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Abstract
Background: �7�;uv;�1_bѴ7_oo7�;�r;ub;m1;v�Ő���vő�-u;�1uovvŊ�v;1|bom-ѴѴ��-vvo1b-|;7�
�b|_�_;-7-1_;ķ�bm1Ѵ�7bm]�lb]u-bm;ķ�bm�r;7b-|ub1�ror�Ѵ-|bomvĺ
Objective: $_;�o0f;1|b�;�o=�|_bv�v|�7���-v�|o�7;|;ulbm;��_;|_;u����v�-u;�ruovr;1Ŋ
|b�;Ѵ�� -vvo1b-|;7� �b|_� bm1b7;m|� _;-Ѵ|_Ŋ�ruo=;vvbom-Ѵ� 7b-]mov;7� lb]u-bm;� -m7� ru;�-Ŋ
Ѵ;m1;�o=�momŊ�lb]u-bm;�=u;t�;m|�_;-7-1_;�bm�-7oѴ;v1;m1;ķ�;b|_;u�7bu;1|Ѵ��ou�bm7bu;1|Ѵ��
|_uo�]_�v�lr|olv�o=�7;ru;vvbom�-m7�-m�b;|�ĺ
Methods: );��v;7�7-|-�=uol�|_;��-|bom-Ѵ��om]b|�7bm-Ѵ�"�u�;��o=��_bѴ7u;m�-m7�+o�|_ķ�
-��-m-7b-m�1o_ou|�v|�7��|_-|�=oѴѴo�;7�1_bѴ7u;m�-];7�ƏņƐ�-|�0-v;Ѵbm;ķ�-m7�|_;�r;uvom�
lov|�hmo�Ѵ;7];-0Ѵ;�-0o�|�|_;l�Ő���ő��m|bѴ�|_;�1_bѴ7�u;-1_;7�-7oѴ;v1;m1;ĺ�$_;�����
u;rou|;7�om�ƐƓ����v�Ő;ĺ]ĺķ�r-u;m|-Ѵ�7;-|_ő��_;m�|_;�1_bѴ7��-v�ƓņƔ�-m7�ѵņƕ��;-uvķ�-m7�
v�lr|olv�o=�7;ru;vvbom�-m7�-m�b;|�� bm� Ѵ-|;�1_bѴ7_oo7� Ő-];�ѶņƖ��;-uvőķ��vbm]�-��-ѴbŊ
7-|;7�|ooѴĺ��b]u-bm;�Őrubl-u��o�|1ol;ő��-v�-v1;u|-bm;7��b-�����u;rou|�o=�-�_;-Ѵ|_Ŋ�
ruo=;vvbom-Ѵ�7b-]movbvķ�-m7�momŊ�lb]u-bm;�=u;t�;m|�_;-7-1_;�Ő>Ɛ�|bl;�r;u��;;hő��-v�
-7oѴ;v1;m|�v;Ѵ=Ŋ�u;rou|ķ�0o|_�l;-v�u;7�-|�-];�ƐƓņƐƔĺ�);�;v|bl-|;7�7bu;1|�-m7�bm7bu;1|�
;==;1|v�Ő��vő�om�|_;�Ѵo]Ŋ�o77v�v1-Ѵ;�|_uo�]_�v�lr|olv�o=�7;ru;vvbom�-m7�-m�b;|��Ől;Ŋ
7b-|ouőĺ�);�-7f�v|;7�=ou�v;�ķ�r-u;m|-Ѵ�lb]u-bm;ķ�-m7�;1omolb1�7;rub�-|bomĺ�$_;�-m-Ŋ
Ѵ�|b1�v-lrѴ;�vb�;v��;u;Ĺ�n =�ƑƏƔѶ�Őlb]u-bm;ő�-m7�n =�ƐƕƒƏ�Ő=u;t�;m|�_;-7-1_;őĺ
Results: There were n�m�;b]_|;7 =�ƕƐ�u;vrom7;m|v��b|_�lb]u-bm;�ŐƒĺƓѷķ�ƕƐņƑƏƔѶő�-m7�
n�m�;b]_|;7 =�ƑƏƓ��b|_�momŊ�lb]u-bm;�=u;t�;m|�_;-7-1_;�ŐƐƐĺѶѷķ�ƑƏƓņƐƕƒƏőĺ��ov|�u;Ŋ
vrom7;m|v�;�r;ub;m1;7�mo����v� Ő�;b]_|;7�r;u1;m|-];�=�ƔƔĺƕőķ� =oѴѴo�;7�0��Ɛ�����
Ő�;b]_|;7�r;u1;m|-];�=�ƒƓĺƕő�-m7�]u;-|;u�|_-m�ou�;t�-Ѵ�|o�|�o����v�Ő�;b]_|;7�r;uŊ
1;m|-];�=� Ɩĺѵőķ� u;vr;1|b�;Ѵ�ĺ� $_;u;��;u;� 7bu;1|� -vvo1b-|bomv� 0;|�;;m� ;�r;ub;m1bm]�
om;�Őo77v�u-|bo�Œ�!œ�=�ƐĺƕƐķ�ƖƔѷ�1om=b7;m1;�bm|;u�-Ѵ�Œ��œĹ�ƐĺƏƐŋ�ƑĺѶƕő�-m7�;t�-Ѵ�|o�ou�
]u;-|;u�|_-m�|�o�Ő�!�=�Ƒĺƒƒķ�ƖƔѷ���Ĺ�ƐĺƐƒŋ�ƓĺѶƏő����v�-m7�lb]u-bm;ķ�0�|�mo|�=ou�momŊ�
lb]u-bm;�=u;t�;m|�_;-7-1_;ĺ�$_;u;��;u;�mo�bm7bu;1|�u;Ѵ-|bomv_brv�|_uo�]_�v�lr|olv�
o=�7;ru;vvbom�-m7�-m�b;|�� =ou�lb]u-bm;� ŐƐ����Ĺ��!�=� ƐĺƏѵķ�ƖƔѷ���Ĺ�ƏĺƖƖŋ�ƐĺƐƒ�-m7�
ƾƑ����vĹ��!�=�ƐĺƐƐķ�ƖƔѷ���Ĺ�ƏĺƖѶŋ�ƐĺƑѶő�ou�momŊ�lb]u-bm;�=u;t�;m|�_;-7-1_;�ŐƐ����Ĺ�
�!�=�ƏĺƖƖķ�ƖƔѷ���Ĺ�ƏĺƖƔŋ�ƐĺƏƒ�-m7�ƾƑ����vĹ��!�=�ƏĺƖѶķ�ƖƔѷ���Ĺ�ƏĺƖƏŋ�ƐĺƏƕőĺ
Conclusions: ���v�l-��1om=;u�-m�bm1u;-v;7�ubvh�o=�lb]u-bm;�omv;|�bm�-7oѴ;v1;m1;ĺ�$_;�
-vvo1b-|bom��-v�mo|�;�rѴ-bm;7�0��v�lr|olv�o=�7;ru;vvbom�-m7�-m�b;|��bm�Ѵ-|;�1_bѴ7_oo7ĺ
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INTRODUC TION

�7�;uv;�1_bѴ7_oo7�;�r;ub;m1;v�Ő���vő�-u;�-vvo1b-|;7��b|_�r-bmķ�bmŊ
1Ѵ�7bm]�_;-7-1_;ķ�bm�-7�Ѵ|_oo7ĺ1�$_;u;�bv�-Ѵvo�Ѵom]b|�7bm-Ѵ�;�b7;m1;�
|o�v�rrou|�-�ruovr;1|b�;�u;Ѵ-|bomv_br��b|_�lb]u-bm;� bm�-7�Ѵ|_oo7ĺ2 
$_;� u;Ѵ-|bomv_br� 0;|�;;m� ���v� -m7� bm1b7;m|� _;-7-1_;� bm� 1_bѴ7Ŋ
_oo7� -m7� -7oѴ;v1;m1;� bv� Ѵ;vv� v|�7b;7ĺ� �uovvŊ�v;1|bom-Ѵ� ;�b7;m1;�
_-v� 7;lomv|u-|;7� -vvo1b-|bomv� 0;|�;;m� ���v� -m7� 1_uomb1� r-bmķƒ 
bm1Ѵ�7bm]� lb]u-bm;� -m7� o|_;u� _;-7-1_;� 7bvou7;uvķ� bm� 1_bѴ7u;m� -m7�
-7oѴ;v1;m|vĺƓŋ�ѵ�$o�o�u� hmo�Ѵ;7];ķ� |o�7-|;ķ� mo� v|�7��_-v�ruo�b7;7�
Ѵom]b|�7bm-Ѵ�;�b7;m1;�=ou�-�u;Ѵ-|bomv_br�0;|�;;m�u;rou|;7����v�-m7�
|_;�omv;|�o=�_;-7-1_;�7bvou7;uv�0;=ou;�-7�Ѵ|_oo7ĺ

�om1;r|�-ѴѴ�ķ� |_;� u;Ѵ-|bomv_brv� 0;|�;;m� ;-uѴ�� Ѵb=;� -7�;uvb|�� -m7�
_;-7-1_;�l-��0;�;�rѴ-bm;7�0��ubvh�=-1|ouv�7u-�m�=uol�|_;�0borv�1_oŊ
vo1b-Ѵ�lo7;Ѵ�o=�r-bmĺƕ�!bvh�=-1|ouv�l-��bm1Ѵ�7;�l;m|-Ѵ�_;-Ѵ|_�v�lr|olv�
-m7�|_;��o�|_Ľv�Ѵb�;7�;�r;ub;m1;vķ�v�1_�-v�|_;bu�=-lbѴ��;m�buoml;m|ķ�ou�
o|_;u�0borv�1_ovo1b-Ѵ�=-1|ouvĺƕ��;7b-|ub1�1_uomb1�r-bmƕ and headacheѶ 
lo7;Ѵv�rovb|� |_-|�;�rov�u;�|o�v|u;vv=�Ѵ�ou� |u-�l-|b1� Ѵb=;�;�;m|v�l-��
Ѵ;-7� |o� bm|;um-Ѵb�bm]� v�lr|olv� o=� 7;ru;vvbomķ� -m�b;|�ķ� -m7� v�0v;Ŋ
t�;m|Ѵ��r-bm� bm�1_bѴ7_oo7�-m7�-7oѴ;v1;m1;ĺ� �m�;vv;m1;ķ�om;�o=�l-m��
rov|�Ѵ-|;7�l;1_-mbvlv�bm1Ѵ�7;v�-m�bm7bu;1|�;==;1|�=uol�v|u;vv�|o�_;-7Ŋ
-1_;�7bvou7;uvĺ��v�-�u;v�Ѵ|�o=�|_;�Ѵ-1h�o=�1-�v-Ѵ�;�b7;m1;�Ѵbmhbm]����v�
�b|_� |_;� omv;|� o=� 1_bѴ7_oo7� r-bmķ� ruovr;1|b�;ķ� Ѵom]b|�7bm-Ѵ� �ouh� bv�
m;;7;7ķƕ�-m7�l-��-7�-m1;�o�u��m7;uv|-m7bm]�o=�|_;�;|boѴo]b1-Ѵ�oub]bmv�
o=�_;-7-1_;�7bvou7;uvĺ���ror�Ѵ-|bomŊ�0-v;7�v|�7��vr-mmbm]�l-m���;-uv�
o=�=oѴѴo�Ŋ��r�=o�m7�bm7bu;1|�-vvo1b-|bomv�0;|�;;m�1_uomb1�=-lbѴ�Ŋ�Ѵ;�;Ѵ�
v|u;vvouv�Őv�1_�-v�=-lbѴ��7�v=�m1|bomő�-m7�lb]u-bm;�|_uo�]_�v�lr|olv�
o=�7;ru;vvbom�-m7�-m�b;|�ĺƖ��Ѵ|_o�]_ķ�b|�bv��mhmo�m��_;|_;u�v�1_�u;Ŋ
Ѵ-|bomv_brv��bѴѴ�|u-mv=;u�|o�|_;�v|�7��o=�v|u;vvouv�-|�|_;�Ѵ;�;Ѵ�o=����vĺ10

$o�o�u�hmo�Ѵ;7];ķ�|_bv�bv�|_;�=buv|�1o_ou|�v|�7��|o�;�-lbm;�|_;�
u;Ѵ-|bomv_br�0;|�;;m����v�;�r;ub;m1;7�-v�-��o�m]�1_bѴ7�-m7� bm1bŊ
7;m|�_;-Ѵ|_Ŋ�ruo=;vvbom-Ѵ�7b-]mov;7�lb]u-bm;�-m7�ru;�-Ѵ;m1;�o=�momŊ�
lb]u-bm;� =u;t�;m|�_;-7-1_;� bm� -7oѴ;v1;m1;ĺ���bѴ7bm]�om� |_;��ouh�
o=� o|_;uv��_o� ;�-lbm;7� Ѵom]b|�7bm-Ѵ� u;Ѵ-|bomv_brv� 0;|�;;m� ���v�
-m7�lb]u-bm;�omv;|�bm�-7�Ѵ|_oo7ķ2��;�vo�]_|�|o�7;|;ulbm;��_;|_;u�
���v�-u;�-vvo1b-|;7��b|_�-m�;-uѴb;u�7;�;Ѵorl;m|-Ѵ�omv;|�o=�lb]u-bm;�
-m7� |o� ;�rѴou;� |_;� -vvo1b-|bom� �b|_� momŊ�lb]u-bm;� =u;t�;m|� _;-7Ŋ
-1_;ĺ�);�_�ro|_;vb�;7�|_-|����v��o�Ѵ7�0;�7bu;1|Ѵ��-m7�bm7bu;1|Ѵ�ķ�
|_uo�]_�v�lr|olv�o=�7;ru;vvbom�-m7�-m�b;|�ķ�-vvo1b-|;7��b|_�-m�bmŊ
1u;-v;7�Ѵbh;Ѵb_oo7�o=�_;-7-1_;�7bvou7;uv�bm�-7oѴ;v1;m1;ĺ

METHODS

Data source

$_;��-|bom-Ѵ� �om]b|�7bm-Ѵ� "�u�;�� o=� �_bѴ7u;m� -m7� +o�|_� Ő��"�+ő�
bv�-�1o_ou|�v|�7��o=�1_bѴ7�7;�;Ѵorl;m|ĺ11�$_;�|-u];|�ror�Ѵ-|bom�=ou�
1�1Ѵ;�Ɛ�o=�|_;���"�+��-v�|_;�momŊ�bmv|b|�|bom-Ѵb�;7�ror�Ѵ-|bom�-];7�

Əŋ�ƐƐ��;-uv�u;vb7bm]�bm��-m-7-Ľv�ruo�bm1;vĺ12���1Ѵ�7;7�=uol�|_;�v�uŊ
�;���;u;�bmv|b|�|bom-Ѵb�;7�ou�bm1-u1;u-|;7�r;uvomvķ�r;uvomv�Ѵb�bm]�bm�
vol;�u;lo|;�u;]bomvķ�om�buv|��-|bomv�u;v;u�;v�ou��uo�m�Ѵ-m7vķ�-m7�
=�ѴѴŊ�|bl;�l;l0;uv�o=� |_;��-m-7b-m��ul;7�ou1;vĺ12� ou�r�urov;v�
o=�|_bv�v|�7�ķ��;��;u;�bm|;u;v|;7�bm�|_;��o�m];v|�o=�|_;�1o_ou|�=oѴŊ
Ѵo�;7�ruovr;1|b�;Ѵ��-m7�-];�Əŋ�Ɛ�-|�0-v;Ѵbm;� ŐƐƖƖƓņƐƖƖƔķ�1�1Ѵ;�Ɛőĺ�
$_bv�1o_ou|�u;ru;v;m|v�|_ov;�lov|�Ѵbh;Ѵ��|o�_-�;�|_;�Ѵ;-v|�;�rov�u;�
|o�v|u;vv�-=|;u�0bu|_ĺ�$_;���"�+�b7;m|b=b;7�|_;�r;uvom�lov|�hmo�ѴŊ
;7];-0Ѵ;�Ő���ő�-0o�|�|_;�1_bѴ7�-m7�-vh;7�|_;l�|o�u;rou|�om�0;_-Ѵ=�
o=� |_;�1_bѴ7ĺ11�$_;�1_bѴ7� u;vrom7;m|�-m7� |_;bu������;u;� =oѴѴo�;7�
�m|bѴ�|_;�1_bѴ7�u;-1_;7�-7oѴ;v1;m1;�Ő-];�ƐƓŋ�ƐƔ��;-uvő�bm�ƑƏƏѶņƑƏƏƖ�
Ő1�1Ѵ;� Ѷőĺ� $_;������-v�lov|� o=|;m� |_;�0boѴo]b1-Ѵ�lo|_;u� Ő>ƖƏѷőĺ�
�-u|b1br-m|v��;u;�v�u�;�;7�;�;u��Ƒ��;-uv�0��|u-bm;7�bm|;u�b;�;uvķƐƒ 
�b|_�7-|-�1oѴѴ;1|;7��b-� bmŊ�r;uvom�ou�|;Ѵ;r_om;Ŋ�0-v;7� bm|;u�b;�vĺ11 
$_;���"�+�_-v�-�1olrѴ;��v�u�;��7;vb]mķ�-m7�"|-|bv|b1v��-m-7-�ruoŊ
7�1;7� v�u�;���;b]_|vĺ11��ou;� bm=oul-|bom� om� |_;� ��"�+� -m7� b|v�
v-lrѴbm]�ruo1;7�u;�bv�bm1Ѵ�7;7�bm�|_;�"�rrou|bm]��rr;m7b�ĺ

Standard protocol approvals, registrations, and 
patient consents

	-|-� �;u;� -11;vv;7� bm� -� v;1�u;� v;||bm]� |_uo�]_� |_;� m-|bom-Ѵ�
!;v;-u1_�	-|-��;m|u;v��uo]u-lķƐƒ� u;]�Ѵ-|;7�0��"|-|bv|b1v��-m-7-ĺ�
!;v;-u1_��|_b1v��o-u7�-rruo�-Ѵ��-v�mo|�u;t�bu;7�-v�r;u��u|b1Ѵ;�ƑĺƑ�
o=� |_;�$ubŊ��o�m1bѴ��oѴb1��"|-|;l;m|Ĺ��|_b1-Ѵ��om7�1|� =ou�!;v;-u1_�
�m�oѴ�bm]���l-mvĺƐƓ�$_;�����ruo�b7;7��ub||;m�bm=oul;7�1omv;m|�|o�
"|-|bv|b1v��-m-7-�0;=ou;�v�u�;��r-u|b1br-|bomĺ

Measures

�ubl-u��o�|1ol;

$_;� rubl-u�� v|�7�� o�|1ol;� �-v� ���� u;rou|� o=� bm1b7;m|� _;-Ѵ|_Ŋ�
ruo=;vvbom-Ѵ� 7b-]mov;7�lb]u-bm;��_;m� |_;� 1_bѴ7��-v� ƐƓņƐƔ� �;-uvĺ�
"r;1b=b1-ѴѴ�ķ�|_;������-v�-vh;7�=ou�|_;�=buv|�|bl;��_;|_;u�|_;�1_bѴ7�
_-7�ľĻ�1om7b|bomv�|_-|�_-�;�Ѵ-v|;7�ou�-u;�;�r;1|;7�|o�Ѵ-v|�ѵ�lom|_v�
ou�lou;�-m7�_-�;�0;;m�7b-]mov;7�0��-�_;-Ѵ|_�ruo=;vvbom-ѴķĿ��b|_�ľlbŊ
]u-bm;vĿ�bm1Ѵ�7;7�-v�om;�o=�|_;�t�;ub;7�1Ѵbmb1-Ѵ�7b-]mov;v�Ő�;vņmoőĺ

";1om7-u��o�|1ol;

$_;�v;1om7-u��v|�7��o�|1ol;��-v�r-v|�ѵŊ�lom|_�ru;�-Ѵ;m1;�o=�momŊ�
lb]u-bm;�=u;t�;m|�v;Ѵ=Ŋ�u;rou|;7�_;-7-1_;ķ�l;-v�u;7��_;m�|_;�1_bѴ7�
�-v�ƐƓņƐƔ��;-uvĺ�$_;��o�|_v��;u;�-vh;7ķ�ľ	�ubm]�|_;�r-v|�ѵ�lom|_vķ�
_o��o=|;m�_-�;��o��_-7�ou�=;Ѵ|�|_;�=oѴѴo�bm]ĵ�Œ_;-7-1_;œĺĿ�!;vromv;�
or|bomv��;u;�ľv;Ѵ7ol�ou�m;�;uķĿ�ľ-0o�|�om1;�-�lom|_ķĿ�ľ-0o�|�om1;�

K E Y W O R D S
-7�;uv;�1_bѴ7_oo7�;�r;ub;m1;vķ�1o_ou|�v|�7�ķ�;rb7;lboѴo]�ķ�_;-7-1_;ķ�lb]u-bm;
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-��;;hķĿ�ľlou;�|_-m�om1;�-��;;hķĿ�-m7�ľlov|�7-�vĺĿ��omvbv|;m|��b|_�
r-v|��ouhķƖ��;�1u;-|;7�-�7b1_o|olo�v��-ub-0Ѵ;�u;ru;v;m|bm]��m1Ѵ-vŊ
vb=b;7�=u;t�;m|�_;-7-1_;�Ő>Ɛ�_;-7-1_;�r;u��;;hő��;uv�v� Ѵ;vv�|_-m�
=u;t�;m|�_;-7-1_;�Ő-ѴѴ�o|_;u�u;vromv;�or|bomvőĺ��m�|_;�1-v;��_;u;�-�
�o�|_�v;Ѵ=Ŋ�u;rou|;7�=u;t�;m|�_;-7-1_;�-m7�|_;bu�����-Ѵvo�u;rou|;7�
-�lb]u-bm;�7b-]movbvķ�|_;���;u;�omѴ��1Ѵ-vvb=b;7�-v�_-�bm]�lb]u-bm;�|o�
;mv�u;�l�|�-ѴѴ��;�1Ѵ�vb�;�v|�7��o�|1ol;vĺ

��rov�u;v

���v��;u;�l;-v�u;7��_;m�|_;�1_bѴ7��-v�ƓņƔ�-m7�ѵņƕ��;-uv� Ő1�1Ѵ;v�
ƒņƓőĺ�ou�|_;�1o_ou|�o=�1_bѴ7u;m�-];�ƏņƐ�-|�0-v;Ѵbm;ķ�1�1Ѵ;v�ƒ�-m7�Ɠ��;u;�
|_;�=buv|�|bl;v�|_;bu������-v�-vh;7�-0o�|����vĺ�"r;1b=b1-ѴѴ�ķ�|_;�����
�-v�-vh;7Ĺ�ľĻ�_-v�Œ1_bѴ7œ�;�r;ub;m1;7�-m��;�;m|�ou�vb|�-|bom�|_-|�_-v�
1-�v;7�_blņ_;u�-�]u;-|�-lo�m|�o=��ouu��ou��m_-rrbm;vvĵĿ�Ő�;vņmoőĺ��=�
�;vķ�|_;������-v�-vh;7�|o�u;rou|�om�-ѴѴ�-rrѴb1-0Ѵ;����vķ��r�|o�-�l-�bŊ
l�l�o=�ƐƓĹ�ľ7;-|_�o=�r-u;m|vķĿ�ľ7;-|_�bm�=-lbѴ��Őo|_;u�|_-m�r-u;m|vőķĿ�
ľ7b�ou1;ņv;r-u-|bom� o=� r-u;m|vķĿ� ľlo�;ķĿ� ľv|-�� bm� _ovrb|-ѴķĿ� ľv|-�� bm�
=ov|;u�_ol;ķĿ�ľo|_;u�v;r-u-|bom�=uol�r-u;m|vķĿ�ľbѴѴm;vvņbmf�u��o=�1_bѴ7ķĿ�
ľbѴѴm;vvņbmf�u��o=�-�=-lbѴ��l;l0;uķĿ�ľ-0�v;ņ=;-u�o=�-0�v;ķĿ�ľ1_-m];�bm�
_o�v;_oѴ7�l;l0;uvķĿ�ľ-Ѵ1o_oѴbvl�ou�l;m|-Ѵ�_;-Ѵ|_�7bvou7;u�bm�=-lbѴ�ķĿ�
ľ1om=Ѵb1|�0;|�;;m�r-u;m|vķĿ�-m7�ľo|_;uĺĿ��=�|_;�����u;rou|;7�-m�����
�_;m�|_;�1_bѴ7��-v�ƓņƔ�ou�ѵņƕ��;-uvķ�|_;�1_bѴ7��-v�1omvb7;u;7�;�rov;7�
Ő;�r;ub;m1;7�-�v|u;vv=�Ѵ� Ѵb=;�;�;m|őĺ��_bѴ7u;m��_ov;�����7b7�mo|�u;Ŋ
rou|����v�-|�;b|_;u�o=�|_;�|bl;�robm|v��;u;�1Ѵ-vvb=b;7�-v��m;�rov;7ĺ

�;7b-|ou

"�lr|olv� o=� 7;ru;vvbom� -m7� -m�b;|�� �;u;� u;rou|;7� 0�� |_;� ����
�_;m� |_;� 1_bѴ7��-v� -];� ѶņƖ� Ő1�1Ѵ;� Ɣőĺ� ou� o�u� 1o_ou|� o=� bm|;u;v|ķ�
1�1Ѵ;�Ɣ��-v�|_;�=buv|�|bl;�|_;�l;7b-|ou��-v�l;-v�u;7�-=|;u�|_;�;�Ŋ
rov�u;v��;u;� -v1;u|-bm;7ĺ� $_;� v;�;mŊ�b|;lv��;u;� 7u-�m� =uol� |_;�
u;�bv;7��m|-ubo��_bѴ7��;-Ѵ|_�"|�7��v1-Ѵ;vķ�0-v;7�om�|_;�	b-]mov|b1�
-m7� "|-|bv|b1-Ѵ� �-m�-Ѵ� o=� �;m|-Ѵ� 	bvou7;uvķ� $_bu7� �7b|bom� Ő	"�Ŋ�
���őŊ�!� 1ub|;ub-ĺ15� $_;������-v� -vh;7Ĺ� ľ&vbm]� |_;� -mv�;uv� m;�;u� ou�
mo|�|u�;ķ�vol;|bl;v�ou�vol;�_-|�|u�;ķ�ou�o=|;m�ou��;u��|u�;ķ�_o��
o=|;m��o�Ѵ7��o��v-��|_-|�Œ1_bѴ7œ�ĻĿ�ľv;;lv�|o�0;��m_-rr��ou�v-7ĵķĿ�
ľbv� mo|� -v� _-rr�� -v� o|_;u� 1_bѴ7u;mķĿ� ľbv� |oo� =;-u=�Ѵ� ou� m;u�o�vķĿ� ľbv�
�ouub;7ķĿ� ľ1ub;v�-� Ѵo|ķĿ� ľbv�m;u�o�vķ�_b]_�v|u�m]ķ�ou� |;mv;ķĿ�-m7� ľ_-v�
|uo�0Ѵ;�;mfo�bm]�_blv;Ѵ=ĺĿ�$o];|_;uķ�|_;�b|;lv�ruo7�1;�-�|o|-Ѵ�v1-Ѵ;�
v1ou;� Őu-m];Ĺ�Əŋ�ƐƓőķ��b|_�_b]_;u� v1ou;v� u;=Ѵ;1|bm]�lou;�7;ru;vvb�;�
-m7�-m�bo�v� v�lr|olvĺ�$_;� |o|-Ѵ� v1-Ѵ;� v1ou;��-v��-Ѵb7-|;7� bm� |_;�
��"�+�Ő�uom0-1_Ľv�-Ѵr_-�=�Əĺƕѵőĺ11

�o�-ub-|;v

);�-7f�v|;7�=ou�|_u;;�1o�-ub-|;vĹ�v;��o=�|_;�1_bѴ7ķ�r-u;m|-Ѵ�lb]u-bm;ķ�
-m7�-�l;-v�u;�o=�;1omolb1�7;rub�-|bomĺ��-u;m|-Ѵ�lb]u-bm;�v|-|�v��-v�
-vv;vv;7�-|�1_bѴ7�-];�ƏņƐ�Ő0-v;Ѵbm;ő�-m7��-v�-vh;7�bm�|_;�v-l;�l-mm;u�
-v�|_;�rubl-u��v|�7��o�|1ol;ķ�7;|-bѴ;7�-0o�;ĺ���7b1_o|olo�v��-ub-0Ѵ;�

�-v�1u;-|;7�|o�u;ru;v;m|��_;|_;u�m;b|_;u�ou�om;�ou�0o|_�r-u;m|vķ�|_;�
���ķ� ou� |_;bu� vro�v;ņr-u|m;u� Őb=� -rrѴb1-0Ѵ;őķ� ;�r;ub;m1;7� _;-Ѵ|_Ŋ�
ruo=;vvbom-Ѵ�7b-]mov;7�lb]u-bm;ĺ��m�|_;�;�;m|�o=�lbvvbm]�bm=oul-|bom�
om�|_;�l;-v�u;v�o=�r-u;m|-Ѵ�lb]u-bm;ķ��;�1o7;7�|_;�lbvvbm]�7-|-�|o�
u;ru;v;m|�-0v;m1;�o=�lb]u-bm;ĺ��v�-�l;-v�u;�o=�;1omolb1�7;rub�-|bomķ�
�;��v;7�|_;�1_bѴ7�-];�ƓņƔ��;-uv�7;ub�;7�u-|bo�o=�;-1_�1_bѴ7Ľv�_o�v;_oѴ7�
bm1ol;�u;Ѵ-|b�;�|o�|_;�Ѵo�Ŋ�bm1ol;�1�|o==�=ou�|_;�vb�;�o=�|_;�=-lbѴ��-m7�
|_;bu� u;vb7;m|b-Ѵ�-u;-ĺ11�$_;� Ѵo�Ŋ�bm1ol;�1�|o==� bv� |_;�robm|�-|��_b1_�
-�=-lbѴ�� bv�1omvb7;u;7�|o�vr;m7�lou;�om�|_;�0-vb1�m;1;vvb|b;v�o=� Ѵb=;�
Ő=oo7ķ� v_;Ѵ|;uķ� -m7�1Ѵo|_bm]ő� |_-m�-m�-�;u-];��-m-7b-m� =-lbѴ��-m7� bv�
7;=bm;7�=ou�;-1_�-u;-�0��"|-|bv|b1v��-m-7-ĺƐѵ�"r;m7bm]�bv�omѴ��1omvb7Ŋ
;u;7�bm�|_;�1-Ѵ1�Ѵ-|bom�o=�|_;�Ѵo�Ŋ�bm1ol;�1�|o==ĺƐѵ�)_;|_;u�-�=-lbѴ��
bv�1Ѵ-vvb=b;7�-v�=-ѴѴbm]�-0o�;�ou�0;Ѵo��|_;�1�|o==�bv�;m|bu;Ѵ��7;|;ulbm;7�
0��|_;bu�_o�v;_oѴ7�bm1ol;ĺƐѵ�$_;�u-|bo��-v�1-|;]oub�;7�bm|o�t�-u|bѴ;vĺ�
)b|_bm�o�u� 1o_ou|ķ� -ѴѴ� r-u|b1br-m|v�;m|;u;7� |_;� v�u�;��-|�ƏņƐ��;-uvķ�
m;]-|bm]�|_;�m;;7�|o�-7f�v|�=ou�-];�bm�o�u�Ѵom]b|�7bm-Ѵ�-m-Ѵ�v;vĺ2

Statistical analyses

"|-|bv|b1v� �-m-7-� -rruo�;7� |_;� -m-Ѵ�|b1� rѴ-m� 0;=ou;� |_;� -�|_ouv�
�;u;�]u-m|;7�7-|-�-11;vvĺ��ѴѴ� -m-Ѵ�v;v��;u;�1om7�1|;7��vbm]�"�"�
ƖĺƓ� Ő"�"� �mv|b|�|;� �m1ĺķ��-u�ķ���őķ��b|_� |_;�|_u;v_oѴ7� =ou�v|-|bv|b1-Ѵ�
vb]mb=b1-m1;�v;|�-|�p <�ƏĺƏƔķ� |�oŊ�|-bѴ;7ĺ�	;v1ubr|b�;�v|-|bv|b1v� Őr;uŊ
1;m|-];�Œѷœķ�l;-mv�Œ�œķ�-m7�v|-m7-u7�;uuouv�Œ"�vœő��;u;�1olr�|;7�
|o�7;v1ub0;� |_;�o�;u-ѴѴ� v-lrѴ;�-m7�1olr-u;� u;vrom7;m|v��b|_�lbŊ
]u-bm;�-m7�|_;bu�r;;uv��b|_�momŊ�lb]u-bm;�=u;t�;m|�_;-7-1_;ĺ��m�Ѵbm;�
�b|_�"|-|bv|b1v��-m-7-�7-|-�u;Ѵ;-v;�]�b7;Ѵbm;vķ�7;v1ubr|b�;�7-|-�-m7�
-vvo1b-|;7�1olr-ubvomv��;u;��;b]_|;7�|o�-11o�m|�=ou�|_;���"�+Ľv�
v-lrѴbm]�7;vb]mĺ�ou�7;v1ubr|b�;�1olr-ubvomvķ��;��v;7�ruo1�v�u�;�Ŋ
l;-mv�-m7�ruo1�v�u�;�=u;t�Ő!-oŊ�"1o||��_bŊ�"t�-u;őĺ�$o�;�-lbm;�|_;�
7bu;1|� u;Ѵ-|bomv_brv� 0;|�;;m� ���v� -m7� v|�7�� o�|1ol;vķ� �;� 1omŊ
7�1|;7�|�o�|u-7b|bom-Ѵ�Ѵo]bv|b1�u;]u;vvbom�lo7;Ѵvķ�om;�=ou�;-1_�v|�7��
o�|1ol;ĺ�);��v;7��!���""Ɛƕ�Ő�;uvbom�ƒĺƔőķ�-�r-|_�-m-Ѵ�vbv�l-1uoķ�
=ou�o�u�l;7b-|bom-Ѵ�-m-Ѵ�v;v�Ő_||rvĹņņ���ĺruo1;�vvl-1�uoĺou]ņ7o�mѴ�
o-7ĺ_|lѴőĺ�$_;�vo=|�-u;�bv�7;v1ub0;7�bm�o�u�"�rrou|bm]��rr;m7b�ĺ

&vbm]��!���""ķ�7bu;1|� u;Ѵ-|bomv_brv�0;|�;;m����v�-m7�_;-7Ŋ
-1_;�o�|1ol;vķ�-m7�ro|;m|b-Ѵ� bm7bu;1|�;==;1|v� Ő��vőķ� |_uo�]_�v�lrŊ
|olv� o=� 7;ru;vvbom� -m7� -m�b;|�ķ� �;u;� ;v|bl-|;7� -Ѵom]� �b|_� |_;bu�
1ouu;vrom7bm]�ƖƔѷ�1om=b7;m1;�bm|;u�-Ѵv�Ő��vőĺ�ou�|_;�;v|bl-|;�o=�|_;�
��ķ�-�0oo|v|u-r�����-v�1olr�|;7��vbm]�|_;�r;u1;m|bѴ;�l;|_o7�Ő0oo|Ŋ
v|u-r� v-lrѴ;v�=� ƐƏķƏƏƏőĺ� �oo|v|u-r� v-lrѴbm]� bv� -� momŊ�r-u-l;|ub1�
l;|_o7�1om7�1|;7��b|_�v-lrѴbm]��b|_�u;rѴ-1;l;m|ĺ���1ollom�v;;7�
ŐƑƒƔƓƒő��-v��v;7�=ou�-ѴѴ�lo7;Ѵv�|o�-ѴѴo��=ou�u;rѴb1-|bom�o=�v|�7��u;Ŋ
v�Ѵ|vĺ� �ѴѴ� u;]u;vvbomŊ�0-v;7�l;|_o7v��;u;� �m�;b]_|;7� -v� |_;� r-|_�
-m-Ѵ�vbv�l-1uo� bv�mo|� �;|� ;t�brr;7� |o�_-m7Ѵ;� v�u�;���;b]_|vĺ�$_;�
u;Ѵ-|bomv_brv�0;|�;;m�|_;�;�rov�u;�-m7�l;7b-|ou�Őr-|_�aķ�b]�u;�Ɛő�
�;u;� ;v|bl-|;7� �vbm]� Ѵbm;-u� u;]u;vvbom� 7�;� |o� |_;� 1om|bm�o�v� m-Ŋ
|�u;�o=�|_;�l;7b-|ouĺ�ou�r-|_�aķ�|_;�u;rou|;7�u;]u;vvbom�1o;==b1b;m|�
1-m�0;�bm|;uru;|;7�-v�-m�*Ŋ��mb|�1_-m];�bm�|_;�l;7b-|ou�Őbĺ;ĺķ�v�lrŊ
|olv�o=�7;ru;vvbom�-m7�-m�b;|�ő�=ou�;-1_� bm1u;-v;� bm�|_;�;�rov�u;�
1-|;]ou�� Őbĺ;ĺķ����vőĺ� �m� ;v|bl-|bm]� 1o;==b1b;m|v� =ou� -ѴѴ� o|_;u�r-|_vķ�
�!���""��v;7�Ѵo]bv|b1�u;]u;vvbomķ�-ѴѴo�bm]�=ou�|_;�;�rom;m|b-|bom�
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o=�1o;==b1b;m|v�|o�7;ub�;�o77v�u-|bov�Ő�!vő�-v�-�u;v�Ѵ|�o=�|_;��m7;uѴ�Ŋ
bm]�Ѵo]Ŋ�o77v�l;|ub1�o=�|_;�lo7;Ѵbm]ķ�-�u;v�Ѵ|�o=�|_;�7b1_o|olo�v�m-Ŋ
|�u;�o=�|_;�_;-7-1_;�o�|1ol;vĺ�$_;v;�|_u;;�u;l-bmbm]�r-|_v��;u;Ĺ�
ŐƐő�|_;�u;Ѵ-|bomv_br�0;|�;;m�|_;�l;7b-|ou�-m7�_;-7-1_;�o�|1ol;v�
Őr-|_�bőķ�ŐƑő�|_;�7bu;1|�u;Ѵ-|bomv_br�o=�|_;�;�rov�u;�om�_;-7-1_;�o�|Ŋ
1ol;vķ�_oѴ7bm]�|_;�l;7b-|ou�1omv|-m|�Őr-|_�cĽőķ�-m7�Őƒő�|_;�;v|bl-|;�
o=�|_;���ķ�|_uo�]_�|_;�l;7b-|ouķ�om�_;-7-1_;�o�|1ol;v�Őruo7�1|�o=�
1o;==b1b;m|vĹ�abőĺ��ѴѴ�r-|_v��;u;�-7f�v|;7� =ou� |_;� v|�7��1o�-ub-|;vĺ�
��Ѵ|brѴ;� 7-|-� 1_;1hbm]� -m7� v1u;;mbm]� l;|_o7v� �;u;� �v;7Ĺ� �bv�-Ѵ�
bmvr;1|bomķ�1oѴѴbm;-ub|��bm�;v|b]-|bom�Ő;ĺ]ĺķ��-ub-m1;�bm=Ѵ-|bom�=-1|ouőķ�
-m7��ovl;uŊ��;l;v_o��]oo7m;vvŊ�o=Ŋ�=b|�|;v|vĺ���v;mvb|b�b|��-m-Ѵ�vbv�
�-v� 1om7�1|;7� |o� -vv;vv� |_;� blr-1|� o=� ;�1Ѵ�vbom� o=� u;vrom7;m|v�
�b|_�lbvvbm]�7-|-�om�|_;�l;-v�u;v�o=�r-u;m|-Ѵ�lb]u-bm;ĺ

Analytic sample

);� bm1Ѵ�7;7�omѴ�� |_ov;� 0-v;Ѵbm;� u;vrom7;m|v� ƏņƐ� �;-uv� v�u�;�;7�
�_;m�|_;�;�rov�u;v��;u;�-v1;u|-bm;7�Őn =�ƒƔѵƔĸ�b]�u;�Ƒőĺ�);�|_;m�
v;Ѵ;1|;7� |_ov;� u;vrom7;m|v�-Ѵvo�v�u�;�;7��_;m�|_;�l;7b-|ou�-m7�
o�|1ol;v��;u;�l;-v�u;7ĺ��ubou�|o�|_;�u;lo�-Ѵ�o=�u;vrom7;m|v��b|_�
lbvvbm]� 7-|-� om� -ѴѴ� l;-v�u;v� ;�1;r|� =ou� r-u;m|-Ѵ� lb]u-bm;� v|-|�vķ�
|_;� v-lrѴ;� vb�;��-v�n =� ƑƒƓƖĺ��=|;u� u;lo�bm]� |_ov;��b|_�lbvvbm]�
7-|-ķ�|_;�=bm-Ѵ�v-lrѴ;�vb�;�=ou�|_;�rubl-u��-m7�v;1om7-u��_;-7-1_;�

o�|1ol;v��-v�n =�ƑƏƔѶ�-m7�n =�ƐƕƒƏķ�u;vr;1|b�;Ѵ�ĺ�ou�|_;�v;mvb|b�Ŋ
b|��-m-Ѵ�v;vķ�lbvvbm]�om�r-u;m|-Ѵ�lb]u-bm;�v|-|�v��-v�-Ѵvo�u;lo�;7ķ�
-m7� |_;� v-lrѴ;� vb�;v� =ou� |_;� rubl-u�� -m7� v;1om7-u�� _;-7-1_;�
o�|1ol;v��;u;�n =� ƐѶƕƔ� -m7�n =� ƐƔѶѵķ� u;vr;1|b�;Ѵ�ĺ��o� v|-|bv|bŊ
1-Ѵ�ro�;u�1-Ѵ1�Ѵ-|bom��-v�1om7�1|;7�rubou�|o�|_;�v|�7�ĺ�$_;�v-lrѴ;�
vb�;v��;u;�0-v;7�om�|_;�-�-bѴ-0Ѵ;�7-|-ĺ

RESULTS

Loss to follow- up and missing data

!;vrom7;m|v�Ѵov|�|o�=oѴѴo�Ŋ��r�-m7��b|_�lbvvbm]�7-|-�-u;�7;v1ub0;7�bm�
|_;�"�rrou|bm]��rr;m7b�ĺ

Respondent characteristics

There were n�m�;b]_|;7 =� ƕƐ� u;vrom7;m|v� �b|_� lb]u-bm;� ŐƒĺƓѷķ�
ƕƐņƑƏƔѶő� -m7�n�m�;b]_|;7 =� ƑƏƓ��b|_� momŊ�lb]u-bm;� =u;t�;m|� _;-7Ŋ
-1_;�ŐƐƐĺѶѷķ�ƑƏƓņƐƕƒƏőĺ�!;vrom7;m|v��b|_�=u;t�;m|�_;-7-1_;��;u;�
lou;� Ѵbh;Ѵ�� |o�0;��ol;m� ŐѵƖĺƏѷķ�p =�ƏĺƏƑƏő��_;m�1olr-u;7��b|_�
u;vrom7;m|v��b|_�lb]u-bm;� ŐƓƕĺѶѷĸ�$-0Ѵ;�Ɛőĺ�!;vrom7;m|v��b|_�lbŊ
]u-bm;��;u;�lou;�Ѵbh;Ѵ��|o�_-�;�om;�ou�lou;�r-u;m|v��b|_�lb]u-bm;�

F I G U R E  1Պ�om1;r|�-Ѵ�7b-]u-l�o=�ruorov;7�Ѵom]b|�7bm-Ѵ�u;Ѵ-|bomv_brv�0;|�;;m�-7�;uv;�1_bѴ7_oo7�;�r;ub;m1;v�-m7�_;-7-1_;�o�|1ol;v

Path bPath a

Migraine (age 14/15, 
cycle 8)

Symptoms of 
depression and 

anxiety (age 8/9, 
cycle 5)

Non-migraine 
frequent headache 

(age 14/15, cycle 8)

Adverse childhood 
experiences

(ages 4/5 and 6/7, 
cycles 3 and 4)

Path c’

Path a: Relationship between adverse childhood experiences (exposure) and symptoms of depression and 
anxiety (proposed mediator). Path b: Relationship between mediator and headache outcomes, holding the 
exposure constant. Path c’: Direct relationship between adverse childhood experiences and headache 
outcomes, holding the mediator constant. Not pictured: estimate of the indirect effect, product of coefficients 
of paths a and b (ab).
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Őƒƒĺƕѷķ�p =�ƏĺƏƒѵőķ�-m7�|o�_-�;�lou;�v�lr|olv�o=�7;ru;vvbom�-m7�
-m�b;|��ŐM =�ƒĺѶƏ�Œ"��=�ƏĺƔƒœķ�p =�ƏĺƏƓƐőĺ�!;vrom7;m|v��b|_�bm1b7;m|�
_;-Ѵ|_Ŋ�ruo=;vvbom-Ѵ�7b-]mov;7�lb]u-bm;�-m7�=u;t�;m|�_;-7-1_;�7b7�
mo|�v|-|bv|b1-ѴѴ��7b==;u�om�l;-v�u;v�o=�;1omolb1�7;rub�-|bom�-m7�|_;�
ou7bm-Ѵ�l;-v�u;�o=����vĺ��Ѵ|_o�]_�mo|�v|-|bv|b1-ѴѴ��7b==;u;m|ķ�lou;�
u;vrom7;m|v� �b|_� lb]u-bm;� ;�r;ub;m1;7� ;-uѴ�� Ѵb=;� v|u;vv� ŐƐ� ���Ĺ�
ƔƏĺƒѷķ�ƾƑ����vĹ�ƐƖĺƑѷő�1olr-u;7��b|_�u;vrom7;m|v��b|_�=u;t�;m|�
_;-7-1_;�ŐƐ����Ĺ�ƒƒĺƐѷķ�ƾƑ����vĹ�ƐƓĺƓѷķ�p =�ƏĺƏѵƑőĺ��m�-�7b1_o|oŊ
lb�;7��;uvbom�o=�;�rov�u;�|o����v�Őmo�����;�rov�u;��vĺ�ƾƐ����vőķ�
u;vrom7;m|v��b|_�lb]u-bm;��;u;�vb]mb=b1-m|Ѵ��lou;� Ѵbh;Ѵ��|o�0;�;�Ŋ
rov;7�|o����v�ŐѵƖĺƔѷķ�p =�ƏĺƏƐƐő�|_-m�|_;bu�momŊ�lb]u-bm;�=u;t�;m|�
_;-7-1_;�1o�m|;ur-u|v�ŐƓƕĺƓѷőĺ

Longitudinal associations

�m�|u-7b|bom-Ѵ�Ѵo]bv|b1�u;]u;vvbom�lo7;Ѵv�Ő$-0Ѵ;�Ƒőķ�|_;u;��;u;�7bu;1|�
-vvo1b-|bomv� 0;|�;;m� ;�r;ub;m1bm]� ���v� -m7� lb]u-bm;ĺ� �� 7ov;Ŋ�
u;vromv;� u;Ѵ-|bomv_br� �-v� o0v;u�;7ķ� �b|_� |_;� o77v� o=� lb]u-bm;�
bm1u;-vbm]� -v� |_;� m�l0;u� o=� ���v� bm1u;-v;7ĺ� �olr-u;7� �b|_� u;Ŋ
vrom7;m|v�mo|�;�rov;7�|o����vķ�1_bѴ7u;m�;�rov;7�|o�om;������;u;�
ƐĺƕƐ�|bl;v�ŐƖƔѷ���Ĺ�ƐĺƏƐŋ�ƑĺѶƕő�lou;�Ѵbh;Ѵ��|o�_-�;�lb]u-bm;�bm�-7oŊ
Ѵ;v1;m1;ķ��_bѴ;�|_ov;�;�rov;7�|o�]u;-|;u�|_-m�ou�;t�-Ѵ�|o�|�o����v�

�;u;�Ƒĺƒƒ� |bl;v� ŐƖƔѷ���Ĺ� ƐĺƐƒŋ�ƓĺѶő�lou;� Ѵbh;Ѵ�ĺ� �m� 1om|u-v|ķ� |_;u;�
�;u;�mo�7bu;1|�-vvo1b-|bomv�0;|�;;m����v�-m7�=u;t�;m|�_;-7-1_;�
ŐƐ����Ĺ��!�=�ƐĺƏƒķ�ƖƔѷ���Ĺ�ƏĺƕƓŋ�ƐĺƓƑķ�ƾƑ����vĹ��!�=�ƐĺƑƔķ�ƖƔѷ���Ĺ�
Əĺƕƕŋ�ƑĺƏƑőķ��b|_�|_;��!v�1Ѵov;�|o�ƐĺƏƏķ�v�]];v|bm]�-�m�ѴѴ�-vvo1b-|bomĺ

�m�l;7b-|bom-Ѵ�lo7;Ѵv� Ő$-0Ѵ;�ƒőķ�-m� bm1u;-vbm]�m�l0;u�o=����v�
�;u;� -vvo1b-|;7� �b|_� lou;� v�lr|olv� o=� 7;ru;vvbom� -m7� -m�b;|��
bm� Ѵ-|;� 1_bѴ7_oo7ĺ� �m� |_;� lb]u-bm;� -m7� =u;t�;m|� _;-7-1_;� lo7Ŋ
;Ѵvķ� ;�rov�u;� |o� om;����� -m7� ]u;-|;u� |_-m� ou� ;t�-Ѵ� |o� |�o����v�
�;u;�om� -�;u-];� -vvo1b-|;7��b|_� -�Əĺѵ��mb|� Őp <� ƏĺƏƏƐő� -m7� -�ƐĺƑ�
�mb|� Őp <� ƏĺƏƏƐő� bm1u;-v;� bm� v�lr|olv� o=� 7;ru;vvbom� -m7� -m�b;|�ķ�
u;vr;1|b�;Ѵ�ķ��_;m�1olr-u;7��b|_�u;vrom7;m|v��b|_�mo�����;�roŊ
v�u;ĺ� "�lr|olv�o=� 7;ru;vvbom� -m7� -m�b;|�� bm� Ѵ-|;� 1_bѴ7_oo7��;u;�
mo|� -vvo1b-|;7� �b|_� lb]u-bm;� Ő�!� =� ƐĺƏƖķ� ƖƔѷ� ��Ĺ� ƏĺƖƖŋ�ƐĺƑƏő� ou�
=u;t�;m|�_;-7-1_;�Ő�!�=�ƏĺƖƖķ�ƖƔѷ���Ĺ�ƏĺƖƑŋ�ƐĺƏѵő� bm�-7oѴ;v1;m1;ĺ�
);�=o�m7�mo�v|-|bv|b1-Ѵ�;�b7;m1;�o=�-m�bm7bu;1|�;==;1|�o=�1_bѴ7_oo7�
���v�om�;b|_;u�lb]u-bm;�ŐƐ����Ĺ��!�=�ƐĺƏѵķ�ƖƔѷ���Ĺ�ƏĺƖƖŋ�ƐĺƐƒķ�ƾƑ�
���vĹ��!�=�ƐĺƐƐķ�ƖƔѷ���Ĺ�ƏĺƖѶŋ�ƐĺƑѶő�ou�=u;t�;m|�_;-7-1_;�ŐƐ����Ĺ�
�!�=�ƏĺƖƖķ�ƖƔѷ���Ĺ�ƏĺƖƔŋ�ƐĺƏƒķ�ƾƑ����vĹ��!�=�ƏĺƖѶķ�ƖƔѷ���Ĺ�ƏĺƖƏŋ�
ƐĺƏƕő�|_uo�]_�v�lr|olv�o=�7;ru;vvbom�-m7�-m�b;|�ĺ�$_;u;��-v�vol;�
vѴb]_|�v|u;m]|_;mbm]�o=�|_;�7bu;1|�-m7�bm7bu;1|�u;Ѵ-|bomv_brv�0;|�;;m�
���v�-m7�lb]u-bm;�-v����v�bm1u;-v;7ĺ��u|_;uķ�|_;�rovb|b�;�1o;==bŊ
1b;m|v�=ou�|_;� bm7bu;1|�lb]u-bm;�u;Ѵ-|bomv_br� bm7b1-|;�|_-|�;�rov�u;�
|o�lou;����v�bv�-vvo1b-|;7��b|_�lou;�v�lr|olv�o=�7;ru;vvbom�-m7�

F I G U R E  2Պ�om]b|�7bm-Ѵ�v�u�;��ror�Ѵ-|bom�-m7�-m-Ѵ�vbv�1o_ou|
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-m�b;|��-m7ķ�bm�|�umķ�-�]u;-|;u�Ѵbh;Ѵb_oo7�o=�lb]u-bm;�bm�-7oѴ;v1;m1;ĺ�
�o�;�;uķ�|_;�ƖƔѷ����o=�|_;����1uovv;7�Əķ�bm7b1-|bm]�|_-|�|_;�-vvo1b-Ŋ
|bomv��;u;�v|-|bv|b1-ѴѴ��momvb]mb=b1-m|ĺ

Sensitivity analysis

�m�|_;�v;mvb|b�b|��-m-Ѵ�vbvķ��;�;�1Ѵ�7;7�|_ov;��b|_�lbvvbm]�bm=oul-Ŋ
|bom�om�r-u;m|-Ѵ�lb]u-bm;ĺ�bm7bm]v��;u;�lov|Ѵ��1omvbv|;m|��b|_�|_;�
rubl-u��=bm7bm]v�=ou�|u-7b|bom-Ѵ�Ѵo]bv|b1�u;]u;vvbom�lo7;Ѵv�Ő$-0Ѵ;�"Ɛő�

-m7�l;7b-|bom-Ѵ�lo7;Ѵv� Ő$-0Ѵ;�"Ƒőĺ�$_;�u;v�Ѵ|v�-u;�u;rou|;7� bm�|_;�
$-0Ѵ;v�"ƐŊ�"Ɠĺ

DISCUSSION

&vbm]�-�1o_ou|�o=��-m-7b-m�1_bѴ7u;mķ��;�;�-lbm;7�Ѵom]b|�7bm-Ѵ�-vvoŊ
1b-|bomv�0;|�;;m�;�rov�u;�|o����v�-m7�_;-7-1_;�o�|1ol;v�bm�-7oŊ
Ѵ;v1;m1;ĺ�$_;u;��;u;�7bu;1|�-vvo1b-|bomv�0;|�;;m����v�-m7�bm1b7;m|�
_;-Ѵ|_Ŋ�ruo=;vvbom-Ѵ�7b-]mov;7�lb]u-bm;�bm�-7oѴ;v1;m1;ķ�0�|�mo|�=ou�

TA B L E  2Պ�o]bv|b1�u;]u;vvbom�lo7;Ѵv�o=�|_;�u;Ѵ-|bomv_br�0;|�;;m�-7�;uv;�1_bѴ7_oo7�;�r;ub;m1;v�-m7�_;-7-1_;�o�|1ol;v

Migraine (n =�ƑƏƔѶő Frequent headache (n = 1730)

OR ƖƔѷ��� p value OR ƖƔѷ��� p value

�7�;uv;�1_bѴ7_oo7�
;�r;ub;m1;v

�om; !;=;u;m| !;=;u;m|

1 ƐĺƕƐ ƐĺƏƐķ�ƑĺѶƕ ƏĺƏƓƓ ƐĺƏƒ ƏĺƕƓķ�ƐĺƓƑ ƏĺѶѵѶ

ƾƑ Ƒĺƒƒ ƐĺƐƒķ�ƓĺѶ 0.022 1.25 Əĺƕƕķ�ƑĺƏƑ ƏĺƒƕƔ

Note: �ѴѴ�lo7;Ѵv�-7f�v|;7�=ou�v;�ķ�;1omolb1�7;rub�-|bomķ�-m7�r-u;m|-Ѵ�lb]u-bm;�v|-|�vĺ
�00u;�b-|bomvĹ��!ķ�o77v�u-|boĸ�ƖƔѷ���ķ�ƖƔѷ�1om=b7;m1;�bm|;u�-Ѵĺ

TA B L E  3Պ�;7b-|bom-Ѵ�lo7;Ѵv�o=�|_;�u;Ѵ-|bomv_br�0;|�;;m�-7�;uv;�1_bѴ7_oo7�;�r;ub;m1;v�-m7�_;-7-1_;�o�|1ol;v

Migraine (n =�ƑƏƔѶő Frequent headache (n = 1730)

Coefficient

ƖƔѷ���

p value Coefficient

ƖƔѷ���

p valueLL UL LL UL

��|1ol;Ĺ�7;ru;vvbom�-m7�
-m�b;|��Őr-|_�aő

�7�;uv;�1_bѴ7_oo7�;�r;ub;m1;v

�om; !;=;u;m| !;=;u;m|

1 Əĺѵ ƏĺƓ ƏĺѶ <0.001 Əĺѵ Əĺƒ ƏĺѶ <0.001

ƾƑ 1.2 ƏĺƖ Ɛĺѵ <0.001 1.2 ƏĺƖ Ɛĺѵ <0.001

��|1ol;Ĺ�_;-7-1_;

	;ru;vvbom�-m7�-m�b;|��Őr-|_�bő 0.1 ƴƏĺƏƐ 0.2 ƏĺƏƕѵ ƴƏĺƏƐ ƴƏĺƐ 0.1 ƏĺƕƐƑ

�7�;uv;�1_bѴ7_oo7�;�r;ub;m1;v�
Őr-|_�cĽő

�om; !;=;u;m| !;=;u;m|

1 0.5 ƴƏĺƐ 1.0 ƏĺƏѶƒ ƏĺƏƓ ƴƏĺƒ ƏĺƓ ƏĺѶƒƑ

ƾƑ Əĺƕ 0.01 1.5 ƏĺƏƓƕ 0.2 ƴƏĺƒ Əĺƕ ƏĺƒѵƑ

�m7bu;1|�;==;1|�Őabő

�7�;uv;�1_bѴ7_oo7�;�r;ub;m1;v

�om; !;=;u;m| !;=;u;m|

1 0.1 ƴƏĺƏƐ 0.1 – ƴƏĺƏƐ ƴƏĺƏƔ ƏĺƏƒ – 

ƾƑ 0.1 ƴƏĺƏƑ 0.2 – ƴƏĺƏƑ ƴƏĺƐ 0.1 – 

Note: �ѴѴ�lo7;Ѵv�-7f�v|;7�=ou�v;�ķ�;1omolb1�7;rub�-|bomķ�-m7�r-u;m|-Ѵ�lb]u-bm;�v|-|�vĺ��o�p��-Ѵ�;�bv�ruo7�1;7�=ou�;v|bl-|;v�o=�|_;�bm7bu;1|�;==;1|ĸ�
bmv|;-7ķ�-m�bm7bu;1|�;==;1|�bv�1omvb7;u;7�v|-|bv|b1-ѴѴ��vb]mb=b1-m|��_;m�|_;�ƖƔѷ����7o;v�mo|�1uovv��;uoĺ��-|_�aĹ�*→�ĸ�r-|_�bĹ��→+ķ�_oѴ7bm]�|_;�
;�rov�u;�1omv|-m|ĸ�r-|_�cĽĹ�*→+ķ�_oѴ7bm]�|_;�l;7b-|ou�1omv|-m|ĸ�bm7bu;1|�;==;1|Ĺ�*→�→+��vbm]�|_;�ruo7�1|�Őr-|_�a�Ŗ�r-|_�bő�l;|_o7ĺ
�00u;�b-|bomvĹ�ƖƔѷ���ķ�ƖƔѷ�1om=b7;m1;�bm|;u�-Ѵĸ���ķ�Ѵo�;u�Ѵblb|ĸ�&�ķ��rr;u�Ѵblb|ĺ
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momŊ�lb]u-bm;�=u;t�;m|�_;-7-1_;ĺ�$_;u;��-v�mo�;�b7;m1;�o=�-m� bmŊ
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