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���	 ����"����	 ��	 �����	 �@���	 ����	 ������:	 +,,7���	D�=�$��:	 �����S	 ������	 ��	 ���	

�"����	 ��	 ���������	 �@���	 ����	 ��"������	 �������	"�����	 ������	 ��	 ���������	
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��$����"�����	 ������	 �&������	��	���:	+,,0��	
���	 �����	���	>��=�	�	�
������ �������	


��	���"	�����	��	���	���������	����	���	���	�@�����	�	�����	&��������	�����$�	��	



		

�

�

���

��"�����	�����������	������������	��	�	�����	����	�����	(�	�������:	��"���@����	����	

=���	 ���	 �"���	 �������������	 ���=���	 ��������	 ���	 ���������	 ����>	 ��=�:	

������	������	���	�"�	��������	���	�����	��	���������	���������	����	��	���	������	

��	 ������:	 ��$����"���	 ��	 �����������	 =���	 �����	 �����	 ��	 ���������	 ��������	 ���	

�����	��	���	�"�	���������	�������	���	*����>:	7442��		

'��������:	 ���	 ���$������	 $��=	 ��"�	 ����	 ���	 "�������������	 ��"���@	

�������	 ���	 ����$����:	 ��>	 ������	 ���	 �������	 �������	 ���	 ���������	 ��	 ����	

������	
��	"��	��>���	�������	=����	��	����	"�������	��>	������	=���	��$�	�����	��	

����=	 ���	 ��$����"���	 ��	 �����	 ��	 �	 ����������	 ����$����	 ��	 ����	 ������	 *�"�	 ��	

����	 ��>	 ������	 ���	 ��>���	 ��	 ��	 �������	 ���	 �"�	 ��$����"�����	 ���	 ����	 ����	

��"��	���������	����	�	������������	����	 ��	������	"��:	 ��	���	���:	 ���	��	��"���@	

�����	���	����$����	�O�""��	��	���:	+,7+��			

*�"������:	 �����	 �	 ������	 �����	 ����	 ��	 ����$�����]	 �������	 "�>���	 "��	 ��	

��������	=���	 $������������	 ��	 ���������������	D�=�$��:	 ��=	 �������	 $����������:	

����	 �����������:	 ����	 ��������	 ���	 �"��������	 �"���	 �����	 �������	 "������"	

����������	 ��	 ��������������	 ��	 ����	 �����	 ��	 ��	 ����������	 ���	 ���	 ��>	 ��	

������������	 �������	 ���"	 ��$����"���	 �"����	 ��	 ���$��	 �@���"���	 ���������	

�#�^��:	+,7,��	��"���:	 �=��	���	��������	�����	��$�	 ���"��	���������	 ���	����	��	

����	����	���	��$����"���	��	"�����	��������	(�	��"���	���������:	��=�$��:	��	����	

����	 ���	 ����	 �������:	 ���	 ��	 ����������?�	 ���	 ����������	 ��$����"�����	

�����"�����	�����	=����	��������������	�"����	�
����	��	���:	+,,2��		

(�	���	�����@�:	���	�����	��	>��	�����������	�����	��"	��	��$�������	���	���������	

��	 �������	 ���	 ��$����"�����	 ������	 =����	 ��������	 ��	 ��������	 �������	 ����	 ���	

��$��������	 ��	 ���	 �����	 ��	 "��������	 ��������	 
��	 A���������$�	 �������	 ������	

��"�	����	"�������	����	���������	��������	=���	��$����"�����	$��������:	�����	��	

A���������$�	 �����������	 �����������	 ��	 ����������	P���������$�	 �������	"�����:	



�

�	�

���	 �	 �=��	 ���	 ��������	 "�����	 ���	 ��"��	 ������:	 ���"���	 �������	 ���	

��$����"�����	 ������������	 ��	 ����������	 $�������	 ���	 ��$�������	 ��	 �	 �����������	

������
����� ��	�����	 �	 �	 ��������	 ����	 ������	 ����	 �������	 �������	 ��������	 ��	 ���	

����	 ��	 ����$����	 ���	 �	 ������������ ��	�����	=����	 ��$�������	 �������	 ��	"�����	

�����	����"��	��	���:	+,,-:	���"��	��	���:	+,,4��	

	

45954����	������	���

	 8����������	�����"���$�	�����	����=	���	���"�����	��	���	������$�	������������	

��	 �������	 ���	��$����"�����	 ������	 ���������	 ���"�����	 ��	 ���	������������	=������	

>��=���	 ���	 ����������	 ���	 ��	 ��������	 ��	 "��������	 ��������	 5�$�������:	 ��	 �	

�"�������	��	���������	���	����������	"������"	����������	��������	����"��	��	���:	

+,,-��		

	 
��	 �����"�����	 ��A�����	 ��	 ���=	 ��	 ������"	 �	 �����	 ��	 ���	 ����$�����	

��	
���	���	�������	�����"�����	�	�������	��	�	"����"�������	������	���@������������	

����	��5���	(�	�	"���	���"	"���"����	���@�����������	����	�����	���	��	����	>���	

��	 ���F	 �������	 ���:	 �������	 �8�:	 �������	 �'�	 ���	 ���"���	 �
��	�	 �	 ��=��	 ������	

=���	
	���	8	=���	'�	
��	a��������a	��	�������	����	�	���������	��	���	��$���	������"	

���	 ���������	 ������	 �����$���$��	 D�"��	 �5�	 ��"����	 ��	 ���"����	 3�/	 �������	

���	�����	�5�	�����	��	�	"�@	��	������	�5�	���	���.������	�5��	
��	��"��	

����"�	 �������	 ������	 �"�	 +,:,,,	 .	 +/:,,,	 ����������	 ����	 �9��	 ��	 ���:	 +,7,�:	

=����	 �	 �	 ����������	 ��=	��"����	�����	 //_	��	 ������	�5�	 �	 �@�����	 ��	 ���	

��"��	�����	�#�^��:	+,7,��	�	����	��	�5�	��A�����	��	�����������	����	�������	���	

�����"�����	 ������	 ��	 ������?�	 �	"����"�������	=���	 �	 �������	 ��������:	 ������	

�������:	 �	 ������	 �	 ��	��	 �	 ����	 ������	 �����	 ��	 �	 ����	 ����"�����	 ���	 �	 ���	

�������	
���	������	���	�"�������	���	���	����������	��	���"�������	��	���	������������	



		

�

�

�
�

�����	���"	�5�	��	95��	�	����	��	����	������	���	�@��:	���	����	���	������	

��$�	 ��	 ��	 ��"�$��	 ���"	 ���	 ���"���	 ���������	 ��	 95�	 �������	 ��	 �������	 �����	

"�����	"95��	 95�	 �	 �"������	 ���������	 �	�5�	 �@����	 ����	 
	 �	 ��������	=���	

������	�!��	
����	��E�����	���	���"	�	�������	��	�����:	=����	����	���	�"���	����	��	

�����	 ��������	 5��"����:	 �5�	 ��>�	 ���	 ����	 ��	 �	 ������	 ����@	 ����	 ��	 ��"��	

��������	 ���	 ���	 ��	 +3	 ����	 ��	 ����"��"�:	 �=�	 ��	 =����	 ���	 ���	 �@	

����"��"�	 G	 ���	 V�	 '���"��"�	 ���	 �������������	 A���?��	 ��	 ���	 ������"���	

������	�������	��	�	����	�A�	���	�	����	���	��"�	
��	���	��	�	����	��	�	����"��"�	�	

>��=�	�	���	�
���	��	����	�����	,������	���	���������$�	���"	��	���	����	����	������	���	

�"�	����	��	���	����"��"��	
���	���	�����	����������	��	���	������	�	���	�:	��	#	

���	��	
��	�"����	���"	���	�	 ����	�����	��	����	 �=�	������	 �����	�	���	��	���	

�����	 ���	 "��	 ��	 �	 �����	 ��"���	 ��	 ������	 ��	 �	 ���"�	 
��	 ��	
����	 �	 ���	

����"��"��	 ��	 ��	 ������	 ���	 ��	 ����$������	��	 �	 �����	 ����:	=���	 �=�	 ������:	 ���	

��������	 "��	 ��	 ����������	 ��	 ��:	 ��	 ��	 ���	 #
�
3��
����	 �����	 ��	 �	 ����	 ��	

���������	 ������	 ��	 ������������	 ����	 ��	 ��"������	 ����"��"��	 (�	 �������:	

�����
3��
����	 �����	 ��	 �	 ����	 ��	 ����>�	 ������	 ��	 ������������	 ����	 ��	 ���	

����"��"��		

	 8������	 ����$�����	����������	����������	��	����������	$��������	�"���	���	��	

��	\���	$������	 ��	���	�5�	�A�����	���	������	 ��	���	����������	��	�	���A�����	

������	 ����	7_	 ���	"�������	 �	 ������	����"������	���	 ���	 ����	=����	 ���	"�������	

��>�	�����	�	������	����"�����"�	
��	"��	��""��	����	��	�5�	$��������	�	�����	

���	����������:	=����	���	���"��	�����	����������	����"�����"	�*5��	�#�^��:	

+,7,��	

	 
��	 �5�	 �A�����	 %	 "������	 ���	 �����	 ��	 ���	 ����	 �"���	 ��	 ��	 ����	

���"�����	 %	 ����	 �������	 =���	 �	 ����������	 
���	 ������	 ��	 �������	 ��	 ���	

��$����"����	  �	 ���	 �����	 ����:	 ���	 ����������	 ������	 ��	 ����	 �5�	 �A�����	 ���	



�

���

��������	���������	��	����	�@������	���	��	����������	��"���"�	��	�	"�E��	=���	

��	 ��$����"�����	 ��������	 (�	 ����	 ���:	 ��$����"���	 ���	 ���	 ��	 ��$�	 ������	 ��	

����	 �������	 �	 �����	 ���"��	 ��������	 �Z������	 ���	 #���:	 +,,3:	 9�����:	 +,,1��	


��:	=����	 ���	�5�	 �������	 ��	 ���	 ����	 �	"���	 ���	 �"�:	 ���	 ������	 ��	�5�	 ���	

���������	���������	��	�����	����������	����$�����:	���"��	�@�������	
��	��$��$�	���	

������	��	������������	���	�����������	���	����������	"������"�	!���"�����:	���	

�������	 =���	 �����	 �����	 ���	 ����$���	 ������	 ��	 ���������:	 "������	 ����$������	

"�����������	��	���	���	��	"�����	�����	���	�������	�9�����:	+,,1��	(�	���	=��:	���	

���������	 ���=���	 �	 ����	 ���	 �	 ���������	 ���	 E��	 ��$��$�	 ���	 �����	 ����	 ����	

����	���	�"�	�������:	���	������	���	������	��	"�������	���������	�5�	���"���	����	

���������	 ������������:	 ����������:	���	 ��$����"�����	 ���������	 ���	�	����	 ���	

�������	�@��������	�9�����:	+,,1��	

	 	

459575 �	�������	����������������	
�����*�$E	�����	���

45957545 �	�����������
������������E	��	���


����	���	�=�	����	��	�=��F	"���?������	�&O�	��	���������	���	��?������	��O�	

��	���������	 �=���	&O	�=��	�����	���"	�	�����	�������?��	���	�������	�	?������	����	

����	 ���	��>��=�	�����:	���������	 �=�	���	�"���"�	"����	�����������	 ���������	

����$�����	����	0#��	���	���	�����:	&O	�=��	���	���	��	��	�������	������	
���	���	

������	��	��	7,,_	�����������	���������	��	���	�5�	�A�����	��$��	�#��""�	��	���:	

+,,+:	 ���"��	 ��	 ���:	 +,,-��	 D�=�$��:	 ��	 ���	 �����	 ��	 ��$����"���	 ��	 �$���	 �����	

"������������	 ������":	 ����	 =���	 ����	 =���	 �"����	 "�������	 ���	 ������������	

����������	 �������:	 ���	 ��	 "������	 ���	 ��������	 ������	 ����	 ���	 ����	 ��	 ���	

����������	��	�""����������	���	������������	������	�#���	���	*������:	+,77:	D���:	

+,,3:	�������	��	���:	+,,3:	&�����:	+,,4��	5�	���������	���������	���"��	"����	��	&O	



		

�

�

���

�=�����	�@��	�����	 ���"	��"������:	 ��	=����	���������	A���������	��	��������	����	

���������	 ��	 ���	 ������	 &�����.�"���	 �=������	 ������	 ��	 �����	 7,.7/_	 ��	 &O	

�=���	&�����.�"���	&O	�=��	��$�	��$���	����������	=����	�����	����	���	�=������	

�$���	���>	�����	�����	���	����	��	���	�"�������	�����	=���	���������	��	���������	���	

������	���"�����	��	���	���"���$�	����>�	(�	"�����.�"���	�=��	"����	�������	���	��	

�������	 ���	 ���	�	=������	 ���	 ����	 �����	�����	��	 ���	 �����	��	 ����	 ���	���	��	

=����	 ���	 ���	 ����	 =����	 �������	 
��	 ����	 ��	 &O	 �=������	 ��"���	 �������	

��>��=�	�D���:	+,,3��		

(�	���	=�"�:	�����	���	��$����	��	�����	"�"�����F	���	��������:	���	�������	

���	 ���	 �"����	 
��	 ��"���	 ��	"�"�����	 ����	=���	 �������	 ���	 �=��	 ������	 ���	

��������	������	 ��	 ���	 ��"�	=���	 ���	 ?�����	 �����	 ���	 �����	 �	 �����	 ��	 ���������	

�=��:	���	?�����	����	������	���	����	��$�	���	�����	�������?�����	�	��	"�>�	��	=��	

��=�	��	���	=�"��	(�	���	���:	���	���������	�=��	��$�	���������	��	�������	��������	

=�����	���	��������	����	0#��	
=�.�����	��	���	��"�:	���	?�����	����	�����	��	�"�����	

��	 ���	 ��������	 ���	 ���	 �=��	 ����	 ���	 �"�	 �������	 ����	 0#��	 (��������	 �=��	=��	

����	 ���	 �"�	 �������	 "��	 ��	 "���	 �"����	 ���	 �"�	 ������������	 �����	 ����	

���������	 �=��	 =��	 ��	 ���	 ����	 ���	 �"�	 �������:	 ��������	 ���	 �$������	 ��	 ���	

��������	�	"�@��	����	0#�	�Z����	��	���:	+,,7:	���"��	��	���:	+,,-��	\���	���	?�����	

����	 �����	 �����	 �=�	 =��>:	 ���	 �=��S	 �����	 "��	 ��	 ���������	 ����	 %	 �.������	

*��"��	�=���		

	 �O	��	���������	�=��	�����	=���	�=�	���	���	���������	�������?��H	����	��$�	

���������	 �������	���	�"���	 ����	0���	��>�	�����	 ������:	 ����	���	��	�$�����	/,_	

�"����	 ������������	 �O	 �=������	 ����	 ������	 "���	 ����	 ���	 ��"�����	 �$�����	

��������	��	"������	������	 ���	 �"�	"�������	 ������	 
��	 ����	 ��	 ���������	�O	

�=������	��"	��	��	��������	=���	��	��������	�������������	��	��������.��"�������	



�

���

!	��
�� <5����"�����	��	�O	 ���	���	&O	 �#�	 �=��	 ���	 ����	 ��	���������	��	�O	 �=��	 ���	
���������	 ��=��	 ��	 ��	 ������������	 #�	 &O	 �=��	 "��	 ��	 �����������:	 "������������:	
���"������	��	"����"������	��������	���"	&�����:	+,,4��		

���"���	��*D�	��	���	"������	
��	����	��	�=��	���	��	��"����	���	�	��������	=���	

�����	�������������	��	�*D	�D���:	+,,3��		

��������	 "��	 "�""��	 ��$�	 �����	 ������:	 ���"���:	 ���������	 ���	 �����:	

����	 ��	 ��$�	 �����	 ���������	 D�=�$��:	 ���"���	 �����������	 ��$�	"�������	 ������	

*����������:	 ��	 ��"��	 ����������	 �	 "���	 +,	 �������	 ��	 ������	 ���	 �=��:	 ���	

������	��	���	��?���	��������	=���	�=��	����������:	�����	���	"�"���	��	���	����	

���	$���	�����	 ��	���������	����"��	��	���:	+,,-��	
��	����	��	&O	�=������	��	����	

������	�������	������	���	=����:	=���	$����������	�����	������������	��	���	����	��	�O	

�=�������	
��	���$������	��	���������	�=������	��	��$�	�����	�����	���"	�����	0	��	

7,,,	��	���:	�����	7,.+,	��	7,,,	��	<�����	���	���	!*�:	��	�����	2,	��	7,,,	��	�������	



		

�

�

���

(�	Z����	����	7	��	+/,	��=����	�����	 �	�	 �=��:	=�����	 ��	5������	7	 ��	77	 �	�	�=��	

�D���:	+,,3��	

	 (�	 *����:	 ���	 �=������	 ����	 ��	 74-,	=�	 1�2	 ���	 7,,,	 ����$�����	 
���������:	 �	

���������	�������	��	���	��"���	��	"�������	����$����	��������:	���������	��	7+�2	��	

7440	������	��	���:	+,,-��	
��	�������	 ��	���	�=������	����	��	����	����������	��	���	

������	 ��	 ���	 ��������	 ��	 "�����	 �����	 ���	 �]������:	 +,,0�:	 �	 =���	 �	 ��	 ���	

�@����$�	 ��������	 ��	 �����	 ������������	 ������A��	 ��9
�:	 ���������	 ���	 ��	 ��	

�$�������	���"����:	=����	�����	��	741-	������	��	���:	+,,-�	�		

	 ��������	�=������	�	"�����	�������	��	���	"�����S	���	�������	$��������	��	

���	 �*D	 ���"���	 ���	 ��������	 "��������:	 �����	 ������	 ���	 �	 �����	 �����:	 ����:	

���������"��	 ������:	 ������	 �����:	 ���	 �����%�����	 ����������	 ������	 �������	 ��	

����������?�����:	��$�	���	����	���	��E���	��	����	������	��	���:	+,,-��		

�

45957575�$E	�����	����

	 �	 ����	 ���"	 ��������	 �����	 ����	 ��	 ��������	 ������������	 �������	

����$�����	 ���	 �	 ������	=��	��	���	 ����	 �	 ��""��	 ��"���	 ��$����"����:	 �=��	

�����	���������	���	��	���	"��	��=�����	"�����	���	��	����������	�������	���"	

��$����"�����	�����	��	���"������	���=���	������$�	�#��""�	��	���:	+,,+:	���"��	

��	 ���:	 +,,-:	 $��	 ������	 ��	 ���:	 +,7+��	 ��$����	 ��	 ���������	 "��������	 ����=	

�"��������	������	��	"���	$�������	 ��	&O	���	�O	 �=���	
��:	 ��	 �	������	 ��	

�����	 ���	 "����$������	 ������	 ��	 ����	 ��	 ��"��������	 ���=���	 �������:	 ���	

������	 ��	 ���	 ������$�	 �������	 ���	 ��$����"�����	 ������������	 ��	 ���������	

��������������	 �$��	 ��"�	 �"���	 ������	 5�=����:	 �����	 �=��	 �������	 ���	

���������	��	���������	��������	������	���	=����	=����	�������	�	=���	�����	��	�����:	



�

���

��$����"�����	���	����������	����	��	�=��	�	=���	�	�����	��"���	"�"���	�#��""�	

��	���:	+,,+:	$��	������	��	���:	+,7+��		

	 	�	 �������	 �����	 ��	 �=��	 �������	 �	 ���	 �����"�������	 ��	 ���	 ?������	 ��	 ���	

�=���	O������	�����	��	=������	�=��	����	���"	���	���������	���	�����	&O�	��	���"	

�=�	���	���������	��	���������	���"	�����	�O��	���������	"�����	��$�	����	���	��	

�������	 ?������	 ����	 ��	 >��=�����	 �����	 ��	 +,��	 �������:	 ���������	 �������	

���"������:	 ���������	 �@�"�������:	 ���"����������	 �@�"�������	 ���	�����	 �����	

�D���:	 +,,3:	��>>��:	741-:	9��	���	8�����:	7411:	9���$���	��	���:	 +,,,��	'��������	 ���	

"��	 ��""��	 "�����	 �������	 ?������	 A�����������	 �9���$���	 ��	 ���:	 +,,,�	 ���	

�5�	������:	����	$�������	��"���	�����"	������	�K5
9�:	=����	�	���������	���	

"��	��������	=��	��	��������	?������	�D���:	+,,3:	�����	��	���:	+,,,��		

	 �������	 ����$���	 A������	 �����	 ���	 $�������	 ���	 �����������	 ��	 �=��	 �����	

�������	 ���	 �������������	 ��	 �����	 ��"���	 ���"	 �=��	 �����	 ��	 ��������	

�����������	
=��	������	 ���"	��������	 ��	 �$����	=���	
���	���	������	����$����	

�����	�	������	��������	��"�	���	=���	�	 ��=��	�����	=�����	�#���>����:	+,,2:	#��>���	

���	8����:	+,,2��	
��	�����	"�>�	�=��	"���	��	��>	���	��$�������	�����	�#��>��	

��	���:	+,,+��	D�=�$��:	�	������	����	���������	����	������	�����	��$���	������������	

�@��������:	 �=��	 ���	 ���	 ��"	 ��	 ����	 =���	 ����	 ��������	 =���	 ������	 ��	 �����	

"��������	���	"��������	 � ����	��	���:	 +,7+��	5�$�������:	 ��	 �	��=��	���$������	 ��	

�@�"���	���	�����������$���	��	���	�=��	�"���	���	�@�"���	��"������	"���	���	

���A������	��	 ���	 �������	 �����	=���	����	 ���"	 ���	�������	�����������	 (�	 �=��	��	

���	������	��	���"	��	"���	��	���A������	��	���	�������	�����:	�����	�	��	�����	��	

A������	���	�����������$���	��	���	�"����		

�



		

�

�

���

������������������
����

	 
��	 �������	 �=��	 ����	 ��"����	 ����������	 ���"������	 ��	 &O	 ���	 �O	

�=��	�#��""�	��	���:	+,,+:	9�E��E>	���	*��":	+,,+��	'�"������	���	���"������	��	

&O	�=��	���	�	�����	��	�����	=���	���	���"������	��	�O	�=��	�����	���	����	���"���	

��	 ���	 �@����	 ��	 =����	 �������	 $��������	 �����"���	 ����������	 $���������	 (�	 �������	

������	 ���	 �"�������	 ���	 �	 �����:	 �����������	 ���������	&O	 �=��	����	 �����	 ��	"���	

�"����	 ����	 ����.������	 ������$�:	 =��	 ���	 ����	 /,_	 �"����	 �����������	 ��	 �$�����	

����"��	��	���:	+,,-��	9�����	����	��"������	���������	�=��	=���	���.�=��	������	��	

�����	������$�:	������	��	���$����	�	������	��"������	�����F	���������	��	�O	�=���	

!���>�	&O	�=��:	�O	�=��	����	��	�$�����	/,_	��	 �����	����	���	�����	��������	

��$����"���	���	��$�	���	�"�	���	���	�"�	�@	��	�"�	����	(�	�������	������	���	

�"�������	���	�	�����:	���������	�=��	"��	��	"���	�"����	����	���������	�=���	 �	����:	

����	 ��	 ���������	 �=��	 ����	 ���	 �"�.�@	 ����	 ���	 ����	 ���	 �������.�@	 �����	 
=��	

�����	 ������	 ����	 ��	 �"�.�@	 ���������	 �=��	 ����	 ������	 ����	 ���	 �	 ������	

��"������	�����	���	 ���������	 �=��	����	=��	���	��=��	�"�.�@	����	 ����"��	��	

���:	+,,-��		

(�	 ���	 �������	 �=��	 �����:	 ���	 ���	 �����	 ���	 ������$�	 ������������	 ��	 �������	

���	 ��$����"�����	 ������	 ��	 ��"������	 ���	 ����$��	 �����������	 ���	 ������������	

���=���	�=��	"�"����	 �	����:	��	����	"����	�������	���	��$����"�����	������	���	

������	$�������H	 ����	 �	������	 ��	����$��	$�������:	 ������	$�������	��$�	���	����	

��������	 ����$��	 ��	"������:	 ����	 ���	 ��������	 �������	"����"������	"�����	 
��	

�����	������	���"����	��	�������	���	��$����"�����	$��������	��	����$����	�������	

���F	���������	������	����	�����,"��������
���
��
	��	���
	��	�����	����	�����)"��	�	
	$

������ 
���	�>��� �	���
	��	���� �	����	���� �5"�	,	 ��������	 ���	 �"	��	 ���	 ������	 ��	 ���	

����$�����	������	��	���	����	����	���������	�	������	�	�	���	>��=�	�	������������	����:	���	



�

���

�������	 �	 �������	 ������	 ����=�	 '	 �������	 ��$����"�����	 ���������	 ����	

����������	��	�"�������	=�����	�=��	����:	=����	<	��������	��$����"�����	���������	

����	���	���A��	��	����	����$�����:	���	"�����"���	�����	����	1�	����"��	��	���:	+,,-:	

9�E��E>	���	*��":	+,,+��		

 �	 ����:	 ��	 �����	 ��	 ���������	 ���	 �=�	 ����	 ��	 ��$����"�����	 �����	

���"����	��	�������	�=��	�����:	��	�	�"�������	��	���������	���=���	��E����$�	���	

�������$�	��$����"���	�
��>���"��	���	\������:	+,,,��	?�@��������	���
	��	��	�����	��	

��$����"�����	�$���	�	����	���	��	����$��	��	�	����������	 �E����$���	��������	

�$���	 ���	 ����:	 ��>�	 ����	 �����������	 ���	 �����	 �����:	 ����	 ���������	 ���	

��$����"���	 ��	 ����	 ���	 ������:	 �����	 ��������	 ��	 =������	 ����	 =��>	 ��	 "�>�	

������	 ���>�	 ��	����������	 
��������:	 ��E����$���:	=������	 �	 ����������	 ��$����"�����	

������	�	�����	��	��������	�����	����	��	=������	��	���	��	��	����	�@���������	��	

���	��	"���	"�"���	��	���	�=��	�����	
��:	���������"��	����	���	"������	������:	

���	 ��E����$���	 �����	 ��	 ���	 ����	 (�	 �������	 ��	 ��E����$�	 ��$����"���:	 ����������

�	���
	��	��	 ���	 �������	 ��	 ���	 �����"�	 ����	 ��������	 
��	 ���"���	 ��	 �����	

��$����"�����	$��������	 ����	 �����	 ���"	�������	 �=��	�����	 �����	 ��	 ���	������	��	

��$����"���	 ��	 ��������	 ������	 ���"������:	 ��������	 ��	 =������	 ���	 ��E����$�	

��$����"���	=���	�����	��	���������	
��:	��	��	��E����$���	�����	��$����"�����	

$�������	�����	��	��������	������:	���	�������$�	������������	��	���	��E����$���	�����	

�$���	 �	 ��������	=���	 ���	 ��������	 ������	 ����	 ���	 �����	 ��"������	 ��	 $�������	

�
��>���"��	���	\������:	+,,,��	

���������	 ��	 ���	 "����������	 ��	 �������	 �=��	 �����:	 �����	 ����������	

$�������	���	��	�	��$��	�����	�	���	�"	��	�:	'	���	<	$�������	��"������	��d�`'`<��	


=��	����	������	���	���������	$�������	��"������	��	��	���"����:	������	&O	���	

�O	�=��	��$�	���������	������	��	�����������	���	���	�������	��"������	���	���	���	

�"�	������	��	�����������	���	���	��$����"�����	��"������	'	���	<�	&O	�=��	����	



		

�

�

���

���������	7	���	�	�����	���	��"��	��	��	�����������	����������:	=�����	�O	�=��	����	

���������	,�/�	#���	&O	���	�O	����	���������	7	���	'	���	,	���	<	�������	'	����������	

��	"�>�	���"	"���	���>�	���	<	��	"�>�	���"	"���	����������	����	1��		(�	���	�������	

�=��	"�����:	 ��������S	 ���"���	=�	 ���	 ��	 ���"���	 ������������	 �����	 ��	 ����	 ��	

�=��	�����������F	���d	+��&O	%	��O�	�9�E��E>	���	*��":	+,,+��	D�=�$��:	���	��������	�	

���	 ���A����	 ���	 ������:	 ���	 �@�"���:	 �@	 ����������	 ���	"����$�����	 ����	 ���	=�	

��������	��	 �	"���	 ��$�����	"�����	����	 ��	*���������	 <A������	&�������	 �*<&�	

�9�E��E>	���	*��":	+,,+��	
����	���	�$����	���������	���>���	�$�������	���	*<&	���	

"��	�=��	�������	��	����	������"��	����	&@	=����	=�	��������	�������	���	��	

�����������	��	�"���	���������	������������.�������	����$�����	���	�	�=��	�5����:	

+,,3��	

!	��
�� B�	 ����	 ������"	 ���	 ���	 ����	 ���$������	 �=��	 "�����	 '�����	
��������	 ������	 $�������	 ��:	 '	 ���	 <�:	 ���	 ���������	 ��������	 ���	
����$��	���	"������	�����	������������	(�	���	������":	���	���������	
��	 ����	 �=��	 �	 ����"����	 ����	 �:	 '	 ���	 <	 $�������	 ��"�������	
������������	 ��	 ������$�	 �������:	 �����	 ��$����"���	 ���	 ���.�����	
��$����"�����	���������	�������$����	������$�	�������	������	���������	7	
���	&O	���	,�/	���	�O	�����		*�����	��$����"�����	������	���������	7	���	
����	 &?	 ���	 �O	 ����	 ���	 ���.�����	 ��$����"�����	 ������	 ���	
������������	��d,��		



�

�	�

D�����������	 ���	 ��	 �������	 �	 ���	 ����������	 ��	 ����������	 $�������	 ��	 �	

����������	 ����	 �	 ���	 ��	 �������	 $��������	 ����"��	 ��	 ���:	 +,,4��	 8��������	 ��$�	

�"����?��	����	������������	�	�	�������	����	������	��	����������	$�������	���	���	��	

����$�����	��	��	�����	�	�	��@��	��������	
��:	������������	�����	��	�������	$��������	��	

����������H	 ��	 �	 ���	 �	 $����	 �������	 ��	 ����$�����	 ��$��	 �#�^��:	 +,7,��	 D�����������	

���"���	 �	 ��	 ����	 �	 ����������	 ���	 ��"�	 �������	 ���"����	 D�����������	 ������	 ��	

����������	������	���	������	���A������:	���	������	�?�	��	���	�������	$������	���	���	

"���	 ��	 ����	 ������	 ���	 $���	 ����	 ����������	 �K�����	 ��	 ���:	 +,,-��	 
��:	 ��	 �	

�"�������	��	����	���	 ��	����	���"���	�	�����	�$��	��"�	�����	 �	 ���	����	��	����	 ��	�	

����������	 �����	 ��	 ���������	 �	 �"�������	 �	 ��	 ���������N�:	 �����	 �$��	 ����������	

�����	 �	 ���	 ������������	 ���"���	 ����$��	 ���"	 �=��	 �����	 ���	 �"�	 �	 ���	 ���.�=��	

����������N��	�	 ����	������������	"���	 ����	 �������	 ������	 �������	 ���	"���	 ��	 ���	

$��������	 ��	 ���	 ���������	 ��	 ��=	 ����������	 �����	 ��	 �	 ����������	 ����������	 ��	 �	

����������	�����	��	��"�	�9�����	��	���:	+,,0��		

	 \���	�@�"�����	���	������������	��	�����		������������	��������:	�������	�=��	

�����	������	�	��	�������	���	������������	��	���	���������	��	���	�������	�9�E��E>	���	

*��":	+,,+��	���	 �������:	 ���	�����"�����	 ����	��	�������	 ������	 ��	 ���	���������	��	

���?��������	��	����	���"����	�������	��	�������	�=��	�����:	=����	��$�	��=�	

���������	������������	���	���������	��	���?��������	�'�����	��	���:	7444��		

�	�������	���	��	������������	�������	�����	�����������������
������&����:	+,,-��	


��	 �������	 �����	 ��	 ���	 ����	 ����	 ������	����	�������������	��$�	 ����	 ��������	 ���	

�$����	 ��"���@	 �������:	 "��������	 �������	 �����:	 ���������	 ����"�.=���	

���������	 �����	 �8\��7:	 ��$�	 ���	 ����	 �������	 ��	 �����������	 �5�	 $������	

���������	 ���	 ����	 ������������	 ���"���	 �&������	 ��	 ���:	 +,,4��	 
��	 ���	 ���=���	

���������������������������������������� �������������������

7	 �	 ��������.����	 �������	 "�����	 ����	 ��	 �������	 ��	 �������	 ��	 �5�	 "��>��	
����������	 ����������	 ���	 ����"��"�	 ��	 ��������	 ������	 ����	 ���	 ����������	 =���	 �	 �����	
����"��	��	���	+,,4��		



		

�

�

�
�

������������	 ���"���	 ��������	 ���	 ���	 �������	 ��"������	 ��������	 $��	 8\�	 ��$�	

�����	 A������	 �����	 ���	 "�����	 ���	 ��	 ���"���	 ������������	 �	 =���	 �	 �������	

������������	��	��"���@	���������	�&������	��	���:	+,,4:	O������	���	[����:	+,7+:	O�>	

��	���:	+,7+��	���:	��	����	�	�"�������	��	���	���������	��	�������	$������	���	��"���@	

�����	 �	 ���	=��	��"���@	�����	���	"������:	���	���	����������	 �����"�����	����	 �	

"������	�$��	���	*���	��	���:	+,7,��	
��	������	�������	���	��	���	�����	��	"����	

������������	�	�������	������>���	�����	���	�������	���	��	���	����������	��	��"���@	

��������			


��	$�������	��	���	�������	�=��	"�����	������	��	�$����	��"������	 ��	

��	 ���"	�	 ���	�A���	��$����"���	��"�����	�<<��:	 ����	 �:	 ���	��"�����	����	&O	

���	�O	���	�A�����	����������	��	�����	�@�����	��	��$����"�����	������	��	�����������	

�"��������	���	���	�����	����	�	�����	������	�[������	��	���:	7442��	�	������	$��������	

��	���	<<�	���	����	��	&O	�=��	���	�������	"���	�"������	����	�O	�=��	���	������	

��	 ����:	 ���	���"������	=�����	&O	��������	
��	$��������	=����	�����	 ��	��	�$��.

���"�����	 ��	 ���	 ������������	 ��	 ���	 ����$��	 ������	 D�=�$��:	 ���	 ��"�����	 �	

����������	 �����	 ���	 ���������	 �����	 ��$�	 �����	 ������	 ���	 ��	 $���������	 ��	 �	

$������	��	����$������	�����	���	�������	�<$��	���	&�����:	+,,,:	���>	��	���:	+,,0��		

	

�����	��������������������������
����

�	 ���$�"��������:	 ����$������	 �������	 �����	 ���	 ����	 ��	 ���������	

���=���	�=�	�����	��	��$����"�����	$��������F	�����	���	��������	��$����"����	

(�	��	����	��=�	����	��������	��$����"�����	���������	���	������������	�"�������	

��	�	=���	�����	��	��"���@	���������	���	�	�����	������������:	���������":	��@����	

���	 ��������	 �#��""�	 ��	 ���:	 +,,+��	 D�=�$��:	 ����	 ��������	 ��$����"�����	

���������	��$�	����	���	"�������	(�	���	�����@�:	���	&O	�=��	����������	��������	



�

���

������	 ���	 ��������������	 ��	 �������	 ��������	 ��$����"�����	 ���������	 ���	 "���	

�"���������:	 ���������	 �	"�����	 ��	 �@�����	 ��$����"�����	������	 �����������	��	

�������	 ������	 ���>�	 ��	 ���:	 7440��	 
��	��	 ����	 ��������	 ��	 �	 �	 �����	 ���	 ��	 ���	

���A��	 ��$����"�����	 �@��������	 ����	 "�>�	 ��"���	 "�"���	 ���������	 ���"	 ����	

�����	���������	��$����"����	�������������	��	�������	�'���	��	���:	+,,2:	��>�	��	���:	

7440:	 K�����	 ��	 ���:	 +,,4��	 *����	&O	 �=��	 ���:	 ������	 ��=��:	 ���������	 ��	 ���	 �5�	

�A�����	 ��$��	 �#��""�	��	 ���:	 +,,+�H	����������	����������	����$��	���=���	&O	

�=��	"��	 ��	 �@�������	 ��	 ������������	 �@�����	 ��	 ��$����"�����	 �������	 (�	 �����	

=���:	��	����������	��	���	�@������	��	�	��$��	�����	��	&O	�=��	���	��������	=���	

����������	 ��	 �@�����	 ��	 �	 ��$��	 ��$����"�����	 ������:	 ���	 =����	 ���$���	 �����	

�$������	 ����	 ���	 ����$��	 ���������	 ���=���	 ���	 ��$����"�����	 ������	 ���	 ���	

�����"�	 �	 ���	 ���	 ��	 �������	 ������������	 #�	 ��������	 ���	 "�����:	 ��	 ��	 ����	

������	��	���$���	�$������	���	��$����"�����	������	=����	"��	�@���	�����	���������	

�������������	��	�������	 ������	=����	�����	 ���	�����������	"��������	���	 �@�"���:	

K�����	���	���������	�K�����	��	���:	+,,4�	���������	����	������$�	��������	���������	

�������	 �	 �	 ��������	 ��$����"�����	 ��>	 ������	 ���	 ���	 ��$����"���	 ��	 �������	

������"	 ���	 ���	 ���	 ���	 ��$����"���	 ��	 ������.���"�������	 �����	 ������	

�����������		

	

�����
������
������
�����������
������	���������������
����

&O	�=��	����	��=	�	����	������	��	����������	���	��"���@	�������	�����	���	

�������	 �D���:	 +,,3��	 
��	 ����������	 ���	 ���������	 ��������	 &O	 �=��	 �����	 �	

��"��	 ��	 ��$�������	=������	 �������	 ���	 ��$����"�����	 ��>	"����	 ��	 ��������������	

��������	 ��	����������	 ������	��	����������	"��>��	 ���	�	��$��	������	
��	�����	

��	 �����	 �����	 ��	 �=��F	 ����������	 ��������	 &O	 �=��	 ����	 �����:	 �����������	



		

�

�

���

���������	����	��	=����	����	"�"���	��$�	���	��������:	���������	��������	&O	�=��	

����	�����	�����������	 ���������	����	 ��	=����	����	���	"�"���	��	���	��������	���	

�������	�������	�=���		

 �	 ���	 ����:	 ���	 "����	 ��"�	 ����	 ���	 ��"������	 ���=���	 ����������	

��������	 "���?������	 �&O�	 �=��	 ����	 ���	 �������	 &O	 �=��:	 �	 ��>���	 ��	 �������	 �	

�������	 �������	 ���������	 ���	 ����	 ���������	 ��	 ����������	 �=��	 ����	 ����	 ��	

���������	 ����	 �#���=����	 ��	 ���:	 +,7,:	 ��	 8��	 ��	 ���:	 +,,1:	 <�������	 ��	 ���:	 +,,1:	

<�������	��	���:	+,7,:	\�����������	��	���:	+,,-�:	\�����������	��	���:	+,,-���	D�=�$��	

���	��"�����	����	��	��	������	(�	���?��������	�������:	&O	�=��	����������	���	

���?��������	 ���	 ��������?��	 ��	 �����	 �	 ������������	 ����	 �������	 ����	 ���	 ���	

�������	���	�����������	�������	����	���������	����:	��������	��	��	�������	���	��	

����:	 �	 "���	 �$���	 ��������	 �����:	 ���	 �	 ��	 "��>��	 ���������	 =���	 ������$�	

��$����"�����	��>	������	�#���=����	��	���:	+,7,:	#����	��	���:	+,,7:	&�5���	��	���:	+,,,:	

$��	D����	��	���:	+,,2��	��������	����������	��	���	������	�	����	�����	��	��@����	���	

��������	�������:	��	8��	���	���������	���	8��	��	���:	+,,1�	���$����	������	

���	���	������	����	����������	&O	�=��	���	��@����	���	��������	"��	��	��E���	��	�	

�������	 �������	 ��>�	 
���	 ����$��	 ������	 ��$��	 ��	 ��@����:	 ��������	 ���	

���������"	�"���	������	��	���	����������	�=��	��"�����	��	������	��	���	�������	

�=��	���	8��	��	���:	+,,1��		

 �	���	�����	����:	��"������	=�����	���������	&O	�=��	����	���	��	���	��	

��������	��������	��$����"�����	 ���������	�	��	 �	����	��	���	&O	�=��	����������	

������	 
��	 ����������	 ���	 ���������	 "���?������	 �&O�	 �=��	 ����	 �����	 ���	

��"�	 ����	 ���	 =�����.����	 ����������	 ��	 8&K	 ���=���	 &O	 �=��	 ����	 =��	 ���	

���������	 ���	 ��@����	 ���	 ��������	 �����	 ��	 ������������	 ��	�	�>��	 ��$����"�����	

���������	����"��	��	���:	+,,-��	���	�@�"���:	����	���	�����	��	8��	���	���������	

����$��	 $���"�	 ���������	 ��	 ���	 ��"�����	 ��$�:	"��	 �������	 ��	 ���	 ����	 ��������	



�

���

�������"���	������	��	���	�=��	��	����	��>	���	��@����	���	��������	��"�����	��	

�����	�������	��.�=��	���	8��	��	���:	+,,1��	*����	&O	�=��	���	�����������	 ���������:	

����	�������	��������	����	���	����������	��	����	"�����	$���"�	�����	��	���	������	

�����	����	���"	������������	��$����"�����	����������		

	

������
����������
����


��	"��	������	=��	 ��	����������	�������	 ���	��$����"�����	 �����	��	 ����$�����	

����������	���	�	��$��	�����	��$��$�	���������	W8������	������X	���	�����	������	=��	

�����A���	 �����	 �����	 ���	 ��������	 ������	 �����	 ������	 9��"������	 ���=���	 �����	

������	���	�����	�������.�=��	��������	��������	���	���	�������	������������	��	

������.��������	 ���"�������	 W<�$����"�����	 ������X	 �����	 ��������	 �����������	

���������	��	���"�	9��"������	���=���	������$�	������	���	�����	�������	��������	

��������	 ���	 ���	 ��������	 ��$����"�����	 ������������	 ��	 ������.��������	

���"�������	 
��	 ����	 ��	 �����	 ��	 �@�"����	 �������	 ���	 ��$����"�����	

������������	��	������������	�����	���	�	����������	��	������������	�#�������	��	���:	

744,:	 �������	 ��	 ���:	 +,,3��	 �������	 �������	 ��	 ���	 ��������	 ����	 ��"����	 ���	

���������	 ��	 �	 ��$��	 ��"���@	�����:	 ���	 �	 ���?��������	 �D����:	 7400�	 ���=���	

����������	������	��	��������	�������	���	���.��������	��������	�	�������	���������	

�	�������	��	���	���������	��	���	�������	�	�������	���	���	����������	������$�	��	���	

��������	�������	����	���	���	����������	������$�	��	���	����������	��������			

��������	�����	��$�	����"�	"���	���������	 ��	�������	�	 ���	��"���	��	��������	

��	 ���������	 ��������	 ����"�	 "���	 ��	 ���A����	 �	 �������������	 ���	 ��������	

��������:	���	"���	��"������	"�����	>���	�����	�������	�������	���	��	��������	

�����	 ��$��$�	�����������$����	 (�	����������	������:	�������	������	��	�������	

��������	���	���	�����������$�	��	���	���	��	���	����������:	���	��������?�������	��	���	

�����	�����	��	���������		



		

�

�

���

459565 ����F���	
������	��
��	������	���

8���.��$����"���	 �����������	 �8@<�	 ���������	 �	 "������"	 ��	 ����.

��$����"���	 ����������	 
����	 ���	 "���	 =��	 ��	 ����>���	 �����	 8@<	 �9�����	 ��	 ���:	

+,,0�:	���	 ��	A���������$�	�������	���	���"	���������	"���	����	 �����	���	�����������	

����������	 ����$�����	����������	 ��	 ���	 �����$���	 ��	 �������	 ��$����"�����	 �������	

�'���	���	&������:	+,,0:	<�$�:	74-2:	���"��	��	���:	+,,-:	9�����	���	*������:	+,,+��	(�	

�����	=���:	8@<	�����	��	���	�������	�������	��	�����$���	��	���	��$����"���	����	-�	

�K��	 	���	*��":	+,,3��		


���	 �"�������	 ����	 �����	 ���	

�����������	 ����������	 ����$�����	

����������	 ��	 ���	 �����$���	 ��	

�������	 ��$����"�����	 �������	 8@<	

��$��$�	 �	 �������	 ������	 ��	 �������	

��>	 ��	 �	 ����.��>	 ��$����"���	

����"��	 ��	 ���:	 +,,-��	 (�	 ����������	

�������:	 ���	 ����	 ��	 �����������	 �	

������	 ���	 ��������$������� �
��	

����"��	��	���:	+,,-:	8����"��:	7447�	

(�	 ����������	 ���":	 8@<	 ���	 ��	

�������	 �	 ���	 E����	 ������	 ��	 ���	 ��	

"���	 ����	 =���	 ���	 ��	 "���	

��$����"�����	 ������	 ����	 ������	 ��	 �������	 �@�������	 ��	 �����	 �������	 ������	

�
��"�:	+,7,��	(����������	���=���	����	���	��$����"���	"���	"���	����	�"���	

������	 ����	 ����	 ���	 ��$��$��	 ��	�����	 ���������	 �K��	 	 ���	 *��":	 +,,3��	 
��	 �	

���	�������	��	���	���"	������"	���	���������"�	#���������	������"	�����	��	���	

!	��
�� >5	 8���.��$����"���	 ������������	
8������	 �������	 ��	 �����$���	 ��	 ���	
��$����"���	 
��	 �@�����	 ��	 ���	
��$����"�����	 ��>	 ������	 �������	 ���	
�����	 ��>�	 D�=�$��:	 ���	 �����	 ��>	 �	
"���	������	���	����	��������	���	��������	
`	 ��"�����	 ��	 ����	 ��������	 	 	 ��������	 .	
�K��	 	���	&������:	744-��	�



�

���

����������	��	 ���	����������	�@����	��	����	����	���	��$����"���	����	��$������	

���	�����	�����������	������	��	���	��"��������	��	����	�@�����H	���������"	�����	

��	 ���	 ����������	 ��	 ���	 ����������	 �@����	 ��	 ����	 ����	 ���	 ��$����"���	 ����	

��$������	���	�����	������	��	������	����	��	��$����"���	�K��	\��>��	��	���:	+,,-��		


��	����	�$������	����	��������	"�������	���	��������	��	��	��$����"�����	��>	

��	 �����	 �����	"�����	 �������	=�	 ��������	 ��	 +,,+	 �'���	 ��	 ���:	 +,,+:	 '���	 ���	

&������:	 +,,0��	 
���	 �������	 ���$����	 �������	 �$������	 ����	 �	 ����������	

����"�����"	 ��	 ���	 4,?,	 ����	 "�������	 ���	 �"����	 ��	 �����	 ���������	

"�������"���	��	���	��$����"���	��	���������	����$����	��	"���	�'���	��	���:	+,,+��	


��	�����������	�����������	��	������	���	���������	��������	$��=	��	����$������	

���	 ����������	 �������	 ������	 ���	 ���	 ��	 ���	 74-,	 ��	 �����	 744,	 ����	 ����.

��$����"���	 �����������	 �8@<�	 =���	 ����	 ���	 ��	 ��"����	 �"��������	 �9�����	 ��	 ���:	

+,,0��	�	��""��	��"�����	������	����	������	=�	����	����	=����	��$�	������$���	

������	������	��	�������	���	���	����	=�	����	��"���@	"�����	�������	=����	����	

���	��	��	�����	��	"�������	���������	�����	����	���������	�[���:	7447��	D�=�$��:	�	

[������	�������	���:	���	���	������������	����	���	"�������������	�������	����	��$�	

����	����$����	�	���	��$�	����	�����	��	��$�	$���	�����	������	�[������:	+,,/��	
���	

�������	 ��������	 ���	 �������	 ���	 �$������	 ���"	 ���	 ���	 ��	"�������	 ����	"���	 ��>	

������	 ��������	 ��	 ���	 ���	 ��	 ��"�������	 �������������	 �9�����:	 +,,3��	 
��	

��>�������	 �	 ����	 ����	 ������	 ����������	 ������������	 ����=��	 ����	 "�>�	 �	

����������	 ���������	"���	��	 ��	 ��>���:	���	 ��	 ����	 ��"���	 ��	��	��"��������	 ����	

����	"��	����	�	"�����	�������	��	���	��������	�9�����:	+,,3��		

8@<	 �������	 ��	 ����	 �	 ���	 �����	 ��	 �����	 �������	 ��	 ��"��	 �������	 ��	 ������	

����:	������	������������	�	��	���������	�������	���	[�����:	+,77��	
��	����	������	

�+,,,.+,,4�	 ��	 8@<	 �������	 ��	 ���������	 ����	 ��������	 �	 �	 ����	 =���	 �������	

�������	 �����	 ����	 ��	 "��	 ��	 ��$��$��	 ��	 �	 ���������	 ��	 �������	 ��	 �	 ��������	



		

�

�

���

����$���	 ��	 ���	���������	��	�	����	 ����	��	����	 ���>��	 ��	�	���������	 �������	��	

���������	 �������	 ����	 ��	 �	 8\�	 �D���	 ��	 ���:	 +,77��	 ��	 ���������	 �=	 ���	

�����������	��	�$��	7,,	�������:	"���	��	���"	��	���	E�������	
��	�����������	��	8@<	

�����	 ��	 ����	 �"����	 E������	 �����	 ���	 �@����"���	 ��	 ����	 �������	=����	"���	

���"	 ��������	 �	 ���"����	 "������"	 ��	 ���������	 ���	 E����	 ������	 ���=���	

��$����"�����	���	�������	������	��	���	���������	��	��"���@	�����	���	�	����������	

�"���"	�9�����	��	���:	+,,0��			

�������"���:	 �@�������	8@<	������	 ��	 �	������������	���������	8�������	��	���	

�@��	 ��	 �	 $����"H	 �����	 �@������	 "��	 ������	 ��	 �"�	 ������	 �	 ��$����"�����	

�����@�	 �������	 ���	[�����:	 +,77��	 ���"	��	 �$����������	��������$�:	=�	 ���	 �@����	

����	 ����.��$����"���	 �����������	 �������	 =����	 ���	 ����	 �@��	 ���	 "��	 ��	 A����	

��""��	 ��	 ����$����	 ���	 ���������	 ��������	 D�"��	 ��$����"���	 �	 ��	

��$����"�������.���������	 �����	 ��	 =����	 ����$�����	 ����	 ��	 �����	 ��	

��$����"�����	 ��?����	 D�=�$��:	 ��	 �	 �"��������	 ����	 �������	 $������	 ��	 ���	

����������	��	����$�����	$��������	��	������	��	���	��$����"���:	����	���	������	�	

��������	 =���	 ���.�@�����	 ����$�����	 ����������	 ��	 ��"����"���:	 ����������	 ���	

��������������:	 ���	 ��	 =����	 ���	 >��=�	 ��	 ��	 �����	 �	 �������	 ������	 ��	 �������	

���������	�9�����	��	���:	+,,0��	(�����:	��	=����	��	���������	��	8@<	���	���	�@��:	����	

=����	 �"���	 ����	 ��������	 ��	 ���	 ��$����"���	 ���	 �"���	 ���	 ����	 ������������	

���������	�������	���	[�����:	+,77��	(�	���	������:	�=��	�����	��$�	��=�	����	��	

����	 �"�	 ������	 ��	 ���	 ��$����"���	 ���	 ���������	 �������	 ���	 [�����:	 +,77:	

[������	���	#�>��:	+,,1��			

*�����������:	 �����������	������	 ��>�	�����	���=���	 �����	��	"���	$�������	���	 ��	

��������	�	���������	���"	�	����	"���	������	"�����	��	������	��	�����������	�����	

=���	 �	 ��������	 ���=���	 �=�	��	"���	 $�������	 �	"��������	 ��	 ���	 ����	 ����	 �����	

$��������	 (�	�����	=���:	 ���	�������	��	 ���	���	�����������	��	�	 ��������	���=���	���	



�

���

�����	 �=�	 $�������	 �	 ���������	 ���������	 ��	 ���	 $����	 ���$���	 ��	 �"�	 �����	

$����������	5���	����	���	���"	a"��������a	��	���	�����@�	���	���	�"���	��������	���	

��������	�	�"���	����	����	���������	��	=���	����	��	����$�����	����������	���	

a"��������a	 $����������	 ���	 ���	 ���>���	 ��:	 ���	 ��������	 ���=���	 ���	 �����	 $�������	

=���	��	����������		

\�����	�����"������:	���	���"	�����������	�	���	��	�������	���	��������	=����	

���	���������	���=���	���	�@�����	���>	�������	���	�����	$����	���������	��	���	

�������	��	������	��	�������	�@�����	�O�""��	��	���:	+,7,��	
��	�"�	����������	���	

��	�������	��	���	8@<	������	�����	��	����$������	���	����������	�������	��������	

���	�����"�	���	��	���	�	A���������$�	�����	�����	���"	������		

���:	�"�	������	��$�	�������	���	����	�����������	�	"����	���������	"������	

����	 ���	"����	���	 ��	 ���	 ���	 �����������	������	 ���	 ��������������	��	 ���	 ������	 (�	

���	������:	�����������	������	���	��	"�������	��	������	������	��	��������������	����	

�O�""��	��	���:	 +,7+��	������$�	"����	��	 ��>	����������	 �9��	=����	"�����������$�	

"����	��	��>	�����	�99��	���	�@�"���:	���������	�����������	���=���	�	���	#	�����	

��	 ������$�	"����	"���	 ����	 ���	 ��>	 ��	 �����	 ��	 ����	�	 ���	#	 ���	������	 �	 ���	

�A���	��	���	������$�	������	��"�	��	���	��>	��	�@����	��	�	����	���	����	��	�@����	��	

#	����:	 ����	 �:	��>	���"	���	 E����	�@�����	�����	��	�������	����	���	�"	�����������	


��	"����	 ���	 ��>	 ����������	 ��	 ����������	 ���=���	"����	\���	 �����������	 �	

�����	 �����	 ���	 "����:	 ���	 �������	 ��������	 ����	 ���	 ��"�����	 ������	 ��	 �	 ���	 #	

��������	 �������	 ����	 ������$���	 �
����	 2��	 *�"������:	 ���������	 �����������	 ���=���	�	

���	#	�����	�	"�����������$�	"����	�����	�������	��>	�����	����	�������	���������	

"���	 ����	 ���	 ��>	 ��	 �����	 ��	 ����	 �	 ���	 #	 ���	 ������	 �	 ���	 �A���	 ��	 ���	

"�����������$�	������	���������	��	���	��>	��	�@����	��	�	����	���	����	��	�@����	��	#	

�����	!����	 ���	"����:	 �����������	 ������	=����	 ��	 �������	 ����	"�����������$�	 ���	

������	��$��$�	���	��	��	���	������	



		

�

�

���

	

���:	 �����	 �	 �	 ����������	 ����	 ��	 �����������:	 ������	 >����������	 ��	 ��
��
���	

�����������:	 =����	 ���	 �����$��	 ��	 ��	 ��	 "�E��	 �"��������	 �8���	 ���	 *�"��:	 74-/:	

O�""��	��	���:	+,7+:	O�""��	��	���:	+,7,��	 (�	�	A��������$�	 �����������	 ���	������	��	 ��	

�������	���������:	���	�@�"���:	�@�����	��	�	����������	��$����"���	�	����������	��	

�������	 ��	 �	 ����������	 ������	 ���	 ��������$�	 ��	 ���.�������	 ���	 $���.$�����	 �	

�������:	��	�	A���������$�	��	���.����$��	�����������:	�����	�	�	������	��	"��������	

���	���	��	���������	��	������	�8���	���	*�"��:	74-/��	

(�	 �	 �"�������	 ��	 ����	 ����	 �������	 �$������	 ���	 �	 ����.��$����"���	 �����������	

������	 ���	 ���	 ���$���	 ���� ��	 �����"�����	 �����	 ���	 ����������	 ����������	 ��	

�����������������	"������"	��$��$��	��	���	������	����������		

(�	���	���	����:	���	�������"	���	8@<	�������	��	��������	����	��"�����	��	

���������	�������"	�������	���	[�����:	+,77:	&�����	���	�����:	+,,4:	<�$�:	+,,0:	

O�""��	��	���:	+,7+��	��"���	�����	8@<	�����	��	��������	�����	"�����	���	��	���	

�������	 ��	���������:	�	��������	������	=���	�������	���������	�����	 �&�����	���	

�����:	+,,4��	(�	��	����	������	����	���	���>	��	�����������	���	��	�������	��	���	�������	

��"���	 ��	 ���������	 ���������	 ���	 ����	 ���	 ������	 =���	 �����������	 ������	 ���	

��������	��	���	������:	=����	�������	�������	���	��>	��	����	�����$�	=����	���	

��	 ��"������	 ����������	 ���	 ��	 ���	 ��������	 ����	 ������	 �&�����	 ���	 �����:	 +,,4��	

$�����95	*���������	"����	���	��	����	�����������	���=���	�=�	��>	������:	�	���	#	�O�""��	
��	���:	+,7+��	
��	�	����
2�����

&���	����	�� ���	�		��� ,��
��	���

���		��� ������$�	
9�>	��	���	#�	d	9�>	��	�����	`	9�>	�#	
�����	.	9�>	�5������	�	���	#�	

5�	�����	
���������	

�
8������	����	
������$�	

9�>	��	���	#�	e	9�>	��	�����	`	9�>	�#	
�����	.	9�>	�5������	�	���	#�	

V�	

2��	��	��	��� &�����������$�
9�>	�����	��	���	#�	d	9�>	�����	��	
�����	@	9�>	�����	�#	�����	

5�	�����	
���������	

	
8������	����	
"�����������$�	

9�>	�����	��	���	#�	e	9�>	�����	��	
�����	@	9�>	�����	�#	�����	

V�	



�

�	�

'�����	���	=����	�����	�����������	���	"������	���	��������	��	������	����������	

�����	 "���	 �������	 ����	 �������������	 ���	 �������	 ���	 [�����:	 +,77��	 
��:	 ���	

������	�	���	=������	8@<	"��	��	�@������	��	���������	���	=����	8@<	�������	���	

����������	���	����"�������	���	=����	���	������	���	����	��	=����	�������:	����	

����	 ���	 ��������	 �������"�	 ������	 ���	 [�����	 ����"��	 ����	 ����	 ������	 ��	

������������	8@<	��	���������	��A����	���������	��	>���	��	�������	����	=���	

�������	���������	��	��������	������	#�	�����	�:	���	�����	������	��	8@<	�������	

��	���������	���	��$�	��	��	���	���"��	"���	��	���	����	�������	���	[�����:	+,77��			

8@<	 ��	 ��	 ��	 �����������	 ���"	 �������	 "������"	 ��	 ����.��$����"���	

���������:	 ����.��$����"���	 �����������	 ����	 4��	 8���.��$����"���	 �����������	 ��8<�	

������	��	���	���������	��	����	��	��$����"�����	�@�����	�������	�������	���������	

��	 ����$�����S	 �@�����	 ��	

��$����"�����	 �������	 (�	 �����	 =���:	

���������	��	�8<	������	��������	����	���	

����������	 ��	 ���	 ��$����"�����	

�@�����	 ������:	 ��	 ����	 ���������:	 ��	

�������	�������	�	����	"��	�������	���	

��>�������	 ����	 �	 �����	 =����	 ��	

�@����	��	��	��$����"�����	��>	������:	

=����� 	 ��	 ����:	 �������	 ���	 ��>�������	

��	 ��$����	 �	 ����������	 �����	 ��	 �����	

�K��	 	���	*��":	 +,,3��	 ���	 �@�"���:	

���������	 ��	 ���	 ��	 ��	 �������	 �	

����������	 ��	 �������	 ������:	 ���������	

���$�	��	 �[������	���	�������:	 744-��	
��������:	 ����	���$�	�������	��	 �	�	 ��>	

������	 ���	 ���?��������	 �D��A���	 ��	 ���:	 +,,/�:	����	 ��	 ���	 ����������	 ��$����"�����	

!	��
�� D5	8���.��$����"���	 ������������	
8������	 �������	 ��	 �@�����	 ��	 ���	
��$����"����	 
��	 �������	 ���	 �������	
������������:	 ���	 ������	 ���	 ����������	
��	��	�@����	 ��	 ���	��$����"�����	 ��>	
������	�K��	 	���	&������:	744-���



		

�

�

�
�

��>	"��	��	��	�������	������	�K��	 	���	*��":	+,,3��	 �	����:	���	���	���	�����	���	

������	��	���	��$����"�����	������	������:	��	���	�@�"���:	��������	
����	����	��	�8<	

���	��	��������������F	���$�:	����$�	���	�$�����$�	�8<	�
����	/�	����"��	��	���:	7411��	

���$�	 �8<	 �����	 ��	 ���	 ���������	 ���=���	 ���	 ��������	 �	 �����	 �������	 ���"	

���6��	 ������	 ���	 ���	 ��$����"���	 ��	 =����	 �	 ������	 ���$�	 �8<	 ��A����	

�����������	���=���	�����������	�������	����$������	<$�����$�	���	������$��	�8<	�����	

��	 ���	���������	���=���	���	 ����$�����S	�����������	 ����������	����$����	���	���	

��������	 ��	 ����	 ��	 ���	 ����$�����S	 ��$����"���	 ��	 ����	 ����$�����	 ����$�	 ���	

������$��	 �8<	 �����	 ��	 ���	 ���������	 ���=���	 ����$�����S	 �����������	 ����������	

�����	��	����$����	���	���	��$����"�����	�����	�������	��	���	����$������		

	

	���	�@�"���:	�������	"�����	��������	(�	"�����	�������	�	���������:	"�������	

������	��������	���	��>���	��	��$�	"�������	������	������	=��	���$���	���"	=���	����	

����	 ���	��	 ��$����"���	 �������$�	 ��	 ���	��$����"���	��	"�����	 �������	 ����$�	

�8<��	&�������	��������	��������	"����	���	��	���>��	���	��	�����	���	��$��	������	

������������	 ��$�����$�	 �8<��	 <$��	 ��	 ���	 ���	 ��������	 �����	 �����	"�����	 ������:	

������	 ��������	"����	 ��>	 ���	 �����	 �=�	"�����	 ��$����"���	��	 ��������	"�����	

������	��	�����=��	��������	"�����	�@��������	�����$�	�8<�	�
����	/�	����"��	��	���:	

+,,-��	


����	�	�$������	���������	����	����	��	�8<	���	����	������	���	����	���������	��	

������	 �9�����	 ��	 ���:	 +,,0��	5�$�������:	 ��	 ��	����	������	 ����	 ���	 ��������������	��	

$�����;5	
����	����	��	����.��$����"���	�����������	����"��	��	���:	+,,-�	

$���� ����
	�	���
���
���������	
��������
	���������

%���,A1�
'�������	�����$�	��������	����������	
=���	�����	��"���	��$����"���	

������	���	������	

1A/-�$,A1�
(���$�����	���	�������	��	��	���	���	��	
�����	�������	����������	

�������	

�-$,A1�
(���$�����	��>	��	������	��$����"���	
����������	=���	�����	�������	������$����	

�������	



�

	��

�8<	 "��	 �����	 ������	 ���	 ��$����"�����	 �����$������	 �$��	 ��	 ������	 ���������	

�����	�Z�����	���	�����:	+,,1��		

	

45956545 $�����+!�����-/2$��������	������������
�����F���	
������

	��
��	������	���

� ��!�"#������

	 #����.����$��	 5�����������	 ������	 �#�5��	 ����	 7,�	 �	 �	 ������������	 ����	

���"���	 ���	 ���=��	 ���	 ���������������	 ��	 ��$�������	 ������	 ��	 �������	 ���	

����������	 ���$��	 ���"	 �#��>���	 ��	 ���:	 +,,1��	 #�5�	 �	 ���	 �"��������	 ��	 ���	

��$�$��	��	��������	����	��	������	��	���	�'���	��	���:	+,,0:	'���	��	���:	+,,2�:	K��	

\��>��	��	���:	+,,-��	(�	��	����	��=�	����	�����	���	���	���������	#�5�	�@������	

���	 �������	 ����.������	 ������	 ��	 ������������	 ������:	 �������	 �"�������	 ��	

��������	"���������	���	���������	��	�����	����	�K��	\��>��	��	���:	+,,-��		

�	(�	 ���	 �����@�:	 ���	 �18+	 ����:	 �������	 ��	 ����"��"�	 77�72:	 �������	 �	

����������	����"�����"	����	��	

����	 ������������	 =�����	 ������	

��	 �������	 ���������	 ���	 8@<	

�����	 ��	 ���������	 �������	

�8������	��	���:	+,,1��	
��	�����.

����������	 ����"�����"	 �*5��	

�����	 ��	 �	 "���������	 �&���	

����������	 ���	 $�����	 �K���	 ��	

�����	 00	 �K��00&���	 �'���	 ��	 ���:	 +,,0��	 
��	 K��	 $������	 �	 ��������	 =���	 ������	

��������	 #�5�	 ��������	 ����$���	 ����	 �	 ���	 &��	 $�������	 ������������:	 ���	 ��.

!	��
�� 485	 *���"����	 $��=	 ��	 ���	 K��00&��	
����"�����"	��	���	�18+	�����	



		

�

�

	��

�@������	��	K��	���	&��	������	��	������?�����	�����	��	��	���������	�������������	

�������>���	���	��������:	�������	��	��������	#�5�	��������	�'���	��	���:	+,,2���		

<$������	 ���"	 ���"��	 �����	 �����	 ����	 ����$�����	 ��������	 ���	 &��6&��	

��������	���	"���	��>���	��	��$����	��@����.�������	����$����	��	������	��	������	

�$���	 �'���	��	 ���:	 +,,0��	 (�	��"��:	 ��	 ��	����	 ��=�	 ����	&��	��"�?�����	 ���	

������?�����	 =��	 ��$�	 �@���������	 ���������	 ��$�����	 �����	 ���	 ��	 "���	

�����������	$���������	��	���	��$����"���	��	�������$�	�"���":	��	��"������	��	K��	

��"�?�����	 ���������	 ��	 ���:	 +,,4��	 
��	 #�5�.K��00&��	 ����"�����"	 ��	 ����	

�������	 ���	 ����	 ��	 ������	 ���	 ��	 ���	 ����	 ��=�	 ��	 "�������	 ���	 �"����	 ��	

���������	��$�����	��	���	�����	�@������	��	�������$�	�"���"�		

�

� ���$��������

	 
��	��?�"�	��������. ."�����	���������	�' &
�	�	��$��$��	��	��������"	��	

"����"���	 ����	���	 ����������	��	�����������	"���������:	 ���������	�����������	

���	 ������������	 �'������>	 ��	 ���:	 +,,0��	 �������"���:	 ���	 ��?�"�	 ����	 ��	

�"�������	 ����	 ��	 ���	 �����������	 ��	 ����"���	 ��	 ���	 �����:	 ������������	 ��	 ���	

����������	�����@	��>��	��	���:	+,,3:	'������>	��	���:	+,,0:	&���"���	��	���:	+,,3:	K��	

\��>��	 ��	 ���:	 +,,-��	 
��	 )?4�	 �����	 �������	 ��	 ����"��"�	 ++A77:	 ������	 ���	

��?�"�	 ���	 �������	 �	 ����������	 ����"�����"	 �' &
.K��7/-&���	 ����	 �����	 ��	

�=�	��""��	$������	��	���	��?�"�F	K��	���	&��	����	77�	�'���	��	���:	+,,2���	
��	K��	

$������	�	��������	=���	��������	' &
	����$���:	=����	�����	��	�	��"��������	��	

�������	 ����"���	 ���������"����	 ��	 ���	 ����������	 �����@:	 ��������	 =���	

�"����"���	 ��	 =��>���	 "�"���:	 ���������	 ���	 �@�����$�	 �����������	 �&����.

����������	 ��	 ���:	 +,,/�:	 ���	 ��������	 ��$��	 ��	 ����"���	 ��	 "����"���	 �����	

(���$�����	 ��������	 ���	 &��6&��	 ��������	 ��$�	 ���	 ��=��	 ' &
	 ����$���	 ���	



�

	��

������?�����	 ���	 ���������	 ��	 ��	 ��	 �����"������	 ����$���:	 �	 ���	 �=�	 ������	 ���	

����"�����	�&������	���	[��>>���:	7444��	

D�=�$��:	������	�����������	�������	������:	��	��	���	���$��	����������=���	��	

��"�������	���	�����������	�	�����	�����������	���=���	�������	$��������	��	' &
	

���	����������	���������	�'������>	��	���:	+,,0��	

(������	 ��	 ' &
	 ����$���	 ��	 ����	 ��������	 ��	 ��	 ��������	 =���	 ��@����	

�������	 ���	 ��@����.

������"	 ���������	

�D����"�	 ��	 ���:	 +,,-:	

�������	 ��	 ���:	 +,7,�	 �	

=���	 �	 =���	 ��������	

�&���	 ��	 ���:	 +,,/�H	

��=�$��:	 �����	 ���	 ���	

�������������	 ������	

�����	 ��	 ���:	 +,,0:	 *�������	 ��	 ���:	 +,,3:	 \���	 ��	 ���:	 +,,-��	 
��	 )?4�	 $��7/-"��	

����"�����"	��	����	��=�	��	���������	�"�������	��������	�	=���	�	�"������	

������$���	��	��@����.	���	��������.�������	�"�������	��"���	=���:	��=�$��:	�����	

�������������	�����	���"��>�	���	������=>�:	+,7,��	(�	���?��������:	"��	=��>	

��	' &
	��	����	����������	��	���	��������	����	���	K��7/-&��	����"�����"	�	

�	������	��>	������	���	���?���������	
��	�����	��������	����	���?��������	�����	

���"	 ��������	 ����"�������	 ���������"����	 �������	 ����	 ���	&��	 ������	=���	 ��	

��������	 ���������	 (�	 �������:	 ���	 ��������	 ����	 �@��	 ����"���	 ��������	 ��	 ���	

"����"���	 ���"	 �	 ��������	 ��	 ��=	 ����"���	 ��������	 ��	 ���	 ����������	 �����@	

�������	���������	��	���	K��	�������	D�=�$��:	���	�$�����	�$������	���"	��������		

�����	 �	 ���	 ��"�������	 =���	 ������	 �"���	 ��������	 �'������>	 ��	 ���:	 +,,0��	

�������"���:	 ' &
.K��7/-&��	 ��	 ����	 ��=�	 ��	 ��������	 =���	 �����	 ����	 ���	

!	��
�� 445	 *���"����	 $��=	 ��	 ���	 K��7/-&��	
����"�����"	��	���	)?4�	�����		



		

�

�

	��

��$����"�����	��>	������	 ��	���	��$����"���	��	��������	�"���"	�<�����	��	���:	

+,77:	�������"	��	���:	+,7+�	���	���������	�8�������	��	���:	+,73��	
��:	���	����	��	���	

����"�����"	��	���	��>	���	��������������	����	��"���	��	��	�����	����������		
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�>���	����	�������	���	���$�"��������:	�"�	��	���	"���	����$���	���	����	

��"���	 �������	 ���F	 ���	 �������	 �������	 ������������:	 ���	 ����	 ��	 �����	 ����������	

��$����"���	 ��>	 ������	 ���	 ���	������$�	 ���������	���=���	 ����	 �=�	 ������	 ��	 ���	

��$����"���	 ��	 ����������	 ��"���@	 ���������	 ���	 �	 �����	 ����$����	 ������":	

��������	 �@��������	 ���	 ��@����	 ���	 ���������	 ���:	 =������	 ����	

�����������������	�������������	����	��	�������	����������	�"���	"��	������	

������"�����	 �����	 ���������	 �"����	 ��	 ����	 ����$��	 ��	 ��������	 �"���	 ��	 ����	

������	�@�������	���	����	�����:	���	=��>	=�	��"��	��	�����	����	���	��	���	

�����=���	�����F	

\�	 �@������	 ��	 =���	 �@����	 ���	 �@��������	 ��	 ��������	 ������$���	 ��	 �����	

���������	����	2�	���������	���	����$����	������"	������	����������	����	7+�	���	

=���	 =�	 ���	 ������$�	 ������������	 ��	 �������	 ���	 ��$����"�����	 ������	 ��	 ���	

������������	����������	!�	��	���	>��=�����:	���	�	���	����	������������	�����������	

�����$�	����	��$���������	���	���������	����	�=�	���������	��$����"�����	����	

�"��������	��������	��	������	1�7��		

	 �	 ��""�����	 ��	 ���	 ������������:	 ���������	 "�������"���	 ���������	 ��	

��$����"�����	 ��>	 ������	 ���	 �$����	 ����������	 �"���"	 ���	��������	D�=�$��:	

���	 "������"	 ����������	 ��	 �"����	 ���	 =��	 ���	 �$������	 �@����	 ��	 �����	

��$�����	 ��$����	 �����������������	 �"���"	 �����	 ��	 ����	 ��"���	 �������	

��>��=��	!���	�"���	���"	���	�������	����������:	=�	��"��	��	�������	�@�����	���	

���A������	 ��������	 ���>	 ���=���	 ���������	 "�������"���	 ���	 ����������	 ��������	

�"���":	 ���"	 �	 ��"�������	 ���������	\�	 �����	 ���	 ������$�	"��������	 ����	 ��	

#�5�	����	�"��������	��������	��	������	1�+�	���	���	���	"��������	����	��	' &
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���	���������	 �	���	 ��	�������	 �����������	����	�	&O	 �=��	����������	��������	

�"��������	��������	��	������	1�2��		

	 �������:	������$�	���������	���	����������	���������	��	��������	���	��@����	

���	��������	�@��������	���	��	���������	��	�"�������	��������	=���	�@������	��	

�=��	 �"���	 ���=�	 ���"	 ���	 �������	 ����������	 ����	 ������"�����	 ������A��	

�"��������	��������	��	������	1�/	���	1�0��		
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��"�����	 ���	�	 �����	����$����	������":	��@����	���	��������	���	��������	

�@��������	 ��	 ���������	 ��	 ����$�����	 ���"	 ���	 �������	 �����������	 K��������	 ��	

����	������������	������"	=���	��$��$�	��"���@	"������"	��	�����������	���=���	

��$����"�����	 ���	 �������	 ������	 ���	 =���	 ��	 ��������	 =���	 ������	 ��	 �����	

��������	��	������������		
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�	 ����:	 ��	 �����������$�	 �"���	 ���"	 ���	 �������	 ����������:	 ��=	 �����	

��$����"�����	 ������:	 ���������	 ��������	 ������$���	 ���	 ���������	 "�������"���:	

��������	 ��	 ��	 �����������	 =���	 �������	 ������	 �@�����	 �����������������	 $��������	

���������	 ����	 ���������	����$������	 ������"	 ���	 �����	 ��������:	 ������$�	 ���	

��@���	�"���"�	(�	��������:	=�	��"��	��	������:	����	������"�����	������A��:	

������	���������	���	����������	�����	������	��������	��	����	�"���"�			
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7� 
�	�@�"���	 ��	�	�"���	��	2,1/	����	��	 �=��	���=�	���"	�	 �����	����������.

����	�=��	����	���"	���	!�����	[�����"	��	=���	�@����	��������	������$���	

��	���	2	���	�������	���	�����	����$����	������"	��	���	7+	��������	�	���.

������	"����H	=�	=���	���	�@�����	���	�������	���	��$����"�����	������������	

��	 ���	������$�	 ������������	���������	���=���	��������	������$���	���	�����	

����$����	������"	���"	���	2	��	���	7+	���	=������	�����.���$��	���	������.

���$��	������	���	��	����������	��	���	������������		

+� 
�	 �@�����	 =������	 ���������	 ��$�����	 ����������	 ����	 ���	 ���������	

��������	 ��$�	 �	 ������������	 �"����	 ��	 ���	 �������	 ��	 ��������	 �@��������	
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��<�	��	�	*�����	�"���	��������	��	/33	����$�����	���=�	���"	���	�������	

�����������	�������"���:	 �	������	"���������	������	 ��	 ���	#�5�.K��00&��	

����"�����"	��	 ���	 �����������	 ���=���	 ���������	 ��$�����	 ���	�<	=�	

���	��$��������	��	"���	��	������	"�������	��������	"�����		

3� 
�	 ��$�������	 =������	 ���	 �"����	 ��	 ���	 ���������	 ��$�����	 ���	 �������	

������	 ��	 ���	 ��$����"���	 ��	 �<	 $����	 ���������	 ��	 ' &
.K��7/-&��	

����"�����"	 ��������	 ��	 �	 �"���	 ���=�	 ���"	 ���	 �������	 ����������	

��d/33�	��	"���	��	"�������	������	��������	"�����		

2� 
�	�@�"���	��	�	����������.����	�=��	�"���	��������	��	77/	����	�-/	&O	

�=��	 �����	 ��	 =������	 ���������	 ��$�����	=�	 ��������	=���	 �����$�	 ���	

������$�	��������	�@��������	��	�	�=��	�"���	���"	���	�������	����������:	���	

��	=���	�@����	&O	�=��	=���	�"����	���	�����	�@�����	��	���������	��$�����	

���	�������	��	��������	�@��������	���	����	=������	����������	��	�@�����	

��	 ���������	 ��$�����	=���	 ��������	 =���	 ����������	 ��	 ���	 �@������	 ��	

��������	 �@��������	 ��	 �	 ���"���	 ��	 &O	 �=��	 ����	 ���	 &O	 �=��	

����������	"������		

/� 
�	��$�������	��	�	&O	�=��	�"���	��d/3	�=���	���=�	���"	�	����������.�=��	

�"���	 =������	 �������	 ���	 ��$����"�����	 ����������	 "�>�	 ���������	

������������	 ��	 �����"������	 ��	 ����	"�����	 $���"�	 �8&K�	 ��	 ��@����	 ���	

��������	����	�	����������	���	���������	&O	�=��	����	������		

0� 
�	�@�����	��	�	&O	�=��	�"���	��d/3�	���=�	���"	�	����������.�=��	�"���	

�����	 ����$�����	 ��	 ������	 �"�����	 ��	 ��E���	 ���������	 �����$�	 ���	 ������$�	

�<	����	��	�&9(	��""�����.����	�=��	�����	�������"���:	=������	����	

��	��������	�@��������	 ��������	=���	��@����	���	��������	���	�������	��>	

���	����	�������	=�	���	�@������	��	"���	��	����	���������	������	
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*�����	 �=��	 ���"	 ���	 �������	 ����������H	 ���	 �	 �=��	 ������	 ���"	 ���	 �������	

����������	 ��	 ![H	 ���	 ����	 �	 �"���	 ��	 *�����	 ����$�����	 ���"	 ���	 �������	
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��������:	 �"�������:	 �����������	 ���	 ��$��=	 �����	 =����	 �����	 ���	

����������������	��	�������	���	��������	��$����"���	��	��������	���	������	(�	

�	 ����@��	 ��	 Z������	'�������	9�����	 �*�����	*������	<�������	=���	�	�������	

�"����	 ������	 ��	 2�341	 ���	 ��������	 ��	 ���	 ����	 ������	 ��	 ���	 ����	 ��	

��$����"�����	���������	����>���F	/60-��	
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���	=����]	 �������	 ����������	 E�������	 (�	 ��$��	 ���	 �������	 ��	 ���	 ��E���:	
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�� '���������	 �	 ����@��	 ��	 Z������	 '�������	 9�����	 �*������	 <�������	=���	 �	

�������	 �"����	 ������	 ��	 0�074	 ���	 ��������	 ��	 ���	 ����	 ������	 ��	 ���	 ����	 ��	

���������	����>���F	26771��	
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%��	�	�����:	�	E������	����	���	�	��	�������������	����"	���	���	���"�������	

��	����.A������	���������	�������	�����������	��������	���	�@����"�����	=��>	��	

����������	
��	E������	�	����@��	��	Z������	'�������	9�����	�*������	<�������	

=���	 �	 �������	 �"����	 ������	��	 2�++,	 ���	��������	 ��	 ���	 ����	 A�������	 ��	 ���	

����	��	���������	����>���F	7/6771��		
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�������	 ��	 ���������	 ���	 �	 ��������������:	 ���������:	 ���"��������:	

������������:	 ��������	 "����������:	 ����������	 �������	 ���	 "�����	

���������:	 ��������������:	 ��������������:	 �	=���	 �	 ���"��	 ����$�����	
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�"���$��	 ��$��	 ��	 ���������	 ��""����������	5��
���	�'���������	 �	 ����@��	 ��	

Z������	'�������	9�����	�*������	<�������	=���	�	�������	�"����	������	��	+�100	
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Genetic origin of the relationship between parental negativity

and behavior problems from early childhood to adolescence:

A longitudinal genetically sensitive study

S. ALEMANY,a,b F. V. RIJSDIJK,c C. M. A. HAWORTH,c L. FAÑANÁS,a,b AND R. PLOMINQ1 c

aUniversitat de Barcelona; bInstituto de Salud Carlos III; and cKing’s College London

Abstract

Little is known about how genetic and environmental factors contribute to the association between parental negativity and behavior problems from early

childhood to adolescence. The current study fitted a cross-lagged model in a sample consisting of 4,075 twin pairs to explore (a) the role of genetic and

environmental factors in the relationship between parental negativity and behavior problems from age 4 to age 12, (b) whether parent-driven and child-driven

processes independently explain the association, and (c) whether there are sex differences in this relationship. Both phenotypes showed substantial genetic

influence at both ages. The concurrent overlap between them was mainly accounted for by genetic factors. Causal pathways representing stability of the

phenotypes and parent-driven and child-driven effects were significantly and independently accounting for the association. Significant but slight differences

were found between males and females for parent-driven effects. These results were highly similar when general cognitive ability was added as a covariate. In

summary, the longitudinal association between parental negativity and behavior problems seems to be bidirectional and mainly accounted for by genetic

factors. Furthermore, child-driven effects were mainly genetically mediated, and parent-driven effects were a function of both genetic and shared-

environmental factors.

Several lines of research have converged in showing a robust

association between parenting components such as parental

negativity and child and adolescent behavior problems

(Hill, 2002). Both cross-sectional (Hiramura et al., 2010; Kai-

ser, McBurnett, & Pfiffner, 2010) and longitudinal studies

(Burt, McGue, Krueger, & Iacono, 2005; Larsson, Viding,

Rijsdijk, & Plomin, 2008; Leve et al., 2009; Viding, Fon-

taine, Oliver, & Plomin, 2009) have indicated that negative

parenting constitutes a risk factor for child and adolescent ex-

ternalizing disorders such as conduct disorder, oppositional

defiant disorder, and attention-deficit/hyperactivity disorder,

as well as internalizing problems such as emotional and social

difficulties. Because the home environment is a crucial devel-

opmental context for children, parental practices and their

contribution to children’s behavior have been intensively

investigated (Hiramura et al., 2010). Positive parenting, such

as parental warmth, has been associated with higher levels of

peer acceptance and lower aggressive behavior in children

(Clark & Ladd, 2000; Davidov & Grusec, 2006; Mrug et al.,

2008; Russell, Robinson, & Olsen, 2003); negative parenting

has been linked to externalizing symptoms and social difficul-

ties in children (Belsky, Hsieh, & Crnic, 1998; Kaiser et al.,

2010; Nelson, Hart, Yang, Olsen, & Jin, 2006). Supporting

these findings, experimental treatment research has shown

that improving parental discipline strategies resulted in reduced

externalizing problems in children (Bagner, Sheinkopf, Vohr,

& Lester, 2010; Dishion & Kavanagh, 2000; Gardner, So-

nuga-Barke, & Sayal, 1999; Kilgore, Snyder, & Lentz, 2000).

Bidirectional Effects in the Association Between

Parenting and Behavior Problems

However, it has been shown that children’s behavior can also

elicit certain reactions in others (Pettit & Arsiwalla, 2008).

Two directions of effects in the association between parenting

and behavior problems have been identified, effects coming

from the parents, called parent-driven effects, and effects elic-

ited by the children, called child-driven effects (Pettit & Arsi-

walla, 2008). Evidence for a bidirectional parent–child relation-

ship is consistent with the reciprocal effects models (Bell,

1968) where parents’ behaviors influence children’s develop-
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ment but children’s behaviors also influence parents’ behaviors

in a series of cycles over time.

In the case of behavior problems, difficult children may in-

fluence their parents negatively, resulting in parents being

less involved and providing less positive or developmentally

appropriate environments for their children (Shaw, Gilliom,

Ingoldsby, & Nagin, 2003). Such patterns of parent–child re-

lationship can lead to a downward cycle of interpersonal dys-

function, called coercive relationships (Collins & Laursen,

1999; Patterson, 1982).

The Cross-Lagged Model in Longitudinal Genetically

Sensitive Studies

These findings have encouraged researchers to develop mod-

els that simultaneously account for both types of effects. In

this sense, cross-lagged models are typically used because

they are designed to examine the longitudinal association be-

tween two different measures independent of stability and the

concurrent associations between the measures. When the

cross-lagged model is applied in a genetically informative

sample, it is possible to estimate the genetic and environ-

mental influences on the associations between the measures.

For example, Neiderhiser, Reiss, Hetherington, and Plomin

(1999) analyzed the association between parental conflict–

negativity and adolescent antisocial behavior and depressive

symptoms using a genetically sensitive cross-lagged model in

a sample consisting of biologically related individuals, as-

sessed at two ages, 3 years apart. They concluded that the as-

sociation between the two phenotypes was explained primar-

ily by genetic factors.

The work of Neiderhiser and colleagues (1999) inspired

other researchers to extend and refine their pioneering model.

Recently, Neiderhiser’s model was refined by Luo, Haworth,

and Plomin (2010) by adding a Cholesky decomposition that

ultimately allows the decomposition of the cross-lagged paths

per se into their genetic and environmental components also

controlling for the stability and reverse cross-lagged associa-

tion. However, the two cross-lagged associations tested in

Luo et al. (2010) were presented in two separate models

that do not allow the test of bidirectionality.

In this sense, the model developed by Burt et al. (2005) is

advantageous because the cross-lagged model is nested in a

genetic model. By nesting the phenotypic relationships be-

tween the variables analyzed over time, it is possible to test

the difference between bidirectional relationships. Burt et al.

(2005) analyzed the associations between parent–child conflict

and child externalizing problems from ages 11 to 14. They

found evidence for a bidirectional relationship. Furthermore,

although the Burt et al. (2005) model does not allow the de-

composition of the cross-lagged paths per se, it is possible

to decompose into genetic and environmental factors the trans-

mitted variance from the analyzed phenotypes over time,

which ultimately enables us to explorewhether the longitudinal

association is genetically or environmentally mediated. In

this particular study, the association between parent–child con-

flict and child externalizing problems from 11 to 14 years

of age was mostly driven by environmental factors, although

genetic factors were also implicated (Burt et al., 2005).

The cross-lagged model developed by Burt et al. (2005)

has been applied in two other studies. Larsson et al. (2008)

examined the association between parental negativity and

child antisocial behavior at ages 4 and 7. Similarly to Burt

et al. (2005), the association was best explained by bidi-

rectional processes, although in their case child effects were

genetically mediated while environmental factors mediated

parent-driven effects on child antisocial behavior (Larsson

et al., 2008). Recently, Moberg, Lichtenstein, Forsman, and

Larsson (2011) investigated the direction and etiology of

the association among different parental styles, parental emo-

tional overinvolvement and parental criticism, and internaliz-

ing behavior from ages 16–17 to 19–20. They found evidence

for genetically influenced child-driven effects underlying this

association but only in girls.

In summary, both parent-driven and child-driven effects

have been found in the association between parenting compo-

nents and child and adolescent behavior problems with mixed

results regarding the genetic or environmental mediation of

these processes and the specifity of the direction in the asso-

ciation across genders.

Our Study

To extend the literature on the etiology of reciprocal effects

and the genetic and environmental architecture of the asso-

ciation between parental negativity and behavior problems,

we analyzed data at ages 4 and 12 from a large popula-

tion-based twin study, the Twins Early Development Study

(TEDS; Trouton, Spinath, & Plomin, 2002) by means of a

genetically sensitive cross-lagged model (Burt et al.,

2005). For the first time in a longitudinal genetically sensi-

tive study we have explored the directional relationships be-

tween parental negativity and behavior problems from early

childhood to adolescence. Previous genetically sensitive re-

search examining similar relationships applying a cross-lag-

ged model has focused on spans of 3 years within the same

developmental period (Burt et al., 2005; Larsson et al.,

2008; Moberg et al., 2011; Neiderhiser et al., 1999). Fur-

thermore, phenotypic studies examining risk factors or de-

velopmental trajectory and stability of behavior problems

over different developmental stages are relatively scarce

and mostly focused on continuity of behavior problems

over time (Fanti & Henrich, 2010; Trentacosta & Shaw,

2009; Van Hulle et al., 2009). Therefore, it remains poorly

understood whether associations between parental measures

and behavior problems extend across developmental stages

such as early childhood and adolescence. The present study

will investigate genetic and environmental etiologies of the

links between parental negativity and behavior problems

across 8 years, from childhood to adolescence. The cross-

lagged approach will also yield information about the etiol-

ogy of stability of behavior problems from childhood to ado-
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lescence, controlling for the association and stability with pa-

rental negativity.

In addition, sex differences in the genetic and environ-

mental architecture of the phenotypes and their association

were assessed capitalizing on TEDS’ inclusion of opposite-

sex twins. Although research has often explored the relation-

ship between different parental components and behavior

problems, less attention has been given to whether these fa-

milial factors impact girls and boys differently (Blatt-Eisen-

gart, Drabick, Monahan, & Steinberg, 2009). Some studies

have suggested that the greater prevalence of behavior prob-

lems among boys than among girls (Hill, 2002) is due to

higher rates of exposure to risk factors such as parental nega-

tivity among boys or boys’ greater sensitivity to them (Rutter,

Caspi, &Moffitt, 2003). Furthermore, it has been pointed out

that direction of effects can depend on child gender (Moberg

et al., 2011). Our longitudinal study extends into adolescence,

when secondary sexual characteristics emerge (Spear, 2003).

Therefore, we address the possibility of sex differences in the

etiological relationship between parental negativity and be-

havior problems from childhood to adolescence.

Finally, apart from parenting characteristics, general cog-

nitive ability is a fundamental developmental resource in suc-

cessful adaptative behavior (Masten, 2001). For example, chil-

drenwith cognitive difficulties are at greater risk of developing

behavior problems (Deutch & Bubser, 2007; Hill, 2002; Tong

et al., 2010). Because the current study was focused on the re-

lationship between parental negativity and behavior problems,

we considered the potential role of cognitive difficulties.

Research questions

The present study addresses five research questions:

1. How much of the variance of parental negativity and be-

havior problems is due to genetic and environmental fac-

tors at age 4 and age 12?

2. How do genetic and environmental factors influence the

concurrent overlap at each age between parental negativity

and behavior problems?

3. How do parental negativity and behavior problems at age 4

contribute to parental negativity and behavior problems at

age 12 (parent-driven effects, child-driven effects, and sta-

bility of the phenotypes)?

4. How do genetic and environmental factors in parental nega-

tivity and behavior problems at age 4 contribute to parental

negativity and behavior problems variables at age 12?

5. Are there sex differences in the genetic and environmental

architecture of the longitudinal associations between pa-

rental negativity and behavior problems from early child-

hood to adolescence?

Hypotheses

Based on the literature, we hypothesized that we would iden-

tify both parent-driven and child-driven effects in the associa-

tion between parental negativity and behavior problems indi-

cating a bidirectional relationship over time. In addition, we

predict that genetic factors will mediate the effects of behav-

ior problems at age 4 on parental negativity at age 12, whereas

we expect that the effects of parental negativity at age 4 on be-

havior problems at age 12 will be more environmentally

mediated (Larsson et al., 2008).

Method

Participants

Participants were drawn from TEDS, a large longitudinal

population-based study of all twins born in England and

Wales between 1994 and 1996 (Oliver & Plomin, 2007; Trou-

ton et al., 2002). Parents completed behavioral rating scales

for both twins at ages 4 and 12. Zygosity was determined

using a standard zygosity questionnaire, which has been

shown to have 95% accuracy (Price et al., 2000). Further-

more, zygosity has been confirmed for most same-sex pairs

using DNA markers (Freeman et al., 2003). TEDS has been

shown to be reasonably representative of the UK population

(Kovas, Haworth, Dale, & Plomin, 2007).

The sampling frame for the present study was 7,660 twins,

born in 1994, 1995, or 1996, using data available from par-

ents’ ratings of parental negativity and behavior problems at

age 4 and 12.

A total of 584 twin pairs were excluded from the analyses

because of medical or neurological conditions, outlier scores,

or unknown (unreliable) zygosity. Thus, the total number of

twin pairs included in the analyses was 4,075 twin pairs:

659 monozygotic (MZ) male twin pairs, 835 MZ female

twin pairs, 622 dizygotic (DZ) male twin pairs, 715 DZ fe-

male twin pairs, and 1,244 DZ opposite-sex twins. Mx uses

a full-information maximum likelihood method to handle

missing data, which allows the use of missing data with mini-

mum bias.

Measures

Behavior problems were assessed by means of parent reports

of the Strengths and Difficulties Questionnaire (SDQ; Good-

man, 1997) when children were 4 and 12 years old. The SDQ

is a brief behavioral screening of 25 items for individuals

aged between 3 and 16 years old. Raters are asked to indicate

on a 3-point response scale (ranging from not true to certainly

true) how well each item described the child’s behavior over

the past 6 months. The questionnaire consists of five sub-

scales (emotional problems, peer problems, conduct prob-

lems, hyperactivity, and prosocial behavior). Example items

are “Restless, overactive, cannot stay still for long” and “Of-

ten lies or cheats.” We found that the first four subscales were

highly and significantly correlated at both age 4 (average cor-

relation¼ 0.57) and age 12 (average correlation¼ 0.66). Due

to the high overlap between these behavioral problem mea-

sures, both in our sample and in other studies (Angold, Cost-
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ello, & Erkanli, 1999; Timmermans, van Lier, &Koot, 2010),

we combined the first four subscales to yield a total behavior

problems score.

Parental negativity was assessed when children were 4 and

12 years of age, using the Parental Feelings Questionnaire

(Deater-Deckard, 1996). This questionnaire consists of 4

items rated on a 5-point scale (ranging from definitely untrue

to definitely true) where parents report their negative feelings

about their children. The items representing negative feelings

were used to create a total score of parental negativity. At age

4, for the firstborn twins the statements were: “Sometimes I

feel very impatient with him/her,” “Sometimes I wish he/

she would go away for a few minutes,” “Sometimes he/she

makes me angry,” and “Sometimes I am frustrated by him/

her.” For the second-born twins parents were asked “Do you

feel this way more or less with your second-born twin?” and

these questions were rated on a 5-point scale ranging from a

lot more to a lot less. This differential scoring method was

aimed to accentuate within-family differences. The score of

the firstborn twins was obtained by summing up the items

and then standardizing across the whole population to zero

mean and unit variance. For the second-born twins, the stan-

dardized scores of the firstborn twins were added to the stan-

dardized sum of the differential scores of the second-born

twins, and then this composite was standardized (Knafo &

Plomin, 2006). At age 12, assessment of parental negativity

included the same 4 items, but parents were asked to report

on their feelings about each twin separately without compar-

ing them. The scores of each of the 4 items were summed to

obtain a total score of parental negativity, which was also stan-

dardized.

As mentioned above, the potential role of general cog-

nitive ability as a covariate was investigated. General cog-

nitive ability (g) was assessed at each age through administra-

tion of nonverbal and verbal cognitive test batteries. At age 4,

g was calculated as the standardized sum of the verbal and

nonverbal scores. Nonverbal cognitive performance was as-

sessed by means of the Parent Report of Children’s Abilities

(Saudino, Oliver, Petrill, Richardson, & Rutter, 1998). At age

12, twins were administered (online) two verbal tests, the

Wechsler Intelligence Scale for Children (third edition) Mul-

tiple Choice Information and Vocabulary Multiple Choice

subtests (Wechsler, 1992), and two nonverbal reasoning tests,

the Wechsler Intelligence Scale for Children (thirrd edition)

Picture Completion (Wechsler, 1992) and Raven’s Standard

and Advanced Progressive Matrices (Raven & Raven,

1996, 1998). More details on the cognitive assessments are

reported elsewhere (Davis, Haworth, & Plomin, 2009; Ha-

worth et al., 2007).

Statistical Analyses

Structural equation modeling of twin data is based on the dif-

ferential genetic relationship between pairs of twins: MZ twin

pairs are 100% similar genetically, and DZ twins are 50%

similar genetically for additive genetic effects on average.

When these twins are raised in the same family, the twin

method assumes that there are no differences in their environ-

mental relatedness, that is, both types share 100% of shared

environmental effects and 0% of nonshared environmental

effects. The difference in MZ and DZ correlations (resem-

blance in measured traits) can be used to estimate the relative

contribution of additive genetic effects (A), shared environ-

mental effects (C), and nonshared environmental effects (E)

to the total phenotypic variance of a given trait. A represents

the sum of the effect of the individual alleles at all loci that

influence a trait. C includes environmental influences that

contribute to similarity within twin pairs, and E represent

environmental influences that are unique to each individual,

plus measurement error (Plomin, DeFries, McClearn, &

McGuffin, 2008; Rijsdijk & Sham, 2002).

The current study examines the association between paren-

tal negativity and behavior problems from ages 4 to 12 fitting

a cross-lagged model (Burt et al., 2005; see F1Figure 1). This

model constrains all the associations between and within

the two phenotypes across ages to take the form of phenotypic

F
ig
.
1
-
B
/W

o
n
li
n
e,

B
/W

in
p
ri
n
t

Figure 1. A path diagram of the cross-lagged model. Circles represent latent variables, additive genetic factors (A), shared environmental factors

(C), and nonshared environmental factors (E). Rectangles represent themeasured variables (i.e., parental negativity and behavior problems at ages

4 and 12). Standardized paths estimates for these variables (i.e., a1, c1, e1, a2, c2, e2, a3, c3, e3, a4, c4, e4), genetic and environmental correlations

(i.e., rA1, rC1, rE1, rA2, rC2, rE2), cross-age stability paths (i.e., b11, b22), and cross-lagged paths (i.e., b12, b21) are also presented in the diagram.
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partial regression coefficients. The paths connecting the same

phenotype from age 4 to age 12 represent the cross-age stabil-

ity paths (Figure 1, b11 and b22). These paths estimate the 8-

year stability for parental negativity and behavior problems

when controlling for the preexisting association between

the two phenotypes at age 4. The paths connecting one phe-

notype with the other from age 4 to age 12 are the cross-lag-

ged paths of the model (Figure 1, b12 and b21). The cross-lag-

ged paths estimate the independent contribution of parental

negativity at age 4 on behavior problems at age 12 (parent-

driven effects) and, similarly, the independent contribution

of behavior problems at age 4 on parental negativity at age

12 (child-driven effects), controlling for the stability of the

two phenotypes.

At each age, the variance of each phenotype and their cov-

ariation is decomposed into A, C, and E. Moreover, at age 12,

the genetic and environmental influences on the phenotypes can

be broken down into age-specific and transmitted variance from

age 4 phenotypes and their covariation. This also enables an es-

timateofhowmuchof thevarianceof age12phenotypes is trans-

mitted through the cross-age stability and cross-lagged paths and

whether this transmitted variance is mainly loading into genetic

or environmental factors of age 12 phenotypes. Therefore, it is

possible to examine how genetic and environmental influences

on age 4 phenotypes contribute to genetic and environmental in-

fluences on age 12 phenotypes. These analyses constitute one of

the most salient features of the cross-lagged model because it

allows us to elucidate whether the longitudinal association is

of genetic or environmental origin.

Since the sample includes male and female MZ and DZ

pairs and opposite-sex pairs, it is possible to test whether

there are sex differences in the genetic and environmental ar-

chitecture of the phenotypes or in their longitudinal associa-

tion by fitting different sex-limitations models. The current

study fitted four sex-limitations models to test for quantitative

sex differences (differences in the relative contribution of ge-

netic and environmental factors to the phenotypes), phenotypic

variance differences between sexes, and causal pathway differ-

ences between sexes. Quantitative sex differences were exam-

ined by allowing the parameter estimates (i.e., A, C, and E) to

differ across genders (Model 1). A constrained model, where

all variance components were set to be equal across genders,

was also fitted (Model 2). Next, we fitted a scalar model to ex-

amine phenotypic variance sex differences. This model allows

sex differences in phenotypic variances but constrains A, C,

and E parameters to be equal across genders (Model 3). Fi-

nally, we fitted a scalar model constraining A, C, and E param-

eters to be equal across genders but allowing sex differences in

the phenotypic variance and causal pathways (Model 3).

All analyses (estimating correlations and genetic model-

fitting parameters) were performed by means of the structural

equation modeling programMx (Neale &Maes, 2003). Mod-

els were fitted on scores adjusted for age, sex, and g. These

models were compared to models fitted on scores only ad-

justed by sex and age to test whether g was modifying the as-

sociations in the cross-lagged model.

Goodness of fit of the models was assessed by likelihood-

ratio chi-square tests, which is the difference between –2 log

likelihood (–2 LL) of the saturated model and that of the re-

stricted model, with the degrees of freedom (df) of this test

being the difference between the number of estimated param-

eters of the two models (a significant p value indicating a bad

fit). Competing (nested) models can be compared in a similar

way. In addition, the Akaike information criterion (AIC¼ x
2

– 2�df) was used to compare the fit of (nonnested) compet-

ing models (with lower AIC values indicating better fit).

Results

Descriptive statistics

Because the pattern of the results and the estimates were al-

most exactly the same either adjusting by g or not, the results

presented are based on scores adjusted by sex and age (results

adjusted by sex, age, and g are available on request from first

author).

Means, standard deviations, and number of respondents

for age- and sex-adjusted scores of parental negativity and be-

havior problems at ages 4 and 12 are presented in T1Table 1. The

means and standard deviations are nearly identical for males

and females. The means of parental negativity slightly in-

crease at age 12.

Phenotypic correlations

The age-specific phenotypic correlation between behavior

problems and parental negativity increased substantially

from age 4, males: r ¼ .29, 95% confidence interval (CI)

(0.26–0.33); females: r ¼ .29, 95% CI (0.26–0.30), to age

12, males: r ¼ .50, 95% CI (0.47–0.53); females: r ¼ .49,

95% CI (0.46–0.51). There was stability over time for both

behavior problems, males: r ¼ .47, 95% CI (0.46–0.48); fe-

males: r ¼ .45, 95% CI (0.43–0.48), and parental negativity,

males: r¼ .37, 95%CI (0.33–0.38); females: r¼ .34, 95%CI

(0.33–0.36). The across-trait and time correlations were small

but significant for both behavior problems at age 4 and paren-

tal negativity at age 12, males: r ¼ .28, 95% CI (0.21–0.31);

females: r¼ .27, 95% CI (0.24–0.30), and parental negativity

at age 4 and behavior problems at age 12, males: r¼ .21, 95%

CI (0.18–0.24); females: r ¼ .17, 95% CI (0.14–0.20). The

pattern of phenotypic correlations between the measures

was similar for both sexes.

Twin correlations

The twin correlations for behavior problems and parental ne-

gativity at age 4 and at age 12 are also presented in Table 1 by

zygosity and sex. For behavior problems at age 4, the MZ

twin correlation is twice as high as the DZ correlation, sug-

gesting genetic influence on the trait. For parental negativity,

both MZ and DZ twin correlations are quite high, indicating

genetic and common environmental influences. At age 12,
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both MZ and DZ correlations increase for both parental nega-

tivity and behavior problems. All correlations were statistically

significant. Twin correlations were generally similar for males

and females and for same-sex and opposite-sex twins.

Model-fitting analyses

Four sex-limitation models were fitted (see T2Table 2). The best

fitting model constrained genetic and environmental influ-

ences to be the same across males and females (as suggested

by the twin correlations in Table 1) but allowed for sex differ-

ences in variances and causal pathways (Model 4, Table 2).

Model 4 showed the lowest AIC value and a nonsignificant

decline in fit compared to Model 1 ( p ¼ .21).

Research Question 1: How much of the variance of parental

negativity and behavior problems is due to genetic and envi-

ronmental factors at each age?

The proportion of variance of behavior problems and parental

negativity at ages 4 and 12 explained by additive genetic fac-

tors (a2), common environment (c2), and unique environment

(e2) is presented in F2Figure 2.

Behavior problems at age 4 are highly heritable (69%) and

almost no variance is explained by common environment (c2

¼ .03). At age 12, common environmental influences be-

come more important (11%) and the genetic influences de-

creased slightly (60%). The proportion of variance explained

by unique environmental influences was similar at age 4 (e2

¼ 28%) and age 12 (e2 ¼ 29%).

For parental negativity, around half of the variance was ex-

plained by genetic factors (49%) at age 4 but by common envi-

ronment at age 12 (45%).Nevertheless, genetic factorswere also

important at age 12, accounting for 38% of the variance of pa-

rental negativity. The influence of unique environmental influ-

ences was similar at both ages (23% and 17%, respectively).

Research Question 2:How do genetic and environmental fac-

tors influence the concurrent overlap between parental nega-

tivity and behavior problems at each age?

The genetic and environmental overlap between behavior

problems and parental negativity at each age can be found

in the outer sides of Figure 2.

The predicted correlation between behavior problems and

parental negativity at age 4 is obtained by summing the paths

that join the two phenotypes: (
p
.69� .47�

p
.49 ¼ .23) þ

(
p
.03� –.70�

p
.28 ¼ –.06) þ (

p
.28� .31�

p
.23 ¼ .08)

¼ .25. Thus, the phenotypic correlation of .25 between the

two phenotypes at age 4 was mainly due to genetic factors

(.23/.25 ¼ 92%), whereas environmental influences (C and

E) are largely specific to each trait and do not contribute to

the similarity between the traits.

At age 12, following the same calculation, the correlation

between the two phenotypes was .42. Similar to age 4, con-

current associations at age 12 between parental negativityT
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and behavior problems were mainly due to genes (52%), but

there was an increase in the common environmental factors

shared by the two phenotypes, with shared environments ex-

plaining 26% of the phenotypic correlation.

Research Question 3: How do parental negativity and behav-

ior problems at age 4 influence parental negativity and behav-

ior problems at age 12 (cross-lagged and cross-age stability

pathways)?

Cross-lagged partial regression coefficients located in the

center of Figure 2 indicate the association between the two

variables connected by each path controlling for the preexist-

ing relationship between behavior problems and parental ne-

gativity at age 4. The best fitting model allowed causal path-

ways to differ across genders; therefore, estimates for cross-

lagged and cross-age stability pathways are different for

males and females.

Behavior problems at age 4 significantly predict parental

negativity at age 12, males: r ¼ .13; 95% CI (0.10–0.16); fe-

males: r ¼ .14; 95% CI (0.11–0.16). The converse associa-

tion was also significant, males: r ¼ .09; 95% CI (0.05–

0.12); females: r ¼ .03; 95% CI (0.01–0.06). The influence

of each pathway on variances at age 12 can be obtained by

squaring the partial regression coefficients. Thus, parent-

driven effects (parental negativity at age 4! behavior prob-

lems at age 12) explained 0.8% of parental negativity at age

12 in males (calculated by .092) and 0.1% in females (.032).

Child-driven effects (behavior problems at age 4 ! parental

negativity at age 12) explained 1.7% and 2% of behavior

problems at age 12 for males and females, respectively.

Regarding the stability of the phenotypes, both pheno-

types measured at age 12 were significantly influenced by

Table 2. Model fitting results for parental negative feelings and antisocial behavior at age 4 and 12

Differences in Fit of
Competing Models

Model –2 LL df x2 df p AIC
Compared to

Model Dx2 Ddf p

Saturated model 109779.45 32196 — — — — — — — —
1. Cross-lagged model, sex
differences 110499.86 32370 720.41 174 ,.001 372.41 — — — —

2. Cross-lagged model, no sex
differences 110597.86 32382 818.41 186 ,.001 446.41 1 97.99 12 ,.001

3. Cross-lagged model, Scalar 110517.18 32372 737.73 176 ,.001 385.73 1 17.32 2 ,.001
4. Model 3 allowing for sex
differences in causal paths 110510.78 32378 731.33 182 <.001 367.33 1 10.92 8 .21

Note:The chi-square, degrees of freedom, and p values (columns 4–6) are the difference in the –2 log likelihood statistics (–2 LL) of eachmodel and the saturated
model. The best fitting model is indicated in bold.
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Figure 2.A path diagram representing the association between behavior problems and parental negativity from age 4 to age 12 and the standard-

ized path estimates of the additive genetic (A), shared environmental (C), and nonshared environmental effects (E). The squared A, C, and E path

estimates at age 12 represent the total (transmittedþ time specific) variance. Solid lines indicate significant pathways. Standardized estimates for

cross-age stability paths (i.e., b11, b22) and cross-lagged paths (i.e., b12, b21) are presented in the center of the diagram for males and females

(italics).

Parental negativity and behavior problems over time 493

673

674

675

676

677

678

679

680

681

682

683

684

685

686

687

688

689

690

691

692

693

694

695

696

697

698

699

700

701

702

703

704

705

706

707

708

709

710

711

712

713

714

715

716

717

718

719

720

721

722

723

724

725

726

727

728

729

730

731

732

733

734

735

736

737

738

739

740

741

742

743

744

745

746

747

748

749

750

751

752

753

754

755

756

757

758

759

760

761

762

763

764

765

766

767

768

769

770

771

772

773

774

775

776

777

778

779

780

781

782

783

784



Fig.3-B/Wonline,B/Winprint

F
ig
u
re

3
.
D
ia
g
ra
m
s
p
re
se
n
ti
n
g
th
e
b
re
ak
d
o
w
n
o
f
th
e
to
ta
l
g
en
et
ic
(A

),
co
m
m
o
n
(C
),
an
d
u
n
iq
u
e
en
v
ir
o
n
m
en
ta
l
(E
)
in
fl
u
en
ce
s
o
f
b
eh
av
io
r
p
ro
b
le
m
s
an
d
p
ar
en
ta
l
n
e-

g
at
iv
it
y
at
ag
e
1
2
in

(a
)
m
al
es

an
d
(b
)
fe
m
al
es
.
T
h
es
e
v
al
u
es

d
o
n
o
t
re
p
re
se
n
t
p
at
h
es
ti
m
at
es
,
b
u
t
in
st
ea
d
re
p
re
se
n
t
th
e
d
if
fe
re
n
t
p
ro
p
o
rt
io
n
s
o
f
tr
an
sm

it
te
d
A
(d
as
h
ed

li
n
e)
,
C
,
an
d
E
v
ar
ia
n
ce
.
T
o
ta
l
A
,
C
,
an
d
E
v
ar
ia
n
ce
s
ar
e
d
ec
o
m
p
o
se
d
in
to

ti
m
e-
sp
ec
if
ic
an
d
tr
an
sm

it
te
d
(i
n
b
o
ld
)
v
ar
ia
n
ce
s.
F
o
r
ex
am

p
le
,
to
ta
l
g
en
et
ic
in
fl
u
en
ce
s
o
f

b
eh
av
io
r
p
ro
b
le
m
s
at
ag
e
1
2
in
m
al
es

eq
u
al
s
.6
0
2
.
T
h
is
v
al
u
e
is
th
e
su
m
o
f
th
e
ti
m
e-
sp
ec
if
ic
(.
4
8
8
)
an
d
tr
an
sm

it
te
d
v
ar
ia
n
ce

(.
1
1
4
).
F
o
ll
o
w
in
g
th
e
d
as
h
ed

li
n
e,
g
en
et
ic

tr
an
sm

it
te
d
v
ar
ia
n
ce

to
b
eh
av
io
r
p
ro
b
le
m
s
at
ag
e
1
2
ca
n
b
e
tr
ac
k
ed
,s
p
ec
if
ic
al
ly
.1
1
4
eq
u
al
s
th
e
su
m
o
f
th
e
g
en
et
ic
tr
an
sm

it
te
d
v
ar
ia
n
ce

fr
o
m
th
e
sa
m
e
p
h
en
o
ty
p
e
at
ag
e

4
(.
0
9
3
),
p
ar
en
ta
l
n
eg
at
iv
it
y
at
ag
e
4
(.
0
0
4
),
an
d
th
ei
r
co
v
ar
ia
n
ce

(.
0
1
7
)(
.0
9
3
þ
.0
0
4
þ
.0
1
7
¼
.1
1
4
).
C
o
m
m
o
n
an
d
u
n
iq
u
e
en
v
ir
o
n
m
en
ta
l
tr
an
sm

it
te
d
v
ar
ia
n
ce

ca
n
al
so

b
e
tr
ac
k
ed

fo
ll
o
w
in
g
th
e
d
o
tt
ed

li
n
e
an
d
th
e
d
o
tt
ed

an
d
d
as
h
ed

li
n
e,
re
sp
ec
ti
v
el
y
.

785

786

787

788

789

790

791

792

793

794

795

796

797

798

799

800

801

802

803

804

805

806

807

808

809

810

811

812

813

814

815

816

817

818

819

820

821

822

823

824

825

826

827

828

829

830

831

832

833

834

835

836

837

838

839

840

841

842

843

844

845

846

847

848

849

850

851

852

853

854

855

856

857

858

859

860

861

862

863

864

865

866

867

868

869

870

871

872

873

874

875

876

877

878

879

880

881

882

883

884

885

886

887

888

889

890

891

892

893

894

895

896

494



the same phenotype at age 4 independent of the other pheno-

type. The cross-age stability path from behavior problems at

age 4 independently explained 13.7% and 14.4% of the var-

iance of behavior problems at age 12 in males and females,

respectively, males: r ¼ .37; 95% CI (0.34–0.40); females:

r ¼ .38; 95% CI (0.35–0.40). Parental negativity at age 4 in-

dependently explained 6.3%, r¼ .25; 95% CI (0.22–0.27), of

the variance of parental negativity at age 12 in males and

4.4%, r ¼ .21; 95% CI (0.20–0.23), in females.

Research Question 4: How do genetic and environmental in-

fluences on parental negativity and behavior problems at age

4 contribute to parental negativity and behavior problems at

age 12?

From the cross-lagged model, it is possible to break down the

genetic, shared, and nonshared environmental influences on

phenotypes at 12 years into age-specific variances and trans-

mitted variance from each of the phenotypes at 4 years and

from their covariance at 4 years. The breakdown of age-spe-

cific and transmitted genetic, shared environmental, and non-

shared environmental influences on behavior problems at age

12 is graphically presented inF3 Figure 3. The purpose of Fig-

ure 3 is to focus on parental negativity and behavior problems

at age 12, showing the amount of age-specific and transmitted

variance in each A, C, and E estimate. The sum of these two

components constitutes the total A, C, and E estimates that are

shown in Figure 2.

Specifically, in Figure 3a (males), age-specific genetic,

shared, and nonshared environmental factors account for

84% of the variance of behavior problems at age 12, (a2 ¼

.49) þ (c2 ¼ .10) þ (e2 ¼ .25) ¼ .84. Thus, 16% of the var-

iance is transmitted from genetic (.114), shared (.002), and

nonshared environmental factors (.045), influencing behavior

problems, parental negativity, and their covariation at age 4

(.114 þ .002 þ .045 ¼ .161). Most of the transmitted var-

iance of behavior problems at age 12 is genetic (.114/.16 ¼

70.8%), and it is mainly due to cross-age stability effects

(.093/.114 ¼ 81.6%). For females (Figure 3b), transmitted

variance to behavior problems at age 12 represents 15% of

the total variance of the phenotype (.103 þ .003 þ .042 ¼

.148). Most of the transmitted variance is genetic in origin

(.103/.148 ¼ 69.6%), and it mainly comes from the same

phenotype at age 4 (.097). The amount of transmitted var-

iance through the cross-lagged path representing parent-

driven effects was negligible for females (,.0005).

Regarding parental negativity at age 12, age-specific var-

iance represents 90% of the total variance, (a2 ¼ .32)þ (c2 ¼

.44) þ (e2 ¼ .14) ¼ .90, for males. Transmitted variance

(10%) again mainly loads on genetic factors (.06/.10 ¼

60%), which primarily comes from the same phenotype at

age 4 (.029). For females, transmitted variance represents

8% (.049 þ .009 þ .020 ¼ .078) of the total variance of pa-

rental negativity at age 12. Again, genetic factors account for

most of the transmitted variance (.049/.078¼ 62.8%), which

largely comes from the same phenotype at age 4 (.021).

Research Question 5: Are there sex differences in the genetic

and environmental architecture of the longitudinal associa-

tions between parental negativity and behavior problems

from early childhood to adolescence?

The best fitting model (Model 4 in Table 2) constrained all ge-

netic and environmental contributions tobeconstant acrossgen-

ders but allowed phenotypic variances and causal pathways

(cross-lagged and cross-age stability pathways) to differ for

males and females. The estimates of the causal pathways were

significant and similar in both males and females. However,

the cross-lagged path representing parent-driven effects from

parental negativityat age 4 to age 12behavior problemswas sig-

nificantly greater formales (0.09) than for females (0.03;Dx2 ¼

7.17; Ddf ¼ 1; p¼ .007), although the confidence intervals of

the estimates overlap. In addition, the cross-age stability path for

parental negativity was significantly greater for males (0.25)

than for females (0.21; Dx2 ¼ 5.04; Ddf ¼ 1; p ¼ .025), al-

though the confidence intervals for the estimates overlap.

Discussion

This first longitudinal genetically sensitive study investigat-

ing the cross-lagged association between parental negativity

and behavior problems aimed to assess the causal direction

and genetic and environmental etiology of these associations

from early childhood to adolescence. The findings indicate

bidirectional cross-lagged associations; that is, both parent-

driven and child-driven effects independently account for

the associations between parental negativity and behavior

problems across these ages. Furthermore, child-driven effects

were mainly genetically mediated and parent-driven effects

were a function of both genetic and shared-environmental

factors. There were small sex differences in the genetic and

environmental architecture of the longitudinal association be-

tween parental negativity and behavior problems, which are

discussed below. Overall, the stability of the parental negativ-

ity and behavior problems and the association between them

from early childhood to adolescence seems to be mainly of

genetic origin.

Here we discuss the findings in relation to the five research

questions outlined in the introductory section.

Research Question 1: How much of the variance of parental

negativity and behavior problems is due to genetic and envi-

ronmental factors at age 4 and age 12?

As reported by previous studies, the heritability found for be-

havior problems ranged from 40% and 70% and did not differ

across genders (Hill, 2002; Simonoff, 2001). Looking more

carefully into the genetic and environmental etiology of be-

havior problems, there is a change in the role of shared envi-

ronmental influences, which account for negligible variance

of behavior problems at age 4 but account for 14%–15% of

the variance at age 12. This increase in common environ-

mental influences in behavior problems at age 12 can be par-

Parental negativity and behavior problems over time 495

897

898

899

900

901

902

903

904

905

906

907

908

909

910

911

912

913

914

915

916

917

918

919

920

921

922

923

924

925

926

927

928

929

930

931

932

933

934

935

936

937

938

939

940

941

942

943

944

945

946

947

948

949

950

951

952

953

954

955

956

957

958

959

960

961

962

963

964

965

966

967

968

969

970

971

972

973

974

975

976

977

978

979

980

981

982

983

984

985

986

987

988

989

990

991

992

993

994

995

996

997

998

999

1000

1001

1002

1003

1004

1005

1006

1007

1008



tially explained by the increase in conflicts with parents,

which has been pointed out during adolescence, especially

around puberty (Steinberg & Morris, 2001).

Although parental negativity is typically considered as an

environmental measure (or risk), we found that almost half

of its variance was explained by genetic factors. This result

is consistent with previous heritabilities reported for similar

parental measures (Deater-Deckard, Fulker, & Plomin,

1999; Neiderhiser et al., 2004; Pike & Plomin, 1996; Vin-

khuyzen, van der Sluis, de Geus, Boomsma, & Posthuma,

2010). Environmental measures are influenced by genes be-

cause they involve, at least in part, reactions to heritable char-

acteristics (Reiss, 1995). In this context, our results may be re-

flecting gene–environment correlation effects in which a

child’s behavior problemsmayevoke or seek parental negativ-

ity. Child-driven effects, which support this explanation, are

discussed below.

Research Question 2:How do genetic and environmental fac-

tors influence the concurrent overlap at each age between pa-

rental negativity and behavior problems?

At each age, overlap between parental negativity and behav-

ior problems were mainly accounted by genetic factors, indi-

cating that the same genes that make parents feel negatively

about their children also influence behavior problems. These

results are similar to one study (Larsson et al., 2008). How-

ever, in two other studies, genetic covariation also contrib-

uted to covariation between parental measures and behavior

problems, but most of the association was mainly accounted

by environmental factors (Burt et al., 2005; Moberg et al.,

2011). One hypothesis about these different results could

be a developmental shift in the covariation between negative

parenting and behavior problems because these latter two

studies were based on adolescent samples.

Research Question 3: How do parental negativity and behav-

ior problems at age 4 influence parental negativity and behav-

ior problems at age 12 (cross-lagged and cross-age stability

pathways)?

Both phenotypesweremoderately stable from ages 4 to 12, and

the stability estimates were similar to those reported in previous

studies examining similar associations 3 years apart, even

though in our study the association was studied 8 years apart

(Burt et al., 2005; Larsson et al., 2008; Moberg et al., 2011).

The key cross-lag analyses indicate that both child-driven

and parent-driven effects independently contribute to the as-

sociation between parental negativity and behavior problems

from ages 4 to 12. Regarding the longitudinal effect size of

these effects, behavior problems at age 4 accounted for

1.7% and 2% of parental negativity at age 12 in males and fe-

males, respectively (child-driven effects). Parental negativity

at age 4 only accounted for 0.8% and 0.1% of behavior prob-

lems at age 12 in males and females, respectively (parent-

driven effects). Although these effect sizes are small, pheno-

types that account for around 2% of the variance during a

3-year interval are not unusual because the paths are indepen-

dent of the association between parental negativity and be-

havior problems at age 4 as well as independent of the stabil-

ity of both measures across age (Burt et al., 2005; Larsson

et al., 2008;Moberg et al., 2011). Moreover, in our case, these

effects emerged across an 8-year age span. The effect size of

parent-driven effects, although significant, is smaller than

child-driven effects. The recent study by Moberg et al.

(2011) reported evidence for child-driven effects but not for

parent-driven effects. Despite these differences in effect

size between child-driven effects and parent-driven effects,

our study provides support for a bidirectional relationship be-

tween parental negativity and behavior problems from early

childhood to adolescence. These results are consistent with

previous studies (Burt et al., 2005; Larsson et al., 2008).

This bidirectional relationship has been described as a down-

ward spiral where parenting both impacts and is impacted by

child behavior (Burt et al., 2005). This downward spiral re-

lates to the concept of a coercive parent–child relationship

(Collins & Laursen, 1999) where difficulties in children be-

havior coupled with stressed-out parents who finally relent

and fail to provide support and adequate negative conse-

quences for bad behaviors. Ultimately, parents end up rein-

forcing child behavior problems. This illustrates a pathway

through which ineffective parental management and early

difficult and demanding child characteristics foster the devel-

opment or consolidation of behavior problems later in life

(Patterson, 1982; Pettit & Arsiwalla, 2008).

Research Question 4: How do genetic and environmental in-

fluences on parental negativity and behavior problems at age

4 contribute to parental negativity and behavior problems at

age 12?

In line with previous research, stability of behavior problems

wasmainly attributable to genetic factors, specifically; around

68% of the transmitted variance through this cross-age stabil-

ity path was due to genetic factors (Figure 3; Eley, Lichten-

stein, & Moffitt, 2003; Haberstick, Schmitz, Young, & He-

witt, 2005; Larsson et al., 2008; Neiderhiser et al., 1999).

In regard to the etiological nature of the bidirectional ef-

fects, the parent-driven path was a function of both genetic

and environmental factors. In contrast, the child-driven path

was largely a function of genetic factors. Therefore, as we ex-

pected based on previous research (Burt et al., 2005; Larsson

et al., 2008), child-driven effects were mainly genetically

mediated and parent-driven effects were a function of both ge-

netic and shared-environmental factors. Furthermore, the rel-

evant role played by genetic factors in the association between

parental negativity and behavior problems is consistent with

some previous studies examining similar phenotypes (Leve

et al., 2009; Neiderhiser et al., 1999; Pike & Plomin, 1996).

Research Question 5: Are there sex differences in the genetic

and environmental architecture of the longitudinal associa-
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tions between parental negativity and behavior problems

from early childhood to adolescence?

Similar to previous studies (Burt et al., 2005; Larsson et al.,

2008), we found generally similar results formales and females.

However, a hint of sex differences in the association between

parental negativity and behavior problems over time and the ge-

netic and environmental contribute to this association. Looking

into these sex differences more carefully, they arise from the

cross-lagged path representing parent-driven effects, which

are significantly different in males and females. Since the rest

of the estimates were nearly identical across genders, the clini-

cal relevance of the sex differences found in the current study

should be interpreted with caution and needs further research.

Research Question 6: Does general cognitive ability affect

these results?

These results did not differ as a function of general cognitive

ability. Thus, although general cognitive ability is related to be-

havior problems, it does not modify the association between

parental negativity and behavior problems over time. Difficul-

ties in the cognitive domainmay be independent from behavior

difficulties at least in relation to parental negativity over time.

General discussion

In order to interpret these findings, especially regarding the role

of genetic factors in the bidirectional association between paren-

tal negativity and behavior problems from early childhood to

adolescence, from a developmental perspective, herewe discuss

the results in the light of the self-regulatory framework (Calkins

&Keane, 2009).Although self-regulationwas notmeasured per

se, behavior problems, as defined in the current study, included

different domains of adaptative functioning that are highly inter-

correlated (Bornstein, Hahn, & Haynes, 2010; Masten, Burt, &

Coatsworth, 2006; Mesman, Bongers, & Koot, 2001). There-

fore, behavior problems may be reflecting difficulties in behav-

ioral adjustment that may be underlined by deficits in self-regu-

latory processes. In this context, failures in the acquisition of

basic processes such as emotion regulation and cognitive con-

trol early in life would ultimately lead to the expression of be-

havior problems. Applying a cross-lagged model design, we

observed that behavior problems at age 4 predict behavior prob-

lems 8 years later. Moreover, also consistent with the self-regu-

lation theory, the bidirectional relationship between parental ne-

gativity and behavior problems was significant even when the

stability of the two phenotypes was also considered in the

model. This supports the role of parenting in the early origins

and maintenance of behavior problems from early childhood

to adolescence. In the light of our findings, this cascade of ef-

fects may be underlined by genetic factors. Biological founda-

tions related to the physiological and neurobiological mecha-

nisms related to self-regulation process may well include

genetic influences, therefore adding plausibility to our results

(Calkins & Keane, 2009; Posner & Rothbart, 2009).

Finally, since our findings indicate that the association be-

tween parenting and adolescent behavior problems seems to

be mainly accounted by genetic factors, the current study

may have potential implications for molecular genetic stud-

ies. A burning issue nowadays is the fact that despite high her-

itabilities, molecular genetic studies, including genome-wide

association studies, have not been successful in identifying

DNA variants responsible for this heritability (Manolio et al.,

2009), the missing heritability problem (Maher, 2008). One

of many possible directions for finding the missing heritability

lies in the interplay between genes and environment. In the case

of behavior problems, several exciting findings involve gene–

environment correlation (Jaffee & Price, 2007; Neiderhiser

et al., 2004; O’Connor, Deater-Deckard, Fulker, Rutter, & Plo-

min, 1998).

Clinical implications

Although it is not novel to show that both parent-driven and

child-driven effects independently contribute to the associa-

tion between parental negativity and children’s behavior prob-

lems, it is an important message for clinicians and parents. Re-

gardless of their etiology, these bidirectional effects suggest a

need to increase awareness of the developmental downward

spiral between child problems and parental actions and reac-

tions. A more novel finding concerns etiology: the child-

driven effects were mainly genetically mediated and the par-

ent-driven effects were mediated by both genetic and shared

environmental factors. Although heritability does not imply

immutability, these results suggest that parental reactions

might provide a better target for prevention of the downward

spiral.

From a developmental point of view, our findings show

that the association between parental negativity and behavior

problems in childhood can extend until adolescence. The

cross-lagged analysis shows significant directional effects

from parental negativity in childhood and adolescent behav-

ior problems. Therefore, early interventions can potentially

prevent the later consolidation of emotional and behavioral

problems in the adolescence stage.

Limitations

The current results should be interpreted considering the fol-

lowing specific limitations, in addition to general limitations

of the twin design (Plomin et al., 2008). First, one limitation

is that parents reported both parental negativity and child be-

havior problems. Therefore, some of the overlap between pa-

rental negativity and behavior problems could be due to shared

rater effects (Rutter, Pickles, Murray, & Eaves, 2001). Unfor-

tunately, information regarding behavior problems at early

childhood was only available from parents. Nevertheless, the

pattern of our results is in general in agreement with previous

research using different informants or combined informant ap-

proaches (Burt et al., 2005; Moberg et al., 2011; Neiderhiser

et al., 1999). Furthermore, the validity and reliability of the par-
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ent-reported SDQ scores has been shown in several studies

(Hawes & Dadds, 2004; Muris, Meesters, & van den Berg,

2003; Rothenberger, Becker, Erhart, Wille, & Ravens-Sie-

berer, 2008). Second, the behavior problems composite used

in the current study included emotional, hyperactivity, con-

duct, and peer problems in children. It is possible that each

of these types of problems may have different etiological path-

ways. However, as mentioned before, these types of symptoms

are highly comorbid (Angold et al., 1999) and may share etio-

logical risk factors (Timmermans et al., 2010). Third, sex dif-

ferences were explored in relation to twins, but wemade no dis-

tinction between fathers’ and mothers’ negativity, which can

also affect the analyzed association. Several studies provide

evidence for different effects of parenting on child behavior de-

pending on the gender of the parent (Blatt-Eisengart et al.,

2009; Lifford, Harold, & Thapar, 2009; Vieno, Nation, Pastore,

& Santinello, 2009). This information was not available for the

current study, thus we cannot warrant that mother–son, mother–

daughter, father–son, or father–daughter relationships differ be-

tween each other. Fourth, the parental measure represents the

negative feelings that the parent reports experiencing toward

the child rather than parenting practice per se. This can limit

the comparability of our study to others using more behavior-

based measures of parenting. Fifth, causal pathways were not

decomposed per se into genetic and environmental contribu-

tions as is done in the model proposed by Luo et al. (2010).

Thus, we track and decompose transmitted variance to under-

stand how genetic and environmental factors shape the longitu-

dinal association between parental negativity and behavior

problems.

Despite the limitations, these findings contribute to the

better understanding of the genetic and environmental contri-

butions to childhood and adolescent behavior problems and,

specifically, its relationship with parental negativity.

Conclusions

The current study provides evidence for the presence of both

parent-driven and child-driven effects in the relationship be-

tween parental negativity and behavior problems even be-

tween two different developmental stages, early childhood

and adolescence. Furthermore, this bidirectional association

seems to be primarily of genetic origin. Future research

may benefit from including a third time of assessment, to fur-

ther explore the continuity of this association and possible

shifts on the contribution and mediation of genetic and envi-

ronmental factors to the phenotypes, its stability, and its rela-

tionship. Such studies would be of great interest especially

when examining different developmental stages where rele-

vant cognitive, psychological, neurobiological, and physio-

logical changes involved in behavioral adjustment are taking

place.
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Psychological stress occurring during either childhood or adult-

hood has been related to psychosis.1 Childhood adversity as a

form of psychological stress has been shown to be a risk factor

for the development of psychotic symptoms in clinical samples2,3

and psychotic-like experiences in individuals from the general

population.4,5 Despite this established relationship, it is necessary

to consider the type and severity of any environmental exposure,

together with a specific individual genetic background of risk, in

order to understand the development of psychosis in adulthood.

The term childhood adversity usually refers to a wide range of

severe adverse experiences occurring early in life (before 16 years

of age) and includes sexual, physical and emotional abuse and

neglect. In this regard, several lines of research have suggested a

strong relationship between childhood abuse and positive

psychotic symptoms.6 However, less attention has been paid to

the effect of neglect, and studies examining the impact of both

types of childhood adversity are still relatively scarce. Genetic

factors are also likely to be involved in the individual variation

in response to stress. Genes involved in regulating the adaptive

behavioural response to stress represent plausible candidates to

explore putative gene–environment interaction effects in the

association between childhood adversity and psychotic symptoms.

In this context, the BDNF-Val66Met polymorphism has been

related not only to psychosis but has also been shown to moderate

the impact of childhood adversity on the later expression of

affective symptoms.7,8 Brain-derived neurotrophic factor (BDNF)

is a neurotrophin that promotes the growth and differentiation of

developing neurons in central and peripheral nervous systems.9 It

has been shown that early stress can influence BDNF expression

and produce long-lasting effects on neurotrophic processes,

thereby having an impact on neuronal maturation and plasticity

in later life.1 However, studies of the relationship between the

functional BDNF-Val66Met polymorphism and schizophrenia

have produced mixed results,9 which may be because of the

underlying gene–environment interaction.10 One recent study

found that Met carriers (negatively affecting intracellular

processing and secretion of the mature protein) report more

paranoid feelings in the presence of social stress than do Val/Val

carriers.11 Thus, it is plausible that the BDNF-Val66Met

polymorphism might play a moderating role in the association

between childhood adversity and psychosis. The present study

aimed to explore whether childhood adversity (childhood abuse

and childhood neglect) have a differential impact on the presence

of psychotic-like experiences. Furthermore, a possible moderating

effect of the BDNF-Val66Met polymorphism on the relationship

between childhood adversity and psychotic-like experiences was

also investigated.

Method

Sample

The sample consisted of 533 individuals who were recruited from

the campus of the Jaume I University in Castelló (Spain), as well

as from university offices and community technical schools in the

metropolitan area of Barcelona (Spain). All the participants were

adults (mean age 22.9 years, s.d. = 5.4) and 45.4% were males. At

the time of the assessment 77% of the participants were students.

Exclusion criteria were the presence of any major medical illness

affecting brain function, neurological conditions and a history

of head injury. All participants were of Spanish (White) ancestry,

thereby reducing the possibility of confounding genetic differences

by population stratification.12 Ethical approval was obtained from
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local research ethics committees. All participants provided written

informed consent before inclusion in the study.

Measures

The Community Assessment of Psychic Experiences (CAPE)13 was

used to assess positive and negative psychotic-like experiences in

the sample. This validated self-report questionnaire measures

the lifetime prevalence of psychotic-like experiences on a

frequency scale ranging from ‘never’ to ‘nearly always’. Examples

of the items assessing the positive and negative dimension are,

respectively, ‘do you ever feel as if things in magazines or TV were

written especially for you?’ and ‘do you ever feel that you

experience few or no emotions at important events?’. The CAPE

provides a total score per dimension by adding up the scores on

the frequency items.

Childhood adversity was assessed by the shortened version of

the Childhood Trauma Questionnaire (CTQ).14 This question-

naire consists of 28 items measuring five types of childhood

trauma: emotional abuse, physical abuse, sexual abuse, emotional

neglect and physical neglect. Childhood adversity was grouped

into two main types: childhood abuse (including emotional,

physical and sexual abuse) and childhood neglect events

(including emotional and physical neglect). This was done in

order to explore the putative specificity of the impact of these

two types of childhood adversity. Childhood abuse and childhood

neglect were calculated by summing the items included for each

type of childhood adversity. Example items of childhood abuse

and childhood neglect are, respectively, ‘people in my family hit

me so hard that it left me with bruises or marks’ and ‘my parents

were too drunk or high to take care of the family’. The score for each

item ranges from 1 to 5 (‘never true’ to ‘very often true’), depending

on the extent to which individuals agree with the statement.

Reliability and validity of the CTQ have both been demonstrated.15

Because schizotypal personality, cannabis use and anxiety

levels have all been related to both childhood adversity and

psychotic-like experiences, and given the relationship between

them,16–18 the analyses were corrected for these variables, along

with age and gender as other potential confounders. Schizotypal

personality was measured with the Schizotypy Personality

Questionnaire-Brief (SPQ-B).19 Cannabis use was assessed with

one question regarding the frequency of consumption: ‘never’,

‘once’, ‘monthly’, ‘weekly’ or ‘daily’ (this variable was then

dichotomised into two categories: ‘not exposed to cannabis’:

never, once; and ‘exposed to cannabis’: monthly, weekly, daily).

Anxiety as a behavioural trait was assessed using the State–Trait

Anxiety Inventory (STAI-T).20

Laboratory methods

Genomic DNAwas extracted from peripheral blood cells using the

Real Extraction DNA Kit (Durviz SLU, Valencia, Spain), or from

buccal mucosa on a cotton swab using the BuccalAmp DNA

Extraction Kit (Epicentre Biotechnologies, Madison, Wisconsin,

USA). The rs6265 SNP (Val66Met) of the BDNF gene was

determined using the Taqman 5’ exonuclease assay (Applied

Biosystems) and genotyped using Applied Biosystems (AB)

TaqMan technology. The probe for genotyping the rs6265 was

ordered through the TaqMan SNP Genotyping assays (code

C_11592758_10) AB assay-on-demand service. The final volume

of the polymerase chain reaction was 5ml, which contained

10 ng of genomic DNA, 2.5ml of TaqMan Master Mix, and

0.125ml of 40x genotyping assay. The cycling parameters were

as follows: 958C for 10min followed by 40 cycles of

denaturation at 928C for 15 s and annealing/extension at 608C

for 1min. Polymerase chain reaction plates were read on an ABI

PRISM 7900HT instrument with SDS v2.1 software (Applied

Biosystems).

Statistical analyses

Multiple linear regressions were conducted using STATA 10.0 for

Windows. Separate models were tested for CAPE positive and

CAPE negative as dependent variables. For the first hypothesis

the independent variables of interest were childhood abuse,

childhood neglect and the BDNF-Val66Met polymorphism.

Schizotypal personality, cannabis use, trait anxiety, gender and

age were included in the model as covariates. For the second

hypothesis, two-way interaction effects between childhood abuse

and the BDNF-Val66Met polymorphism and childhood neglect

and the BDNF-Val66Met polymorphism were added to the

model, as described for the first hypothesis. Since the Met/Met

genotype (n= 29) has a much lower frequency than the Val/Met

and Val/Val genotypes, the genotypes for this polymorphism were

included in the analyses as a binary variable (Met allele carriers

and Val homozygotes).

Results

Descriptive statistics

In order to obtain the prevalence of psychotic-like experiences in

the current sample, CAPE scores were recoded to 0 (never,

sometimes) and 1 (often, almost always). The resulting prevalence

rate indicated that psychotic-like experiences were quite frequent.

Specifically, 40.7% of the sample often or almost always

experienced at least one positive psychotic-like experience;

similarly, 47.6% reported experiencing at least one negative

psychotic-like experience often or almost always.

The prevalence of childhood adversity was evaluated by recoding

the answers to 0 (never true) and 1 (rarely true, sometimes true,

often true and very often true). Thus, 1 indicates that the individual

was exposed at least once to the adverse event. In the current sample,

25.5% of the individuals were exposed to childhood abuse and

32.2% to childhood neglect. More details of the distribution of

dimensions in the sample can be found elsewhere.8

Genotype information was available for 470 individuals. The

genotype frequencies for the BDNF-Val66Met polymorphism

were: Val/Val: 60% (n= 282); Val/Met: 33.8% (n=159); and

Met/Met: 6.2% (n= 29). These frequencies did not differ from

others described in previous studies conducted in White

individuals.21 Hardy–Weinberg equilibrium was verified for the

present population (w2 = 1.05, d.f. = 2, P= 0.59).

The final sample consisted of 411 individuals for whom all the

variables included in the models were available.

Specificity of the impact of childhood adversity

on psychotic-like experiences

We found a main effect of childhood abuse on positive psychotic-

like experiences (b=0.16, s.e. = 0.05, P= 0.002) and a marginally

significant effect of childhood abuse on negative psychotic-like

experiences (b= 0.11, s.e. = 0.06, P= 0.055) (Table 1). Childhood

neglect did not have a direct influence on either positive or

negative psychotic-like experiences. Furthermore, no main effect

was found for the BDNF-Val66Met polymorphism on either

dimension of psychotic-like experiences.

Gene–environment interaction between the BDNF-

Val66Met polymorphism and childhood adversity with

respect to subsequent psychotic-like experiences

A significant gene–environment interaction was detected between

BDNF Met carriers and childhood abuse with regard to positive

psychotic-like experiences (b= 0.27, s.e. = 0.10, P=0.004). In this
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sample, individuals carrying the Met allele had higher scores on

adult positive psychotic-like experiences when childhood abuse

was present, as compared with participants carrying Val/Val

homozygotes (Fig. 1). No significant gene–environment interaction

was detected with respect to childhood neglect (b=70.09,

s.e. = 0.05, P=0.110).

Discussion

This study shows that childhood adversity has a strong

independent effect on positive psychotic-like experiences and a

marginally significant effect on negative psychotic-like experiences,

whereas childhood neglect was not associated with either dimension

of psychotic-like experiences. The BDNF-Val66Met polymorphism

shows a moderating effect between childhood abuse and the later

development of positive psychotic-like experiences. These results

are not confounded by the effect of gender, age, schizotypal

personality, cannabis use or trait anxiety.

Childhood adversity and psychotic-like experiences

Several years ago it was postulated that light might be shed on the

aetiology of psychosis by studying individuals who have psychotic

symptoms without being in need of treatment.22 Broadly, there are

two potential approaches to the measurement of psychotic

symptoms in non-clinical samples: one would be to measure

schizotypal traits as an attenuated form of psychotic symptoms,

whereas the other would involve measuring in the general

population the occurrence of those symptoms that are seen in

individuals with psychosis. The latter approach assumes that

experiencing ‘symptoms’ of psychosis is not inevitably linked with

the clinical disorder. Thus, even though the prevalence of the

clinical disorder is low, the prevalence of these ‘milder forms’ of

psychosis, namely psychotic-like experiences, may be much

higher.13,22 The rate of psychotic-like experiences in the present

sample is in line with previous reports.22 For example, Barrett &

Etheridge found that 30–40% of individuals from the general

population reported the experience of hearing voices.23 Similarly,

in a sample of college students, 71% reported at least brief,

occasional hallucinated voices during periods of wakefulness,

whereas 39% reported hearing their thoughts spoken aloud.24

Regarding the aetiology of psychotic-like experiences,

according to previous research, our findings support the role of

childhood adversity as a risk factor underlying the development

of psychotic-like experiences in the general population.4–6

Specifically, there was a strong association between childhood

abuse and positive psychotic-like experiences and a trend towards

an association between childhood abuse and negative psychotic-

like experiences. These results fit well with recent models

suggesting that adverse events, especially those characterised by

abuse, may produce a psychological and/or biological vulnerability

for the development of positive psychotic symptoms, including

subclinical forms such as psychotic-like experiences.22,25,26 It has

been suggested that early abusive experiences may create an

enduring cognitive vulnerability characterised by negative

schematic models of the self and the world (for example beliefs

about the self as vulnerable to threat, or about others as

dangerous) that facilitate external attributions, which may

ultimately lead to paranoid ideation.25 In this regard, current ideas

about the biological consequences of childhood adversity lend

even more credibility to the notion of an enduring psychological

vulnerability. When exposure to stressors persists, the stress-

induced glucocorticoid release can become chronic, leading to

permanent changes in the hypothalamic–pituitary–adrenal (HPA)

axis. This alteration of HPA functioning can lead to dysregulation

of the dopaminergic system, which is generally thought to be

involved in psychosis.1,27 Specifically, it has been suggested that

stress-induced dysregulation of the HPA axis causes increased

dopamine receptor densities and greater dopamine release. The

dopaminergic system is important as regards the interpretation of

stress and threat-related stimuli, and therefore, relevant to the devel-

opment of positive psychotic symptoms such as paranoid ideation.26

In our sample, childhood neglect was not significantly

associated with psychotic-like experiences. Although this contrasts

with some previous reports,28,29 a recent study by Fisher and

colleagues30 also found no impact of neglect on the expression

of psychosis when controlling for the impact of abuse. Conversely,

events characterised by abuse have shown the most robust

association with psychotic symptoms.6,31,32 Moreover, it has been

postulated that abusive experiences could have an aetiological

significance in psychosis,33 and research has described higher rates

of abusive maltreatment than neglect among individuals with

psychosis.34 Hence, it may be that previous associations between

psychosis and childhood adversity, where the latter included both

abuse and neglect events, were inflated by the effect of abuse.
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Table 1 Main effects of childhood abuse, childhood neglect and the BDNF-Val66Met polymorphism (Val/Val v. Met carriers) on

positive and negative psychotic-like experiences, correcting for age, gender, schizotypal personality, cannabis use and trait anxiety

Positive psychotic-like experiencesa Negative psychotic-like experiencesb

b s.e. P b s.e. P

BDNF 70.385 0.358 0.282 0.338 0.409 0.409

Childhood abuse 0.155 0.049 0.002 0.107 0.056 0.055

Childhood neglect 70.085 0.053 0.110 70.032 0.060 0.591

a. R2 = 0.31.
b. R2 = 0.32.
Values in bold are significant.

Low childhood High childhood
abuse abuse

BDNF

Val/Val (n = 247)

Met carriers (n = 164)

b=0.27; s.e. = 0.10; P = 0.004
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Fig. 1 Graphic respresentation of the interaction effect

between childhood abuse and the BDNF-Val66Met polymorphism

on positive psychotic-like experiences.

Corrected for age, gender, schizotypal personality, cannabis use and trait anxiety.
Exposure to childhood abuse is moderated by the BDNF gene. Met carriers exposed
to childhood abuse have significantly higher scores on positive psychotic-like
experiences.
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BDNF-Val66Met polymorphism, childhood adversity

and psychotic-like experiences
Gene–environment interaction studies have shown exciting findings

that made them appear to be promising mechanisms to under-

standing the joint effect between environmental and genetic

factors in the aetiology of complex traits such as psychiatric

symptoms.35 However, dismissal of gene–environment interaction

studies has recently arisen mainly as a result of the failure to

replicate; as has happened before with genetic association

studies.36 It has been argued that the lack of replication may be

related to the greater number of potential statistical tests that

are possible when interaction effects are included in any analysis,

which greatly increases the risk of false positives that can be

nominally significant but do not represent true insight.36 To

prevent this, the present study was developed with a priori

hypothesis that guides the choice of the gene and the poly-

morphism and the environmental risk factor. Furthermore, several

reasons were considered to explain why gene–environment inter-

actions might be expected in the relationship between childhood

adversity and psychosis. Human development is an environmen-

tally dependent process in which individuals need to adapt to

environmental hazards. However, it is implausible that genetic

variants do not contribute to individual variation in response

to the environment, since this response is associated with pre-

existing individual differences in temperament, personality and

psychophysiology, all of which are known to be under a certain

degree of genetic influence.35 In this context, one genetic variant

that is a candidate for moderating the association between

childhood adversity and psychosis is the BDNF-Val66Met

polymorphism. This polymorphism consists of a Val/Met single

nucleotide polymorphism at position 66 in the BDNF gene, and

it has been identified as a functional polymorphism.37 The Val

variant is associated with higher neuronal BDNF secretory activity

than is the Met variant. Additionally, the coexpression of Val and

Met alleles in heterozygotes results in less efficient intracellular

trafficking and processing, leading to decreased BDNF secretion.37

The secretion of BDNF is crucial for the growth and differentiation

of developing neurons in both central and peripheral nervous

systems, and BDNF is also implicated in the survival of neuronal

cells in response to stress.1,7,37 Evidence from animal studies

suggests that individuals carrying the Met/Met genotype are more

likely to develop anxiety-related behaviours in response to stressful

events.7 In humans, it has been shown that Met homozygotes and

heterozygotes who have experienced childhood adversity could also

be more genetically vulnerable to the development of affective

symptoms, in comparison to Val homozygotes.8 However, the

potential moderating effect of the BDNF-Val66Met polymorphism

on the relationship between psychosocial stress and psychosis has

not been widely explored. To the best of our knowledge, only

Simons and colleagues11 have studied the relationship between

minor stressful daily events, the BDNF-Val66Met polymorphism

and paranoid experiences. These authors found that BDNF-Met

allele carriers showed more social stress-induced paranoia than

did individuals with the Val/Val genotype. The present results are

in line with these findings. Specifically, we found that the impact

of childhood abuse on the development of positive psychotic-like

experiences was higher in those individuals carrying the Met allele.

This provides evidence of a gene–environment interaction effect,

whereby Met carriers would, genetically, be more vulnerable to

the effects of childhood abuse than would Val homozygotes.

We believe that these findings are consistent with the

hypothesised affective pathway to psychosis, which has been

suggested to be preferentially underlying the positive symptoms of

psychosis.1 As mentioned earlier, childhood adversity has been

shown to alter the functioning of the HPA axis, which is one of

the most important brain circuits involved in regulating adaptive

responses to stress. In this context, the intrusive nature of abusive

experiences may indicate that they are especially likely to dysregulate

the HPA axis. This dysregulation would, in turn, result in

increased dopamine release in mesolimbic brain areas, which has

been frequently related to the expression of positive psychotic

symptoms.1,2

In summary, our results indicate that individuals carrying the

Met allele, the variant associated with less BDNF secretion, would

be more vulnerable, neurobiologically speaking, to the negative

effects of early abusive experiences.

Strengths and limitations

Among the strengths of the present study it is worth noting that

the results were not confounded by the effect of schizotypal

personality traits, trait anxiety or cannabis use. Thus, the findings

indicate that exposure to childhood abuse increases the risk of

reporting adult psychotic-like experiences independently of any

pre-existing schizotypal traits, which have also been shown to

increase the likelihood of experiencing psychotic symptoms.18

Similarly, although the use of cannabis is a well-known

environmental risk factor for psychotic-like experiences,38 this

did not confound the present results as the frequency of cannabis

use was controlled for. As regards the inclusion of trait anxiety as a

confounder, it has been found that the strong emotions associated

with childhood adversity, such as anxiety and memories of the

earlier experience, contribute to an increased risk of later

psychotic symptoms.39 However, as trait anxiety was controlled

for, we can rule out the possibility that the occurrence of

psychotic-like experiences was linked to the anxiety associated

with abusive events experienced in childhood. Overall, the present

research design follows the recommendations of a systematic and

critical review by Bendall et al2 in that it includes confounders

based on previous research into childhood adversity and psychosis.

Despite these strengths, the present study does have a number

of limitations. First, the cross-sectional design prevents a robust

test of causal associations, although a priori hypotheses were

clearly defined and guided all the subsequent analyses as

mentioned earlier. Second, the retrospective measure of childhood

adversity may constitute an inherent source of bias. That said, the

CTQ has been validated and is considered a reliable measure of

childhood adversity,15 as well as being recommended in the

critical review by Bendall and colleagues2 as a reliable tool for

measuring childhood abuse. Third, although the current findings

are in line with those reported by Simons et al,11 the studies are

not directly comparable since the outcomes and environmental

risk factors analysed were different. Studies examining similar

hypothesis but that differ in the exact variables analysed or the

instruments used to measure such variables can also account for

inconsistencies in the results and therefore, failure to replicate.

Fourth, although the sample size is similar to that used in previous

and similar studies,4,11 it can be still considered relatively small. In

the light of these limitations, our findings should be considered

with caution and need replication in larger samples.

Implications

Our findings suggest a specific relationship between childhood

abuse and positive psychotic-like experiences in the general

population. The results also provide evidence for a gene–

environment interaction effect underlying individual behavioural

differences in response to childhood abuse; specifically, Met

carriers are more likely to report positive psychotic-like

experiences in the presence of childhood abuse compared with

Val homozygotes. These results now require replication as they

may have important implications for future research into the
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aetiological mechanisms operating between childhood adversity

and later psychosis.
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Bàsica, Clı́nica i Psicobiologia, Facultat de Ciències Humanes i Socials, Universitat
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Psychosis-inducing effects of cannabis are
related to both childhood abuse and COMT
genotypes

Alemany S, Arias B, Fatj�o-Vilas M, Villa H, Moya J, Ib�a~nez MI, Ortet
G, Gast�o C, Fa~nan�as L. Psychosis-inducing effects of cannabis are
related to both childhood abuse and COMT genotypes.

Objective: To test whether the association between childhood abuse,
cannabis use and psychotic experiences (PEs) was moderated by the
COMT (catechol-O-methyltransferase) gene.
Method: Psychotic experiences (PEs), childhood abuse, cannabis use
and COMT Val158Met genotypes were assessed in 533 individuals from
the general population. Data were analysed hierarchically by means of
multiple linear regression models.
Results: Childhood abuse showed a significant main effect on both
positive (b = 0.09; SE = 0.04; P = 0.047) and negative PEs
(b = 0.11; SE = 0.05; P = 0.038). A significant three-way interaction
effect was found among childhood abuse, cannabis use and the
COMT gene on positive PEs (b = �0.30; SE = 0.11; P = 0.006).
This result suggests that COMT genotypes and cannabis use only
influenced PE scores among individuals exposed to childhood
abuse. Furthermore, exposure to childhood abuse and cannabis use
increased PE scores in Val carriers. However, in individuals
exposed to childhood abuse but who did not use cannabis, PEs
increased as a function of the Met allele copies of the COMT
gene.
Conclusion: Cannabis use after exposure to childhood abuse may have
opposite effects on the risk of PEs, depending on the COMT genotypes
providing evidence for a qualitative interaction. Val carriers exposed to
childhood abuse are vulnerable to the psychosis-inducing effects of
cannabis.
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Significant outcomes

• The psychosis-inducing effect of cannabis use is related to exposure to childhood abuse and genetic
variability in COMT gene.

• Cannabis use increased the likelihood to report positive psychotic experiences in Val carriers only
when they were exposed to childhood abuse.

• Sensitization processes involving dopaminergic signalling may be underlying this gene–environment–
environment interaction.

Limitations

• The sample size was modest.

• Childhood abuse was measured retrospectively.

• Age of onset, potency or duration of cannabis use were not assessed in the current sample.
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Introduction

It is well established that attenuated psychotic
symptoms occur in some individuals from the gen-
eral population (1–3). In the absence of illness or
the need for treatment, these milder forms of psy-
chotic symptoms are referred to as psychotic expe-
riences (PEs) (4). It has been suggested that clinical
and subclinical expression of psychosis share
genetic and/or environmental factors in their aeti-
ology (4). Therefore, the study of the risk factors
for PEs would ultimately contribute to the under-
standing of the aetiology of psychotic disorders.
In this context, both cannabis use (5–7) and

childhood adversity (8–10) have been associated
with an increased risk of developing psychosis in
clinical and non-clinical samples. However, not
everyone exposed to childhood adversity develops
psychotic symptoms later in life. Similarly, only a
minority of cannabis users develop psychotic
symptoms suggesting the implication of other fac-
tors in this association (11).
In this regard, several studies have shown that

the joint exposure to these two environmental fac-
tors, cannabis use and childhood adversity, may
increase the likelihood of developing psychotic
symptoms to a greater extent than the risk
expected for each factor working independently
(12–15).
These results are neurobiologically plausible, as

both stressful experiences and delta-9-tetrahydro-
cannabinol (THC), the main psycho-active constit-
uent of cannabis, have been found to increase
dopaminergic signalling in the mesolimbic system
(16), which is hypothesized to result in an increased
risk of delusions and hallucinations (17). However,
a recent study of a large sample drawn from the
general population failed to replicate the interac-
tion effect reported between cannabis and child-
hood trauma on the risk of developing psychotic
symptoms (18). Individual differences in neurobio-
logical susceptibility to the impact of childhood
abuse and cannabis use might help to explain this
failure to replicate. Indeed, recent evidence suggest
that differential sensitivity to environmental stress
occasioned by the Val158Met polymorphism of
the catechol-O-methyltransferase (COMT) gene,
probably in interaction with other factors, might
be underlying psychosis risk (19–21).
The COMT gene encodes the enzyme catechol-

O-methyltransferase, which plays an important
role in the degradation of dopamine in the brain,
and contains a functional polymorphism (COMT-
Val158Met) that results in two common variants
of the enzyme (Val and Met) (22). The Val variant
is associated with increased COMT activity, which

results in a combination of reduced dopamine neu-
rotransmission in the prefrontal cortex and
increased levels of dopamine in mesolimbic areas
(23). Individuals carrying the Met/Met genotype
have the lowest COMT activity and heterozygotes
are considered to be of intermediate activity, as the
two alleles are codominant (24).
In this regard, gene–environment interaction

studies have shown that the Val158Met poly-
morphism of the catechol-O-methyltransferase
(COMT) gene moderates i) the association
between cannabis use and psychosis (25–27),
although some studies failed to replicate the origi-
nal findings from Caspi and colleagues [For
review see: (28) and (11)] and ii) the association
between childhood trauma and schizotypal traits
(29). However, to our knowledge, no study to
date has investigated whether the impact of the
joint effect of exposure to childhood adversity and
cannabis use on the subsequent development of
PEs might be influenced by the COMT-Val158-
Met polymorphism.

Aims of the study

This study aimed to investigate whether the impact
of the childhood adversity and cannabis effects on
the development of psychotic experiences varies
according to COMT-Val158Met polymorphism
genotypes.

Material and methods

Sample

The sample consisted of 533 individuals who were
recruited from the campus of the Jaume I Univer-
sity in Castell�o (Spain), as well as from university
offices and community technical schools in the
metropolitan area of Barcelona (Spain). Recruiting
was conducted mainly through advertisements in
the university offices and schools. All the partici-
pants were adults (mean age: 22.9 years; SD = 5.4)
and 45.4% were males. At assessment, 77% of the
participants were students. Further details of this
sample can be found elsewhere (30, 31).
Exclusion criteria were the presence of any

major medical illness affecting brain function, neu-
rological conditions, current substance abuse
(alcohol or any illicit drug), neurological condi-
tions, history of head injury and personal history
of psychiatric medical treatment. These areas were
screened by means of a short interview designed ad
hoc for this study. The design of the short inter-
view was based on selected items from structured
scales such as the Structural Clinical Interview for
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DSM-IV disorders [SCID-I; (32)] and Family Inter-
view for Genetic Studies [FIGS; (33)]. Specific ques-
tions about psychiatric assistance, psychotropic
medication, hospital admissions and suicide
attempts were asked to the participants.
All participants were of Spanish (Caucasian)

ancestry, thereby reducing the possibility of
confounding genetic differences by population
stratification.
Ethical approval was obtained from local

research ethics committees. All participants pro-
vided written informed consent before inclusion in
the study. All procedures were carried out accord-
ing to the Helsinki Declaration.

Measures

The Community Assessment of Psychic Experi-
ences [CAPE; (34)] was used to assess positive and
negative PEs in the sample. This self-report ques-
tionnaire measures the lifetime prevalence of PEs
on a frequency scale ranging from ‘never’ to
‘nearly always’. The positive dimension of the
CAPE includes items mainly referring to subclini-
cal expressions of positive psychotic symptoms
(hallucinations and delusions) such as ‘do you ever
feel as if things in magazines or TV were written
especially for you?’. Similarly, the negative dimen-
sion of CAPE includes items assessing subclinical
expressions of negative psychotic symptoms such
as alogia, avolition, anhedonia and lack of interest
in social relationships. An example of item is ‘do
you ever feel that you experience few or no
emotions at important events?’. The CAPE
provides a total continuous score per dimension
ranging from 20 to 80 in the positive dimension
and from 14 to 56 in the negative dimension. To
obtain the prevalence of PEs, CAPE scores were
recoded as 0 (never, sometimes) and 1 (often,
almost always). Self-report dimensions of psy-
chotic experiences assessed by means of the CAPE
have shown to be stable, reliable and valid (35);
furthermore, this instrument has been validated in
Spanish population (36).
Childhood abuse was assessed by the shortened

version of the Childhood Trauma Questionnaire
[CTQ; (37, 38)]. This questionnaire consists of 28
items that measure five types of childhood trauma:
emotional abuse, physical abuse, sexual abuse,
emotional neglect and physical neglect. In the cur-
rent study, the subscales that assess abuse were
combined to yield a total score of childhood abuse.
Neglectful events were discarded, as only abusive
events were shown to be associated with PEs in a
previous study conducted in this sample (1). An
example of an item on childhood abuse is ‘people

in my family hit me so hard that it left me with
bruises or marks’. The score for each item ranges
from 1 to 5 (‘never true’ – ‘very often true’),
depending on the extent to which individuals agree
with the statement. The reliability and validity of
the CTQ have been demonstrated (38). Childhood
abuse was recoded as 0 (never true) and 1 (rarely
true, sometimes true, often true and very often
true) to calculate the prevalence. Reliability and
validity of the CTQ have both been demonstrated
(38).
Cannabis use was assessed with one question

regarding the frequency of consumption: ‘never’,
‘once’, ‘monthly’, ‘weekly’ or ‘daily’ (this variable
was then dichotomized into two categories: ‘not
exposed to cannabis’: never, once; and ‘exposed to
cannabis’: monthly, weekly, daily).
All analyses were corrected by gender, age,

schizotypal personality and anxiety levels as in a
previous study conducted in this sample (1).
Schizotypal personality was measured with the
Schizotypy Personality Questionnaire-Brief [SPQ-
B; (39)]. Anxiety as a behavioural trait was
assessed using the State-Trait Anxiety Inventory
[STAI-T; (40)].

Laboratory methods

Genomic DNA was extracted from saliva samples
using the Collection Kit BuccalAmp DNA extrac-
tion kit (Epicentre, ECOGEN, Barcelona, Spain).
The SNP rs4680 (Val158Met) of the COMT gene
was genotyped using Applied Byosystems (AB)
TaqMan technology. The AB assay-on-demand
service was used to order the probes. Genotype
determinations were performed blind to the clini-
cal condition. Randomized individuals were
retested for their genotypes to confirm the pattern
reproducibility.

Statistical analysis

Multiple linear regressions were conducted using
STATA 10.0 for Windows. Separate models were
tested for positive and negative PEs (continuous
variables) as dependent variables. The independent
variables for main and interaction effects were
childhood abuse, cannabis use and the Val158Met
polymorphism of the COMT gene (continuous
childhood abuse, dichotomous cannabis use and
three categories in the COMT gene: Val/Val, Val/
Met and Met/Met). Data were analysed hierarchi-
cally. In the first step, the main effects of childhood
abuse, cannabis use and the Val158Met polymor-
phism of the COMT gene on positive PEs were
tested in the same model on positive and negative
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PEs separately. Two-way interaction terms (child-
hood abuse*cannabis use; childhood abuse*-
COMT gene and COMT gene*cannabis use) were
added in a second step. In the third step, a three-
way interaction term (childhood abuse*cannabis
use*COMT gene) was entered.
Age, gender, schizotypy and trait anxiety were

included as covariates in all analyses.
Additional analyses were carried out using logis-

tic regression analysis to investigate whether child-
hood abuse increased the risk of cannabis use and
whether the COMT-Val158Met polymorphism
was associated with cannabis use.
The log-likelihood ratio test was used to assess

the difference between nested models. In our case,
if a significant interaction effect was detected, the
log-likelihood ratio test was used to examine
whether the addition of the interaction term (either
two-way or three-way) significantly improved the
model fit compared to the main effects model.
A power analysis was performed using the

QUANTO V.1.2 program (41). The sample of 419
individuals had 0.85 power to detect a gene–envi-
ronment interaction effect, accounting for at least
2% of the variance of the studied outcome at an a
level of 0.05. If a gene–environment interaction
was detected, the effect size was calculated using
eta squared (g2). This parameter can be used to
estimate the proportion of variance in the outcome
that is accounted for by the predictor.
In addition, P < 0.05 was considered to indicate

statistical significance, but we used a more strin-
gent P-value, based on the Bonferroni correction,
for the interactions tested. We conducted three
tests (main effects, two-way interaction effects and
three-way interaction effects) for two outcomes
(positive and negative PEs). Therefore, for a Bon-
ferroni correction on the P-values for interactions,
we used P = 0.05/6 = 0.0083 as a threshold for
significance.

Results

In the current sample, 40.7% of the individuals
reported that often or almost always experienced
at least one positive PE. For the negative dimen-
sion, 47.6% of the sample often or almost
always experienced at least one negative PE. Of
note, prevalences for some items addressing more
severe psychotic experiences were lower. For
example, 4.8% of the sample often or almost
always felt that they were ‘under the control of
some force or power other than themselves’; sim-
ilarly, 1.8% of the sample often or almost always
‘heard voices talking to each other’ [CAPE;
(34)].

With regard to childhood abuse, 25.5% of the
individuals were exposed to at least one abusive
event during childhood. Nevertheless, regarding to
specific and severe forms of childhood abuse and
neglect, only the 9.2% and 10.3% of the sample
reported being exposed to sexual abuse and physi-
cal neglect respectively.
For cannabis use, 29.1% of the sample used can-

nabis monthly, weekly or daily.
All the variables included in the model were

available for 419 individuals from the total sam-
ple. In this final sample, the genotype frequencies
for the Val158Met polymorphism of the COMT
gene were as follows: Val/Val: 30.3% (n = 127);
Val/Met: 48.0% (n = 201); and Met/Met: 21.7%
(n = 91). These frequencies did not differ from
others described in Caucasian individuals (25).
The Hardy–Weinberg equilibrium was verified
for the present population (v2 = 0.47; df = 2;
P = 0.49).
A main effect of childhood abuse was found in

both positive (b = 0.09; SE = 0.04; 95% CI .01–
0.17; P = 0.047) and negative PEs (b = 0.11;
SE = 0.05; 95% CI .01–0.21; P = 0.038). Cannabis
use showed a main effect on negative PEs
(b = 0.88; SE = 0.44; 95% CI .01–1.75; P = 0.047)
but not on positive PEs. However, these main
effects did not remain significant after correcting
for multiple testing. No main effect was found for
the Val158Met polymorphism of the COMT gene
on either dimension of PEs.
None of the two-way interactions tested (child-

hood abuse*cannabis use; childhood abuse*-
COMT gene or cannabis use*COMT gene) were
significant.
However, a significant three-way interaction

among childhood abuse, cannabis use and the
COMT gene was found in positive PEs [b = �0.30;
SE = 0.11; 95% CI (�0.51)–(�0.09); P = 0.006]
(Table 1; Fig. 1). This result was significant even
after correction for multiple testing. It accounted
for 2% of the variance of positive PEs (g2 = 0.2).
In individuals exposed to childhood abuse who

used cannabis, positive PEs score increased as a
function of the Val allele dose of the COMT gene.
However, among individuals exposed to childhood
abuse who did not use cannabis, the positive PEs
score increased as a function of the Met allele cop-
ies of the COMT gene. When individuals were
exposed to low rates of childhood abuse, cannabis
use and the Val158Met polymorphism of the
COMT gene had a negligible effect on the presence
of positive PEs scores.
The log-likelihood ratio test indicated that addi-

tion of the three-way interaction term in the third
step resulted in a statistically significant
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improvement in model fit compared to the main
effects (v2 = 12.7; df = 2; P = 0.013).
Additional logistic regression analyses revealed

that neither childhood abuse (OR = 1.01; 95% CI
.96–1.07; P = 0.671) nor the COMT-Val158Met
polymorphism (OR = 1.19; 95% CI .71–1.98;
P = 0.513) was associated with cannabis use.

Discussion

Rates for PEs and childhood trauma in the current
sample were consistent with previous reports in
European and North American samples (4, 37, 42)
[further details can be found elsewhere (1, 30)].
Also, the rate of individuals using cannabis
(monthly, weekly or daily) was 29.1%, which is
similar to the rates reported in other European
countries (43).
As previously shown in this sample, childhood

abuse was associated with both positive and nega-
tive PEs (1). These findings support the role of
childhood abuse in the development of PEs in the
general population, as reported in previous
research (8–10). Furthermore, the fact that canna-
bis use did not show a main effect on positive PEs
in the current study may be related to the inclusion
of childhood abuse in the model [in univariate
analyses cannabis was significantly associated with
positive PEs (b = 1.20; SE = 0.44; P = 0.007)]. As
previous studies have suggested, explorations of
the association between cannabis and psychosis
need to consider the effects of childhood trauma as
an important potential effect modifier (12, 14).
Nevertheless, both childhood abuse and cannabis
use were associated independently with negative
PEs. The association between cannabis and nega-
tive PEs has been reported previously (7, 44).
The term gene–environment correlation refers to

the fact that exposure to an environmental risk
factor is not random but is influenced by the
individual’s genotype. Similarly, environment–

Table 1. 1) Main effects, 2) two-way interaction effects and 3) three-way interac-

tion effects of childhood abuse, cannabis use and the COMT Val158Met polymor-

phism are presented for positive psychotic experiences (PEs) and negative PEs. All

the models were corrected by age, gender, schizotypal personality and trait anxiety.

Adjusted R2 values (Adj-R2) are presented for each step for positive and negative

PEs. Significant results are indicated in bold

Positive PEs Negative PEs

b SE P b SE P

1) Main Effects

Childhood abuse 0.088 0.044 0.047* 0.107 0.051 0.038*

Cannabis use 0.378 0.384 0.325 0.883 0.443 0.047*

COMT 0.148 0.241 0.541 �0.157 0.278 0.573

2) Two-way interaction

effects

Childhood abuse*

Cannabis use

0.058 0.089 0.516 �0.063 0.103 0.539

Childhood abuse*COMT 0.098 0.053 0.065 0.068 0.061 0.269

Cannabis use*COMT �0.452 0.519 0.384 �0.231 0.602 0.702

3) Three-way interaction

effects

Childhood abuse*

Cannabis use*COMT

�0.303 0.110 0.006* �0.156 0.129 0.228

Positive PEs: i) Adj-R2 = 0.29, ii) Adj-R2 = 0.29 and iii) Adj-R2 = 0.30.

Negative PEs: i) Adj-R2 = 0.33, ii) Adj-R2 = 0.33 and iii) Adj-R2 = 0.33.

b, regression coefficient; SE, standard error.

*P < 0.05.

27

29

31

33

Low abuse; No cannabis use

Low abuse; Cannabis use

High abuse; No cannabis use

21

23

25

27

High abuse; Cannabis use

B = –.23; SE = .11; P = .006P
o
si

ti
v
e 

p
sy

ch
o
ti

c 
ex

p
er

ie
n
ce

s

19

Val/Val

(n = 127)

Val/Met

(n = 201)

Met/Met

(n = 91)

Fig. 1. Graphic representation of the interaction effect among childhood abuse, cannabis use and the Val158Met polymorphism of
the COMT gene on positive psychotic experiences (PEs) corrected for age, gender, schizotypal personality and trait anxiety. Canna-
bis use and the Val158Met polymorphism of the COMT gene have a negligible effect on positive PEs when individuals are not
exposed to childhood abuse or exposed to low rates of such events (red and blue lines). The use of cannabis in individuals exposed to
childhood abuse has opposite effects depending on their genotype (purple and green lines). Positive PEs score increases as a function
of the number of copies of the Met allele of the COMT gene in those individuals exposed to childhood abuse who do not use canna-
bis (green line). Thus, Met carriers seem to be especially vulnerable to the effect of childhood abuse on their later development of
PEs and cannabis use may have a protective effect. However, in individuals exposed to childhood abuse who use cannabis, a positive
PEs score increases as a function of the Val allele copies of the COMT gene (purple line).
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environment correlation occurs when the exposure
to a given environmental factor is influenced by
the previous exposure to another environmental
factor (45, 46). With regard to these mechanisms,
additional analyses enabled us to rule out the
possibility that childhood abuse increased the
likelihood of using cannabis (environment–envi-
ronment correlation). A gene–environment corre-
lation can also be discarded, as COMT genotypes
were not associated with cannabis use.
In accordance with recent evidence, we did not

find an interaction between the effect of childhood
abuse and cannabis use on PEs (18). However, we
believe that this may be related to the inclusion of
COMT genotypes in the analyses, as a significant
gene–environment–environment interaction effect
was detected. This finding is consistent with previ-
ous studies indicating that environmental expo-
sures, in interaction with genetic factors, may
induce psychological or physiological alterations
that can be traced to a final common pathway of
altered dopamine neurotransmission. This path-
way facilitates the onset and persistence of
psychotic symptoms (47).
Therefore, our main findings suggest that the

psychosis-inducing effects of childhood abuse and
cannabis use are moderated by the Val158Met
polymorphism of the COMT gene, which supports
a gene–environment–environment interaction
effect.
This three-way interaction effect indicated that

positive PEs showed almost no variation for indi-
viduals exposed to low rates of childhood abuse,
regardless of their cannabis use frequency or their
genotype for the Val158Met polymorphism of the
COMT gene. However, among individuals exposed
to childhood abuse, cannabis use only increased
the likelihood of reporting positive PEs if individu-
als were carriers of the Val allele of the COMT
gene. Furthermore, Met carriers exposed to child-
hood abuse were more likely to report positive PEs
without cannabis use. Thus, our findings suggest
that use of cannabis after exposure to childhood
abuse may have opposite effects on the develop-
ment of positive PEs depending on the COMT
genotypes.
Although the effect size of this finding is modest

(2% of the variance of positive PEs) and requires
replication, these results may partially account for
previous discrepancies found when examining the
possible moderator role of COMT genotypes in
the association between cannabis and clinical and
non-clinical expression of psychosis. For example,
as abovementioned, Kuepper (18) and colleagues
failed to replicate the interaction shown between
childhood trauma and cannabis use (12–15). This

discrepancy could be owing to sampling variation
or different time of follow-up (11) but it might be
also possible that COMT genotypes play a role in
this association considering our results. With
regard to the interaction between cannabis and
COMT-Val158Met polymorphism, several studies
examining different aspects of the psychosis pheno-
type (psychotic symptoms, psychotic disorders, age
of onset or duration of untreated psychosis) have
yielded inconsistent results (11, 25–27). Also, a fail-
ure to find such interaction effect has been reported
(48). As our findings suggest that psychosis-induc-
ing effects of cannabis have opposite effects
depending on the COMT genotypes but only
among those exposed to childhood abuse; future
studies testing this gene–environment interaction
effect may consider including childhood trauma in
this association if the measure is available.
The fact that exposure to both childhood abuse

and cannabis was associated with higher scores of
positive PEs in Val carriers may be explained by
sensitization involving dopaminergic signalling.
Evidence from animal studies suggests a possible
interaction (exposure to one factor increases sensi-
bility to the effects of the other factor) between
stress and THC. Rats living under normal condi-
tions (i.e. access to water and food), that were
exposed to THC, showed only minor behavioural
changes and no change in dopaminergic transmis-
sion (49). In contrast, under stressful conditions
(i.e. isolation and food deprivation), THC admin-
istration had marked behavioural consequences
and was associated with a significant increase in
dopamine uptake (49). Similarly, it has been shown
in humans that the psychosis-inducing effect of
cannabis may be stronger in subjects exposed to
early stress (15). Our results indicate that variabil-
ity in the COMT gene confers different neurobio-
logical vulnerability to cannabis use in the risk of
developing PEs. In accordance with previous stud-
ies, Val carriers are more vulnerable to the psycho-
sis-inducing effects of cannabis than Met/Met
individuals (25–27), but only when exposed to
childhood abuse. Consistent with previous studies
indicating that Met carriers were more vulnerable
to stress than carriers of the Val/Val genotype (21),
Met carriers were vulnerable to the psychosis-
inducing effects of childhood abuse, but only when
they did not use cannabis. Previous evidence indi-
cates that the risk of psychosis did not increase in
Met carriers of the COMT gene who used cannabis
(25). However, in the current study, individuals
exposed to childhood abuse who are homozygous
for the Met allele appeared to be able to use canna-
bis without any increase in risk of developing PEs.
It might be possible that cannabis may exert some
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benefit effect in certain individuals. Indeed, it has
been suggested that cannabis use alleviate the
stress associated with childhood traumatic events
and the experience of PEs (50). However, such
conclusions cannot be drawn from our results, thus
this result needs replication and must be inter-
preted with caution.
In this regard, although the findings of gene–

environment interaction studies have been exciting,
there is increasing concern about the reliability and
contribution of such results to the understanding
of complex traits such as PEs (51). Dismissal of
gene–environment interaction studies arises mainly
as a result of the failure to replicate (52, 53). As
there are powerful reasons to expect that gene–
environment interaction effects are involved in the
aetiology of complex traits and psychiatric disor-
ders (54), the debate is more focused on the reli-
ability and clinical relevance of such findings (51).
To prevent false positive results or statistically sig-
nificant results that may not represent true
insights, the current study was developed with an a
priori hypothesis that guided the choice of the
gene, the polymorphism and the environmental
risk factors that were explored. Moreover, as
abovementioned, power analyses are specified and
correction for multiple testing was applied. Fur-
thermore, the use of cannabis after exposure to
childhood abuse had opposite effects on positive
PEs depending on the COMT genotypes. This pat-
tern of results coincides with the epidemiological
definition of qualitative interaction. A qualitative
interaction refers to an inverse or crossover effect
from a given variable (e.g. cannabis exposure)
according to differences in another variable (e.g.
COMT genotypes) (51, 55). Although these type of
interactions have only rarely been observed in
medicine, the implications of qualitative or cross-
over interactions are believed to have a clear bio-
logical meaning and be more helpful than the ones
derived from quantitative or non-crossover inter-
actions (51).
The results of this study should be interpreted in

the context of its limitations. First, we used a rela-
tively small sample size to detect a three-way inter-
action, replication in larger samples with higher
statistical power are needed to confirm these
findings. Second, the characteristics of the sample
– young age, educational level, no history of psy-
chiatric treatment – need to be considered when
generalizing the present findings. Also, as sub-
stance abuse constituted an exclusion criterion,
heavy cannabis users, who experience problems in
their daily life because of their cannabis consump-
tion, were not included in the study. Therefore,
although the sample is drawn from the general

population, the representativeness of the sample is
limited by these characteristics. Third, no main
genetic effects for COMT-Val156Met polymor-
phism on PEs were found in the current study. As
the power to detect interactions is typically lower
than the power to detect main effects (56), well-
powered studies should be able to detect statisti-
cally significant main genetic effects unless a
qualitative interaction effect is detected as is the
case for this study. In qualitative interactions,
main effects are cancelled out; therefore, the lack
of significant main genetic effects in this study
should not compromise the reliability of the
reported results. Fourth, the cross-sectional nature
of the design does not allow causal inference. Fifth,
childhood abuse was measured retrospectively,
which may constitute an inherent source of bias.
Furthermore, this instrument has not been yet vali-
dated in Spanish population. That said, the Child-
hood Trauma Questionnaire has been validated in
several European countries including Dutch and
Swedish populations (57, 58) and is considered a
reliable measure of childhood adversity (38).
Finally, frequency of cannabis use was dichoto-
mously defined in this study, and other parameters
that have been related to the expression of psy-
chotic symptoms such as onset, duration or
potency of cannabis consumed (7, 34, 59, 60), were
not specified. Furthermore, biological samples for
confirming drug use by means of laboratory tech-
niques were not available in this study.
Of note, we would like to stress the fact that

consistent evidence indicates that cannabis may
induce psychosis and/or worse psychotic symp-
toms (5–7). Therefore, public health message about
the potential risk of cannabis use should not be
modified by results indicating that its use may not
be harmful for a subgroup of the population.
To conclude, our findings suggest that the psy-

chosis-inducing effects of childhood abuse and
cannabis use are moderated by the Val158Met
polymorphism of the COMT gene, which supports
a gene–environment–environment interaction
effect. Cannabis use after exposure to childhood
abuse may have opposite effects on the risk of PEs
development, depending on the COMT genotypes.
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1. Introduction

A growing body of research indicates that attenuated psychotic

experiences are present in a substantial proportion of healthy

individuals [26,44,6]. This evidence supports the conceptualization

of psychosis as a continous trait, the distribution of which extends

into the general population [25,42]. In the absence of illness and

need of treatment, these milder forms of psychotic symptoms are

referred to as psychotic experiences [25]. The study of the risk

factors underlying the expression of psychotic experiences can

greatly contribute to the understanding of psychotic disorders

because it has been shown that: psychotic experiences precede the

onset of psychosis, thus psychotic experiences can help to identify

subjects at risk [26,14] and; clinical and subclinical psychotic

symptoms are likely to involve common risk factors in their

etiology [26,44,25]. In this context, childhood adversity constitutes

an environmental risk factor which has been frequently related to

the expression of both clinical [7,8] and subclinical psychotic

symptoms or psychotic experiences [27,38].

Interestingly, despite the efforts made in the genetics of

psychotic disorders in the last decades, a growing body of research

points toward a contribution of environmental factors, including

childhood adversity, to their etiology [45,43,49]. Furthermore, Van

Os et al. [45] have recently pointed out that genetic factors

involved in these disorders are likely to operate via environmental

factors by making individuals more sensitive (gene-environment

interaction) or prone (gene-environment correlation) to certain

environments [41]. These mechanisms of gene-environment

interplay may underlie previously reported associations between

environmental risk factors such as childhood adversity and

psychotic outcomes. For instance, a twin-based study suggested

that higher level of genetic risk associated with psychosis may

moderate the impact of childhood adversity on the risk of adult

psychotic symptom formation [31]. Furthermore, two recent

studies provide evidence for gene-environment interaction effects

in the association between psychosocial stress factors and
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Purpose: To test whether the association between childhood adversity and positive and negative

psychotic experiences is due to genetic confounding.

Method: Childhood adversity and psychotic experiences were assessed in an ongoing sample of 226

twins from the general population. A monozygotic (MZ) twin differences approach was used to assess

possible genetic confounding.

Results: In the whole sample, childhood adversity was significantly associated with positive (b = 45;

SE = 0.16; P = 0.008) and negative psychotic experiences (b = 0.77; SE = 0.18; P < 0.01). Within-pair MZ

twin differences in exposure to childhood adversity were significantly associated with differences in

positive (b = 71; SE = 0.29; P = 0.016) and negative psychotic experiences (b = 98; SE = 0.38; P = 0.014) in

a subsample of 85 MZ twin pairs.

Conclusions: Individuals exposed to childhood adversity are more likely to report psychotic experiences.

Furthermore, our findings indicate that this association is not due to genetic confounding.

� 2012 Elsevier Masson SAS. All rights reserved.
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psychotic experiences in samples drawn from the general

population [1,37]. However, it would be also important to clarify

whether environmental factors per se have an impact on the

expression of psychosis. So far associations between environmen-

tal risk factors and psychotic outcomes have been explored

without controlling for genetic confounding [45], that is, individ-

uals at increased genetic risk for psychosis may be more vulnerable

to be victimised because of traits associated with psychosis, such

as cognitive impairments, impaired social functioning, oddness or

others. To the best of our knowledge, only one previous study

provided evidence for an association between childhood trauma

and risk to develop psychotic symptoms after controlling for

genetic liability for psychosis [4]. Therefore, although childhood

adversity as an environmental risk factor for psychosis has been

extensively studied and the neurobiological impact of early

adverse events in the brain is well-established [20,30,46], whether

the association between childhood adversity and psychosis is

likely causal or merely reflects gene-environment correlation

remains to be examined.

In this context, twin designs offer a unique opportunity to

disentangle genetic and environmental effects on complex

phenotypes such as psychotic experiences [9]. Specifically, the

monozygotic (MZ) twin differences approach has been referred to

as a strong test of the unique environmental experiences that make

family members different from each other (also called non-shared

environment) independently of genetics [12,32,47]. Since MZ

twins are, nearly always, identical at the DNA sequence level [9];

phenotypic differences observed between MZ twins must be

explained by differential exposure to environmental factors. In

other words, if differences in the expression of subclinical

psychotic experiences in MZ twins are associated with exposure

to childhood adversity, this would provide strong evidence that the

observed association between childhood adversity and psychosis

is not due to genetic confounding.

Therefore, the present study aimed to examine:

� whether childhood adversity was associated with positive and

negative psychotic experiences in a twin sample from the general

population;

� to what extent MZ twins were similar for their exposure to

childhood adversity and presence of psychotic experiences;

� whether differences in exposure to childhood adversity were

associated with differences in the expression of psychotic

experiences in a subsample of MZ twins.

2. Subjects and methods

2.1. Participants

The sample consisted in 230 Spanish adult twins (115 twin

pairs) from the general population, including 86 MZ twin pairs. The

mean age was 34 years (SD = 13.28) and 34.2% of the subjects were

males. Recruiting was conducted from the University of Barcelona

Twin Register and media advertisements. The University of

Barcelona Twin Register consists of a list of twin pairs from

Catalonia who gave permission to be contacted for research

purposes. Identified twin pairs were first contacted by telephone

and invited to participate. A battery of psychological and

neurocognitive tests was administered to the twins by trained

psychologists (S.A. and X.G.). Of note, twins were requested to fill

self-report questionnaires in separate rooms in order to avoid

sharing of responses between twins and to ensure confidentiality.

Twins were interviewed face-to-face for personal medical records

(S.A. and X.G.). Also, lifetime DSM-IV-TR [2] Axis-I diagnosis was

assessed in a face-to-face interview with a clinical trained clinical

psychologist (X.G.) using the Structural Clinical Interview for

DSM-IV disorders (SCID-I; [17]). Exclusion criteria applied were

age under 17 and over 65 years, a medical history of neurological

disturbance, presence of sensory or motor alterations and current

substance misuse or dependence. All subjects were from Caucasian

origin. Written informed consent was obtained from all partici-

pants after a detailed description of the study aims and design,

approved by the local Ethics Committee.

2.2. Measures

2.2.1. Childhood adversity

To assess childhood adversity, we used an adapted version of

the Adverse Childhood Experiences Questionnaire (ACEQ; [16]).

This questionnaire assesses the exposure to events of childhood

abuse, childhood neglect and household dysfunction. Three items

regarding bullying and parental loss were added to the original

version. Our adapted version consists on 19 items. Each item

assesses the exposure to a particular adverse event. Participants

are requested to answer ‘‘yes’’ or ‘‘no’’ to each item which indicates

whether they were exposed or not to each adverse event. Items are

detailed in the Appendix. All the positive answers are added up to

obtain a total childhood adversity score which ranges from 0 to 19.

2.2.2. Psychotic experiences

The Community Assessment of Psychic Experiences (CAPE;

[40]) was used to assess positive and negative psychotic

experiences. This validated self-report questionnaire measures

the lifetime prevalence of psychotic experiences in a frequency

scale ranging from ‘‘never’’ to ‘‘nearly always’’. The positive

dimension of the CAPE includes 20 items mainly referring to

hallucinations and delusions such as ‘‘do you ever feel as if things

in magazines or TV were written especially for you?’’. The negative

dimension, which consists of 14 items, mainly assesses alogia,

avolition, anhedonia and lack of interest in social relationships. An

example of item is ‘‘do you ever feel that you experience few or no

emotions at important events?’’. Participants are asked to indicate

the frequency of ocurrence of psychotic experiences on a four-

point scale (ranging from ‘‘never’’ to ‘‘nearly always’’). The

instrument provides a total continuous score per dimension

ranging from 20 to 80 in the positive dimension and from 14 to 56

in the negative dimension.

2.2.3. Zygosity

Zygosity was established genotyping 16 loci: 15 short tandem

repeat (STR) loci and amelogenin, the gender determining marker.

Genomic DNA was extracted from peripheral blood cells using the

Real Extraction DNA Kit (Durviz S.L.U., Valencia, Spain). The

PowerPlex1 16 System (Promega Corporation) allowed the co-

amplification and three-color detection of 16 loci. Twins with only

one divergent allele were genotyped a second time to limit the

scope for genotyping error. Identity on all the markers can be used

to assign monozygosity with greater than 99% accuracy [33].

2.2.4. Further characteristics of the sample

As data derived from this twin sample has not been published

yet, further characteristics of the sample are reported for

descriptive purposes. Apart from age and sex, sociodemographic

characteristics include estimated Intelligence Quotient (IQ)

assessed by four subtests (Block design, matrix reasoning,

information and vocabulary) from the Wechsler Adult Intelligence

Scale (WAIS-III; [48,36]); level of education (elementary school,

high school and university), birth of place (‘‘urban’’ when the twins

were born in the city of Barcelona and ‘‘non-urban’’ when they

were born at other Spanish towns with lower number of habitants

compared to Barcelona city) and socioeconomic status (SES). A

continous score representing SES was obtained using four-factor
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index of social status developed by Hollingshead [15,23]. SES

scores ranging from 8 to 30 were defined as ‘‘Low SES’’ and scores

between 31 and 66 were classified as ‘‘Average SES’’ [13]. Of note,

some of these measures were not available for all subjects.

2.3. Statistical analysis

Data was analysed in three phases. First, multiple regression

models were conducted to map the association between childhood

adversity and positive and negative psychotic experiences. In these

models, childhood adversity was the variable of interest, sex and age

were included as covariates and positive and negative psychotic

experiences were used as the outcome measures. Separate models

were conducted for each outcome measure. The non-independence

of clustered twin data was corrected for by using tests based on the

sandwhich or Huber/White variance estimator [51]. In these

analyses, the individual was the unit of analysis.

Second, MZ intrapair correlations were calculated for childhood

adversity and positive and negative psychotic experiences. These

analyses let us confirm that MZ twins differed in their exposure to

childhood adversity and their scores for positive and negative

psychotic experiences. The proportion of the variance of the

phenotype which can be directly attributable to unique environment

(which includes measurement error) can be obtained by this

formula: 1 – rMZ, where r represents the within-pair correlation [34].

Third, associations between intrapair differences in childhood

adversity, positive and negative psychotic experiences were

analysed by linear regression analysis. Intrapair scores were

calculated for childhood adversity, positive and negative psychotic

experiences by substracting the score of the Twin 2 from the score

of Twin 1 (Twin 1–Twin 2). Twins were randomly assigned to be 1

or 2. Associations between intrapair differences in CA and intrapair

differences in positive and negative PEs scores were conducted in a

subsample of 85 MZ twin pairs. Because intrapair analyses in MZ

twins fully control for genetic influences, any association between

the abovementioned variables would be attributable to environ-

mental factors [32,35] and thus, reject the hypothesis that the

association is due to genetic confounding. In the last two analyses

each MZ twin pair was the unit of analysis.

Statistical analyses were carried out in STATA 10.0 [39]

following the procedures described in Carlin et al. [11].

3. Results

Most of the sample was composed of females (66.1%), the

average age was 33.8 years (SD = 13.3) and more than half of the

sample had completed university educational level (59.3%).

Average IQ scores were within the normal range for non-clinical

samples (103.3; SD = 11.5). Around half of the sample was born in

non-urban areas (58.7%). Most of the twins were of average SES

level (65.8%). The MZ twin subsample showed very similar

sociodemographic characteristics compared to the whole twin

sample (Table 1).

In the whole sample, positive CAPE score ranged from 13 to 39

(mean = 25.3; SD = 4.0) and negative CAPE score ranged from 12 to

49 (Mean = 22.1; SD = 4.8). CAPE scores were very similar in the MZ

twins subsample (CAPE positive: Mean = 25.7; SD = 4.24; CAPE

Negative: Mean = 22.5; SD = 5.05). In order to obtain the preva-

lence of psychotic experiences in the current sample, CAPE scores

were recoded to 0 (never, sometimes) and 1 (often, almost always).

Specifically, 37.1 to 38.8% of the sample often, or almost always,

experienced at least one positive or negative psychotic experience.

Similarly, in the MZ twin subsample, 41% of the sample often, or

almost always, experienced at least one positive or negative

psychotic experience.

With regard to childhood adversity (CA) score, the mean was

2.0 (SD = 2.2) and it ranged from 0 to 14. In the MZ twin subsample,

CA score also ranged from 0 to 14 and the mean was 2.0 (SD = 2.4).

In the whole sample, 26.3% of the individuals did not experience

any adverse childhood event and 26.3% reported one adverse

childhood event; the rest of the sample reported two or more

adverse childhood events. Similarly, in the MZ twin subsample,

27.3% of the individuals did not report any adverse childhood

event, 26% reported one adverse childhood event and the rest

reported two or more adverse childhood events.

First, regarding the association between CA and psychotic

experiences, analyses based on the whole sample showed that CA

was significantly associated with both positive (b = 0.45;

SE = 0.16; P = 0.008) and negative psychotic experiences

(b = 0.77; SE = 0.18; P < 0.01) (Table 1). These analyses were

adjusted for clustering.

Second, we conducted within-pair correlations to index the

similarity for the outcome measures and the variable of interest

between twin 1 and twin 2 in the subsample of MZ twin pairs. The

within-pair correlations for positive and negative psychotic

experiences were r = 0.48 (P < 0.01) and r = 0.44 (P < 0.01)

respectively. Therefore, around 52 to 56% of the variance of CAPE

could be attributed to unique environmental factors not shared by

twins. In regard to CA score, the within-pair correlation was

r = 0.79 (P < 0.01). Thus, although most of the childhood adverse

events experienced by the twins are common, some of them are

specific (21% of the variance of childhood adversity).

Table 1

Sociodemographic characteristics of the final sample included in the analysis by zygosity: 85 MZ twin pairs (n = 170); 28 DZ twin pairs (n = 56) and the whole sample (n = 226).

Number of individuals varies in function of the measure.

MZ-twins subsample DZ-twins subsample Whole sample

Male sex 31.8% (n = 27) 40.7% (n = 22) 34.5% (n = 78)

Age in years, mean (SD) 33.7 (12.8) (n = 170) 32.5 (11.9) (n = 56) 33.7 (12.7) (n = 226)

Education level

Elementary school 16.9% (n = 28) 10.4% (n = 5) 15.3% (n = 33)

High school 31.3% (n = 52) 12.5% (n = 6) 25.5% (n = 55)

University 51.8% (n = 86) 77.1% (n = 37) 59.3% (n = 128)

IQ, mean (SD) 102.9 (12.5) (n = 166) 104.2 (11.6) (n = 49) 103.3 (11.5) (n = 218)

SES

Low 39.0% (n = 46) 20.5% (n = 8) 34.2% (n = 53)

Average 61.0% (n = 72) 79.5% (n = 31) 65.8% (n = 102)

Birth place

Urban 41.2% (n = 70) 46.4% (n = 26) 42% (n = 95)

Rural 58.8% (n = 100) 53.6% (n = 30) 58% (n = 131)

SD: standard deviation; IQ: Intelligence Quotient; SES: sociodemographic status.
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Finally, associations between intrapair differences in childhood

adversity, positive and negative psychotic experiences were

analysed. The mean score of within-pair differences for childhood

adversity, positive and negative psychotic experiences was 0.13

(SD = 1.6; range = –4 – 4), –0.17 (SD = 4.1; range = –15 – 10) and–

0.41 (SD = 5.3; range = –30–12) respectively. Regression analyses

using within-pair MZ differences showed that MZ differential

exposure to childhood adversity was significantly related to

phenotypic differences in both positive (b = 66; SE = 0.28;

P = 0.026) and negative dimensions of psychotic experiences

(b = 93; SE = 0.37; P = 0.014) (Table 2).

4. Discussion

To our knowledge, this is the first study adding evidence to the

growing literature on the relationship between childhood adver-

sity and psychotic experiences using an MZ-twin differences

approach. The MZ-twin differences design ensures that pure

unique or non-shared environmental effects, rather than gene-

environment interaction or evocative gene-environment correla-

tion, are quantified [47].

Firstly, the present twin sample from the general population

showed similar means and prevalences of psychotic experiences to

those reported previously in singleton samples [6,1]. A recent

study demonstrated a significant impact of the type of instrument

used on the rate of psychotic experiences that was found [29].

Therefore, it is worth mentioning that we are comparing our means

and prevalences obtained for CAPE scores with studies which used

the same instrument [6,1].

With respect to childhood adversity, in a large community-

based study using the original version of the ACE questionnaire,

36.1% of the sample reported 0 adverse childhood experiences,

26.0% reported one adverse childhood experience and the rest

reported two or more adverse childhood experiences [3]. These

prevalences are very similar to those reported in the current

sample.

Secondly, in agreement with previous studies [27,38,24,50], our

findings provide support for the association between childhood

adversity and psychotic experiences in the general population.

Thirdly, the fact that within-pair MZ correlations were not

equal to 1 for any of the measured phenotypes indicated that we

could test for unique environmental effects of childhood adversity

on psychotic experiences.

Fourthly, regarding the primary goal of the current study,

within-pair MZ differences in exposure to childhood adversity

were significantly related to phenotypic differences for both

positive and negative dimensions of psychotic experiences.

Because the members of the MZ twin pair are genetically identical

to each other, any environmental effects operate upon genotype

effects that do not differ between the members of the MZ twin pair

[47]. These findings indicate that the association between

childhood adversity and psychosis cannot be solely attributed to

genetic confounding and thus, that childhood adversity may

represent a true risk factor for the development of psychotic

experiences.

These results are in agreement with those reported by

Arseneualt et al. [4], who reported that childhood adversity may

constitute a risk factor for the development of psychotic symptoms

independently of the genetic background of the individual.

Proposed neurobiological and psychological mechanisms of risk

underlying this association also add plausibility to these findings.

Converging evidence from neurobiology and epidemiology sug-

gests that early adverse events cause enduring brain dysfunction

[20,10,21]. Persistent exposure or impact of stressors in the

developing brain has been proposed to lead to chronically

heightened stress-induced glucocorticoid release which, in turn,

may impact on the hypothalamic-pituitary-adrenal (HPA) axis.

Dysregulation of the HPA axis has been suggested to contribute to

the dopaminergic abnormalities that are generally thought to be

involved in the expression of psychotic phenotype [46,28]. At the

psychological level, exposure to early adversity may create, also, a

cognitive vulnerability, characterized by a tendency to perceive the

self as powerless and others as malevolent, which in combination

with an externalizing attribution style may ultimately lead to

paranoid interpretation of anomalous experiences [5,19]. These

risk mechanisms could be moderated by genetic variants, making

some individuals more sensitive to psychosocial stress factors than

others [1,37].

The results of the present study should be interpreted in the

context of its limitations. First, due to the limited sample size our

findings require replication and have to be interpreted with

caution. Also, most of the sample consists of women and this may

limit generalization of our findings. However, the sample showed

to be representative of the general population regarding the

sociodemographic characteristics and the prevalences of the

variables studied and all the analyses were adjusted by sex.

Second, the cross-sectional nature of our design did not allow

inference of causal associations. Third, the retrospective measure

of CA may be influenced by recall bias. Nevertheless, it is worth it to

mention that retrospective self-reports of childhood trauma are

more likely to be an underestimation of the true prevalence of

childhood maltreatment than an overestimation [22]. Fourth, it has

been shown that the impact of childhood adversity on psychosis

may depend on the type or frequency of such events [18]. However,

there was insufficient power to investigate the impact of unique

environmental effects of specific types of childhood adversity or

reporting one versus reporting multiple childhood adverse events

in the present sample of MZ twins.

Finally, as other studies using an MZ-twin differences design

[12,47], we cannot rule out the possibility that some unmeasured

non-genetic factor could have contributed to our findings.

Table 2

In the left side of the table, association between Childhood Adversity (CA) score and positive and negative psychotic experiences (PEs) in the whole sample (n = 226) adjusting

for the non-independence nature of the data. In the right side of the table, association between intrapair scores (twin 1- twin 2) for CA and intrapair scores for positive and

negative PEs in a subsample of MZ twin pairs (n = 85 pairs). All analyses were adjusted by sex and age.

Positive PEs Intrapair positive PEs

b SE P b SE P

CA Score 0.45 0.16 0.008* Intrapair CA Score 0.71 0.29 0.016*

Negative PEs Intrapair negative PEs

b SE P b SE P

CA Score 0.77 0.18 0.000** Intrapair CA Score 0.95 0.38 0.014*

b: unstandardized coefficient; SE: standard error; *P < 0.05; **P < 0.01.
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Therefore, further research in larger samples is needed to better

understand under which circumstances childhood adversity

environmentally increases the risk or frequency of psychotic

experiences.

5. Conclusion

Our findings shed new light regarding the role of childhood

adversity as an environmental risk factor involved in the

development of psychotic experiences. We found a significant

environmental effect of childhood adversity on the development of

positive and negative psychotic experiences using an MZ-twin

differences approach, suggesting that the association cannot be

solely attributed to genetic confounding. Therefore, although some

individuals may be genetically vulnerable to the impact of

childhood adversity [1], our findings indicate that childhood

adversity can independently contribute to the development of

psychotic experiences. Further research is needed to better

understand under which circumstances childhood adversity

environmentally increases the risk or frequency of psychotic

experiences.

Disclosure of interest

The authors declare that they have no conflicts of interest

concerning this article.

Acknowledgements

We gratefully acknowledge the collaboration of the partici-

pants. We also thank Nadia Vilahur, Sergi Papiol, Mar Fatjó-Vilas,
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Appendix. Childhood Adversity Questionnaire

While you were growing up, during your first 18 years of life:

1. Did a parent or other adult in the household swear at you,

insult you, put you down or humiliate you?

2. Did a parent or other adult in the household act in a way that

made you feel that you might be physically hurt?

3. Did a parent or other adult in the household push, slap or

throw something at you?

4. Did a parent or other adult in the household hit you so hard

that you had marks or were injured?

5. Have your mother or father ever left home for a long period

of time for any reason?

6. Did a parent or other adult in the household touch your body

or fondle you in a sexual way?

7. Did a parent or other adult in the household attempt or had

any sexual activity with you (oral, anal or vaginal)?

8. Did you often or very often feel that no one in your family

loved you or thought you were special or important?

9. Did you often or very often feel that your family look out for

each other, feel close to each other, or support each other?

10. Did you often or very often feel that you didn’t have enough

to eat, had to wear dirty clothes, and had no one to protect you?

11. Did you often or very often feel that your parents were too

drunk or high to take you to the doctor if you needed it?

12. Were your parents ever separated or divorced?

13. Was your mother or stepmother ever pushed, grabbed,

slapped, or had something thrown at her?

14. Was your mother or stepmother ever kicked, bitten, hit with

a fist, or hit with something hard?

15. Did you live with anyone who was a problem drinker or

alcoholic or who used to use street drugs?

16. Was a household member depressed or mentally ill, or did

a household member attempt to suicide?

17. Did a household member go to prison?

18. At the school, did one or more peers make fun of you, call

you by nicknames or bully you?

19. At the school, did one or more peers insult, threat, steal or

hit you?
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a b s t r a c t

Background: The influence of genetic and/or environmental factors on the volumetric brain changes

observed in subjects affected by anxiety and depression disorders remains unclear. The current study

aimed to investigate whether genetic and environmental liabilities make different contributions to

abnormalities in gray matter volume (GMV) in anxiety and depression using a concordant and

discordant MZ twin pairs design.

Methods: Fifty-three magnetic resonance imaging (3T) brain scans were obtained from monozygotic

(MZ) twins concordant (6 pairs) and discordant (10 pairs) for lifetime anxiety and depression disorders

and from healthy twins (21 subjects). We applied voxel-based morphometry to analyse GMV

differences. Concordant affected twins were compared to healthy twins and within-pairs comparisons

were performed in the discordant group.

Results: GMV reductions in bilateral fusiform gyrus and amygdala were observed in concordant

affected twins for anxiety and depression compared to healthy twins. No intrapair differences were

found in GMV between discordant affected twins and their healthy co-twins.

Limitations: The sample size was modest. This might explain why no intrapair differences were found

in the discordant MZ twin group.

Conclusions: As concordant affected MZ twins are believed to have a particularly high genetic liability for

the disorder, our findings suggest that fusiform gyrus and amygdala gray matter reductions are related to

a genetic risk for anxiety and depression. Discrepancies in regard to brain abnormalities in anxiety and

depression may be related to the admixture of patients with GMV abnormalitiesmainly accounted for by

genetic factors with patients presenting GMV mainly accounted for by environmental factors.

& 2013 Elsevier B.V. All rights reserved.

1. Introduction

Major depressive disorder (MDD) ranks among the top causes of

worldwide disease burden and disability, with a lifetime risk of

7–12% in men and 20–25% in women (Kessler et al., 2005).

The various anxiety disorders, including panic disorder and pho-

bias, are also extremely common, with lifetime prevalences of

19.2% in men and 30.5% in women (Kessler et al., 1994). Anxiety

disorders can seriously interfere with daily life and, overall, have

rates of failure to respond similar to those of MDD (Ressler and

Mayberg, 2007). Furthermore, a number of reasons have lead some

authors to argue that anxiety and depression may share common

etiological pathways (Ressler and Mayberg, 2007). First, it is well

established that symptoms of anxiety and depression commonly

co-occur, with estimations of the comorbidity ranging from 10% to

more than 50% (Gorman, 1996; Ressler and Mayberg, 2007; Roy-

Byrne et al., 2000). More than half of all individuals with MDD also
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develop an anxiety disorder during their lifetime (Kessler et al.,

1996). Similarly, 10–65% of the individuals diagnosed with panic

disorder (PD) experience comorbid MDD (Mosing et al., 2009;

Wittchen et al., 2008). Second, there is an overlap of symptoms

associated with both anxiety and depression which makes diag-

nosis classification particularly difficult (Gorman, 1996; Ressler

and Mayberg, 2007). Third, the most powerful treatments for both

disorders are the same, including antidepressants and cognitive

behavioural therapy (Ressler and Mayberg, 2007). Fourth, several

lines of evidence suggest that affective and anxious symptoms

arise from dysregulation of the limbic–cortical system thatmediate

stress-responsiveness (Ressler and Mayberg, 2007).

In this context, from a neuroimaging perspective, several

studies of anxiety and depression have identified gray matter

alterations in brain structures related to the hypothalamus–

pituitary–adrenal axis function, emotion perception, and regula-

tion such as the amygdala, anterior cingulate cortex, orbitofrontal

cortex, hippocampus and superior temporal gyrus (Bora et al.,

2011; Hamilton et al., 2008; Lange and Irle, 2004; Massana et al.,

2003; Macqueen and Frodl, 2011; Sheline et al., 2003, 1998;

Brambilla et al., 2002; Van Tol et al., 2010). However, different

studies tend to implicate these brain regions to varying degrees,

and both increases and decreases in gray matter volume (GMV)

have been observed (Bora et al., 2011; Hamilton et al., 2008).

Although several reasons have been put forward to explain the

heterogeneity of these results – mainly referring to clinical vari-

ables (Bora et al., 2011) – a relevant issue is the possibility that

genetic and environmental risk factors have different impacts on

the neuroanatomic abnormalities observed in anxiety and depres-

sion. It is not clear yet whether genetic and environmental risk

factors for anxiety and depression act along the same neurobiolo-

gical pathways. Therefore, we cannot exclude the possibility that

some brain regions are more affected by genetic factors and others

by environmental ones (De Geus et al., 2007). In this context, twin

studies offer a unique opportunity to address this issue.

To separate the effects of genetic and environmental risk

factors on brain structure, the concordant and discordant mono-

zygotic (MZ) twin pair design has been applied in neuroimaging

research (Borgwardt et al., 2010; De Geus et al., 2007; Ettinger

et al., 2010; Wolfensberger et al., 2008).

This design assumes that the comparison between concor-

dant affected monozygotic (MZ) twin pairs and healthy MZ twins

is likely to reflect a contrast in genetic liability for the phenotype

of interest. In this regard, concordant MZ twin pairs (i.e.,

genetically identical pairs in which both members have the

disorder) would be subject to a greater genetic liability for the

disorder studied than discordant pairs (i.e., genetically identical

pairs in which only one member has the disorder) (Borgwardt

et al., 2010; De Geus et al., 2007; Ettinger et al., 2007, 2010;

Wolfensberger et al., 2008). In schizophrenia research, MZ twins

concordant for schizophrenia are believed to carry a particularly

high genetic load for the disorder – and, specifically, greater than

discordant pairs – reflected in an earlier age of onset, a more

severe clinical course, and a less marked association with

putative environmental risk factors (Borgwardt et al., 2010).

Although the literature on this issue in anxiety and depression

disorders is still scarce, De Geus et al. (2007) provided support

for the notion that MZ twins concordant for anxiety and

depression may be subject to a greater genetic risk; they

observed higher levels of anxiety, depression and neuroticism

among parents of concordant twins than in parents of healthy

twins (De Geus et al., 2007).

The concordant and discordant monozygotic (MZ) twin pair

design also assumes that any within-pair differences in GMV

between MZ twin pairs who are discordant for anxiety and

depression may be attributable to unique environmental

influences (Plomin et al., 2008). In summary, according to this

twin design, GMV differences between concordant MZ twins and

healthy MZ twins may be related to the genetic risk for anxiety

and depression, while intrapair GMV differences in discordant MZ

twins may highlight brain regions particularly susceptible to the

impact of environmental factors. Therefore, the current study

aimed to explore whether (i) concordant affected twins presented

GMV changes compared to healthy MZ twins and (ii) in discor-

dant pairs the affected MZ twins presented GMV changes com-

pared to their healthy co-twins.

2. Methods

2.1. Participants

Twins were selected and invited to participate from an

ongoing sample consisting of 120 Spanish twin pairs from the

general population. Further information about this sample can be

found elsewhere (Alemany et al., 2012). The selection strategy is

detailed below, and it was carried out on the basis of data

collected in the 2007–2010 period.

Concordant and discordant twin pairs were considered eligible

by applying the following inclusion criteria: (1) a monozygotic (MZ)

twin pair with an age at scan between 18 and 55 years; (2) both

twins right-handed; and (3) at least one twin with a lifetime

(current or past) Diagnostic and Statistical Manual of Mental Disorders

(DSM-IV-TR) (American Psychiatric Association) diagnosis of major

depressive disorder (MDD) or any anxiety disorder.

The control group consisted of healthy twins meeting the same

criteria as concordant and discordant twins, except that neither

twin had a personal lifetime history of a DSM-IV-TR Axis I

diagnosis.

Exclusion criteria for the three groups were: (1) Neurological

or major medical illness; (2) pregnancy (temporary exclusion);

and (3) metallic implants in the body incompatible with MR scan.

The exclusion criteria were designed to eliminate most known

causes of changes in brain structure and conditions contraindi-

cated for MRI.

From the total of 67 twin pairs eligible for the study, 58 twin

pairs agreed to participate. Two pairs of twins and one subject

(n¼5)were excluded from the final sample due to image artifacts.

Thus, the final sample included 12 twins concordant for anxiety

and/or depression disorders, 20 twins discordant for anxiety

and/or depression disorders, and 21 healthy twins, 53 individuals

in total. Mean age of the sample was 36.7 years (SD¼13.4), and

37.7% (n¼20) were males.

Written informed consent was obtained from all participants

after a detailed description of the study aims and design,

approved by the local Ethics Committee. All procedures were

carried out according to the Declaration of Helsinki.

2.2. Clinical, cognitive and environmental measures

Lifetime DSM-IV-TR Axis-I diagnosis was assessed in a face-to-

face interview with a clinical trained clinical psychologist (XG) using

the Structural Clinical Interview for DSM-IV disorders (SCID-I)

(First, 1997). Anxiety and depression levels were assessed by means

of the Beck Anxiety Inventory (BAI) (Magan et al., 2008) and the beck

Beck Depression Inventory (BDI-II) (Sanz et al., 2003). In this inter-

view, twins were asked whether they had ever been treated by

a psychologist or psychiatrist. In the total sample included in the

present study, three subjects had been under pharmacological

treatment, five subjects had been under psychotherapeutic treat-

ment and three subjects had been under a combination of pharma-

cological and psychotherapeutic treatment. Of note, none of the
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twins presenting a lifetime diagnosis ofMDD had suffered more than

one depressive episode.

Family history of any psychiatric disorders was assessed by

means of the Family Interview for Genetic Studies (FIGS) (Nimh,

1992).

Additionally, twins were asked to report whether they were

under medication or psychological treatment and whether they

had consulted a psychiatrist or psychologist since they first

participated in the study (there was a span time of minimum

one year and maximum two years since twins were assessed

for the first time). Only three individuals were under pharmaco-

logical and/or psychotherapeutic treatment at scan time, one

individual from the concordant group (under pharmacological

treatment with selective serotonin re-uptake inhibitors (SSRIs)

and benzodiazepines) and two individuals from the discordant

group (one under pharmacological treatment with SSRIs and one

under both psychotherapeutic and pharmacological treatment

also with SSRIs).

Estimated intelligence quotient (IQ) was assessed using four

subtests (block design, matrix reasoning, information and voca-

bulary) from the Wechsler Adult Intelligence Scale (WAIS-III)

(Wechsler, 1997; Sattler, 2008).

2.3. Zygosity

Genomic DNA was extracted from peripheral blood cells using

the Real Extraction DNA Kit (Durviz S.L.U., Valencia, Spain), or from

buccal mucosa on a cotton swab using the BuccalAmp DNA

Extraction Kit (Epicentres Biotechnologies, Madison,WI). Biological

samples were collected when twins first participated in the study.

Zygosity was established by genotyping 16 loci: 15 short tandem

repeat (STR) loci and amelogenin, the gender determining marker.

Twins with only one divergent allele were genotyped a second time

to limit the scope for genotyping error. Identity on all the markers

ensures monozygosity with 499% accuracy (Price et al., 2000).

2.4. Brain MRI procedures

2.4.1. Image acquisition

Subjects were scanned in the the MRI Unit of the Image

Platform of IDIBAPS located at Hospital Clı́nic de Barcelona.

A high resolution 3D structural dataset using a T1-weighted

magnetization prepared rapid gradient echo was acquired on a

TIM TRIO 3 T scanner (Siemens, Erlangen, Germany) with the

following parameters: 3D T1-weighted MPRAGE sequence,

TR¼2300 ms, TE¼3.03 ms, TI¼900 ms, Flip Angle¼91, 192 slices

in the sagittal plane, matrix size¼256�256, 1 mm isometric

voxel, using a 8-channel coil.

2.4.2. Image preprocessing

Imaging data were analysed with SPM8 (Wellcome Trust

Centre for Neuroimaging, UCL, United Kingdom). Images were

visually inspected for eventual artifacts and centered to the

anterior commissure. The 3D structural dataset images were

segmented into gray matter, white matter, and cerebrospinal

fluid. The deformations that best aligned the images together

were estimated by iteratively registering the imported images

with their average through the Diffeomorphic Anatomical Regis-

tration Through Exponential Lie Algebra (DARTEL) algorithm

(Ashburner, 2007). Subsequently, the images were normalized

to the standard Montreal Neurological Institute (MNI) brain

template using the parameters obtained in the DARTEL’s template

normalization to MNI template. To preserve initial volumes,

Jacobian scaled warped tissue images were generated through

Jacobian modulation, and the warped images smoothed with

isotropic Gaussian Kernels (12 mm). Spatial smoothing has the

effect of rendering the data more normally distributed and

reduces the influence of inaccuracies in spatial normalization of

individual brains on the morphometric comparisons.

Total intracranial volume (TIV) was calculated from SPM8

segmentation maps for use as a covariate in the statistical tests.

Awhole-brain analysis was performed since no a priori regions

of interest (ROI) were defined in this study, due to the large

number of brain areas that have been related to anxiety and

depression (Bora et al., 2011; Lorenzetti et al., 2009).

2.5. Statistical analysis

Analyses of demographic, clinical, cognitive, genetic and envir-

onmental measures were carried out in STATA 10.0 (Statacorp,

2007). The non-independence of clustered twin data was corrected

for by using tests based on the sandwich or Huber/White variance

estimator (Williams, 2000). Group differences (concordant, discor-

dant and control twins groups) in continuous variables (age, IQ, BAI,

BDI-II) were examined by means of linear regression models. Group

differences in sex were examined by means of a chi-square test

selecting one member of each pair. Group differences between the

concordant and the discordant twin groups in lifetime DSM-IV-TR

diagnoses (anxiety disorders, major depressive disorder or comorbid

anxiety and major depressive disorders)were also examined using a

chi-square test selecting only affected individuals (concordant twins

and discordant affected twins). In these analyses tests were con-

sidered to be significant if po0.05.

A voxel-by-voxel two-sample t-test on modulated gray matter

maps was used to assess differences in GMV between affected

concordant twins and healthy twins. Of note, healthy control

twins are used as individuals in the present study. For this reason,

although brain images of one control twin pair had to be

discarded due to artefacts, we were able to use the brain images

of the co-twin in order to increase the statistical power of the

analyses. A paired t-test was used to explore within-pair GMV

differences between the affected twins and their healthy co-twins

in the discordant twin group. TIV was included as a covariate in

all the tests in order to reject variability related to head size

differences. TIV has been shown to produce best results when

used as a single covariate in gray matter volumetric analysis (Pell

et al., 2008). The level for the absolute threshold masking tissue

map was set at 0.2. Results were considered significant at po .05

family-wise error (FWE) voxel corrected at peak-level with an

extent threshold of 50 voxels.

For informative reasons, when not significant results at po .05

FWE were found, significant results applying a more relaxed

statistical criterion (po .001 uncorrected with an extent threshold

of 50 voxels) are also reported. This also allows the comparison

between our study and a previous similar one (De Geus et al., 2007).

Coordinates of peak significant voxels were assigned to ana-

tomic regions bymeans of automated anatomic labeling (Tzourio-

Mazoyer et al., 2002).

3. Results

3.1. Demographic data and clinical characteristics of the subjects

From the 22 affected individuals, six had a lifetime history of

anxiety disorders including specific phobia, social phobia, panic

disorder, agoraphobia and obsessive–compulsive disorder; 10 had

a lifetime history of major depressive disorder (MDD) and six

presented comorbid anxiety and MDD. The number of subjects

affected by anxiety disorders, MDD or both for concordant and

discordant MZ twin groups is detailed in Table 1.
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All pair twins included in the concordant and discordant group

presented a positive family history of psychiatric disorders. Three

pairs from the control group presented a positive family history of

psychiatric disorders.

Table 1 also displays demographical, clinical and cognitive data

for the three MZ twin groups. Groups did not significantly differ in

sex, age, IQ, BDI-II scores or child abuse. There were no significant

differences with respect to lifetime DSM-IV-TR diagnosis categories

(depression disorder, anxiety disorder, and comorbid depressive

and anxious disorder) between affected twins from concordant and

discordant groups. Concordant and discordant twins had signifi-

cantly higher BAI scores than control twins.

No significant within-pair differences were detected when

comparing clinical, cognitive and environmental data of the

affected twin with his/her healthy co-twin in the discordant twin

group (Table 2).

3.2. Regional morphometry

Total intracranial volume (TIV) did not significantly differ

between groups (F¼1.5; df¼2; p¼ .241). Paired t-tests revealed

no significant differences for TIV within each twin pair in the

discordant group (t¼�1.2; df¼9; p¼ .281).

Compared to healthy twins, concordant twins showed a sig-

nificant decrease in gray matter mainly in bilateral fusiform gyrus

and bilateral amygdala (the left amygdala approaching signifi-

cance) compared to healthy twins (po0.05 FWE) (Table 3, Fig. 1).

GMV in right temporal inferior gyrus, bilateral temporal

superior pole and cerebellum was also reduced in concordant

affected twins with minor cluster percentages (Table 3).

The comparison analysis within discordant twins showed no

significant differences in regional GM volumes (po .05 FWE).

At uncorrected po0.001 value, affected twins showed decreased

gray matter volumes in left precuneus (MNI Coordinates: x¼�3,

y¼�54, z¼48; T¼6.63; k¼140 voxels; 100% of the cluster) and

right parahippocampal gyrus and hippocampus (MNI coordinates:

x¼35, y¼�38, z¼�9; T¼6.05; k¼100 voxels; 73% and 23% of

the cluster, respectively).

4. Discussion

In the present study we sought to discriminate between GMV

correlates of genetic risk for anxiety and depression disorders and the

GMV correlates of environmental risk for these disorders by compar-

ing MZ twins with varying concordance for anxiety and depression to

concordant healthy twins. We found that concordant twins had

significantly lower GMV mainly in bilateral fusiform gyrus and

bilateral amygdala compared to healthy control twins, suggesting

that a genetic risk for anxiety and depression may underlie GMV

changes in these regions. No intrapair significant differences inwhole

brain GMV were detected in discordant twins, thus, our study does

not provide evidence for unique environmental factors accounting for

GMV changes in anxiety and depression.

First, most of the twins were not under pharmacological or

psychological treatment. Furthermore, according to the BAI and BDI-

II scoring guidelines (Magan et al., 2008; Sanz et al., 2003), the

concordant affected twin group presented moderate levels

of anxiety and depression. Thus, patients included in this sample

are mainly asymptomatic or in remission. In this regard, our results

indicate brain changes that constitute persistent brain abnormalities

or neurobiological markers of vulnerability to depression and

anxiety rather than brain correlates of these symptoms.

Second, although most lifetime affected individuals were not

severely depressed at scan time, the present study replicates

previous reports of associations between brain areas such as

the fusiform gyrus and amygdala and depressive and anxiety

disorders (Hamilton et al., 2008; Lai et al., 2010; Lee et al., 2011).

Reductions in fusiform gyrus have been reported in depressed

patients (Lee et al., 2011). The fusiform gyrus, a region in the

inferotemporal cortex, has been consistently associated with the

perception of human faces (Haxby et al., 2000; Kanwisher et al.,

1997) and is thought to act as a feedforward modulator of

amygdala activation (Fairhall and Ishai, 2007). It has been shown

Table 1

Demographic, cognitive, clinical and environmental data for concordant, discordant and healthy control MZ twin pairs. Means and standard deviations are indicated for

continuous measures. Number of individuals with depression, anxiety and comorbid depression and anxiety and percentage of the total affected individuals in each group

is indicated. Significant differences between groups are indicated in bold.

MZ concordant (n¼12) MZ discordant (n¼20) MZ control (n¼21) Group comparison

F (df) or v2 (df); p Post-hoc tests

Total pairs 6 10 10 (plus 1 subject) – –

M/F 2/10 6/14 12/9 3.5 (2);.177 –

Age 41.6 (13.4) 33.7 (10.9) 34.9 (8.0) 0.7; (2);.501 –

Lifetime DSM-IV-TR diagnosis 3.7 (2);.161 –

Depression 3 (25%) 6 (60%) 0

Anxiety 5 (41.7%) 1 (10%) 0

Comorbid 4 (33.3%) 3 (30%) 0

IQ 98.6 (14.1) 104.0 (9.7) 105.2 (6.5) 0.9 (2);.439 –

BAI 13.3 (9.5) 7.2 (4.8) 3.7 (4.1) 5.3 (2);.011 a (.009); b (.047)

BDI-II 10.2 (5.9) 5.3 (4.6) 5.5 (10.4) 1.9 (2);.159 –

M¼males; F¼females; DSM-IV-TR¼Diagnostic and Statistical Manual of Mental Disorders; IQ¼ intelligence quotient; BAI¼Beck Anxiety Inventory; BDI-II¼Beck

Depression Inventory.
cSignificant differences between concordant and discordant twins.

a Significant differences between concordant and control twins.
b Significant differences between discordant and control twins.

Table 2

Clinical, cognitive and environmental data for the affected twin and his/her

healthy co-twin from the MZ discordant twins group for anxiety and depression.

Means and standard deviations are indicated.

MZ discordant t(df); p

Affected twin (n¼10) Healthy twin (n¼10)

BAI 7.2 (5.1) 7.2 (4.8) 1.6 (9);.114

BDI-II 5.3 (3.5) 5.2 (5.8) � .1 (9);.961

IQ 106.9 (11.8) 104.0 (9.7) � .9 (7);.386

BAI¼Beck Anxiety Inventory; BDI-II¼Beck Depression Inventory; IQ¼ intelligence

quotient.
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to be more active during the processing of expressive (e.g.,

fearful) faces than neutral faces (Vuilleumier et al., 2001, 2004).

Our finding of a reduction in the amygdala is in accordance

with previous research in MDD (Hastings et al., 2004; Sheline

et al., 1998), anxiety disorders (Hayano et al., 2009; Massana

et al., 2003) and comorbid anxiety and depression (Lai et al.,

2010). As part of the limbic system, the amygdala constitutes a

crucial structure for the perception and memory of emotional

material (Bear et al., 2002; Adolphs and Tranel, 2004, Cahill et al.,

1995). Furthermore, together with other regions such as the

anterior insula, it plays an important role in the generation of

negative mood states and is associated with internal somatic

changes (Mayberg et al., 1999). Afferents to the amygdala come

from a large variety of sources, including the neocortex in all

lobes of the brain as well as the hippocampal and cingulate gyrus

(Bear et al., 2002). It has been shown in several species that

bilateral ablation of the amygdala results in flattening emotion

and can profoundly reduce fear (Bear et al., 2002).

Interestingly, a previous MRI-twin study suggested that

familial factors, which include both genetic and common

environmental factors, might influence amygdala volumes

(Munn et al., 2007). Munn and colleagues found that MZ control

twins had significant, high intrapair correlations for amygdala

volumes. They concluded that familial or perhaps genetic

influence may account for amygdala volume (Munn et al.,

2007). Our findings agree with this conclusion but highlight

especially the effects of genetic risk factors on amygdala

volume, since in our study concordant affected twins, hypothe-

sized to be subject to a particularly high genetic loading for

anxiety and depression, had smaller amygdala volume than

concordant healthy twins.

Genetic vulnerability for anxiety and depression is likely to

involve genetic variants which affect the functional or structural

integrity of neural circuits through molecular and cellular

mechanisms (Meyer-Lindenberg and Weinberger, 2006). Among

these genetic variants, could be of particular interest the role of

serotonergic (SLC6A4, HTR1A, MAOA, TPH2) and neurotrophic

(BDNF) genes (Scharinger et al., 2011). For example, the 5-HTTLPR

polymorphism of the serotonin transporter gene (SLC6A4) has

been associated to an increased risk for depression and anxiety-

related behaviours but also to GMV reduction of amygdala and

increased amygdala reactivity (Frodl et al., 2008; Lau et al., 2009;

Pezawas et al., 2005; Schinka et al., 2004). Individuals at particu-

larly high genetic risk for anxiety and depression, such as

concordant affected MZ twins, may present an especially high

frequency of risk alleles for these genes.

Of note, the fact concordant twins may have a greater genetic

risk than discordant twins, and discordant twins a greater

Table 3

Areas of reduced GM in concordant affected twins compared to concordant control twins. Percentages in brackets indicate percentage of the cluster.

Region R/L Peak Cluster

k k (%) MNI coordinates T Z p (unc) p (FWE) p (FWE)

x y z

Fusiform gyrus R 2246 56 �37 �34 �31 6.0 4.8 Po .001 0.008 0.013

Temporal inferior gyrus 16

Cerebellum 6 10

Amygdala R 574 30 �28 3 �18 5.3 4.4 Po .001 0.042 0.262

Temporal superior pole 15

Fusiform gyrus L 645 76 37 �31 �30 5.2 4.4 Po .001 0.051 0.226

Amygdala L 373 27 34 5 �16 5.0 4.2 Po .001 0.080 0.405

Temporal superior pole 12

R, right; L, left; k, number of significant voxels; k%, percentage of significant voxels in the anatomical region; MINI, Montreal Neurological Institute; unc, uncorrected; FWE,

family wise error correction.

Fig. 1. Areas of reduced GMV in MZ twin pairs concordant for anxiety and depression compared to control MZ twins (po0.05 FWE). Relative to the healthy control twins,

the MZ concordant twin pairs showed smaller GMV in bilateral fusiform gyrus and amygdala. Colored clusters show mapped T values. The z coordinate shows the position

of each slicewith respect to the MNI atlas. Images correspond to (A) z¼�31 transversal, coronal and sagittal cuts with colored right and left fusiform clusters and the edge

of the amygdalar clusters; (B) z¼�18 transversal plane and associated coronal and sagittal cuts with colored amygdalar clusters and left and right fusiform clusters.

(For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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environmental risk than concordant twins does not rule out the

possible involvement of gene-environment interaction effects

underlying the development of anxiety and depression disorders

and their putative neuroanatomical correlates.

Third, many studies have reported a reduced volume in the

anterior cingulate cortex (ACC) in depression (Koolschijn et al.,

2009; Van Tol et al., 2010; Bora et al., 2011). However, we found

no significant differences in the ACC of concordant affected twins

compared to healthy controls. In this regard, a recent meta-

analysis of VBM studies in MDD found that longer illness duration

was associated with greater gray matter reduction in this region

(Bora et al., 2011). Furthermore, reduction in ACC was only

observed in samples including multi-episode patients suggesting

a possible progression of abnormalities in these regions over time.

The authors also proposed the possibility that reduction in ACC

might be related to recurring hypoactivity in depressive episodes

in currently depressed samples included in the meta-analysis

(Bora et al., 2011). The fact that, as abovementioned our sample

mostly included individuals not currently severely ill with a

history of only one depressive episode may help to explain why

we did not found reduced GMV in ACC in concordant affected

twins compared to healthy control twins.

Fourth, we did not detect statistically significant within-pair

differences at peak-level (po0.05 FWE) when comparing the

affected discordant twin to his/her healthy co-twin. However,

when applying a more relaxed statistical threshold (po0.001

uncorrected at peak-level), as De Geus et al. (2007) applied, we

found that the affected twins presented smaller GMV at precu-

neus, hippocampus and hippocampal gyrus compared to their

healthy co-twins. Although these findings are partially in line

with those reported by De Geus et al. (2007), who found intrapair

differences but in left hippocampal regions, our findings did not

reach the statistically significant criterion previously established

and should be interpreted with caution.

Finally, the current study has to be considered in the context of

its limitations. First, the sample size was modest, though similar to

those used in previous studies using a concordant and discordant

MZ twin design in anxiety and depression (De Geus et al., 2007;

Wolfensberger et al., 2008). The limited sample size of discordant

MZ twin pairs could partially explain the lack of significant

differences between affected and healthy co-twins in this group.

Second, our conclusions are based in the assumption of the

concordant and discordant MZ twin pair design that states that

the comparison between concordant affected MZ twin pairs and

healthy MZ twins is likely to reflect a contrast in genetic liability for

the phenotype of interest. However, this assumption needs further

research to test its validity in the context of anxiety and depression

studies. Third, among the lifetime affected subjects included in the

present study, some had been treated and three of themwere under

pharmacological treatment at scan time. This might constitute a

source of bias since antidepressant treatment has been suggested to

reduce neuronal damage and the rate of neuronal death caused by

corticosteroids (Haynes et al., 2004) or apoptosis (Kosten et al.,

2008).

In conclusion, GMV abnormalities in bilateral fusiform gyrus

and amygdala in anxiety and depression were observed in twin

pairs concordant for these disorders compared to healthy twins,

but not within discordant twin pairs. These two groups of MZ

twins – concordant affected and discordant – ,may reflect a

contrast in genetic liability for anxiety and depression. Therefore,

our findings suggest that fusiform gyrus and amygdala reductions

are related to genetic risk for anxiety and depression.
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