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Do the Number of Oocytes Retrieved and Mature Oocyte Rate in the Cohort Affect IVF Results?
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$VVLVWHG�UHSURGXFWLYH� WHFKQLTXHV��$57��DLPV�WR�SURPRWH�PXO-
WLSOH�IROOLFXODU�GHYHORSPHQW�DQG�UHFUXLW�HPEU\RV�ZLWK�WKH�KLJKHVW�
LPSODQWDWLRQ�SRWHQWLDO������7R�REWDLQ�KLJKHVW� OLYH�ELUWK�UDWH�� LW� LV�
LQYHVWLJDWHG�WR�LGHQWLI\�WKH�RSWLPXP�QXPEHU�RI�UHWULHYHG�RRF\WHV�
SHU�VWLPXODWLRQ�F\FOH��6RPH� UHVHDUFKHUV�DUJXHG� WKDW�D�KLJKHU�
QXPEHU�RI�RRF\WHV�UHWULHYHG�LV�DVVRFLDWHG�ZLWK�LPSURYHG�RXWFR-

PHV��ZKHUH�RWKHUV�VXJJHVWHG�WKDW�KLJKHU�RRF\WH�\LHOGV�DUH�DV-

VRFLDWHG�ZLWK�UHGXFHG�RRF\WH�TXDOLW\�DQG�ORZHU�GHYHORSPHQWDO�
SRWHQWLDO�RI�HPEU\RV��������0RUHRYHU��VWXGLHV�UHVXOWV�RQ�WKH�UHOD-

WLRQVKLS�EHWZHHQ�RRF\WH�QXPEHU�DQG�SUHJQDQF\�UDWHV�DUH�FRQW-
URYHUVLDO��,W�VHHPV�OLNH�DQ�LQFUHDVH�LQ�RRF\WH�QXPEHU�GHFUHDVHV�
RRF\WH�TXDOLW\�DQG�,9)�RXWFRPHV��KRZHYHU��UHFRPPHQGHG�RR-

F\WH�QXPEHU�WR�DWWDLQ�WKH�EHVW�SUHJQDQF\�UDWHV�SHU�F\FOH�GLIIHUV�
IURP�RQH�VWXG\�WR�DQRWKHU��6RPH�DXWKRUV�VXJJHVW�EHVW�H[SHFWHG�
OLYH�ELUWK�UDWH�REWDLQHG�E\�XVLQJ����WR����RRF\WHV�ZKHUHDV�WKH�
RWKHUV�VXJJHVW����������RU������� ����� ,Q�DGGLWLRQ�� LW�KDV�EHHQ�
VXJJHVWHG�WKDW�WKHUH�PD\�EH�D�FRQWLQXRXV�SRVLWLYH�UHODWLRQVKLS�
EHWZHHQ� WKH� QXPEHU� RI� RRF\WHV� UHWULHYHG� DQG� WKH� FXPXODWLYH�
OLYH�ELUWK�UDWH������&RQWUROOHG�RYDULDQ�VWLPXODWLRQ��&26��SURWRFROV�
DLPV�WR�UHFUXLW�KLJKHU�UDWH�RI�PDWXUH�PHWDSKDVH�,,��0,,��RRF\WHV�
�����$PRQJ�DOO� LQIHUWLOLW\�SDWLHQWV�������WR�������RI� WKHP�KDYH�
RQH� RRF\WH� WKDW� FDQQRW� FRPSOHWH� QXFOHDU�PDWXUDWLRQ� �����7KH�
SHUFHQWDJH�RI�RRF\WHV�LV�����LQ�PHWDSKDVH�,,��0,,�������LQ�PH-

WDSKDVH� ,� �0,��� DQG� ��� LQ� JHUPLQDO� YHVLFOHV� �*9�� DW� GLIIHUHQW�
QXFOHDU�PDWXUDWLRQ� VWDJHV� LQ� URXWLQH�$57�F\FOHV�� UHVSHFWLYHO\�
�����2RF\WH�PDWXUDWLRQ� LV�RQH�RI� WKH�PRVW� LPSRUWDQW� VWHSV� IRU�
WKH�RRF\WH�WR�UHDFK�FRPSHWHQFH�IRU�VXFFHVVIXO�IHUWLOL]DWLRQ�DQG�
VXEVHTXHQW� HPEU\RQLF� GHYHORSPHQW��2RF\WH� FRPSHWHQFH� GH-

SHQGV�RQ�WZR�PDLQ�SURFHVVHV��7KH�¿UVW�LV�QXFOHDU�PDWXULW\�ZKL-
FK� LV�PRUSKRORJLFDOO\�YLVLEOH�E\�REVHUYLQJ� WKH�H[WUXVLRQ�RI� WKH�
¿UVW�SRODU�ERG\��7KH�VHFRQG�LV�F\WRSODVPLF�PDWXULW\��D�PROHFXODU�
SURFHVV�ZLWKRXW�DQ\�REYLRXV�PDUNHUV�RWKHU�WKDQ�VXEWOH�F\WRVROLF�
DQG�PHPEUDQH�FKDQJHV�������,W�LV�DFFHSWHG�WKDW�FRUUHFW�FKDQ-

JHV�PXVW�RFFXU�LQ�WKH�ORFDOL]DWLRQ��PRUSKRORJ\��DQG�ELRFKHPLFDO�
SURSHUWLHV�RI�WKH�RUJDQHOOHV�DQG�F\WRVNHOHWRQ�IRU�WKH�RRF\WH�WR�
REWDLQ�GHYHORSPHQWDO�FRPSHWHQFH�SRWHQWLDO�������7KH�IDLOXUH�RU�
LQFRPSOHWH�RRF\WH�PDWXUDWLRQ�FDXVHV�LQIHUWLOLW\�������7KLV�VWXG\�
LV�GHVLJQHG�WR�FRQWULEXWH�WR�RXU�NQRZOHGJH�RQ�WKH�¿HOG�E\�XVLQJ�
D�IUHVK�VLQJOH�HPEU\R�WUDQVIHU��7KH�¿UVW�DLP�RI�WKLV�VWXG\�LV�WR�
UHWURVSHFWLYHO\� LQYHVWLJDWH� WKH�HIIHFW�RI� WKH�QXPEHU�RI�RRF\WHV�
RQ� ,9)�UHVXOWV� LQ� IUHVK�VLQJOH�HPEU\R� WUDQVIHU�F\FOHV��7KH�VH-

FRQG�DLP�RI�WKLV�VWXG\�LV�WR�LQYHVWLJDWH�WKH�HIIHFW�RI�PDWXUH�RRF\-

WH�UDWHV�LQ�WKH�FRKRUW�RQ�,9)�RXWFRPHV�

3DWLHQW�SRSXODWLRQ��VWLPXODWLRQ�SURWRFRO�DQG�RRF\WH�
retrieval 
7KH�VWXG\�GHVLJQ�ZDV�DSSURYHG�E\� ORFDO�HWKLFV�FRPPLWWHH�RI�
WKH�$QNDUD�&LW\�+RVSLWDO��UHIHUHQFH�QXPEHU��(�����������)LYH�
KXQGUHG�VL[W\�RQH�IUHVK�VLQJOH�HPEU\R�WUDQVIHU�F\FOHV��SHUIRU-
PHG�EHWZHHQ������WR�������ZHUH�H[DPLQHG�UHVSHFWLYHO\��7KH�
FRQWUROOHG�RYDULDQ�VWLPXODWLRQ�SURWRFRO�FRQVLVWHG�RI�JRQDGRWUR-

SLQ�UHOHDVLQJ�KRUPRQH��*Q5+��DQWDJRQLVW�RU�DJRQLVW�DGPLQLVW-
UDWLRQ� IRU�SLWXLWDU\�VXSSUHVVLRQ��5HFRPELQDQW�)6+��U�)6+��RU�
KXPDQ�PHQRSDXVDO�JRQDGRWURSLQ��K0*��IROORZHG�E\��+XPDQ�
FKRULRQLF�JRQDGRWURSLQ��K&*�ZHUH�XVHG�GXULQJ�WKH�FRQWUROOHG�
RYDULDQ� K\SHUVWLPXODWLRQ� F\FOHV��2RF\WH� UHWULHYDO� ZDV� SHUIRU-
PHG�XQGHU�WKH�JXLGDQFH�RI�WUDQVYDJLQDO�XOWUDVRXQG����K�DIWHU�
�������,8�K&*�LQMHFWLRQ�WR�WULJJHU�RYXODWLRQ��$OO�XOWUDVRQRJUDS-

KLFDOO\�LGHQWL¿DEOH�IROOLFOHV��ODUJHU�WKDQ����PP���ZHUH�DVSLUDWHG��
2RF\WH� UHWULHYDO� DQG� HPEU\RORJ\� ODERUDWRU\� SURFHVVHV� ZHUH�
SHUIRUPHG�E\�WKH�VDPH�WHDP���)LYH�KXQGUHG�VL[W\�RQH�,9)�F\F-

OHV�ZHUH�GLYLGHG�LQWR�IRXU�JURXSV�UHJDUGLQJ�WKH�WRWDO�QXPEHU�RI�
RRF\WHV� UHWULHYHG��DQG� WKUHH�JURXSV� UHJDUGLQJ�PDWXUH�RRF\WH�
UDWH��7KH�IRXU�JURXSV�UHJDUGLQJ�WKH�QXPEHU�RI�RRF\WHV�ZHUH�KD-

YLQJ�FDVHV�DV�IROORZV��JURXS���ZLWK�����RRF\WHV��Q ������JURXS���
ZLWK������RRF\WHV��Q ������JURXS���ZLWK�������RRF\WHV��Q ������
DQG�JURXS���ZLWK�PRUH�WKDQ����RRF\WHV��Q �����7KUHH�JURXSV�
UHJDUGLQJ�PDWXUH� RRF\WHV� �0,,�� UDWHV�ZHUH� IRUPHG� DFFRUGLQJ�
WR�WKH�FULWHULD�VWDWHG�LQ�WKH�(VKUH������FRQVHQVXV�UHSRUW��������
0DWXUH�RRF\WH�UDWH�ZDV���������LQ�JURXS��$���Q ������������
��LQ�JURXS��$���Q ������DQG�OHVV�WKDQ�����LQ�JURXS��$��Q �����
$JH�� ERG\�PDVV� LQGH[� �%0,���$QWLPXOOHULDQ� KRUPRQH� �$0+���
EDVDO� VHUXP� IROOLFOH� VWLPXODWLQJ�KRUPRQH� �)6+��� EDVDO� VHUXP�
OXWHLQL]LQJ�KRUPRQH� �/+��� DQG�HVWUDGLRO� �(��� OHYHOV�� RYXODWLRQ�
WULJJHU� GD\� (��� RYXODWLRQ� WULJJHU� GD\� SURJHVWHURQH� �3�� OHYHOV�
�QJ�P/���WRWDO�JRQDGRWURSLQ�GRVH��Ǻ�K&*�SRL]LWLYLW\��DQG�PDWXUH�
RRF\WH� UDWH�ZHUH� UHFRUGHG� IURP� WKH� FKDUWV�� &\FOHV�ZLWK� RQO\�
VLQJOH�IUHVK�HPEU\R�WUDQVIHU�ZHUH�LQFOXGHG�LQ�WKH�UHWURVSHFWLYH�
VWXG\��7KH�QXPEHU�RI�F\FOHV�RI�SDWLHQWV�ZDV�LJQRUHG��

2RF\WH�SUHSDUDWLRQ��,&6,�DQG�HPEU\R�FXOWXUH
&XPXOXV±RRF\WH� FRPSOH[HV� �&2&V��ZHUH� FROOHFWHG� IURP� WKH�
DVSLUDWHG�IROOLFXODU�ÀXLG�WKHQ�FXOWXUHG�DQG�WUDQVIHUUHG�WR�IHUWLOL-
]DWLRQ�PHGLXP��)ROORZLQJ�WKH�LQFXEDWLRQ��GHQXGDWLRQ�RI�WKH�RR-

F\WH�E\�UHPRYDO�RI�WKH�VXUURXQGLQJ�FXPXOXV�DQG�FRURQD�FHOOV��
'HQXGHG� RRF\WHV�ZHUH� FXOWXUHG� DW� ���� &�� ���&2��� ���2���
DQG�����KXPLGLW\�XQWLO�,&6,��)HUWLOL]DWLRQ�ZDV�FKHFNHG�������K��
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DIWHU�,&6,�IRU�VLJQV�RI�IHUWLOL]DWLRQ��(PEU\RV�ZHUH�FKHFNHG�DQG�JUDGHG�HYHU\�GD\�E\�XVLQJ�DSSURSULDWH�VFRULQJ�V\VWHPV�PRGL¿HG�
IURP�SUHYLRXVO\�GH¿QHG�V\VWHPV����������'D\���DQG�GD\���HPEU\R�VFRULQJ�ZHUH�SHUIRUPHG�UHVSHFWLYHO\���±���K��DQG���±���K��
DIWHU�,&6,��'D\���HPEU\RV�ZHUH�VFRUHG�E\�XVLQJ�FRQVHQVXV�VFRULQJ�V\VWHP�IRU�'D\���HPEU\RV�������'D\���EODVWRF\VW�HYDOXDWLRQV�
ZHUH�EDVHG�RQ�WKH�GHJUHH�RI�EODVWRFRHO�H[SDQVLRQ��YLVLEOH�LQQHU�FHOO�PDVV��DQG�FRQWLQXRXV�WURSKRHFWRGHUP�ZLWK�VXI¿FLHQW�FHOOV��
(PEU\RV�ZHUH�JUDGHG�IURP���WR����EHVW�WR�ZRUVW���*UDGH���DQG�JUDGH���HPEU\RV�ZHUH�DFFHSWHG�DV�JRRG�TXDOLW\�RQ�GD\����GD\�
���GD\����DQG�GD\����)UHVK�VLQJOH�HPEU\R�WUDQVIHU��(7��ZDV�SHUIRUPHG�RQ�WKH�VHFRQG��WKLUG��RU�¿IWK�GD\�DIWHU�,&6,��/XWHDO�SKDVH�
VXSSRUW�ZDV�SURYLGHG�E\�YDJLQDO�SURJHVWHURQH��&ULQRQH�����JHO��6HURQR��8.���WZLFH�D�GD\��3UHJQDQF\�ZDV�GHWHUPLQHG�E\�ȕ�K&*�
OHYHOV�LQ�EORRG����GD\V�DIWHU�HPEU\R�WUDQVIHU��&OLQLFDO�SUHJQDQF\�ZDV�GH¿QHG�DV�WKH�SUHVHQFH�RI�D�JHVWDWLRQDO�VDF�ZLWK�DFFRPSDQ-

\LQJ�IHWDO�KHDUWEHDW�E\�XOWUDVRXQG���ZHHNV�IROORZLQJ�WKH�(7�SURFHGXUH��7KH�SDWLHQWV�ZLWK�ȕ�K&*�OHYHO�PRUH�WKDQ����P,8�P/�ZHUH�
FRQVLGHUHG�SUHJQDQW��/LYH�ELUWK�ZDV�GH¿QHG�DV�FRQWLQXLQJ�OLYH�ELUWK�DIWHU����ZHHNV�RI�JHVWDWLRQ�DQG�RQH�PRQWK�VXUYLYDO��7KH�OLYH�
ELUWK�UDWH�ZDV�FDOFXODWHG�E\�GLYLGLQJ�QXPEHU�RI�OLYH�ELUWKV�E\�WRWDO�QXPEHU�RI�F\FOHV�

6WDWLVWLFDO�$QDO\VLV
$OO�VWDWLVWLFDO�WHVWV�ZHUH�FRQGXFWHG�XVLQJ�-DPRYL�VRIWZDUH�YHUVLRQ�����������7KH�-DPRYL�3URMHFW���������1RUPDOLW\�RI�GDWD�GLVWULEX-

WLRQ�ZDV�DQDO\]HG�E\�HLWKHU�XVLQJ�.ROPRJRURY�6PLUQRY�RU�6KDSLUR�:LON�WHVW��6LQFH�WKH�GDWD�GLVWULEXWLRQ�ZDV�IRXQG�WR�EH�QRQ�SDUD-

PHWULF��QXPHULFDO�GDWD�ZHUH�UHSRUWHG�DV�PHGLDQ��PLQLPXP�PD[LPXP���&DWHJRULFDO�GDWD�ZDV�UHSRUWHG�DV�SHUFHQWDJHV��&RUUHODWLRQ�
EHWZHHQ�YDULDEOHV�ZHUH�H[DPLQHG�XVLQJ�6SHDUPDQ¶V�UDQN�FRUUHODWLRQ��UKR��WHVW��$OO�WHVWV�ZHUH�WZR�VLGHG�DQG�SHUIRUPHG�DW������
VLJQL¿FDQFH�OHYHO���

)LYH�KXQGUHG�VL[W\�RQH�,9)�F\FOHV�ZHUH�GLYLGHG�LQWR�IRXU�JURXSV�DFFRUGLQJ�WR�WKH�QXPEHU�RI�RRF\WHV�UHWULHYHG��7KHUH�ZDV�QR�VLJ-

QL¿FDQW�GLIIHUHQFH�EHWZHHQ�WKH�IRXU�JURXSV�UHJDUGLQJ�WKHLU�%0,��EDVDO�/+�DQG�(��OHYHOV��ȕ�K&*�SRVLWLYLW\��JRRG�TXDOLW\�FOHDYDJH�
HPEU\R�UDWH��DQG�JRRG�TXDOLW\�EODVWRF\VW�UDWH��7KH�PHDQ�DJH��$0+��EDVDO�)6+�OHYHOV��RYXODWLRQ�WULJJHU�GD\�(��DQG�3�OHYHOV��WRWDO�
JRQDGRWURSLQ�GRVH�� IHUWLOL]DWLRQ� UDWH��Ǻ�K&*�SRVLWLYLW\��DQG�FOLQLFDO�SUHJQDQF\� UDWH�ZHUH�VLJQL¿FDQWO\�GLIIHUHG�EHWZHHQ� WKH� IRXU�
JURXSV��S��������7KH�PHDQ�DJH��EDVDO�)6+�OHYHO��WRWDO�JRQDGRWURSLQ�GRVH��DQG�IHUWLOL]DWLRQ�UDWH�ZDV�KLJKHU�LQ�JURXS���ZKHUHDV�
$0+�OHYHO��DQG�RYXODWLRQ�WULJJHU�GD\�(��OHYHO�ZHUH�KLJKHU�LQ�JURXS����S��������7DEOH���DQG����

7DEOH����&OLQLFDO�FKDUDFWHULVWLFV�RI�WKH�SDWLHQWV�LQ�WKH�JURXSV�DFFRUGLQJ�WR�RRF\WH�QXPEHUV��
Variable Group 1 

(1-5 oocytes) 
n=175

Group 2 
(6-10 oocytes) 
n=214

Group 3  
(11-15 oocytes) 
n= 121

Group 4 
(16≥ oocytes) 
n=51

p value # Correlation 
coe"cient 
(rs)

Age (Years) 33 (19 - 43) †‡± 29 (21 - 41) † 28 (18 - 41) ‡ 28 (20 - 38) ± <0,001 - 0,358@
BMI (kg/m²) 24 (16 - 36,5) 24 (17 - 39,7) 24 (17,2 - 36) 24,7 (16,9 - 33) 0,562 - 0,003
Anti-Mullerian Hor-
mone (AMH)

0,9 (0 - 7,8) †‡± 2,1 (0,17 - 19,6) †$¶ 3,2 (0,6 - 32) ‡$ 4,1 (1,7 - 10,3) ±¶ <0,001 0,407@

Basal FSH (mIU/mL) 8,1 (1,5 - 24) †‡± 7 (0,3 - 23) †¶ 6 (1 - 15) ‡ 5,9 (4 - 10,9) ±¶ <0,001 - 0,356@
Basal LH (mIU/mL) 5,2 (1,7 - 15) 5,4 (0,1 - 41) 6 (1 - 23) 5,9 (2 - 32,2) 0,597 0,058
Basal E2 (ng/mL) 39 (6,2 - 185) 39 (10 - 108) 38 (11,8 - 87) 40 (15 - 79) 0,470 - 0,076
Ovulation Trigger 
day of E2 (ng/mL)

1031 (137 - 11812) †‡± 1646 (458 - 4369) †$¶ 2371 (850 - 6248) ‡$§ 2903 (1379 - 7233) ±¶§ <0,001 0,521@

Ovulation Trigger 
day of P (ng/mL)

0,4 (0,1 - 7) †‡± 0,5 (0,1 - 2,5) †$¶ 0,6 (0,1 - 2,4) ‡$ 0,7 (0,1 - 4,4) ±¶ <0,001 0,195@

Total gonadotropin 
dose (IU)

2400 (150 - 6250) †‡± 1956 (663 - 5250) †$¶ 1725 (896 - 4950) ‡$ 1721 (1000 - 3673) ±¶ <0,001 - 0,341@

# <ƌƵƐŬĂů�tĂůůŝƐ�ƚĞƐƚ͘� Dwass-Steel-Critchlow-Fligner test pairwise comparisons
† ^ƚĂƟƐƟĐĂůůǇ�ƐŝŐŶŝĮĐĂŶƚ�ĚŝīĞƌĞŶĐĞ�ďĞƚǁĞĞŶ�'ƌŽƵƉ�ϭ�ĂŶĚ�Ϯ $�^ƚĂƟƐƟĐĂůůǇ�ƐŝŐŶŝĮĐĂŶƚ�ĚŝīĞƌĞŶĐĞ�ďĞƚǁĞĞŶ�'ƌŽƵƉ�Ϯ�ĂŶĚ�ϯ
‡ ^ƚĂƟƐƟĐĂůůǇ�ƐŝŐŶŝĮĐĂŶƚ�ĚŝīĞƌĞŶĐĞ�ďĞƚǁĞĞŶ�'ƌŽƵƉ�ϭ�ĂŶĚ�ϯ ¶�^ƚĂƟƐƟĐĂůůǇ�ƐŝŐŶŝĮĐĂŶƚ�ĚŝīĞƌĞŶĐĞ�ďĞƚǁĞĞŶ�'ƌŽƵƉ�Ϯ�ĂŶĚ�ϰ
±�^ƚĂƟƐƟĐĂůůǇ�ƐŝŐŶŝĮĐĂŶƚ�ĚŝīĞƌĞŶĐĞ�ďĞƚǁĞĞŶ�'ƌŽƵƉ�ϭ�ĂŶĚ�ϰ §�^ƚĂƟƐƟĐĂůůǇ�ƐŝŐŶŝĮĐĂŶƚ�ĚŝīĞƌĞŶĐĞ�ďĞƚǁĞĞŶ�'ƌŽƵƉ�ϯ�ĂŶĚ�ϰ

@�^ƚĂƟƐƟĐĂůůǇ�ƐŝŐŶŝĮĐĂŶƚ�ĐŽƌƌĞůĂƟŽŶ�Ăƚ�Ϭ͕Ϭϱ�ůĞǀĞů�;^ƉĞĂƌŵĂŶ Ɛ͛�ƌĂŶŬ�ĐŽƌƌĞůĂƟŽŶ�ƚĞƐƚͿ
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7KH�QXPEHU�RI�RRF\WHV�UHWULHYHG�QHJDWLYHO\�FRUUHODWHG�ZLWK�DJH��WRWDO�JRQDGRWURSLQ�GRVH��DQG�EDVDO�)6+��S���������DQG�SRVLWLYHO\�
FRUUHODWHG�ZLWK�HVWURJHQ�OHYHO�RQ�WULJJHU�GD\��SURJHVWHURQH�OHYHO�RQ�WULJJHU�GD\��DQG�$0+�OHYHOV��S��������7DEOH�����,Q�DGGLWLRQ��
Ǻ�K&*�SRVLWLYLW\�DQG�FOLQLFDO�SUHJQDQF\�UDWHV�ZHUH�REVHUYHG�WR�EH�EHWWHU�LQ�WKH������RRF\WHV�JURXS���S��������7DEOH����

7DEOH����)HUWLOL]DWLRQ��SUHJQDQF\��OLYH�ELUWK�DQG�WUDQVIHU�GD\V�DIWHU�,&6,�RI�WKH�JURXSV�DFFRUGLQJ�WR�WKH�QXPEHU�RI�RRF\WHV�

$V�WKH�¿YH�KXQGUHG�VL[W\�RQH�,9)�F\FOHV�ZHUH�GLYLGHG�LQWR�WKUHH�JURXSV�DFFRUGLQJ�WR�WKH�RRF\WH�0,,�UDWLR��QR�VLJQL¿FDQW�GLIIHUHQFHV�
ZHUH�REVHUYHG�EHWZHHQ�JURXSV�LQ�WHUPV�RI�$0+��%0,��EDVDO�)6+�DQG�(���DQG�RYXODWLRQ�WULJJHU�GD\�3�OHYHOV��K&*�SRVLWLYLW\��JRRG�
TXDOLW\�FOHDYDJH�HPEU\R�UDWH��JRRG�TXDOLW\�EODVWRF\VW�UDWH��FOLQLFDO�SUHJQDQF\�UDWH��DQG�OLYH�ELUWK�UDWH��7KH�PHDQ�DJH��EDVDO�/+��
WRWDO�JRQDGRWURSLQ�GRVH��DQG�IHUWLOL]DWLRQ�UDWH�ZHUH�GLIIHUHG�VLJQL¿FDQWO\�EHWZHHQ�WKUHH�JURXSV��,Q�JURXS��$��WKH�PHDQ�DJH�ZDV�
KLJKHU�ZKHUHDV�HVWURJHQ�OHYHO�RQ�WULJJHU�GD\��DQG�EDVDO�/+�OHYHO�ZDV�ORZHU�DV�FRPSDUHG�WR�WKH�RWKHU�JURXSV��S��������5HJDUGOHVV�
RI�WKH�QXPEHU�RI�RRF\WHV��0,,�UDWHV�FRPSDUHG�ZLWK�RWKHU�JURXSV�LQ�WKH�FRKRUW�GLG�QRW�SRVLWLYHO\�DIIHFW�,9)�RXWFRPHV��7DEOH���DQG����

7DEOH����&OLQLFDO�FKDUDFWHULVWLFV�RI�WKH�SDWLHQWV�LQ�WKH�JURXSV�DFFRUGLQJ�WR�PDWXUH�RRF\WH�UDWH��

Variable Group 1 
(1-5 oocytes) 

n=175

Group 2 
(6-10 oocytes) 

n=214

Group 3  
(11-15 oocytes) 

n= 121

Group 4 
(16t oocytes) 

n=51

p value �ŽƌƌĞůĂƟŽŶ�
ĐŽĞĸĐŝĞŶƚ 

(rs)

&ĞƌƟůŝƐĂƟŽŶ�ZĂƚĞ�
(2PN)

ϲϲ�;Ϯϱ�Ͳ�ϭϬϬͿ�†‡± ϱϬ�;ϭϭ�Ͳ�ϭϬϬͿ † ϱϬ�;ϴ�Ͳ�ϭϬϬͿ ‡ ϱϬ�;ϭϳ�Ͳ�ϵϰͿ ± фϬ͘ϬϬϭ# Ͳ�Ϭ͕ϮϮϰ@

ȲͲhCG (+) Ϯϯ͕ϱй�± ϯϵ͕Ϯй Ϯϰ͕ϳй ϭϮ͕ϳй�± Ϭ͕Ϭϯϱ* Ϭ͕ϭϮϭ

Clinical Pregnancy  
ZĂƚĞ

ϮϮ͕ϴй�± ϰϭ͕ϰй ϮϮ͕ϴй ϭϯ͕ϭй�± Ϭ͕Ϭϯϵ* Ϭ͕ϭϬϵ@

>ŝǀĞ��ŝƌƚŚ�ZĂƚĞ Ϯϰ͕ϴй ϯϳ͕ϲй Ϯϲ͕ϱй ϭϭ͕ϭй Ϭ͕ϭϱϱ* Ϭ͕Ϭϵϴ@

Good Quality Cleav-
ĂŐĞ��ŵďƌǇŽ�ZĂƚĞ

ϭϬϬ�;Ϭ�Ͳ�ϭϬϬͿ ϭϬϬ�;ϯϯ�Ͳ�ϭϬϬͿ ϭϬϬ�;ϱϬ�Ͳ�ϭϬϬͿ ϭϬϬ�;ϱϬ�Ͳ�ϭϬϬͿ Ϭ͕ϰϭϰ# Ϭ͕Ϭϭϯ

Good Quality Blasto-
ĐǇƚ�ZĂƚĞ�

ϱ͕ϰй ϱϭ͕ϰй ϭϲ͕Ϯй Ϯϳй Ϭ͕Ϭϲϰ* Ϭ͕Ϭϲϱ

# <ƌƵƐŬĂů�tĂůůŝƐ�ƚĞƐƚ�*��ŚŝͲƐƋƵĂƌĞ�ƚĞƐƚ͘ Dwass-Steel-Critchlow-Fligner test pairwise comparisons
† ^ƚĂƟƐƟĐĂůůǇ�ƐŝŐŶŝĮĐĂŶƚ�ĚŝīĞƌĞŶĐĞ�ďĞƚǁĞĞŶ�'ƌŽƵƉ�ϭ�ĂŶĚ�Ϯ $�^ƚĂƟƐƟĐĂůůǇ�ƐŝŐŶŝĮĐĂŶƚ�ĚŝīĞƌĞŶĐĞ�ďĞƚǁĞĞŶ�'ƌŽƵƉ�Ϯ�ĂŶĚ�ϯ
‡ ^ƚĂƟƐƟĐĂůůǇ�ƐŝŐŶŝĮĐĂŶƚ�ĚŝīĞƌĞŶĐĞ�ďĞƚǁĞĞŶ�'ƌŽƵƉ�ϭ�ĂŶĚ�ϯ ¶�^ƚĂƟƐƟĐĂůůǇ�ƐŝŐŶŝĮĐĂŶƚ�ĚŝīĞƌĞŶĐĞ�ďĞƚǁĞĞŶ�'ƌŽƵƉ�Ϯ�ĂŶĚ�ϰ
±�^ƚĂƟƐƟĐĂůůǇ�ƐŝŐŶŝĮĐĂŶƚ�ĚŝīĞƌĞŶĐĞ�ďĞƚǁĞĞŶ�'ƌŽƵƉ�ϭ�ĂŶĚ�ϰ §�^ƚĂƟƐƟĐĂůůǇ�ƐŝŐŶŝĮĐĂŶƚ�ĚŝīĞƌĞŶĐĞ�ďĞƚǁĞĞŶ�'ƌŽƵƉ�ϯ�ĂŶĚ�ϰ

@�^ƚĂƟƐƟĐĂůůǇ�ƐŝŐŶŝĮĐĂŶƚ�ĐŽƌƌĞůĂƟŽŶ�Ăƚ�Ϭ͕Ϭϱ�ůĞǀĞů�;^ƉĞĂƌŵĂŶ Ɛ͛�ƌĂŶŬ�ĐŽƌƌĞůĂƟŽŶ�ƚĞƐƚͿ

Variable Group 1A 
(76-100%)  

n=338

Group 2A 
(75-50%) 

n=150

Group 3A 
(50%p) 

n=73

p value # �ŽƌƌĞůĂƟŽŶ�
ĐŽĞĸĐŝĞŶƚ 

(rs)

Age (Years) Ϯϵ�;ϭϴ�Ͳ�ϰϮͿ�‡ Ϯϵ�;ϮϬ�Ͳ�ϰϭͿ�$ ϯϭ�;Ϯϯ�Ͳ�ϰϯͿ�‡$ Ϭ͕ϬϬϯ Ϭ͕ϭϬϳ@

BMI (kg/m²) Ϯϯ͕ϵ�;ϭϲ�Ͳ�ϯϵ͕ϳͿ Ϯϰ�;ϭϳ�Ͳ�ϯϲͿ Ϯϰ͕ϯ�;ϭϳ�Ͳ�ϯϲ͕ϱͿ Ϭ͕ϯϮϳ Ϭ͕Ϭϲϯ

�ŶƟͲDƵůůĞƌŝĂŶ�,Žƌ-
mone (�D,Ϳ

Ϯ͕ϭ�;Ϭ�Ͳ�ϯϮͿ Ϯ͕ϯ�;Ϭ͕ϭ�Ͳ�ϭϵ͕ϲͿ ϭ͕ϱ�;Ϭ͕ϭ�Ͳ�ϭϬ͕ϲͿ Ϭ͕Ϭϳϱ Ͳ�Ϭ͕ϬϬϯ

�ĂƐĂů�&^,�;ŵ/hͬŵ>Ϳ ϳ�;Ϭ͕ϯ�Ͳ�ϭϳ͕ϲͿ ϳ�;ϭ�Ͳ�ϮϰͿ ϲ�;ϭ͕ϱ�Ͳ�ϭϲͿ Ϭ͕ϯϵϮ Ͳ�Ϭ͕ϬϮϲ

�ĂƐĂů�>,�;ŵ/hͬŵ>Ϳ ϲ�;Ϭ͕ϭ�Ͳ�ϰϭͿ�‡ ϱ�;ϭ�Ͳ�ϮϭͿ ϰ͕ϴ�;ϭ͕ϳ�Ͳ�ϭϱͿ�‡ Ϭ͕ϬϬϭ Ͳ�Ϭ͕ϭϯϯ@

Basal E2 (ng/mL) ϯϵ�;ϳ͕ϴ�Ͳ�ϭϬϴͿ ϯϴ�;ϭϬ�Ͳ�ϭϬϭͿ ϯϳ�;ϲ͕Ϯ�Ͳ�ϭϴϱͿ Ϭ͕ϳϮϬ Ͳ�Ϭ͕ϬϬϮ

KǀƵůĂƟŽŶ�dƌŝŐŐĞƌ�ĚĂǇ�ŽĨ�
E2 (ng/mL)

ϭϲϴϲ�;ϭϯϳ�Ͳ�ϳϮϯϯͿ ‡ ϭϴϬϲ�;Ϯϰϱ�Ͳ�ϭϭϴϭϮͿ $ ϭϯϵϱ�;Ϯϴϵ�Ͳ�ϲϴϮϳͿ ‡$ Ϭ͕ϬϬϮ Ͳ�Ϭ͕Ϭϲϱ

KǀƵůĂƟŽŶ�dƌŝŐŐĞƌ�ĚĂǇ�ŽĨ�
P (ng/mL)

Ϭ͕ϱ�;Ϭ͕ϭ�Ͳ�ϳͿ Ϭ͕ϱ�;Ϭ͕ϭ�Ͳ�ϰ͕ϰͿ Ϭ͕ϱ�;Ϭ͕ϭ�Ͳ�ϮͿ Ϭ͕ϲϴϳ Ͳ�Ϭ͕Ϭϭϲ

dŽƚĂů�ŐŽŶĂĚŽƚƌŽƉŝŶ�ĚŽƐĞ�
;/hͿ

ϮϬϮϱ�;ϭϱϬ�Ͳ�ϰϱϳϱͿ ϮϬϮϰ�;ϭϬϴϰ�Ͳ�ϱϴϱϬͿ ϮϮϱϬ�;ϲϲϯ�Ͳ�ϲϮϱϬͿ Ϭ͕Ϭϳϯ Ϭ͕ϭϱϭ@

DĂƚƵƌĞ�KŽĐǇƚĞ�ZĂƚĞ ϭϬϬ�;Ϭ�Ͳ�ϭϬϬͿ †‡ ϲϳ�;ϱϯ�Ͳ�ϳϴͿ †$ ϰϯ�;ϭϯ�Ͳ�ϭϬϬͿ ‡$ фϬ͕ϬϬϭ Ͳ�Ϭ͕ϴϳϵ@

# <ƌƵƐŬĂů�tĂůůŝƐ�ƚĞƐƚ͘�

Dwass-Steel-Critchlow-Fligner test pairwise comparisons
† ^ƚĂƟƐƟĐĂůůǇ�ƐŝŐŶŝĮĐĂŶƚ�ĚŝīĞƌĞŶĐĞ�ďĞƚǁĞĞŶ�'ƌŽƵƉ�ϭ�ĂŶĚ�Ϯ
‡ ^ƚĂƟƐƟĐĂůůǇ�ƐŝŐŶŝĮĐĂŶƚ�ĚŝīĞƌĞŶĐĞ�ďĞƚǁĞĞŶ�'ƌŽƵƉ�ϭ�ĂŶĚ�ϯ
$�^ƚĂƟƐƟĐĂůůǇ�ƐŝŐŶŝĮĐĂŶƚ�ĚŝīĞƌĞŶĐĞ�ďĞƚǁĞĞŶ�'ƌŽƵƉ�Ϯ�ĂŶĚ�ϯ

@�^ƚĂƟƐƟĐĂůůǇ�ƐŝŐŶŝĮĐĂŶƚ�ĐŽƌƌĞůĂƟŽŶ�Ăƚ�Ϭ͕Ϭϱ�ůĞǀĞů�;^ƉĞĂƌŵĂŶ Ɛ͛�ƌĂŶŬ�ĐŽƌƌĞůĂƟŽŶ�ƚĞƐƚͿ
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7DEOH����)HUWLOL]DWLRQ��SUHJQDQF\��OLYH�ELUWK�DQG�WUDQVIHU�GD\V�DIWHU�,&6,�RI�WKH�JURXSV�DFFRUGLQJ�WR�PDWXUH�RRF\WH�UDWH�

$GYDQFHV� LQ� ODERUDWRU\� WHFKQRORJ\�DQG�FOLQLFDO� SUDFWLFH�KDYH�
EHHQ� LQFUHDVHG� VXFFHVV� UDWHV� LQ�$57�� ,W� LV� XQFOHDU�ZKDW� WKH�
OHYHO�RI�FRQWUROOHG�RYDULDQ�VWLPXODWLRQ�VKRXOG�EH�WR�SURYLGH�EHVW�
UHVXOWV�IURP�LQ�YLWUR�IHUWLOL]DWLRQ������1XPEHU�RI�VWXGLHV�VXJJHVW�
WKDW�KLJK�QXPEHU�RI�RRF\WHV�PD\�EH�QHJDWLYHO\�DVVRFLDWHG�ZLWK�
RRF\WH�TXDOLW\�������IHUWLOL]DWLRQ�UDWH�������DQG�OLYH�ELUWK�UDWHV������
KRZHYHU�� WKHUH�DUH�VWXGLHV�VXJJHVW� WKDW�D�KLJKHU� UHVSRQVH� LV�
DVVRFLDWHG�ZLWK�LQFUHDVHG�SUHJQDQF\�DQG�OLYH�ELUWK�UDWHV��/%5��
����� �����6HYHUDO� VWXGLHV� KDYH� EHHQ� FRQGXFWHG� WR� GHWHUPLQH�
WKH�RSWLPDO�QXPEHU�RI�RRF\WHV�IRU�IUHVK�/%5�PD[LPL]DWLRQ��7R�
FRQWULEXWH�WKH�HIIRUWV�RQ�GHWHUPLQDWLRQ�RI�WKH�HIIHFW�RI�QXPEHU�
RI�RRF\WHV�UHWULHYHG�RQ�,9)�RXWFRPHV��ZH�DQDO\]HG�����F\FOHV�

$OWKRXJK�WKH�QXPEHU�RI�RRF\WHV�UHWULHYHG�LQ�IUHVK�F\FOHV�ZDV�
IRXQG� WR�EH�VWURQJO\�DVVRFLDWHG�ZLWK� ,9)�VXFFHVV�� VLJQL¿FDQW�
FOLQLFDO�DQG�PHWKRGRORJLFDO�KHWHURJHQHLWLHV�H[LVW�EHWZHHQ�VWX-

GLHV��5HFHQW� VWXGLHV� KDYH� VXJJHVWHG� WKDW� VXSUDSK\VLRORJLFDO�
DPRXQWV�RI�HVWUDGLRO�DQG�SURJHVWHURQH�LQ�IUHVK�F\FOHV�PD\�UH-

GXFH�HQGRPHWULDO�UHFHSWLYLW\��ZKLFK�LQ�WXUQ�UHVXOWV�ORZHU�LPSODQ-

WDWLRQ�UDWHV����������$FFRUGLQJ�WR�RXU�¿QGLQJV��ZH�FDQ�VXJJHVW�
WKDW�WKH�EHVW�UHVXOWV�LQ�WHUPV�RI�EKFJ�SRVLWLYLW\�DQG�FOLQLFDO�SUHJ-

QDQF\�UDWHV�DUH�LQ�WKH������RRF\WHV�JURXS���

0RUHRYHU��ZH�LQYHVWLJDWHG�WKH�HIIHFW�RI�0,,�UDWLRV�RQ�,9)�UHVXOWV��
2RF\WH�GHYHORSPHQWDO�FRPSHWHQFH� LV�JHQHUDOO\�GHVFULEHG�DV�

³WKH�DELOLW\�RI�D� IHPDOH�JDPHWH� WR�PDWXUH� LQWR�DQ�HJJ�ZLWK� LWV�
SRWHQWLDO�WR�EH�IHUWLOL]HG�DQG�VXVWDLQ�HPEU\R�GHYHORSPHQW�WR�WKH�
EODVWRF\VW�VWDJH´�������)RU�GHYHORSPHQWDO�FRPSHWHQFH��RRF\-

WHV�PXVW�XQGHUJR�FRUUHFW�QXFOHDU�DQG�F\WRSODVPLF�PDWXUDWLRQ�
IROORZLQJ�OXWHLQL]LQJ�KRUPRQH��/+��VXUJH�������2RF\WH�GHYHORS-

PHQWDO�FRPSHWHQFH�LQYROYHV�D�ODUJH�QXPEHU�RI�IDFWRUV�UHJXOD-

WHG�E\�GLIIHUHQW�VLJQDOOLQJ�SDWKZD\V�DW�YDULRXV�VWDJHV�SULRU� WR�
IHUWLOL]DWLRQ� �����:KHQ�ZH�DQDO\VHG� WKH�HIIHFW�RI�0,,� UDWLRV� LQ�
FRKRUW�RQ�,9)�UHVXOWV�LQ�WKH�IUHVK�VLQJOH�HPEU\R�WUDQVIHU�F\FOH��
LUUHVSHFWLYH� RI� WKH� QXPEHU� RI� RRF\WHV�� ZH� REVHUYHG� WKDW�0,,�
UDWLRV�KDG�QR�HIIHFW�RQ�,9)�RXWFRPHV���S����������

7KH� GH¿QLWLRQ� RI� F\WRSODVPLF�PDWXUDWLRQ� LV� VWLOO� XQFOHDU� VLQFH�
DQ�HDUO\�SUHGLFWRU�RI�YLDELOLW\�LVQ¶W�DYDLODEOH�DQG�LW�FDQ�RQO\�EH�
LQIHUUHG�E\�WKH�EHKDYLRXU�RI�FRUWLFDO�JUDQXOHV����������+RZHYHU��
LW� LV� NQRZQ� WKDW� RRF\WHV�PD\� QRW� KDYH� VXI¿FLHQW� F\WRSODVPLF�
PDWXUDWLRQ� WR� FRPSOHWH�HPEU\RQLF�GHYHORSPHQW�� HYHQ� LI� VXF-

FHVVIXO� QXFOHDU� RU� PHLRWLF� PDWXUDWLRQ� LQWR� WKH� PHWDSKDVH� ,,�
VWDJH�RI�PHLRVLV�������1RUPDO�IHUWLOL]DWLRQ�UHTXLUHV�F\WRSODVPLF�
FRPSHWHQFH�ZKLFK�LQFOXGHV�PHWDEROLF�DQG�VWUXFWXUDO�PRGL¿FD-

WLRQV� OHDGLQJ� WR� JHQHWLF� DFWLYDWLRQ� DQG� FHOO� F\FOH� SURJUHVVLRQ�
IURP�PHLRVLV�WR�PLWRVLV�WR�REWDLQ�HPEU\RV�ZLWK�IXOO�GHYHORSPHQW�
SRWHQWLDO���������2XU�¿QGLQJV�VXSSRUW�WKH�OLWHUDWXUH�DV�UHSRUWHG�
WKDW�LQFRPSOHWH�F\WRSODVPLF�PDWXUDWLRQ�RI�PHWDSKDVH���RRF\WH�
GHVSLWH�QXFOHDU�PDWXUDWLRQ�DQG� OLPLWHG�QXPEHU�RI�F\FOHV�PD\�
EH�DGYHUVHO\�HIIHFWV�SUHJQDQF\�DQG�OLYH�ELUWK�UDWHV��

5(68/76',6&866,21

Variable Group 1A 
(76-100%)  

n=338

Group 2A 
(75-50%) 

n=150

Group 3A 
(50%p) 

n=73

p value �ŽƌƌĞůĂƟŽŶ�
ĐŽĞĸĐŝĞŶƚ 

(rs)

&ĞƌƟůŝƐĂƟŽŶ�ZĂƚĞ�;ϮWEͿ ϱϱ�;ϴ�Ͳ�ϭϬϬͿ ‡ ϱϬ�;ϭϬ�Ͳ�ϭϬϬͿ $ ϴϬ͕ϱ�;ϭϳ�Ͳ�ϭϬϬͿ ‡$ фϬ͕ϬϬϭ# Ϭ͕ϭϮϯ@

ȲͲhCG (+) ϲϯ͕ϵй Ϯϲ͕ϱй ϵ͕ϲй Ϭ͕ϯϭϭ* Ͳ�Ϭ͕ϬϲϬ

�ůŝŶŝĐĂů�WƌĞŐŶĂŶĐǇ��ZĂƚĞ ϲϰ͕ϴй Ϯϲ͕Ϯй ϵй Ϭ͕Ϯϯϭ* Ͳ�Ϭ͕Ϭϲϵ

>ŝǀĞ��ŝƌƚŚ�ZĂƚĞ ϲϳ͕ϱй Ϯϯ͕ϵй ϴ͕ϱй Ϭ͕ϭϲϯ* Ͳ�Ϭ͕Ϭϴϱ

Good Quality Cleavage 
�ŵďƌǇŽ�ZĂƚĞ

ϭϬϬ�;Ϭ�Ͳ�ϭϬϬͿ ϭϬϬ�;ϯϯ�Ͳ�ϭϬϬͿ ϭϬϬ�;Ϭ�Ͳ�ϭϬϬͿ Ϭ͕ϵϲϵ# Ͳ�Ϭ͕ϬϰϮ

Good Quality Blastocyt 
ZĂƚĞ�

ϳϯй Ϯϭ͕ϲй ϱ͕ϰй Ϭ͕ϵϯϯ* Ϭ͕ϬϬϵ

# <ƌƵƐŬĂů�tĂůůŝƐ�ƚĞƐƚ�*��ŚŝͲƐƋƵĂƌĞ�ƚĞƐƚ͘

Dwass-Steel-Critchlow-Fligner test pairwise comparisons
† ^ƚĂƟƐƟĐĂůůǇ�ƐŝŐŶŝĮĐĂŶƚ�ĚŝīĞƌĞŶĐĞ�ďĞƚǁĞĞŶ�'ƌŽƵƉ�ϭ�ĂŶĚ�Ϯ
‡ ^ƚĂƟƐƟĐĂůůǇ�ƐŝŐŶŝĮĐĂŶƚ�ĚŝīĞƌĞŶĐĞ�ďĞƚǁĞĞŶ�'ƌŽƵƉ�ϭ�ĂŶĚ�ϯ
$�^ƚĂƟƐƟĐĂůůǇ�ƐŝŐŶŝĮĐĂŶƚ�ĚŝīĞƌĞŶĐĞ�ďĞƚǁĞĞŶ�'ƌŽƵƉ�Ϯ�ĂŶĚ�ϯ

@�^ƚĂƟƐƟĐĂůůǇ�ƐŝŐŶŝĮĐĂŶƚ�ĐŽƌƌĞůĂƟŽŶ�Ăƚ�Ϭ͕Ϭϱ�ůĞǀĞů�;^ƉĞĂƌŵĂŶ Ɛ͛�ƌĂŶŬ�ĐŽƌƌĞůĂƟŽŶ�ƚĞƐƚͿ

# <ƌƵƐŬĂů�tĂůůŝƐ�ƚĞƐƚ͘�

Dwass-Steel-Critchlow-Fligner test pairwise comparisons
† ^ƚĂƟƐƟĐĂůůǇ�ƐŝŐŶŝĮĐĂŶƚ�ĚŝīĞƌĞŶĐĞ�ďĞƚǁĞĞŶ�'ƌŽƵƉ�ϭ�ĂŶĚ�Ϯ
‡ ^ƚĂƟƐƟĐĂůůǇ�ƐŝŐŶŝĮĐĂŶƚ�ĚŝīĞƌĞŶĐĞ�ďĞƚǁĞĞŶ�'ƌŽƵƉ�ϭ�ĂŶĚ�ϯ
$�^ƚĂƟƐƟĐĂůůǇ�ƐŝŐŶŝĮĐĂŶƚ�ĚŝīĞƌĞŶĐĞ�ďĞƚǁĞĞŶ�'ƌŽƵƉ�Ϯ�ĂŶĚ�ϯ

@�^ƚĂƟƐƟĐĂůůǇ�ƐŝŐŶŝĮĐĂŶƚ�ĐŽƌƌĞůĂƟŽŶ�Ăƚ�Ϭ͕Ϭϱ�ůĞǀĞů�;^ƉĞĂƌŵĂŶ Ɛ͛�ƌĂŶŬ�ĐŽƌƌĞůĂƟŽŶ�ƚĞƐƚͿ
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7KHUH� LV� D� SRVLWLYH� FRUUHODWLRQ� EHWZHHQ� WKH� QXPEHU� RI� RRF\-

WHV�DQG� WKH�QXPEHU�RI�EHVW�TXDOLW\�HPEU\RV� ������)LQGLQJV�RI�
D�PHWD�DQDO\VLV�E\�9HUPH\�EJ�HW�DO��DOVR� UHYHDO� WKDW� WKHUH� LV�
D�SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�WKH�QXPEHU�RI�RRF\WHV�DQG�WKH�
QXPEHU�RI�WRS�TXDOLW\�HPEU\RV��DOWKRXJK�WKHUH�LV�FRQVLGHUDEOH�
KHWHURJHQHLW\�EHWZHHQ�WKH�VWXGLHV�������,Q�WKLV�VWXG\��WKH�GLIIH-

UHQFH�EHWZHHQ�QXPEHU�RI�RRF\WHV�DQG�0��RRF\WH�UDWH�GLG�QRW�
DIIHFW� WKH�TXDOLW\�RI� WKH�FOHDYDJH�HPEU\RV�DQG�EODVWRF\W��:H�
WKLQN�WKDW�GXH�WR�LQVXI¿FLHQW�F\WRSODVPLF�PDWXUDWLRQ�RU�D�OLPLWHG�
QXPEHU�RI�FDVHV��KLJK�UDWHV�RI�PDWXUH�RRF\WHV�DQG�LQFUHDVLQJ�
RRFWH�QXPEHU�PD\�QRW�KDYH�DIIHFWHG�HPEU\R�TXDOLW\���

$QRWKHU�LPSRUWDQW�IDFWRU�LV�DJH�LQ�GHWHUPLQLQJ�IHUWLOLW\�SRWHQWLDO�
RI�ZRPHQ���)HUWLOLW\�GHFUHDVHV�ZLWK�DJH��FRUUHVSRQGLQJ�WR�WKH�
GHFUHDVH� LQ� WKH�TXDQWLW\�DQG�TXDOLW\�RI�RRF\WHV��7KH�IROOLFXODU�
GHSOHWLRQ� SDWWHUQ�� LQÀXHQWLDO� IDFWRUV�� WLPLQJ�� DQG�PHFKDQLVPV�
WKDW�GHWHUPLQH�ERWK�WKH�GHFUHDVLQJ�RRF\WH�QXPEHU�DQG�RRF\-

WH�TXDOLW\�DUH�QRW�IXOO\�XQGHUVWRRG�������6WXGLHV�KDYH�LQGLFDWHG�
WKDW�DGYDQFHG� IHPDOH�DJH� LQFUHDVHV� WKH�FKDQFH�RI� LPPDWXUH�
RRF\WH�UHFUXLWPHQW�LQ�$57�F\FOHV�������6LPLODU�WR�WKH�SUHYLRXV�
UHSRUWV��ZH�REVHUYHG�WKDW�ERWK�WKH�QXPEHU�RI�RRF\WHV�UHWULHYHG�
DQG�WKH�UDWLR�RI�0,,�RRF\WHV�LQ�WKH�FRKRUW�GHFUHDVHG�ZLWK�LQFUH-

DVLQJ�IHPDOH�DJH�

 

5HVXOWV�RI� WKH�FXUUHQW�VWXG\�DUH�FRQVLVWHQW�ZLWK�SUHYLRXV�VWX-

GLHV��LQVXI¿FLHQW�F\WRSODVPLF�PDWXUDWLRQ�RI�PHWDSKDVH���RRF\WH�
LQ�WKH�FRKRUW�DGYHUVHO\�DIIHFWV�RRF\WH�FRPSHWHQFH��SUHJQDQF\�
UDWHV��DQG�OLYH�ELUWKV�LQ�IUHVK�,9)�F\FOHV��,Q�FRQFOXVLRQ��ZH�PD\�
VXJJHVW�WKDW�HYDOXDWLQJ�RRF\WHV�RQ�WKH�EDVLV�RI�QXFOHDU�PDWX-

ULW\�ZLWKRXW�WDNLQJ�F\WRSODVPLF�PDWXUDWLRQ�LQWR�DFFRXQW�PD\�EH�
LQVXI¿FLHQW�WR�SUHGLFW�,9)�RXWFRPHV��)XUWKHU�UHVHDUFK�WR�GH¿QH�
QHZ�ELRPDUNHUV�WKDW�LGHQWL¿HV�WKH�RRF\WH�QXFOHDU�DQG�F\WRSODV-

PLF�PDWXUDWLRQ�SURFHVVHV�DQG�HYHQ�IRU�WHFKQLFDO�GHYHORSPHQWV�
WKDW�FRUUHFW�WKH�GLVUXSWLRQV�LV�QHHGHG�

��� +DDKU��7���(VWHYHV��6��&���+XPDLGDQ��3��������,QGLYLGX-

DOL]HG�FRQWUROOHG�RYDULDQ�VWLPXODWLRQ�LQ�H[SHFWHG�SRRU�UHVSRQ-

GHUV��DQ�XSGDWH��5HSURG�%LRO�(QGRFULQRO���������

��� %DNHU��9�/���%URZQ��0�%���/XNH��%���&RQUDG��.�3��������
$VVRFLDWLRQ�RI�QXPEHU�RI�UHWULHYHG�RRF\WHV�ZLWK�OLYH�ELUWK�UDWH�
DQG�ELUWK�ZHLJKW��DQ�DQDO\VLV�RI���������F\FOHV�RI�LQ�YLWUR�IHUWLOL-
]DWLRQ��)HUWLO��6WHULO����������±����H���

��� 9DQ�GHU�*DDVW��0�+���(LMNHPDQV��0�-��� YDQ�GHU�1HW��

-�%���GH�%RHU��(�-���%XUJHU��&�:���YDQ�/HHXZHQ��)�(���)DXVHU��
%�&���0DFNORQ��1�6��������2SWLPXP�QXPEHU�RI�RRF\WHV� IRU�D�
VXFFHVVIXO�¿UVW�,9)�WUHDWPHQW�F\FOH��5HSURG�%LRPHG�2QOLQH�����
���±�����

��� 9DOEXHQD��'���0DUWLQ�� -��� GH�3DEOR�� -�/���5HPRKL�� -���
3HOOLFHU��$���6LPRQ��&���������,QFUHDVLQJ�OHYHOV�RI�HVWUDGLRO�DUH�
GHOHWHULRXV�WR�HPEU\RQLF�LPSODQWDWLRQ�EHFDXVH�WKH\�GLUHFWO\�DI-
IHFW�WKH�HPEU\R��)HUWLO��6WHULO���������±�����

��� 6HVK� .DPDO� 6XQNDUD�� 9LYLDQ� 5LWWHQEHUJ�� 1LFN� 5D-

LQH�)HQQLQJ�� 6LODGLW\D� %KDWWDFKDU\D�� -DYLHU� =DPRUD�� DQG�$UUL�
&RRPDUDVDP\��������$VVRFLDWLRQ�EHWZHHQ�WKH�QXPEHU�RI�HJJV�
DQG�OLYH�ELUWK�LQ�,9)�WUHDWPHQW��DQ�DQDO\VLV�RI���������WUHDWPHQW�
F\FOHV��+XPDQ�5HSURGXFWLRQ�9RO�����1R���SS������±�����

��� /DZ�<-��=KDQJ�1���.ROLELDQDNLV�(0��&RVWHOOR�0)��.HO-
OHU�(��&KDPEHUV�*0�HW�DOO���,V�WKHUH�DQ�RSWLPDO�QXPEHU�RI�RR-

F\WHV�UHWULHYHG�DW�ZKLFK�OLYH�ELUWK�UDWHV�RU�FXPXODWLYH�OLYH�ELUWK�
UDWHV� SHU� DVSLUDWLRQ� DUH� PD[LPL]HG� DIWHU�$57"�$� V\VWHPDWLF�
UHYLHZ��5HSURG�%LRPHG�2QOLQH��������������������

��� 5XEÕQR��3���9ÕJDQR��3���/XGGÕ��$��	�3ÕRPERQÕ��3��������
7KH�,&6,�SURFHGXUH�IURP�SDVW�WR�IXWXUH��D�V\VWHPDWLF�UHYLHZ�RI�
WKH�PRUH�FRQWURYHUVLDO�DVSHFWV��+XPDQ�5HSURGXFWLRQ�8SGDWH��
������������

��� %HDOO��6���%UHQQHU��&���6HJDUV��-��������2RF\WH�PDWX-

UDWLRQ�IDLOXUH��$�V\QGURPH�RI�EDG�HJJV��)HUWLOLW\�DQG�6WHULOLW\������
����±�����

��� $YFL� %��� .DVDSRJOX�� ,��� &DNLU� &���2]ED\��$���$WD�� %���
8QFX��*��������)HUWLOLVDWLRQ�DQG�HDUO\�HPEU\RQLF�GHYHORSPHQW�
RI�LPPDWXUH�DQG�UHVFXH�LQ�YLWUR�PDWXUHG�VLEOLQJ�RRF\WHV��+XP�
)HUWLO��&DPE���-DQ���������

���� +DOYDHL�� ,���$OL�.KDOLOL��0���5D]L��0��+���1RWWROD��6��$��
������7KH�HIIHFW�RI�LPPDWXUH�RRF\WHV�TXDQWLW\�RQ�WKH�UDWHV�RI�
RRF\WHV�PDWXULW\�DQG�PRUSKRORJ\��IHUWLOL]DWLRQ��DQG�HPEU\R�GH-

YHORSPHQW�LQ�,&6,�F\FOHV��-�$VVLVW�5HSURG�*HQHW�������������

���� /XQD�0DR��+DQJ\LQJ�/RX��<L\XQ�/RX��1LQJ�:DQJ��)DQ�
-LQ��������%HKDYLRXU�RI�F\WRSODVPLF�RUJDQHOOHV�DQG�F\WRVNHOH-

WRQ�GXULQJ�RRF\WH�PDWXUDWLRQ�5HSURGXFWLYH�%LR0HGLFLQH�2QOLQH�
�������±����

���� 6HQ��$���&DLD]]D��)��������2RF\WH�PDWXUDWLRQ��D�VWRU\�
RI�DUUHVW�DQG�UHOHDVH��)URQW�%LRVFL��6FKRO�(G�������������

���� $OHVVDQGUD�3��� �0RKDPDG� ,���'HUHN�.��� 6WHSKHQ�&���
=HY� 5��� *LDQSLHUR� '�� 3DOHUPR�� ������ +LJK� SURSRUWLRQ� RI� LP-

PDWXUH�RRF\WHV�LQ�D�FRKRUW�UHGXFHV�IHUWLOL]DWLRQ��HPEU\R�GHYH-

ORSPHQW��SUHJQDQF\�DQG�OLYH�ELUWK�UDWHV�IROORZLQJ�,&6,�5HSURG�
%LRPHG�2QOLQH�2FW���������������

5(68/765()(5(1&(6
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���� 5HLFKPDQ��'��(���3ROLWFK��-���*LQVEXUJ��(��6���5DFRZV-

N\��&��������([WHQGHG�LQ�YLWUR�PDWXUDWLRQ�RI�LPPDWXUH�RRF\WHV�
IURP� VWLPXODWHG� F\FOHV�� DQ� DQDO\VLV� RI� IHUWLOL]DWLRQ� SRWHQWLDO��
HPEU\R� GHYHORSPHQW�� DQG� UHSURGXFWLYH� RXWFRPHV�� -� $VVLVW�
5HSURG�*HQHW�������������

���� (6+5(� 6SHFLDO� ,QWHUHVW� *URXS� RI� (PEU\RORJ\� DQG�
$OSKD�6FLHQWLVWV� LQ�5HSURGXFWLYH�0HGLFLQH��������7KH�9LHQQD�
FRQVHQVXV�� UHSRUW� RI� DQ� H[SHUW�PHHWLQJ� RQ� WKH� GHYHORSPHQW�
RI�DUW�ODERUDWRU\�SHUIRUPDQFH�LQGLFDWRUV��+XPDQ�5HSURGXFWLRQ�
2SHQ��SS���±���

���� 7HVDULN� -���*UHFR�(�� ������7KH�SUREDELOLW\� RI� DEQRU-
PDO�SUHLPSODQWDWLRQ�GHYHORSPHQW�FDQ�EH�SUHGLFWHG�E\�D�VLQJ-

OH�VWDWLF�REVHUYDWLRQ�RQ�SURQXFOHDU�VWDJH�PRUSKRORJ\��+XPDQ�
5HSURGXFWLRQ����������������

���� $OSKD�6FLHQWLVWV�LQ�5HSURGXFWLYH�0HGLFLQH�DQG�(6+-

5(�6SHFLDO� ,QWHUHVW�*URXS�RI�(PEU\RORJ\��������7KH�,VWDQEXO�
FRQVHQVXV� ZRUNVKRS� RQ� HPEU\R� DVVHVVPHQW�� SURFHHGLQJV�
RI�DQ�H[SHUW�PHHWLQJ��+XPDQ�5HSURGXFWLRQ��9RO�����1R���SS��
����±�����������

���� %DF]NRZVNL�7��.XU]DZD�5��*áDERZVNL�:��0HWKRGV�RI�
HPEU\R�VFRULQJ�LQ�LQ�YLWUR�IHUWLOL]DWLRQ��5HSURG�%LRO���������±���

���� 0LWZDOO\�� 0�)��� %KDNRR�� +�6��� &ULFNDUG�� .��� 6XOOLYDQ��
0�:���%DWW��5�(���<HK��-��������(VWUDGLRO�SURGXFWLRQ�GXULQJ�FRQW-
UROOHG�RYDULDQ�K\SHUVWLPXODWLRQ�FRUUHODWHV�ZLWK�WUHDWPHQW�RXWFR-

PH�LQ�ZRPHQ�XQGHUJRLQJ�LQ�YLWUR�IHUWLOL]DWLRQ±HPEU\R�WUDQVIHU��
)HUWLOLW\�DQG�VWHULOLW\���������±����

���� .RN��-�'���/RRPDQ��&�:���:HLPD��6�0���7H�9HOGH��(�5��
������$�KLJK�QXPEHU�RI�RRF\WHV�REWDLQHG�DIWHU�RYDULDQ�K\SHUV-

WLPXODWLRQ�IRU�LQ�YLWUR�IHUWLOL]DWLRQ�RU�LQWUDF\WRSODVPLF�VSHUP�LQ-

MHFWLRQ� LV�QRW�DVVRFLDWHG�ZLWK�GHFUHDVHG�SUHJQDQF\�RXWFRPH��
)HUWLOLW\�6WHULOLW\���������±���

���� )DWHPL�� +�0��� 'RRG\�� .��� *ULHVLQJHU�� *���:LWMHV�� +���
0DQQDHUWV��%��������+LJK�RYDULDQ� UHVSRQVH�GRHV�QRW� MHRSDU-
GL]H�RQJRLQJ�SUHJQDQF\�UDWHV�DQG�LQFUHDVHV�FXPXODWLYH�SUHJ-

QDQF\�UDWHV�LQ�D�*Q5+�DQWDJRQLVW�SURWRFRO��+XPDQ�5HSURGXF-

WLRQ���������±����

���� %ULJJV��5���.RYDFV��*���0DFODFKODQ��9���0RWWHUDP��&���
%DNHU��+�:��������&DQ�\RX�HYHU�FROOHFW�WRR�PDQ\�RRF\WHV"�+X-

PDQ�5HSURGXFWLRQ�������±���

���� 9HQHWLV��&���.ROLELDQDNLV��(���%RVGRX��-���7DUODW]LV��%��
������3URJHVWHURQH�HOHYDWLRQ�DQG�SUREDELOLW\�RI�SUHJQDQF\�DI-
WHU�,9)��D�V\VWHPDWLF�UHYLHZ�DQG�PHWD�DQDO\VLV�RI�RYHU��������
F\FOHV��+XPDQ�5HSURGXFWLRQ�8SGDWH��������±����

���� &RQWL�� 0��� )UDQFLRVL�� )�� ������ $FTXLVLWLRQ� RI� RRF\WH�

FRPSHWHQFH�WR�GHYHORS�DV�DQ�HPEU\R��LQWHJUDWHG�QXFOHDU�DQG�
F\WRSODVPLF� HYHQWV�� +XPDQ� 5HSURGXFWLRQ� 8SGDWH�� ���� ����
����

���� 5HDGHU��.��/���6WDQWRQ��-��$��/���-XHQJHO��-��/��������
7KH�5ROH�RI�2RF\WH�2UJDQHOOHV�LQ�'HWHUPLQLQJ�'HYHORSPHQWDO�
&RPSHWHQFH��%LRORJ\��%DVHO���6HS������������

���� 6DWKDQDQWKDQ��$�+���6HOYDUDM��.���*LULMDVKDQNDU��0�/���
*DQHVK��9���6HOYDUDM��3���7URXQVRQ��$�2��������)URP�RRJRQLD�
WR�PDWXUH�RRF\WHV��,QDFWLYDWLRQ�RI�WKH�PDWHUQDO�FHQWURVRPH�LQ�
KXPDQV��0LFURVF��5HV��7HFK����������±����

���� $UUR\R��$���.LP��%���<HK��-��������/XWHLQL]LQJ�+RUPRQH�
$FWLRQ�LQ�+XPDQ�2RF\WH�0DWXUDWLRQ�DQG�4XDOLW\��6LJQDOLQJ�3DW-
KZD\V��5HJXODWLRQ��DQG�&OLQLFDO�,PSDFW��5HSURGXFWLYH�6FLHQFHV�
��������������

���� /LYLD�=��<DQH]��-LQQXR�+DQ��%DUU\�%��%HKU��5HQHH�$��
5HLMR�3HUD��'DYLG�%��&DPDULOOR��������+XPDQ�RRF\WH�GHYHORS-

PHQWDO� SRWHQWLDO� LV� SUHGLFWHG� E\�PHFKDQLFDO� SURSHUWLHV�ZLWKLQ�
KRXUV�DIWHU�IHUWLOL]DWLRQ�1DWXUH�&RPPXQLFDWLRQV�'2,����������
1FRPPV����������

���� %DODNLHU�� +��� 6RMHFNL�� $��� 0RWDPHGL�� *��� /LEUDFK�� &��
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