SFIBCJMJUBUJPO�QSPHSBN
�UP�JNQSPWF�UIFJS�CBMBODF�

BOE�XBMLJOH�TUBCJMJUZ�

Strengths
� 5IF�TUSFOHUIT�PG�UIJT�TUVEZ�BSF�FNQIBTJ[FE�

CZ�UIF�QBUJFOUĴT�DPOTFDVUJWF�FOSPMMNFOU�QSJODJQMF�

XIJDI�DPNQSJTFT�B�IFUFSPHFOFPVT�TUVEZ�IBWJOH�UIF�

CBTFMJOF�DIBSBDUFSJTUJDT�NBUDIJOH�UIF�DIBSBDUFSJTUJDT�

PG� UIF�5�%.�HFOFSBM�QPQVMBUJPO
�DPOUBJOJOH�CPUI�

QBUJFOUT�XJUI�PWFSU�%.�BOE�QBUJFOUT�XJUIPVU� BOZ�

TJHOT�PG�%/�

� 5IJT�TUVEZ�EFNPOTUSBUFE�UIF�OFFE�GPS�VTJOH�

UFTUT� UP�FWBMVBUF� UIF� SJTL�PG� GBMMT�BNPOH�QBUJFOUT�

XJUI� %1/� BOE� TVHHFTUFE� UIBU� %1/� JT� B� TQFDJųD��

FOUJUZ� GPS� QMBOOJOH� QSFWFOUJPO� QSPHSBNT�� %/� JT� B�

DPNNPO�DPNQMJDBUJPO�PG�5�%.
� TP�EFUFDUJOH�%/�

VTJOH�BQQSPQSJBUF�UPPMT�JT� JNQPSUBOU��6TJOH�TJNQMF�

TDSFFOJOH�UPPMT� JODMVEJOH�./4*
�56(5
�BOE�4-4�UP�

JEFOUJGZ�%/�BOE�FWBMVBUF�CBMBODF�JNQBJSNFOU�DBO�

CF�BQQMJFE�JO�QSJNBSZ�DBSF�

� 5PPMT�UP�JEFOUJGZ�QBUJFOUT�BU�SJTL�PG�IBWJOH�

%/
�J�F�
�UIF�./4*
�BSF�JOFYQFOTJWF�BOE�FBTZ�UP�VTF�

JO� PVUQBUJFOU� BOE� DPNNVOJUZ� TFUUJOHT�	��
� 5IF��

TBNQMF�TJ[F�XBT�BOPUIFS�TUSPOH�QPJOU�PG�UIJT�TUVEZ
�

QSPWJEJOH� FOPVHI� TUBUJTUJDBM� QPXFS� UP�NBLF� TPMJE�

DPODMVTJPOT�

Study limitations
� 0OF�MJNJUBUJPO�PG�UIJT�TUVEZ�XBT�UIF�TNBMM�

OVNCFS� PG� QBUJFOUT�� 4PNF� RVFTUJPOT� 	VTF� PG��

IZQOPUJD�ESVHT�BOE�WJTJPO�BOE�CBMBODF�QSPCMFNT
�

XFSF�VTFE� JO�TFMG�SFQPSU�RVFTUJPOOBJSFT��5IF�EBUB�

NJHIU�IBWF�CFFO�VOEFS��PS�PWFSFTUJNBUFE�FTQFDJBMMZ�

UIF�FGGFDU�PG�EJBCFUFT�DPODFSOJOH�UIF�SJTL�PG�GBMMT�

� 5IJT� TUVEZ� FNQMPZFE� B� DSPTT�TFDUJPOBM��

EFTJHO
� JOEJDBUJOH� JUT� SFMBUJPO� UP� UIF� BTTPDJBUJPO��

CFUXFFO�%/�BOE�JOBEFRVBUF�HMZDFNJD�DPOUSPM��5IF�

EFWFMPQNFOU� PG� %/� JT� B� XFMM�LOPXO� MPOH�UFSN�

QSPDFTT�BOE�DSPTT�TFDUJPOBM�FWBMVBUJPO�PG�HMZDFNJD�

DPOUSPM��*O�UIJT�TUVEZ
�UIF�WBMVF�PG�)C"�D�BO�JOEJDBUPS
�

XIJDI�NBZ�IBWF�SFŴFDUFE�HMZDFNJD�DPOUSPM�GPS�OP�
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MPOHFS� UIBO� UISFF�NPOUIT
�NBZ� OPU� BMXBZT� CF��

BTTPDJBUFE� XJUI� UIF� EFWFMPQNFOU� PG� 5�%.��

DPNQMJDBUJPOT�� )PXFWFS
� UIJT� XFBL� QPJOU� PG� UIF�

TUVEZ�EJE�OPU�JOUFSGFSF�XJUI�UIF�TUVEZĴT�BJN��'VSUIFS�

TUVEJFT� JODPSQPSBUJOH� B� MBSHFS� TBNQMF� TJ[F
��

MPOHJUVEJOBM� GPMMPX�VQ
� BOE�NVMUJDFOUFS� TUVEZ�

TIPVME�CF�DPOEVDUFE��
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5BCMFǰ��1BUJFOU�%FNPHSBQIJDT�%BUB

Characteristics /PO�%/
	Oǰ�ǰ��


mean ± SD

%/
	/ǰ�ǰ��


mean ± SD

Total
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5BCMFǰ���$PNQBSJTPO�PG�UIF�.VMUJWBSJBUF�3JTL�'BDUPST�#FUXFFO�1PTJUJWF�BOE�/FHBUJWF�(SPVQT

TUG 4-4

Positive
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/FHBUJWF
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n (%)
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0EETǰ
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value 
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Reference 
� ��� $FOUFST�GPS�%JTFBTF�$POUSPM�BOE�1SFWFOUJPO��/BUJPOBM�%JBCFUFT�4UBUJTUJDT�3FQPSU
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�("��$FOUFST�GPS��
� � %JTFBTF�$POUSPM�BOE�1SFWFOUJPO
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� ��� *OUFSOBUJPOBM�%JBCFUFT�'FEFSBUJPO��*%'�EJBCFUFT�BUMBT�<*OUFSOFU>���UI�FE�������<DJUFE������"VHVTU���>��"WBJMBCMF��
� � GSPN��IUUQT���XXX�JEG�PSH�F�MJCSBSZ�FQJEFNJPMPHZ�SFTFBSDI�EJBCFUFT�BUMBT�����JEG�EJBCFUFT�BUMBT��UI�FEJUJPO�IUNM
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�1BQBOBT�/
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� ��� +VTUFS�TXJUMZL�,
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� � 3JTL�PG�'BMMJOH@�������IUNM
� ��� %BNSJ�5
�$IBUDIBXBO�6��WBMJEJUZ�BOE�SFMJBCJMJUZ�PG�UIF�NJDIJHBO�OFVSPQBUIZ�TDSFFOJOH�JOTUSVNFOU�	./4*
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�4FJHFS�"
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� � TUFBEJOFTT �$MJOJDBM�CJPNFDIBOJD�������������������
����� #SBEMFZ�(#
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� � "NFSJDBO�'BNJMZ�1IZTJDJBO�������������������
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�)V�9
�;IBOH�2
�;PV�3��%JBCFUFT�NFMMJUVT�BOE� SJTL�PG� GBMMT� JO�PMEFS�BEVMUT�� B� TZTUFNBUJD� SFWJFX�BOE��
� � NFUB�BOBMZTJT��"HF�BOE�"HFJOH���������	�
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�0BODFB�$
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� � %JBCFUFT�.FMMJUVT��"�$SPTT�4FDUJPOBM�4UVEZ��1-P4�0/&���	�
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�)JMMFS�5"
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�3FTOJDL�)&
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�&OTSVE�,&
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� � )JHIFS�3JTL�PG�'BMMT��%JBCFUJD�DBSF���������	��
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