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5RELQ�&ODUN��0'�
&DVH�6XPPDU\�

$�RQH�GD\�ROG����ZHHN���GD\�JHVWDWLRQ�PDOH�ZDV� UHIHUUHG� IRU�D�
JHQHWLFV�FRQVXOWDWLRQ�EHFDXVH�KH�KDG�EHHQ�SUHQDWDOO\�GLDJQRVHG�
ZLWK�.OLQHIHOWHU�V\QGURPH��LQLWLDOO\�E\�1,37�DQG�WKHQ�FRQ¿UPHG�E\�
DPQLRFHQWHVLV��+LV�PRWKHU��D����\HDU�ROG�*�3�6$E�7$E��IHPDOH��
GHOLYHUHG� KLP� YDJLQDOO\� E\� VSRQWDQHRXV� YHUWH[� GHOLYHU\�� $SJDU�
VFRUHV�ZHUH����DQG�����*URZWK�SDUDPHWHUV�ZHUH�QRUPDO��%:������
NJ��%/����FP��+&����FP��7KH�EDE\�KDG�KDG�QR�FRPSOLFDWLRQV�DQG�
ZDV�URRPLQJ�LQ�ZLWK�KLV�PRWKHU��

'XULQJ�KHU�SUHJQDQF\�� WKH�PRWKHU�KDG�D�QRUPDO� VHTXHQWLDO� ��VW�
DQG��QG�WULPHVWHU��PDWHUQDO�VHUXP�VFUHHQLQJ�WHVW��$�QRQLQYDVLYH�
SUHQDWDO� WHVW� �1,37�� WKDW� XWLOL]HG� FHOO�IUHH� IHWDO� '1$� WHFKQLTXHV�
ZDV�DEQRUPDO�ZLWK�DQ�LQFUHDVHG�ULVN�IRU�D�VH[�FKURPRVRPH�DQ�
HXSORLG\�� $Q� DPQLRFHQWHVLV�� SHUIRUPHG� IRU� WKLV� LQGLFDWLRQ�� FRQ�
¿UPHG����;;<�� LQ�HDFK�RI����PHWDSKDVHV��7KH� IHWDO�86�DW���Z�
�G�VKRZHG�QR�PDMRU�DQRPDOLHV�EXW�DEQRUPDO� WRHV�RQ�ERWK�IHHW��
VXJJHVWLQJ�V\QGDFW\O\��

*HQHWLFV�HYDOXDWLRQ��

2Q�SK\VLFDO� H[DP�� WKH�EDE\� FULHG� EXW� FDOPHG�ZLWK� VXFNLQJ��+H�
ZDV�QRQG\VPRUSKLF�DQG�QRUPRFHSKDOLF��+H�KDG�D�VLQJOH� WUDQV�
YHUVH�SDOPDU�FUHDVH�RQ�WKH�ULJKW�SDOP��+LV�¿QJHUV�ZHUH�ORQJ�DV�
ZHUH�KLV�IHHW��+LV��WK�DQG��WK�WRHV�ZHUH�RYHUODSSLQJ��EXW�WKHUH�ZDV�
QR�V\QGDFW\O\��+H�KDG�GHUPDO�PHODQRF\WRVLV�RQ�KLV� ORZHU�EDFN���
+LV�JHQLWDOLD�ZHUH�XQUHPDUNDEOH�ZLWK�D�QRUPDO��GHHSO\�SLJPHQWHG��
UXJDWHG� VFURWXP� ELODWHUDOO\� GHVFHQGHG� WHVWHV� DQG� DQ� XQFLUFXP�
FLVHG�SKDOOXV�RI�QRUPDO�OHQJWK����FP��DQG�FDOLEHU��+LV�QHXUR�H[DP�
ZDV�QRUPDO�ZLWK�JRRG�WRQH��V\PPHWULF�PRYHPHQWV��D�VWURQJ�JUDVS�
DQG�D�OXVW\�FU\�

7KH�IDPLO\�KLVWRU\�ZDV�VLJQL¿FDQW�IRU�D����\HDU�ROG�PDWHUQDO�XQFOH�
ZLWK����K\GUR[\ODVH�GH¿FLHQF\�DQG�D����\HDU�ROG�PDWHUQDO�DXQW��
ZKR�ZDV�KLUVXWH�DQG�VKRUW�ZLWK�SRO\F\VWLF�RYDULHV��EXW�ZKR�KDG�
QRW�EHHQ�IRUPDOO\�GLDJQRVHG�ZLWK�FRQJHQLWDO�DGUHQDO�K\SHUSODVLD�
�&$+���7KH�PRWKHU�ZDV�WHVWHG�IRU�&$+�FDUULHU�VWDWXV�LQ�WKLV�SUHJ�
QDQF\��ZLWK�SRVLWLYH�UHVXOWV��FRQ¿UPLQJ�D�KHWHUR]\JRXV�SDWKRJHQLF�
VHTXHQFH�FKDQJH�LQ�&<3��$���S�9���/��D�NQRZQ��PLOG��QRQ�FODV�
VLFDO��YDULDQW��7KH�IDWKHU�RI�WKH�EDE\��D�KHDOWK\����\HDU�ROG��KDG�QRW�
\HW�EHHQ�WHVWHG�IRU�&$+�FDUULHU�VWDWXV��&RQVDQJXLQLW\�ZDV�GHQLHG��
7KH�SDUHQWV�KDG�WZR�SUHYLRXV�SUHJQDQFLHV�WRJHWKHU�WKDW�HQGHG�LQ�
D�PLVFDUULDJH�DQG�D�WKHUDSHXWLF�DERUWLRQ��7KHUH�ZDV�QR�RWKHU�KLV�
WRU\�RI�FRQJHQLWDO�DQRPDOLHV�RU�FKURPRVRPH�DEQRUPDOLWLHV��

Conclusions and Counseling:

.OLQHIHOWHU�V\QGURPH��.6��RFFXUV�LQ�PDOHV�ZLWK�DQ�H[WUD�;�FKUR�
PRVRPH��,Q�����RI�DႇHFWHG�PDOHV��WKH�FKURPRVRPH�FRPSOHPHQW�
LV����;;<�� �0RVDLFLVP�ZLWK�D�QRUPDO� FHOO� OLQH� LV�SUHVHQW� LQ�����
���;<�����;;<��5DUH�DQG�PRUH�VHYHUH�YDULDQWV�DUH�IRXQG�LQ�����
���;;;<�����;;<<������;;;;<���7KH�H[WUD�;�FKURPRVRPH�LV�PD�
WHUQDOO\�GHULYHG�LQ������

$OWKRXJK�.6�LV�UHODWLYHO\�FRPPRQ��RFFXUULQJ�LQ�������PDOH�ELUWKV��LW�
LV�QRW�FRPPRQO\�GLDJQRVHG�LQ�WKH�QHZERUQ�SHULRG��/HVV�WKDQ�����
RI�DႇHFWHG�PDOHV�DUH�GLDJQRVHG�EHIRUH�SXEHUW\��$QRWKHU�����RI�
PDOHV�ZLWK�.6�DUH�GLDJQRVHG�LQ�DGXOWKRRG��7KH�PDMRULW\��DSSUR[L�
PDWHO\������DUH�QHYHU�GLDJQRVHG�WKURXJKRXW�WKHLU�OLIHVSDQV��

7KH�ZLGHVSUHDG�DFFHSWDQFH�RI�1,37�DV�D�VFUHHQLQJ�WRRO�KDV�LQ�

FUHDVHG� WKH� SUHQDWDO� GLDJQRVLV� RI� .OLQHIHOWHU� V\QGURPH�� 1,37��
ZKLFK�LV�RႇHUHG�DV�HDUO\�DV�WHQ�ZHHNV�JHVWDWLRQ��XWLOL]HV�FHOO�IUHH�
IHWDO�'1$�FLUFXODWLQJ� LQ� WKH�PDWHUQDO�EORRGVWUHDP��$OWKRXJK� LW� LV�
KLJKO\� DFFXUDWH� ����� VHQVLWLYLW\�� ������ VSHFL¿FLW\��� 1,37� LV� QRW�
D�GLDJQRVWLF� WHVW��$�SRVLWLYH�1,37� WHVW�VKRXOG�EH�FRQ¿UPHG�ZLWK�
FKURPRVRPH�DQDO\VLV��HLWKHU�SUHQDWDOO\��ZLWK� LQYDVLYH� WHVWLQJ�E\�
DPQLRFHQWHVLV� RU� FKRULRQLF� YLOORXV� VDPSOLQJ�� RU� SRVWQDWDOO\��ZLWK�
D� EORRG� VDPSOH�� $OWKRXJK� SUHQDWDO� GLDJQRVLV� ZLWK� DPQLRFHQWH�
VLV� LV�FRQVLGHUHG�UHOLDEOH��FRQ¿UPLQJ�WKH�SUHQDWDO�GLDJQRVLV�RI�D�
FKURPRVRPH�DQRPDO\�LQ�D�EORRG�VDPSOH�VHWWOHV�DQ\�GRXEWV�WKDW�
SDUHQWV�PD\�KDYH��ZKLFK�ZRXOG�EH�XQGHUVWDQGDEOH�ZKHQ�WKH�SKH�
QRW\SH�LV�QRUPDO�DV�LW�XVXDOO\�LV�LQ�.6�

%DELHV�ZLWK�.6�DUH�XVXDOO\�KHDOWK\�DQG�QRQG\VPRUSKLF���7KLV�LQ�
IDQW�KDG� IHZ� LI�DQ\�VLJQV� WKDW�ZRXOG�KDYH�VXJJHVWHG�D�FKURPR�
VRPH�DEQRUPDOLW\��+LV�FRQGLWLRQ�ZRXOG�KDYH�FHUWDLQO\�JRQH�XQGH�
WHFWHG�ZLWKRXW�1,37�VFUHHQLQJ�DQG�SUHQDWDO�GLDJQRVLV��

7KH�FODVVLF�IHDWXUHV�RI�.6�DUH�PRUH�HYLGHQW�QHDU�SXEHUW\�ZKHQ�K\�
SHUJRQDGRWURSKLF�K\SRJRQDGLVP�DQG�RU�WDOO�VWDWXUH�PD\�EHFRPH�
DSSDUHQW�� RU� HYHQ� ODWHU�� LQ� DGXOWKRRG�� EHFDXVH� RI� D]RRVSHUPLD�
DQG�LQIHUWLOLW\���,QWHOOLJHQFH�LV�XVXDOO\�QRUPDO�WKRXJK�LW�PD\�EH������
SRLQWV�ORZHU�WKDQ�XQDႇHFWHG�VLEOLQJV��%HKDYLRUDO��VK\QHVV��DQ[L�
HW\�� GHSUHVVLRQ�� ORZ� VHOI�HVWHHP��	� OHDUQLQJ�SUREOHPV� �UHDGLQJ�
ODQJXDJH�GLVDELOLW\��PHPRU\���$'+'��H[HFXWLYH�G\VIXQFWLRQ��DQG�
PRWRU�GHOD\V�DUH�FRPPRQ��,Q�D�VWXG\�RI����ER\V�ZLWK�.6��DJHG�
������ DPRQJ� WKRVH� GLDJQRVHG� SRVWQDWDOO\�� GHYHORSPHQWDO� GHOD\�
��������ZDV�WKH�PRVW�FRPPRQ�UHDVRQ�IRU�RUGHULQJ�WKH�NDU\RW\SH�
�&ORVH��������

6SHHFK� GHOD\� DQG� ODQJXDJH� GLVDELOLWLHV� DUH� FRPPRQ� LQ�.6�� � ,Q�
JHQHUDO��ER\V�ZLWK�SUHQDWDOO\�GLDJQRVHG�.OLQHIHOWHU�V\QGURPH�GR�
EHWWHU�WKDQ�WKRVH�ZKR�DUH�SRVWQDWDOO\�GLDJQRVHG��+RZHYHU��IHHG�
LQJ�GLႈFXOWLHV��ZKLFK�PD\�EH�WKH�HDUOLHVW�HYLGHQFH�RI�RUDO�PRWRU�
G\VSUD[LD�LQ�.6��KDYH�EHHQ�VHHQ�LQ�DOPRVW�KDOI�RI�D�FRKRUW�RI�SUH�
QDWDOO\�GLDJQRVHG�LQIDQWV�ZLWK����;;<��

(DUO\�GLDJQRVLV�RI�.6�UDLVHV�TXHVWLRQV�DERXW�ZKLFK��LI�DQ\��LQWHU�
YHQWLRQV�PD\�EH�EHQH¿FLDO�LQ�LQIDQF\�DQG�FKLOGKRRG���$QGURJHQV��
VSHFL¿FDOO\�WHVWRVWHURQH��DႇHFW�W\SLFDO�EUDLQ�GHYHORSPHQW�LQ�PDOHV�
DQG�DQ�HDUO\�DQGURJHQ�GH¿FLW�LQ�.6�PD\�LPSDFW�PRWRU��ODQJXDJH��
FRJQLWLYH�DQG�VRFLDO�IXQFWLRQ�LQ�.6��$OWKRXJK�WKHUH�DUH�QR�JXLGH�
OLQHV� IRU� KRUPRQH� UHSODFHPHQW� WKHUDS\� LQ� .OLQHIHOWHU� V\QGURPH��
WHVWRVWHURQH� WKHUDS\� KDV� W\SLFDOO\� EHHQ� RႇHUHG� QHDU� SXEHUW\��
+RZHYHU��UHFHQW�VWXGLHV�KDYH�UHSRUWHG�SRVLWLYH�HႇHFWV�RI�HDUO\�DQ�
GURJHQ�WKHUDS\�RQ�WKH�EHKDYLRUDO�SKHQRW\SH�RI�ER\V�ZLWK����;;<��
(DUO\�WKHUDS\�ZLWK�DQGURJHQV��ZKLFK�UHLQIRUFHV�D�QDWXUDOO\�RFFXU�
ULQJ�WHVWRVWHURQH�SHDN�DW�����PRQWKV�RI�OLIH��KDV�LPSURYHG�QHXUR�
GHYHORSPHQWDO�SHUIRUPDQFH�UHODWHG�WR�FRJQLWLYH�IXQFWLRQLQJ��YLVXDO�
DQG�PRWRU�VNLOOV��DQG�ODQJXDJH�GHYHORSPHQW�LQ�WUHDWHG�ER\V�FRP�
SDUHG�WR�XQWUHDWHG�FRQWUROV�ZLWK�.OLQHIHOWHU�V\QGURPH��6DPDQJR�

Genetics Corner: Prenatal Diagnosis of 
Klinefelter Syndrome 

3HHU�5HYLHZHG

“This infant had few if any signs that 
would have suggested a chromosome 
abnormality. His condition would have 
certainly gone undetected without NIPT 
screening and prenatal diagnosis. ”
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6SURXVH�HW�DO���������WUHDWHG����SUHQDWDOO\�GLDJQRVHG�ER\V�ZLWK�
.6�ZLWK�WKUHH�PRQWKO\�LQMHFWLRQV�RI�WHVWRVWHURQH�HQDQWKDWH��IURP�
�����PRQWKV��DQG�FRPSDUHG�WKHP�ZLWK����FRQWUROV�ZLWK����;;<��
ZKR�GLG�QRW�UHFHLYH�KRUPRQH�WKHUDS\��7KH\�IRXQG�VLJQL¿FDQW�GLI�
IHUHQFHV�LQ�VRFLDO�FRPPXQLFDWLRQ�DQG�VRFLDO�FRJQLWLRQ�VFRUHV�DQG�
RQ�PHDVXUHV�RI�LQLWLDWLRQ��H[WHUQDOL]LQJ��DႇHFWLYH�DQG�DJJUHVVLYH�
EHKDYLRUV��5RVV�HW�DO�� �������FRQGXFWHG�D� UDQGRPL]HG��GRXEOH�
EOLQG��SODFHER�FRQWUROOHG�FOLQLFDO�WULDO�LQ�ZKLFK����ER\V�ZLWK�.OLQH�
IHOWHU�V\QGURPH��DJHG������\HDUV��ZHUH�WUHDWHG�ZLWK�GDLO\�2[DQ�
GURORQH�RU�SODFHER� IRU����PRQWKV��7KHLU� VWXG\�VKRZHG�EHQH¿WV�
LQ� YLVXDO�PRWRU� IXQFWLRQ�DQG� LPSURYHPHQW� LQ� DQ[LHW\�GHSUHVVLRQ�
DQG�VRFLDO�SUREOHPV�VFDOHV�LQ�WKH�WUHDWHG�JURXS��)ODQQLJDQ�HW�DO��
��������LQ�WKHLU�PHWD�DQDO\VLV�RQ�WKH�EHKDYLRUDO�HႇHFWV�RI�HDUO\�DQ�
GURJHQ�VXSSOHPHQWDWLRQ�LQ�.6��UHYLHZHG�WKUHH�UHWURVSHFWLYH�VWXG�
LHV�DQG�WZR�UDQGRPL]HG�FRQWUROOHG�WULDOV�DQG�FRQFOXGHG�WKDW�WKHVH�
VWXGLHV�VKRZHG�DQ�LPSURYHPHQW�LQ�VHYHUDO�DVSHFWV�RI�VRFLDO�DQG�
FRJQLWLYH�IXQFWLRQLQJ��ZLWK�EHQH¿WV�WKDW�ZHUH�³YHU\�HQFRXUDJLQJ�´�

)LQDOO\�� LW� LV� LQWULJXLQJ� WR�VSHFXODWH� WKDW� WKLV�EDE\�ER\�PD\�KDYH�
EHQH¿WWHG� IURP� KLV� PRWKHU¶V� FDUULHU� VWDWXV� IRU� ���K\GUR[\ODVH�
GH¿FLHQF\�EHFDXVH�HYHQ�D�PLOG��QRQ�FODVVLFDO�DOOHOH�FRXOG�KDYH�
PRGHVWO\�LQFUHDVHG�PDWHUQDO�DGUHQDO�DQGURJHQ�SURGXFWLRQ�GXULQJ�
KLV�LQWUDXWHULQH�OLIH��,W�LV�DOVR�SRVVLEOH�WKDW��LI�KH�ZHUH�DOVR�D�&$+�
FDUULHU��KLV�RZQ�H[FHVV�DGUHQDO�DQGURJHQ�SURGXFWLRQ�PLJKW�DPH�
OLRUDWH�KLV�.OLQHIHOWHU�V\QGURPH�DVVRFLDWHG�K\SRJRQDGLVP���

3UDFWLFDO�$SSOLFDWLRQV��

�������.OLQHIHOWHU�V\QGURPH�LV�XQGHUGLDJQRVHG��([SHFW�PRUH�ER\V�
ZLWK� .OLQHIHOWHU� V\QGURPH� WR� EH� SUHQDWDOO\� GLDJQRVHG� DV�
1,37�EHFRPHV�D�URXWLQH�VFUHHQLQJ�WHVW�LQ�SUHJQDQF\���

������ 2UGHU� FKURPRVRPH� DQDO\VLV� �QRW� D�PLFURDUUD\�� WR� FRQ¿UP�
D�SUHQDWDOO\�GLDJQRVHG�VH[�FKURPRVRPH�DEQRUPDOLWLHV�RU�D�
SRVLWLYH�1,37�WHVW���1,37�LV�FRQVLGHUHG�D�VFUHHQLQJ�WHVW��QRW�
D�GLDJQRVWLF�WHVW��

�������+DOI�RI�WKH�EDELHV�ZLWK�.OLQHIHOWHU�V\QGURPH�PD\�KDYH�IHHG�
LQJ�SUREOHPV��ZKLFK�DUH�HDUO\�PDQLIHVWDWLRQV�RI�WKH�RUDO�PR�
WRU�G\VSUD[LD�RI�WKLV�FRQGLWLRQ��

��� � � �(DUO\�DQGURJHQ�KRUPRQH� WKHUDS\�GXULQJ� LQIDQF\�PD\�RႇHU�
EHKDYLRUDO��VRFLDO��ODQJXDJH��DQG�FRJQLWLYH�EHQH¿WV�WR�ER\V�
ZLWK�.OLQHIHOWHU�V\QGURPH��
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“Flannigan et al. (2018), in their meta-
DQDO\VLV�RQ�WKH�EHKDYLRUDO�H௺HFWV�RI�
early androgen supplementation in KS, 
reviewed three retrospective studies and 
two randomized controlled trials and 
concluded that these studies showed an 
improvement in several aspects of social 
DQG�FRJQLWLYH�IXQFWLRQLQJ��ZLWK�EHQH¿WV�
that were 'very encouraging.' ”
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