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Abstract

Orofacial clefts are birth defects that require a multi-disciplinary approach 
for repair and ongoing management as there are often concomitant chronic 
KHDOWK�LVVXHV��2URIDFLDO�FOHIWV�FDQ�RFFXU�DV�DQ�LVRODWHG�¿QGLQJ��LQ�FRPELQDWLRQ�
with other anomalies, or as part of a genetic syndrome. When occurring as 
part of a genetic syndrome, the complexity of management increases and 
has lifelong implications for these individuals, their families, and their health 
care providers. Understanding factors related to the occurrence of syndromic 
orofacial clefting is important for birth defect research and for health care 
needs assessment and planning. Many research groups have addressed these 
issues by studying different populations and focusing on different questions. 
This study was a retrospective chart review of children with orofacial clefts 
cared for at a pediatric tertiary care center in Hawai‘i to evaluate the propor-
tion of isolated and syndromic clefts in the unique population of Hawai‘i. The 
prevalence of syndromic and isolated clefts were then correlated with ethnicity 
and compared to the prevalence in other studies. Our goal was to increase 
knowledge about orofacial clefting in the population of Hawai‘i. The proportion 
of isolated orofacial clefting in a population of patients with orofacial clefting 
cared for at a craniofacial clinic is similar to birth defect registry data for the 
+DZDLLDQ�,VODQGV������YV�������3DFL¿F�,VODQGHUV�LQ�RXU�VWXG\�DQG�SULRU�VWXG\�
have a lower proportion of isolated clefts, suggesting that there are more 
craniofacial patients with syndromic and complex needs in this population. 
Further study is needed to clarify the etiologic factors.

Keywords

Hawai‘i, Ethnicity, orofacial clefts, syndromic clefts, non-syndromic clefts

Introduction

2URIDFLDO�FOHIWV�DUH�FRPPRQ�FRQJHQLWDO�PDOIRUPDWLRQV�RI�WKH�
OLS��SDODWH��RU�ERWK��7KH\�PD\�LQYROYH�WKH�OLS��WKH�URRI�RI�WKH�
PRXWK��KDUG�SDODWH���WKH�VRIW�WLVVXH�LQ�WKH�EDFN�RI�WKH�PRXWK�
�VRIW�SDODWH��� DQG� WKH�RUDO� FDYLW\�ZKLFK�FDQ�H[WHQG�RQWR� WKH�
IDFLDO�VWUXFWXUHV�UHVXOWLQJ�LQ�RUDO��IDFLDO��DQG�FUDQLRIDFLDO�GH-
IRUPLW\��2URIDFLDO�FOHIWV�JHQHUDOO\�UHTXLUH�VXUJLFDO�UHSDLU��DQG�
RIWHQ�PXOWLSOH�VXUJHULHV�DUH�QHHGHG�WR�UHFRQVWUXFW�WKH�OLS�DQG�
SDODWH��,Q�DGGLWLRQ�WR�VXUJLFDO�WUHDWPHQW��LQGLYLGXDOV�QHHG�RWKHU�
VHUYLFHV�LQFOXGLQJ��SHGLDWULF�FDUH��KHDULQJ�DVVHVVPHQW��VSHHFK�
DQG� ODQJXDJH� WKHUDS\�� GHQWDO� HYDOXDWLRQ�� RUWKRGRQWLF� WUHDW-
PHQW��JHQHWLF�VHUYLFHV��DQG�SV\FKRORJ\�RU�RWKHU�PHQWDO�KHDOWK�
WKHUDS\�1�7KH�UROH�RI�WKH�FUDQLRIDFLDO�WHDP�LQ�WKH�PDQDJHPHQW�
RI�FOHIW�OLS�ZLWK�RU�ZLWKRXW�SDODWH�LV�HVVHQWLDO��$�FUDQLRIDFLDO�
WHDP�LV�D�PXOWLGLVFLSOLQDU\�JURXS�ZKLFK�SURYLGHV�FRQVXOWDWLRQV��
GLDJQRVLV��WUHDWPHQW�SODQQLQJ��DQG�SURFHGXUHV�IRU�D�UDQJH�RI�
FUDQLRIDFLDO�DQRPDOLHV�DQG�V\QGURPHV�2�7HDPZRUN�LV�KLJKO\�
UHFRPPHQGHG� LQ� WKH�PDQDJHPHQW�RI� SHUVRQV�ZLWK�RURIDFLDO�
FOHIWV��7KLV�WHDP�LV�GHGLFDWHG�WR�HQVXULQJ�WKDW�SHUVRQV�ZLWK�WKH�

FRQGLWLRQ�DUH�RIIHUHG�WKH�QHFHVVDU\�KHOS��FDUH��DQG�VXSSRUW�WR�
DOORZ�WKHP�WR�KDYH�D�EHWWHU�OLIH���$Q�DFFXUDWH�GLDJQRVLV�LV�FULWL-
FDO�WR�WKH�SURFHVV�RI�FRXQVHOLQJ�IDPLOLHV��$�FOHIW�OLS�RU�SDODWH�
PD\�QHJDWLYHO\�LPSDFW�RQ�DQ�LQGLYLGXDO¶V�VHOI�HVWHHP��VRFLDO�
VNLOOV��DQG�EHKDYLRU�4

,W�KDV�ORQJ�EHHQ�NQRZQ�WKDW�HWKQLFLW\�LV�D�IDFWRU�LQÀXHQFLQJ�
WKH� RFFXUUHQFH� RI� RURIDFLDO� FOHIWLQJ�ZLWK� VWXGLHV� GRFXPHQW-
LQJ�YDU\LQJ� LQFLGHQFH� UDWHV�E\� HWKQLFLW\�1� ,Q�������7RODURYD�
DQG�&HUYHQND�UHSRUWHG�WKH�RFFXUUHQFH�RI�LVRODWHG�FOHIW�OLS�DQG�
SDODWH�UDWHV�DPRQJ�YDULRXV�HWKQLFLWLHV�DV�IROORZV���&DXFDVLDQV�
���������� OLYHELUWKV��$VLDQV� ���������� OLYHELUWKV��+LVSDQLFV�
����������DQG�%ODFNV�����������LQ�D�SRSXODWLRQ�EDVHG�VDPSOH�RI�
������FDVHV�DVFHUWDLQHG�IURP�����������&DOLIRUQLD�ELUWKV���7KH�
QDWXUH�RI�WKH�REVHUYHG�HWKQLF�GLIIHUHQFHV�LQ�RURIDFLDO�FOHIWLQJ�LV�
QRW�FOHDU��DOWKRXJK�VRPH�UHVHDUFKHUV�VXJJHVW�D�JHQHWLF�EDVLV��,Q�
D������VWXG\�IURP�+DZDLµL��&KLQJ�DQG�&KXQJ�IRXQG�WKDW�WKRVH�
ZLWK�-DSDQHVH�DQFHVWU\�FRQWLQXHG�WR�KDYH�DQ�LQFUHDVHG�ELUWK�
SUHYDOHQFH�RI�FOHIW�OLS�ZLWK�RU�ZLWKRXW�FOHIW�SDODWH��ZKLOH�WKRVH�
ZKR�DUH� -DSDQHVH�&DXFDVLDQ�KDYH�D�ELUWK�SUHYDOHQFH� WKDW� LV�
LQWHUPHGLDWH�EHWZHHQ�WKH�-DSDQHVH�DQG�&DXFDVLDQ�SRSXODWLRQV��
VXJJHVWLQJ�WKDW�WKH�HWKQLF�GLIIHUHQFHV�ZHUH�LQGHSHQGHQW�RI�WKH�
HQYLURQPHQW�DQG�WKDW�JHQHWLFV�SOD\�D�VLJQL¿FDQW�UROH�LQ�FOHIWLQJ��

5HFHQW�VWXGLHV�KDYH�HYDOXDWHG�JHQHWLF�VXVFHSWLELOLW\�ORFL�ZLWK�
VLQJOH�QXFOHRWLGH�SRO\PRUSKLVPV��613V��LGHQWL¿HG�E\�JHQRPH�
ZLGH�VWXGLHV� LQ� LQGLYLGXDOV�RI�(XURSHDQ�DQG�$VLDQ�DQFHVWU\��
5HVXOWV�LQGLFDWH�WKDW�ULVN�IDFWRUV�GLIIHU�EHWZHHQ�SRSXODWLRQV�DQG�
FRQ¿UP�WKH�LPSRUWDQFH�RI�WHVWLQJ�SXWDWLYH�VXVFHSWLELOLW\�YDULDQWV�
LQ�GLIIHUHQW�JHQHWLF�EDFNJURXQGV�4�.QRZQ�IDFWRUV�LQFOXGH��S���
QHDU�)$0��$��D�JHQH�RI�XQNQRZQ�IXQFWLRQ����T���QHDU�5+31���
D� JHQH� LQYROYHG� LQ� RUJDQL]LQJ� WKH� DFWLQ� F\WRVNHOHWRQ�� �S���
�3$;�����S����$5+*$3������T����,5)�����T���DQG���S���
�171����DQG���T�����1RQH�RI�WKHVH�ORFL�KDYH�EHHQ�LGHQWL¿HG�
DV�H[FOXVLYH�FDXVDWLYH�DJHQWV���� 

2WKHU�VWXGLHV�KDYH�LQGLFDWHG�WKDW�WKH�HQYLURQPHQW�PD\�SOD\�D�
NH\�UROH�LQ�WKH�GHYHORSPHQW�RI�FOHIWLQJ��,Q�WZR�VHSDUDWH�VWXGLHV��
UHVHDUFKHUV�IRXQG�WKDW�WKH�SUHYDOHQFH�RI�FOHIW�OLS�ZLWK�RU�ZLWKRXW�
FOHIW�SDODWH�LQ�)LOLSLQR�LQIDQWV�ERUQ�LQ�WKH�3KLOLSSLQHV�LV�KLJKHU�
WKDQ�WKH�SUHYDOHQFH�RI�)LOLSLQR�LQIDQWV�ERUQ�LQ�WKH�8QLWHG�6WDWHV�
�RI�QRWH��)LOLSLQR�IDPLOLHV�LQ�ERWK�VWXGLHV�UHSRUWHG�IXOO�)LOLSLQR�
DQFHVWU\������7KH�UHVHDUFKHUV�VXJJHVWHG�WKDW�HQYLURQPHQWDO�IDF-
WRUV��LQ�SDUWLFXODU�WKH�LPSURYHG�VRFLRHFRQRPLF�VWDWXV�DPRQJ�
)LOLSLQRV�LQ�WKH�8QLWHG�6WDWHV��PD\�DFFRXQW�IRU�D�SRUWLRQ�RI�WKH�
REVHUYHG�GHFUHDVH�LQ�SUHYDOHQFH�
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+DZDLL¶V�SRSXODWLRQ�UHSUHVHQWV�DQ�HWKQLFDOO\�DQG�JHRJUDSKL-
FDOO\�GLVWLQFW��GLYHUVH�SRSXODWLRQ�ZLWK�RULJLQV�SUHGRPLQDQWO\�
WKURXJKRXW�WKH�3DFL¿F�EDVLQ����*HQHWLF�VWXGLHV�UHODWHG�WR�RURID-
FLDO�FOHIWV�DPRQJ�3DFL¿F�,VODQGHUV�DUH�ODFNLQJ��7KH�JRDO�RI�WKLV�
GHVFULSWLYH�VWXG\�ZDV�WR�GHWHUPLQH�ZKHWKHU�WKH�SURSRUWLRQ�RI�
LVRODWHG�IDFLDO�FOHIWV�LQ�WKH�RURIDFLDO�FOHIW�SDWLHQW�SRSXODWLRQ�RI�
WKH�+DZDLLDQ�LVODQGV�LV�VLPLODU�WR�SRSXODWLRQV�LQ�RWKHU�SDUWV�RI�
WKH�ZRUOG�VXFK�DV�(XURSH��6RXWK�$PHULFD��DQG�$VLD�

Method/Description

:H�XQGHUWRRN�D�UHWURVSHFWLYH�UHFRUG�UHYLHZ�RI�SDWLHQWV�ZKR�
KDG�D�FOLQLFDO�JHQHWLF�HYDOXDWLRQ�EHWZHHQ�6HSWHPEHU������DQG�
-XQH������DW�WKH�.DSLµRODQL�0HGLFDO�&HQWHU�IRU�:RPHQ�DQG�
&KLOGUHQ��.0&:&��&OHIW�DQG�&UDQLRIDFLDO�&HQWHU��D�WHUWLDU\�
FDUH�FHQWHU�VHUYLQJ�WKH�3DFL¿F�,VODQGV��&OLQLFDO�JHQHWLFV�HYDOX-
DWLRQ� FRQVLVWHG� RI� D� KLVWRU\� DQG� UHFRUG� UHYLHZ�E\� D� JHQHWLF�
FRXQVHORU��SK\VLFDO�H[DPLQDWLRQ�E\�D�PHGLFDO�JHQHWLFLVW��DQG�
VXEVHTXHQW�ODERUDWRU\�WHVWLQJ�DV�LQGLFDWHG�E\�WKLV�HYDOXDWLRQ��
6XFK�ODERUDWRU\�WHVWV�LQFOXGHG��FKURPRVRPDO�PLFURDUUD\�DQG�
VSHFL¿F�VLQJOH�JHQH�WHVWV�LI�LQGLFDWHG�E\�FOLQLFDO�VXVSLFLRQ�RI�
D�JHQHWLF�GLVRUGHU��

7R�EH�LQFOXGHG�LQ�WKH�FKDUW�UHYLHZ��SDWLHQWV�PXVW�PHHW�DOO�RI�
WKH�IROORZLQJ�FULWHULD�����FOLQLFDO�JHQHWLFV�HYDOXDWLRQ�FRPSOHWHG�
GXULQJ�WKH�VWXG\�SHULRG�����SUHVHQFH�RI�DQ�RURIDFLDO�FOHIW�OLS��
FOHIW�SDODWH�RU�ERWK��SDWLHQWV�ZLWK�RWKHU�FRQGLWLRQV�DV�PLFURWLD�
RU� FUDQLRV\QRVWRVLV� ZHUH� H[FOXGHG��� DQG� ��� DYDLODELOLW\� RI�
VHOI�UHSRUWHG�HWKQLFLW\�LQIRUPDWLRQ��LQGLYLGXDOV�ZKR�ZHUH�QRW�
DZDUH�RI�WKHLU�HWKQLF�EDFNJURXQG�GXH�WR�DGRSWLRQ��IRVWHU�FDUH�
SODFHPHQW��RU�GHDWK�RI�D�SDUHQW�ZHUH�H[FOXGHG���

7KH�SDWLHQWV�ZHUH�VWUDWL¿HG�LQWR�FDWHJRULHV�RI����,VRODWHG�RURID-
FLDO�FOHIWLQJ�WKDW�LQFOXGHG�ERWK�LVRODWHG�FOHIW�OLS��LVRODWHG�FOHIW�
SDODWH��DQG�LVRODWHG�FOHIW�OLS�DQG�SDODWH��DQG����2URIDFLDO�FOHIWLQJ�
ZLWK�RWKHU�DQRPDOLHV��IRU�WKHVH�SDWLHQWV�D�V\QGURPLF�GLDJQRVLV�
ZDV�QRW�NQRZQ��DQG����6\QGURPLF�GLDJQRVLV�ZKHUH�D�VSHFL¿F�
V\QGURPLF�GLDJQRVLV�ZDV�NQRZQ��7KH�GLDJQRVHV�LGHQWL¿HG�DUH�
VXPPDUL]HG�LQ�7DEOH����
 
(WKQLFLW\�ZDV� VWUDWL¿HG� DV� IROORZV�� ���3DFL¿F� ,VODQGHU�2QO\�
�LQFOXGHG�LQGLYLGXDOV�RI�DQ\�FRPELQDWLRQ�RI�MXVW�WKH�IROORZLQJ�
HWKQLFLWLHV��1DWLYH�+DZDLLDQ��6DPRDQ��7RQJDQ��0LFURQHVLDQ���
���$VLDQ�2QO\��LQFOXGHG�LQGLYLGXDOV�RI�DQ\�RI�WKH�FRPELQDWLRQ�
RI�WKH�IROORZLQJ�HWKQLFLWLHV��-DSDQHVH��&KLQHVH��.RUHDQ��9LHW-
QDPHVH��)LOLSLQR������&DXFDVLDQ�2QO\��LQFOXGLQJ�LQGLYLGXDOV�RI�
(XURSHDQ�DQFHVWU\�����0L[HG�3DFL¿F�,VODQGHU��0L[HG�HWKQLFLW\�
ZLWK�3DFL¿F�,VODQGHU�DQFHVWU\���DQG����0L[HG�HWKQLFLW\�ZLWKRXW�
3DFL¿F�,VODQGHU��*URXSV�������DQG���IXOO\�UHSRUWHG�WKRVH�UHVSHF-
WLYH�HWKQLFLWLHV�DQG�QRQH�IURP�RWKHU�FDWHJRULHV��
 
7KH�SURSRUWLRQ�RI�SDWLHQWV�ZLWK�LVRODWHG�RURIDFLDO�FOHIWV��WKRVH�
ZLWK�RURIDFLDO�FOHIWV�ZLWK�RWKHU�DQRPDOLHV��DQG�WKRVH�ZLWK�V\Q-
GURPLF�GLDJQRVHV�ZDV�FDOFXODWHG�IRU�HDFK�RI�WKH�DERYH�HWKQLFLW\�
FDWHJRULHV��7HVWV�RI�VWDWLVWLFDO�VLJQL¿FDQFH�ZLWK�$129$�DQG�

Table 1. Types of Syndromes Noted and Number of Patients 
Chromosome microduplication/microdeletion = 3
Branchio-Oculo-Facial syndrome = 1
CHARGE syndrome = 2
Cri du chat = 1
Diabetic embryopathy = 4
Diamond Blackfan anemia = 1
Down syndrome = 1
Goldenhar syndrome = 3
Kabuki syndrome = 1
Sotos syndrome = 1
Spondylocostal dysostosis = 1
Stickler syndrome= 5
Treacher Collins = 1
Van der Woude = 2
22q11.2 deletion syndrome = 3
Waardenburg = 1
Wolf-Hirschhorn syndrome = 1

P�YDOXHV�ZHUH�WKHQ�FRPSOHWHG�XVLQJ�*RRG�&DOFXODWRUV�0DWK-
HPDWLFV�6WDWLVWLFV�DQG�$QDO\VLV�&DOFXODWRUV�VRIWZDUH��KWWSV���
JRRGFDOFXODWRUV�FRP�VWDWLVWLFV�FDOFXODWRUV���
  
Results

7KH�WRWDO�SRSXODWLRQ�LQFOXGHG�����SDWLHQWV�DQG�ZDV�VHSDUDWHG�LQWR�
HWKQLF�FDWHJRULHV�E\�VHOI�UHSRUW�RI�3DFL¿F�,VODQGHU�2QO\�������
�Q �����$VLDQ�2QO\��������Q �����&DXFDVLDQ�2QO\�������Q �����
0L[HG�HWKQLFLW\�ZLWK�3DFL¿F�,VODQGHU�DQFHVWU\�������Q ������
DQG�0L[HG�HWKQLFLW\�ZLWKRXW�3DFL¿F�,VODQGHU�DQFHVWU\�������
�Q �����3DFL¿F�,VODQGHU�2QO\�SDWLHQWV�KDG��������Q ����LVRODWHG�
RURIDFLDO�FOHIWLQJ��FOHIWLQJ�ZLWK�RWKHU�DQRPDOLHV�DFFRXQWHG�IRU�
�������Q ���DQG� V\QGURPLF�GLDJQRVLV�DFFRXQWHG� IRU�������
�Q ����$VLDQV�2QO\�KDG��������Q ����LVRODWHG�RURIDFLDO�FOHIWLQJ��
FOHIWLQJ�ZLWK�RWKHU�DQRPDOLHV�DFFRXQWHG�IRU��������Q ����DQG�
V\QGURPLF�GLDJQRVHV�DFFRXQWHG�IRU��������Q ����&DXFDVLDQ�
2QO\�KDG������Q ����LVRODWHG�FOHIWLQJ��RURIDFLDO�FOHIWLQJ�ZLWK�
RWKHU�DQRPDOLHV�DFFRXQWHG�IRU��������Q ����0L[HG�HWKQLFLW\�
ZLWK� 3DFL¿F� ,VODQGHU� KDG� ������ LVRODWHG� FOHIWLQJ�� RURIDFLDO�
FOHIWLQJ�ZLWK� RWKHU� DQRPDOLHV� DFFRXQWHG� IRU� ������ �Q �����
V\QGURPLF� GLDJQRVHV� DFFRXQWHG� IRU� ������ �Q ����� 0L[HG�
HWKQLFLW\�ZLWKRXW�3DFL¿F�,VODQGHU�KDG�������LVRODWHG�FOHIWLQJ��
RURIDFLDO�FOHIWLQJ�ZLWK�RWKHU�DQRPDOLHV�DFFRXQWHG�IRU�������
�Q ����7DEOH�����:KHQ�VWUDWL¿HG�E\�HWKQLFLW\�� WKH�SURSRUWLRQ�
RI�LVRODWHG�RURIDFLDO�FOHIWV�YDULHG�IURP�������WR��������ZLWK�
3DFL¿F�,VODQGHUV�2QO\�EHLQJ�WKH�ORZHVW�DQG�0L[HG�(WKQLFLW\�
ZLWKRXW�3DFL¿F�,VODQGHU�EHLQJ�WKH�KLJKHVW��7DEOH����

7KH�SURSRUWLRQ�RI�LVRODWHG�RURIDFLDO�FOHIWV�GLG�QRW�GLIIHU�VLJQL¿-
FDQWO\�EHWZHHQ�WKH�¿YH�FDWHJRULHV�RI�HWKQLF�JURXSV��)�VWDWLVWLF�
YDOXH�RI��������DQG�P�YDOXH�� �������,Q�DGGLWLRQ��WKH�WRWDO�SHU-
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Table 2. Tabulation of Clinical Findings by Ethnicity

7RWDO�1� ����
3DFLÀF�,VODQGHU�RQO\

n (%)
$VLDQ�2QO\

n (%)
&DXFDVLDQ�2QO\

n (%)
0L[HG�3DFLÀF�

,VODQGHU
n (%)

0L[HG�:LWKRXW�
3DFLÀF�,VODQGHU

n (%)
,VRODWHG� 2URIDFLDO� FOHIWLQJ� LQFOXGLQJ�
LVRODWHG�FOHIW�OLS�DQG�LVRODWHG�FOHIW�SDODWH 19 (59.3%) 60 (71.4%) 18 (75.0%) 92 (70.8%) 29 (76.3%)

2URIDFLDO� FOHIWLQJ� SOXV� DGGLWLRQDO�
DQRPDOLHV� 8 (25.0%) 15 (17.9%) 4 (16.7%) 22 (16.9%) 4 (10.5%)

6\QGURPLF�GLDJQRVHV 5 (15.6%) 9 (27.3%) 2 (8.3%) 16 (12.3%) 5 (13.2%)
7RWDO 32 (10.4%) 84 (27.3%) 24 (7.8%) 130 (42.2%) 38 (12.3%)

&OHIW�ZLWK�DGGLWLRQDO�DQRPDO\� �FOHIW�ZLWK�D�PDMRU�DQRPDO\��UHTXLULQJ�RQJRLQJ�GHYHORSPHQWDO�RU�PHGLFDO�LQWHUYHQWLRQ�RU�HYDOXDWLRQ���EXW�QR�FRQ¿UPHG�V\QGURPLF�GLDJQRVLV
3DFL¿F�,VODQGHU�2QO\� �+DZDLLDQ��6DPRDQ��0LFURQHVLDQ
Asian Only = Japanese, Chinese, Korean, Vietnamese Filipino
Caucasian Only = Caucasian only
0L[HG�3DFL¿F�,VODQGHU� �3DFL¿F�,VODQGHU�SOXV�DQ\�RWKHU�HWKQLFLW\
0L[HG�:LWKRXW�3DFL¿F�,VODQGHU� �0RUH�WKDQ�RQH�HWKQLFLW\�ZLWKRXW�3DFL¿F�,VODQGHU

Table 3. Proportion of Non-syndrome Orofacial Clefts Among Those 
with Orofacial Clefts in Hawaiian Populations and Published Studies
&XUUHQW�6WXG\

3DFL¿F�,VODQGHUV� � �
Asians     
Caucasians 
0L[HG�3DFL¿F�,VODQGHUV�DQG�2WKHU�
0L[HG�(WKQLFLW\�ZLWKRXW�3DFL¿F�,VODQGHUV

59%
71%
75%
70%
76%

3XEOLVKHG�6WXGLHV 3RSXODWLRQ�6WXGLHG
Forrester and Merz17

IPTOC18 
Mossey, et al19

Croen, et al7
Milerad, et al16

Eurocat20

Rittler, et al21

Hawaiian Islands*
International
International
California
Sweden
Mixed European
Latin America

58%
77%
88%
74%
72%
66%
76%


0L[HG�HWKQLFLW\�SRSXODWLRQ�IURP�ELUWK�FHUWL¿FDWH�GDWD

FHQWDJH�RI�LQGLYLGXDOV�ZLWK�LVRODWHG�RURIDFLDO�FOHIWV�LQYROYHG�LQ�
RXU�VWXG\�������IHOO�ZLWKLQ�WKH�UDQJH�RI�SHUFHQWDJHV�RI�LVRODWHG�
RURIDFLDO�FOHIWLQJ�UHSRUWHG�LQ�RWKHU�VWXGLHV�����������7DEOH�����
 
Discussion

0DQ\�HSLGHPLRORJLF�VWXGLHV�KDYH�EHHQ�FRQGXFWHG�RQ�WKH�SUHYD-
OHQFH�RI�LVRODWHG�RURIDFLDO�FOHIWV�DQG�WKH�YDULDWLRQ�DPRQJ�GLIIHUHQW�
HWKQLF�JURXSV����������������������������&OHIWLQJ�KDV�EHHQ�VKRZQ�WR�EH�
FRQVLVWHQWO\�PRUH�FRPPRQ�LQ�WKH�1DWLYH�$PHULFDQ�SRSXODWLRQ�
DQG�EHFRPHV�SURJUHVVLYHO\�OHVV�FRPPRQ�LQ�$VLDQV��&DXFDVLDQV��
DQG�$IULFDQV��������$OWKRXJK�RXU�GDWD�GLG�QRW�VKRZ�D�VWDWLFDOO\�
VLJQL¿FDQW�GLIIHUHQFH�EHWZHHQ�WKH�SUHYDOHQFH�RI�LVRODWHG�RUR-
IDFLDO�FOHIWLQJ�DPRQJ�WKH�GLIIHUHQW�HWKQLF�JURXSV�LQFOXGHG��RXU�
SUHYDOHQFH�HVWLPDWHV�DUH�FRQVLVWHQW�ZLWK�SDVW�VWXGLHV��:H�IRXQG�
WKH�KLJKHVW�UDWHV�RI�LVRODWHG�RURIDFLDO�FOHIWLQJ�DPRQJ�$VLDQV�DQG�
3DFL¿F�,VODQGHUV�DQG�WKH�ORZHVW�UDWH�LQ�&DXFDVLDQV��

7KH�SHUFHQWDJH�RI�$VLDQV�DQG�3DFL¿F�,VODQGHUV�ZLWK�LVRODWHG�
RURIDFLDO�FOHIWLQJ�REVHUYHG�LQ�RXU�GDWD�FRXOG�VLPSO\�EH�D�UHÀHF-
WLRQ�RI�WKH�HWKQLF�YDULDWLRQ�REVHUYHG�ZLWKLQ�+DZDLL¶V�SRSXODWLRQ��
$FFRUGLQJ�WR�WKH������86�&HQVXV�%XUHDX��WKH�SRSXODWLRQ�RI�
+DZDLµL�LV�PDGH�XS�RI�������RI�LQGLYLGXDOV�ZKR�VHOI�UHSRUW�DV�
$VLDQ�RQO\��������RI�LQGLYLGXDOV�ZKR�VHOI�UHSRUW�DV�&DXFDVLDQ�
RQO\��������RI�LQGLYLGXDOV�ZKR�VHOI�UHSRUW�DV�3DFL¿F�,VODQGHU�
RQO\��DQG�������ZKR�VHOI�UHSRUW�DV�EHLQJ�RI�WZR�RU�PRUH�UDFHV��
12 7KXV��$VLDQ� DQG� 3DFL¿F� ,VODQGHUV� UHSUHVHQW� VRPH� RI� WKH�
ODUJHVW�HWKQLF�JURXSV�LQ�+DZDLµL��7KHUH�PD\�EH�OLPLWV�RQ�WKH�
FRPSDUDELOLW\�RI�HWKQLFLW\�GDWD�LQ�D�FHQVXV�WR�WKDW�UHSRUWHG�LQ�
D�PHGLFDO�VHWWLQJ�

7KH�WRWDO�SHUFHQWDJH�RI�LVRODWHG�RURIDFLDO�FOHIWLQJ�LQ�RXU�VWXG\�
������ZDV�VLPLODU�WR�WKH�SHUFHQWDJH�RI�LVRODWHG�FOHIWLQJ�UHSRUWHG�
LQ�RWKHU�VWXGLHV��7DEOH�����/LNHZLVH��WKH�SHUFHQWDJH�RI�RURIDFLDO�
FOHIWV�DVVRFLDWHG�ZLWK�D�V\QGURPH�RU�DGGLWLRQDO�DQRPDO\�REVHUYHG�
LQ�RXU�VWXG\�������ZDV�YHU\�FRQVLVWHQW�ZLWK�WKRVH�UHSRUWHG�E\�
RWKHU�VWXGLHV�������������2I�QRWH��RXU�UHSRUWHG�SUHYDOHQFH�RI�RUR-
IDFLDO�FOHIWV�DVVRFLDWHG�ZLWK�D�V\QGURPH�RU�DGGLWLRQDO�DQRPDO\�
LV�PXFK�ORZHU�WKDQ�WKDW�UHSRUWHG�E\�)RUUHVWHU�DQG�0HU]���������
ZKHUH�����KDG�DQ�RURIDFLDO�FOHIW�DV�SDUW�RI�D�V\QGURPH�RU�DV�
RQH�RI�PXOWLSOH�DQRPDOLHV��7KHLU�VWXG\�SRSXODWLRQ�ZDV�ELUWK�
GHIHFWV� UHJLVWU\�GDWD��ZKLFK� LQFOXGHG�QRQ�YLDEOH� LQGLYLGXDOV�
ZLWK� HOHFWLYH� WHUPLQDWLRQV� DQG� IHWDO� GHDWKV�� WKH�PDMRULW\� RI�
ZKLFK�ZHUH�QRW�LVRODWHG��DQG�WKLV�OLNHO\�LQFUHDVHG�WKH�QXPEHU�
RI�V\QGURPLF�FOHIWV��2XU�VWXG\�SRSXODWLRQ�LQFOXGHG�RQO\�YLDEOH�
LQGLYLGXDOV��ZKLFK�PD\�VHOHFW�PRUH�LVRODWHG�FOHIWV�

2XU�GDWD�LV�FRQVLVWHQW�ZLWK�)RUUHVWHU�DQG�0HU]¶V��������VWXG\�
LQGLFDWLQJ�D�KLJKHU�LQFLGHQFH�RI�V\QGURPLF�FOHIWLQJ�LQ�3DFL¿F�
,VODQGHUV�17�%HFDXVH�3DFL¿F�,VODQGHUV��KLVWRULFDOO\��FRPH�IURP�
JHQHWLFDOO\� LVRODWHG� SRSXODWLRQV�� WKLV� FRXOG� UHÀHFW� D� XQLTXH�
JHQHWLF�SUR¿OH�WKDW�FRQIHUV�LQFUHDVHG�ULVN�IRU�V\QGURPLF�RUR-
IDFLDO�FOHIWLQJ��0RUH�UHVHDUFK�LV�UHTXLUHG�WR�IXUWKHU�XQGHUVWDQG�
WKLV�WUHQG�
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Conclusion

:LWKLQ�RXU�SRSXODWLRQ��ZH�REVHUYHG� WKDW�V\QGURPLF�FOHIWLQJ�
LV� PRUH� FRPPRQ� DPRQJ� WKH� 3DFL¿F� ,VODQGHUV� WKDQ� DPRQJ�
WKH�RURIDFLDO�FOHIW�SRSXODWLRQ� LQ�RWKHU�HWKQLF�JURXSV� �������
YV�������������2XU�VWXG\�ZDV�FRPSDUDEOH�WR�WKH�SULRU�VWXG\�
IURP�ELUWK�GHIHFWV�UHJLVWU\�GDWD��)RUUHVWHU�DQG�0HU]17��ZKHUH�
���� RI� RURIDFLDO� FOHIW� FDVHV� ZHUH� FDWHJRUL]HG� DV� LVRODWHG��
WKH�SUHVHQW�VWXG\�LGHQWL¿HV�����DV�SUHVHQWLQJ�DV�LVRODWHG��,Q�
RWKHU�LQWHUQDWLRQDO�VWXGLHV�WKH�SURSRUWLRQ�RI�LVRODWHG�FOHIWLQJ�
UDQJHV�IURP���������6HH�7DEOH�����7KHUHIRUH��WKH�SURSRUWLRQ�
RI�PRUH�PHGLFDOO\�FRPSOH[� LQGLYLGXDOV�ZLWKLQ� WKH�RURIDFLDO�
FOHIW�SRSXODWLRQ�LV�KLJKHU�LQ�WKH�FXUUHQW�VWXG\��7KLV�ZRXOG�KDYH�
LPSOLFDWLRQV�IRU�PHGLFDO�UHVRXUFH�PDQDJHPHQW�IRU�LQGLYLGXDOV�
ZLWK�RURIDFLDO�FOHIWLQJ�LQ�+DZDLµL�DV�PRUH�PHGLFDOO\�FRPSOH[�
LQGLYLGXDOV�ZRXOG� UHTXLUH� JUHDWHU� XWLOL]DWLRQ�RI� VHUYLFHV��$V�
WKH� VFLHQWL¿F� NQRZOHGJH� RI� VXVFHSWLELOLW\� IDFWRUV� LQFUHDVHV��
IXWXUH�VWXGLHV�PD\�EH�DEOH�WR�IXUWKHU�FODULI\�WKH�HWLRORJLF�IDF-
WRUV�UHODWHG�WR�WKLV�WUHQG��

&RQÁLFW�RI�,QWHUHVW

1RQH�RI�WKH�DXWKRUV�LGHQWLI\�DQ\�FRQÀLFW�RI�LQWHUHVW�

$XWKRUV¶�$I¿OLDWLRQV�
- Hawai‘i Community Genetics, Honolulu, HI (LH-A, JMT, SL,LH-E, RW)
- Cleft and Craniofacial Center, Department of Pediatrics, Kapi‘olani Medical Center 
for Women and Children, Honolulu, HI (SL, LH-E, HLL, JCM, DLC,RW)

&RUUHVSRQGHQFH�WR�
5REHUW�:DOOHUVWHLQ�0'��(PDLO��UREHUW�ZDOOHUVWHLQ#NDSLRODQL�RUJ
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