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ADVERTIMENT. La consulta d’aquesta tesi queda condicionada a l’acceptació de les següents condicions d'ús: La difusió 
d’aquesta tesi per mitjà del servei TDX (www.tesisenxarxa.net) ha estat autoritzada pels titulars dels drets de propietat 
intel·lectual únicament per a usos privats emmarcats en activitats d’investigació i docència. No s’autoritza la seva 
reproducció amb finalitats de lucre ni la seva difusió i posada a disposició des d’un lloc aliè al servei TDX. No s’autoritza la
presentació del seu contingut en una finestra o marc aliè a TDX (framing). Aquesta reserva de drets afecta tant al resum 
de presentació de la tesi com als seus continguts. En la utilització o cita de parts de la tesi és obligat indicar el nom de la
persona autora. 

ADVERTENCIA. La consulta de esta tesis queda condicionada a la aceptación de las siguientes condiciones de uso: La 
difusión de esta tesis por medio del servicio TDR (www.tesisenred.net) ha sido autorizada por los titulares de los derechos 
de propiedad intelectual únicamente para usos privados enmarcados en actividades de investigación y docencia. No se 
autoriza su reproducción con finalidades de lucro ni su difusión y puesta a disposición desde un sitio ajeno al servicio 
TDR. No se autoriza la presentación de su contenido en una ventana o marco ajeno a TDR (framing). Esta reserva de 
derechos afecta tanto al resumen de presentación de la tesis como a sus contenidos. En la utilización o cita de partes de 
la tesis es obligado indicar el nombre de la persona autora. 

WARNING. On having consulted this thesis you’re accepting the following use conditions:  Spreading this thesis by the 
TDX (www.tesisenxarxa.net) service has been authorized by the titular of the intellectual property rights only for private 
uses placed in investigation and teaching activities. Reproduction with lucrative aims is not authorized neither its spreading 
and availability from a site foreign to the TDX service. Introducing its content in a window or frame foreign to the TDX 
service is not authorized (framing). This rights affect to the presentation summary of the thesis as well as to its contents. In
the using or citation of parts of the thesis it’s obliged to indicate the name of the author.
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��� �������/�� � � �������� �� ���������� *'������ �� ���, )��0.� ����

��� ����� 1��������� ��� � ���������� ��� &2 ��������� �� ��� ��3��� �

3����������� ������/�� ����� ��� �4������ ��5��� �� ��� �/����� ��� � ��),

��4������� ������� � �1���� 6�� "#$%$&'( )��) *�����+ �� ���, )��-.��

7�� 8�� 4� � �� ��������� � &2, '������ �� ���, '�������� � �� (�� �

$��� 19����� ��������� ��� ����� �:� ���3���, 9����� � �19�� � '������

�� ;� ��������� ����� 1��������� ���������� ������ 8�� ����� ��5���
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��� ����� �4�������� �=����������/8��� 8�� �� ������ ���������� ����� ���
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����� ����� � ������ ��� ���� !���� ������ �� "#$%$&'( 	��	
)�����* � ���+ 	��,-�

.�� �������� ���� /�/�� 0 ��*� �����1� ��� �����2���+ 1� ��� 345 � 6�����

)7�� � ���+ 	��4- � ��� 845 ��� 6��� 9��� ):���� � ���+ 	��;-� #� �������

�����< ��� &� 1� ���� ��� � ����������� �� ����2��� � =�� �1� �=����� ���

��������� >�� �������+ ��� 6��� 9��� �� �����/�/?���� �����/� ���

������ �� ���� ���� ��� ����� ���������� 1� ��� 485 .��� �.��� �� ����

�� �� ����� ���������+ ������� ��� �� 8,5 � �� 	85 .��� �� ������� �@��

��?� � ������� ���=���� ��������� � �� ������A� �� 2����� � ��������+
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#@��� 1� �� =���� �� ���� �1� ������� �� &�+ �������� �� ���������� ��

�� �����/���������� 6� ���� ������� � �@��� �� �� ���������� ��� �� ����?��

��� �� ���� �������� ���?�.��� �%B&'� � %B&'	�+ ��� ���2��� =�������

��� ����� �� ������ �� ����+ ��� ������ ���/��� �� �� ���� ������+ ���

����������� �� �� ���� ������ ���C����� ��� ��2���� � ��� ��������� ��� �
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�������� &����������� �	������ ��� ���'��� � ���"��� ��� ��	������(�

����������� �)��� � �	��� �%��� 	 �� ������ ���	�'����� ��� ��� *��

�������� ����	� �	� �	��� �� ���� ��������� �)��� �	������ 	 ���	�	� � ��

����������� ��� �	 �� �� �	� ���� �� ���� ���� �	���� ��� �� ���
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+� �	�������� ��� �� � ,��	�� ������� �� ������ ��� �%�����	����-���� ����

��� ��� �� � �� ������������ 	������� ����� �� ��-	 �	� ��� �%��	����#

���'���� �� ���� ��) ,� �	��� �%������ �����$���� � �	��� �.������� ��

����� ��� �� ������������ �� �� �.�	���	� � ����	� ���������� �� �� ���)	��

�%����	�����# �� ��	����� �� ��������� �� �%���� ������� ��� ������� 	

�� �� ����	� '��	���	�'���� ����� ����� +%	�
����� ��������� �%������

��� � ������/�� �� �	�������� ��� �� �� �� �	�� ���	��� �� �� ���)	��

������ � ������ �� ��	
����	� ��� �%��� 0�12� ��	����� ��� ������������#

��� ������ �� �	���� �� ����	� ��������� ������� 3�� �	����� �����

	�
����� � ������� ������/�� ��� ��"��� ����)���� �� �� ��.� �� �	��������

��� �� �	�
���� ��� ������� ������� �� �	��� ����)��� � ���� ��) �

��� ��	�	���	�� �����$���� 	��� ��	
����	� ������ ,� ����� �	���.�� ��

	�
����� ����)�� �%������ ��� #�4

• 5����	����� �� ���� �� �	�����/���# ����)���� ��� ������� ������/��

����������� �� ���� ���'����� �� �	�������� ��� �� ��� ��������

��-	 �%,��	�� 

• 6��������� �������� ����	� �%��	����# �� �� ����$���� �� �� �	��������
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��� 	 ��	�� �����

• ���������	� ��	 ������� ��� ������ �� ����� ��� �� ��� � �	��	�

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

	!���	���

• "�	��#	� �������� �� �	����� ����$�%&�� ����� ��� ��������� � �����'

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

"������ ��!����� ������ �����	������ �� ����(� 	 �)��� �������*$�

 �� �	��� �+���	� ����� �	 �%���$	 �����	 ��� �� ,� �����)	�� �� ������ ��

��	�&�	�� �	��%�	  ������ �� �������� �	��	���

-�	���	 �	��	� 	�����	 ��� �, �	��, ��� ��!���� �,� �������*$� �� ��

�����)����	� �� ���!��� �� �	���	�� ������	���	��� �� ���$�	�	� �����

 ������ ��� ������ ��	��#	� ��� 	�%��� ���	� ������ �������� ��()	�����

.�� ��!����� �������*$�� ����� &�� ���/

• -����)����	� �� ���!��� �� ������� �� � ��� 	 ��	�%�� �� ���)�����

�� �	0�� �� ���(��	 � ����	��	� ����	 �	�	��	 �������	�	  �	 ��)	

���!���� �����	�

• -����)����	� �� ���!��� �� ������� �� � ��� 	 ��	�%�� �� ��� ����(�'

��� ��$���� 	 �	����� �� ���  	 �	����� ����$�%&�� �� ���)����� �� �	

���(��	 � ����	��	� ����	 �	�	��	 �������	�	�

• -����)����	� ��	 ��	 1�� ��� �	 ��������	�� �� ��� ������� 	���'

���� �� ��	 ����� �� 	�$	��� ��� �$� 	���	��� �� ��	���)�� �	��

���)���$	���

2�	������ ��� ��!����� �����	�� 	���������� �������	� 	)	��	� ��

���!��� ����*���� �� ����	��� �������*$����� ��� ������� 	 ������	��/

• .� ���)�� �� 	�$���� ��� ������ �� �	��� ����� ��� �� 	 .����	

��	�� ����� 	�� �� ��� 	�$����	�% �������	������� �	 �%���$	 ���
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• �� �����	 �� 
������ � �����	 ��� ���������� �� ��� ����� �� ����

������� �� ��	 ���� �� ��!������������ �� ������ ��������"
�#����

• �� ��
���� $���� �� �����	 ����������� � ��� �� �%���	 �� �����

#�� �� ���������� �� �� ���������� �� �� ���� ���&� ������� � �������

��� �����	
��	�� �� �� ��	

'� ����������� ������� �%�#����� ���� (������� �� ���	 )*+*	 ���������, ���

����� ��� ��������� �����
��� � ����� �� �� �������$���� �����-����� �� ���

����� �� ���������� �� �� � .) � ��� �%�����	 ��� � �%��& )**/ � �� ����

��!����� ������ �%��& )*+/� 0 �1�	 ����1 �� ������$� �� ������ #�� �����

#��������� #���� ��� ���� ���������� � ���������� �������� �� �%��& )*+/

��� ��
��� � ������ �� �� ���� �� ����� ������� �#����� #�� 2� ��� ��
�� �

������ �� ������� ����
�����	 ���� ��� �%����������� �� �� ������� � �%��
�

���� ��� ������ �%2���������

'� ��
��� ����������� �%�#����� ���� (3���� �� ���	 )**4, ������� ��� �����
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)��	� �� + � � ���� �� ����� �� ��� �	���� �� ��� ������, �� &-�.#

� �� &-�.+ %)����� �� ���� #''/(� "� �� ���� 0��� �� ������ ���� �����
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����	� �	������� ����=��� ����	����� �� ��
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#��� �� ��� �������� �� ���	� ������� �� ��� �� ������$� �� %& ���	������	

� �	���'��� (� ������� ��� � ������ 	� �����	���� ��� %&
 )��� 	�� ����$��'��

��� �	� ������� �	����� ����� �� ��� ����		 �� �������	����� ��� �� ��� ��$*

������� �� �	 ��� ��� �!��	����� �� ����	
	�	
 #��� ������ �� ���$���� ��

����$��'�� ��� � ����� ��+��� �� , ���� (� �!��� ���	���� ����������	�


-� ���� 	�� ����� ��� "�� ��$���� ���$����� �� ������$� �� %& ����� ���

�������. ����� �	 �, � �	 � / �� �	 ���� �� ����� ��� ������� ��	�	��� ��������

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


1� "�� ����( �	$��� ������� ��� ��������� ��� 	� ����$��'� ���	��2���

�� ����� �� �(� �� 3 ���� ��� ��������� �	 ���� �� ���� ��� %&
 #��4 ������

��� ���	���� �� ���� ��� ��� �	 ������ ������ �� 	�� ����� +���� ������� � �����

��+�� ��������� ������ ��� ��5�6���� ��� 	�� ����$��'�� �� �������� �����

���$��� ��� 	�������. ��+�� ��� � ������$�� ������ �����	 �������� �� 	!��4��	
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 	 ������ ����		 �� ��������. ��� �	 %&� �� ��� ������ "� ����� ���$�����*

���� ���	�� �	 ����������� 	� ��"���	�����. � �	 ������	 ��	 ��	��
 0����� ���

��$�� ������	�� 	� �����$�� (� 	� ������� 	���� �� ���������� ��� � ���	����	

���� ���$��������� ��� �� %&
 7!�������. ��� ��������� �� �	������ �	 ��*

��� 8������������9� � �	 ��� ������ 8�����������9 � ����( �� �	$��� �����

�	������ �	� $��$	�� 	�������� �� 	!����		�
 #	��"����� �������� �� 	!������ ��

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

�������������� �������. � ������� "������	� ��� 	!��+����� �!������ ��� �	

������ �� ����� � �������	����
 #������ ����������� �� �������� ��� � ��+�*
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�	�	��� 	��	���	 	�� �����	��	 E[cit] = λitnit = θit� �����	��� ������ ���

�	 ����	�� 	 ��� �� �� ������� ������� �� �� �	��� � 	� �� 	��	���� !�����	

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

��� ��� ���� �� ���	 ���	������ ��� �������# �	�	�����$	� �	 ��������

�� ����	���	� ��� ������ �� �	��� ��%��� ���� �� &����� �����������

'(�����) 	�� �	
� *+,-.� �	� ��� ��%�� /

cit ∼ P(θit = λitnit) �0�*�

1	 ���2��	 ������	�	 ��� �� %��� �3��	� ���	�� �� ������� ��	�������

Mit� �� ����� �3����	��� ��� ��� �� �#���� λit� �� ��� �� ��� �����	� Mit =

λ̂it� 4��  	 �� 	�����	 ����	���	� �� ����� ��� ��������	��� ��� ��� ����

�� ���	 ��������%�� ����� ��� �	�	���� ��� �� �#���� �	 �������� ��

�������� ��� �� �	%�������� � ����� ��� �� ���� �� ����� �� ���� ����	�

�3	�����	 5���	� �� ����� �� ��� �	 �� �3���2��	 � ����	��	�� ��� ��

������ �� �	��� ������� � ����� ��� �	�	 *66�666 �	��	���� ��� �������

��� rit = Mit·100000 = cit

nit
·100000� ! �	 ��#���	� ������	 ��������� ���	� ��

����	��� �� �	 �	 	 ��� 5	� ��5��2��	 	 ���	 �	 ����	��� ��������������

��� %��� �3��	�� ��� �� �����	 ��������� ��� rt  ��� �3���� 	%��%	�� ��

������ �� �	���  �� �������� 	 ��� ���� %����� !�����	 �	 	 �� ���� 

�	���	����� ��� 	 ���� ���� � ���� �����  �� �	����	 �	� ��� ��%�� /

rt =

∑I
i=1 cit∑I
i=1 nit

· 100000 �0�7�

1�� �	 �� �3���2��	 � ����	��	� ����� ��� ����� ��� ���	���� ����	8

���	�� �	���	����� ����	�� �� ��������%	 ��� 	 	�	��	� �3�������  �#�8

��%	 �3��	 �	�	��	 �� ��	 ����	��� 4	��	�� � ����� �� ����"	 ����	�	�

��� �	 �� �� �5������ ��%���� %����� 	�
�� ����� 	������ 9� 	������ �	����

�3�5���� �� �3��	� ����	 ������	� �	 ����	�	�� '9����� �� 	��� *++:.� "	 ���

�5������ ����	���� � %���� ����� ���� ���� ����������� �� %���� �3��	�

���� �5�����	��� � ��� �	��� ������	� �5��2���� ����� ��� �	 ��� &�� � ��8
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(
cit|θ̂it

)]
+ 
i

[
���

(
cit|θ̂it

)]
��	�� 

�� ���i � 
i ������� �� !���"���� � �������#� �������� � �� ������$���% �� θ̂it�

������ �� ������% ��������� ��� �&�'������ ��� ()$�� �����	 *+��������%

�� ,������ ���$- ������ �$������

���(cit) = ���
(
θ̂it

)
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(
θ̂it

)
��	�. 

,�� �� ���$�� ����� �� ������ ct =
∑I

i=1 cit �����

���(ct) =
I∑

i=1

���(cit) +
∑ ∑

i�=j
��!(cit, cjt) ��	�� 

�� ����� ��������� �� ��!���"���� �� �� /���� ��0����

��!(cit, cjt) = 
ij

[
��!(cit, cjt|θ̂it, θ̂jt)

]
+ ��!ij

[

(cit|θ̂it, θ̂jt),
(cjt|θ̂it, θ̂jt)

]
��	�� 

�� 
ij � ��!ij ������� �+�������#� � ��!���"����� ��������!������ ��� 1��

/� � �� ������$���% ���2���� �� θ̂it � θ̂jt	 
� ������ ����� -� 3��� ���� �

�� ��������% �+��������4���� �� ��� �$���!������ ������$�5��� ����� ���

,������� ������ ��� ��������

��!(cit, cjt|θ̂it = θit, θ̂jt = θjt) = 0 ��	�6 

(+�1����� /�����

��!(cit, cjt) = ��!(θ̂it, θ̂jt) ��	�� 
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���(ct) =
I∑

i=1

���(cit) +
∑ ∑
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&	� �� �� 	� ���	�� 	
�	�$1� �	�� +���
  	 �� ������ 	
 �� 	� ����#����

�	
 ���������
 ���(θ̂it) � ���(θ̂it, θ̂jt)�  ���
 �	���� 	� �����	 ��	 θ̂it = nit(α̂i+

β̂it)� ���	���

���(θ̂it) = n2
it

[
���(α̂i) + t2���(β̂i) + 2t���(α̂i, β̂i)

]
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�̂��(θ̂it) ≈ (∂θ̂it/∂α̂i)
2�̂��(α̂i)+(∂θ̂it/∂β̂)2�̂��(β̂)+2(∂θ̂it/∂α̂i)(∂θ̂it/∂β̂)�̂��(α̂i, β̂)

= θ̂2
it

[
�̂��(α̂i) + t2�̂��(β̂) + 2t�̂��(α̂i, β̂)

]
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+(∂θ̂jt/∂α̂j)(∂θ̂jt/∂β̂)�̂��(α̂j, β̂) + (∂θ̂it/∂β̂)(∂θ̂jt/∂β̂)�̂��(β̂)

= θ̂itθ̂jt

[
�̂��(α̂i, α̂j) + t�̂��(α̂i, β̂) + t�̂��(α̂j, β̂) + t2�̂��(β̂)

]
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+�

��

η̂it = α̂i + β̂it ��	
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���� �� ��� ����� � ��
�� ������ �	��������	� ����� �������� ���

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

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

�������� ��� ��  ��� ��!���� "���� #�$ � ���� #�%& �� ��'���� �� ������

�����	��	 	�� ��	�(	���� �� �� ���������� ��� �� ��������	�� �������� �	)�*

�� ���� ���� �� ��	�� �+� '����� ,� ������ ��� �������� �� ��� �� -�	�
	���

�� �����	�� 	 ����� �� ����������	� �	�� ��� $�./� �����0�������	� ���*

	������� � �� ���
 ���	�������	� �	)�� ��� �� �����	��� ���	�������� ��

�� ���������� �	 ��� ��	�� �+� '���� "�� .1 � #2 �	��&� �	 �� ����������	�

�	�� +� ��� #/� ��	������ �����	�� ����+ 	 ����� �	
��� �� �� -�	�
	*

���� !	 �� ��� ��  ������ �� ����� �� �� ���������� ��� �� +� ������� �

���������� �	 �� 3��	� 4	��� �	 �� ��� ��	������ 	 �����	� �����0�������	�

���	������ ��� � ���� ��� ���� ������� ����	� ����� ��'�� ��� ��� ��	�� �+�

'���� "�	��� �� %/ � �� .�#/&� 5�� �� 6� � 7���	��� �� ����� ������� +� ��������

�	���� �� �� ����������	� +� ����+ ���	������ �	 �� ��� ������ �	�������

8 9(��� �� ��� ������ �� ��� ����� �� ���������� ��� �� ����	 ���������:��

�	 ��� ������� $; �	�� "���� #�%&� -�	����	�� � 7��
	��� ��������� 	 �����

�� �����	� �� �� ���������� ��	�����	�� �	 �� ��� ���� �� ��	�� �+� '����

��	�	 	 85� �+� ���������� �	���� �� �	 ����� ��� �����	��	 	� �������

�	 ������ �������� ��������� ��� � �� 	� ��	 �����0�������	� ���	��������

���� � �� ���� ������ �� �� �������� ��� ��0��

5�� �� 6� ��� ������ �� ��!���� �� ��<��� "���� #�% � ���� #�.& ���������

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

����	� �� ����������	� �� �� ���������� ��'�� �	 ��� ��	�� �+� '����� !	

������ ������ ����+ ���������� �� 6���� ��	����� �� �� �����	��� �� ���

����� �� ���������� �6���� �������� ��� ���� �� ��	�� ��� ���� �	����(���

� ����� +� � ���� 	� ��������� �����������:���� ��������� �	 ��� ������ 	=������

8���� +� �� ��� ��8����	��� �� �����	�� 	 ����������	� �� �� ����������

��� �� �����0�������	� ���	������ ��� � ���� ��� ���� ������ � �� +� ������

��'�� ��� � ��� ��	�� �+� '����� �� 6���� ������� �� ����	 ������ ��� 9�����

>#



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

��� � ��� 	� 
! �� �� �����"����� ��� �	 ���� #� #���� ��$��� #� %& ��'��

��#����� ��� ������	��(���� #� 	� �����	���� ��� ������ ����� )������� �����

��� �	� ��	��� #� 	� 
! ��� ������	����� ��$��� ��� ��� �	� ������ �*�#����

��� �� �	 ��� #� 	�� #���� ����� +, � -. ��'� �����/����� �� 	�� ��� �� ���

��������� �� #����������� ����	 #�	 ,�,0� 1� ������	� ��������� ��� ��� �

	�� #���� #� ��� #� +, ��'� 	� �����	���� ��� !2 #������ ����� �	 3�340 #�

������ � �	 5�,+0 #�	� 
����� ������ 1	 ��� #� 6�������� �������� �� �����

#� 	� �����	���� ����	�� ��� � ��� �� �� ����#/��������� �����"������

1� �	� ������ #� 	�1����� #�	 7�# 8���	� -�+ � "���� -�-9 ��������� ��

�	 ��� #�1����'�� :�;	�� � 
������	 �� ����� ����	�� �	 #������ ��	� ������ #�

	�1����� #� 	�)���� ���������� �� #������ #� 	� �����	���� ��� !2 ����#/���<

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

� �����'�	�� ����� ������������ �� #������ ����	 #� 	� �����	���� �	 ��	����

#�	 50� ������ ������ #�������� �������� �� 	�� #���� ��$����  ��/ #�����

��� � 	�� #���� ���	����� � �����'�	�� #� +, � -. ��'� �	 #����������� >�� #�	

30� �� 	�� #� ,& � ?. ��'� #�	 5<5�,0 � ��� 	�� #� ��� #� %& ��'� �����; �	

+0� �������<�� �	� #������ #�� ����� ������� � ������ ��� 7����� � �	� 
�����

������ 1�	������ ������ ��� @� @� �� #�������� #� 	� �����	���� ����	

#�	 ?�5?0 ��� � 	�� #���� ����� +, � -. ��'�� ��A���� �� �	 #������ �	���	�

��� ����� �� ����#/��������� �����"������ !�	 �������� =����� ��	 ������<

������ >���� �������	�� � #�>�������� #� 	� ����� #� ������ #� 	� ���� ;����

1����� ��� @� @� ��� ������	��(���� �	���	 #� 	� �����	���� ��� !2� �����

�� �������� �� #�������� #�	 5�540 ��� 	�� #� #���� ��� $����� �	@��� ���

��������� �� ������� ����	 #�	 5�430 ��� � 	�� #���� ��$��� #� %& ��'��

������ ���#��� ����#/��������� �����"�������� ����	����� �� �	 ��� #� 2�	��

��������� ����� �� #�������� ������	 #� 	� �����	���� ��� !2 ��� � ��� ��	

����� ������� ��� �� ������ #��� ��/� ��� ��	� ���� @�������� �������� ���

	� ����� � ���* ��� ��A��� �� 	� �������	���� #� 	�� ������

1� �	� ������ #�	�1����� !�����	 � #� 	�1�� 8���	�� -�- � -�, � "���� -�,9

��������� �� ����� #� 	� �����	���� ��� !2 �	������� #�>�������� � 	� ����� #�

%,
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����� ��� � ��� �� � �� ������ �� ��������� �������� ���� ����

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

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

����� �	��� ���  ����� ������� ���!� �� ��������� ��� ����� �	������

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

$����� �� ��� ����� �� � �� ���� % &���� �	������ �� ������� ���

�� � �������� ��� �� ��� '�()*� ������ ��� ��� � ���� �� ����� �����

+, � -) � ���  ��� � ��� �� ., �/� � �������� � �������  �� �����

��� 0�1+* � ,�))* �������������� ������ ����#�������� �����$������� 
�

� 2������3 4��� �� �������� �� ������������ �� � �������� ��� ��

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

�� 0 � �� 0�+* ���  ��� ����� � ��� �� +, �/�� 5���� ��� 4���� � 6��!�

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

�� +, �/�� ��� � ��� ���� �	������ �� ������� �����$���� ��� ��� �����

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

�� ������ ��� ����� �	��� �� ������ �� �����������3 �� � ���������

7����� ������� �� ���$� ������ � �	
���/� �� �� � �� ������� ������

�� � ��������� ���! ������ ��� �������� �� ��� ����� ���  ����� 8���9���


����9���� 
��!��� 6���9�� � � 4��:���� ���� ���� �� �������� �� ��

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

������� 2�������� ��� �������� ��������� ���  5��!�� �������� ��� �� �

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

������ ��� ���  8������:��� �	������ �� ����"��� �����  � ���������3

�� � �������� ��� � ��� ���  �� ���� �	��� �	�������� ��;��"����� ������

$������� ��������� ��� � ��� �� ������3 ����� ����� ��<��� �� ������

���������

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


���� ����

6 ��� (�- ����� ��� ��������� ��� ��� ;  � ����� �	 ���� ���� ����

������ =�%%5� %%%5 � �%5> ��� ���  ���� ���  ������ ���� 1'

.-
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�� ���� � ���� ��������� �� ����� 	��� �� ��� ����� �����!�

������ ��"
 ���� �������� � ���������� �� ����� � ���� � �������� �
��#�� � ���� ��������� �� ����� 	��� �� ��� ����� �����!�

$$
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��� ������� �� ���������� ��� ������ �� ���� � ��������
��� ��� � ���� ���������� ��� ����� ���� ��� ��� ���� ������!�

��"�� �� �#���� ����� � ����� ������$��� �� �� χ2 �� %����� �� ����

�� ���&����� ����������� � �� �'(���� ������ �� )��*��� ������ #�� �� �����

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

������ #��� )� ���� �� ����� ������� ��� � ���� ��$� .��#���� /���� 

��� � �� ��� -� ��"� � (� ������� �� ����� ��& �� ���� �������&�� 

�� #�� �������(�� �� �'(���� ������� � � �� #�� �������� ����� ��� �

����� �� )��*��� ������ #�� �� ����� ����� �0��������� &+ �� ����� ��

���(� ��� � �� ��"� �� � (� ���&�� ��� ����� #�� ������+ �� ����

�������&��� .��#���� /���� �� �#��� �� ��"� ������ � (� ������ ��

���&�� ����� ��� ���$��� ������ 0� �&����� �� �'(���� ������� � � ��

1����� ��2!� 3#���� ����������� (� �������� ���&��� �� ����� �������&��

��� � �� ��� �� ��"� ������� 3 4������� �� � (� ���&��� �� ����� #��

����+ /�� ����&�"&�� � �� #������� �� �� ���� � �� ���� ������ �� �� ��&����,

���#��� ��$ ������ ��� ����� ������ ��� ������ � ���� %�� �� ���� ��

��"� �� ���$��� ������ (� �������� �� �� �� 5 6 , 2 ��� �������(�����
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 ������������ �� �� ��� ���������� � ���� ������� � �� ���
���������� � ������� ���������� ����� � �������� �� ��������� �� �� �������
���� �� ������ �� ���� �  ���!� ����! "#	� ������� ����! "##�

$� ������������ ���%����� ���� ��&� ������'�� ���(��)��� �� ���������� ��

���������� *+* �, �� ���, ��������'� �� ���-���� �� $���. ����� �� ��� ���.��

����� ��� �������� �� � ��������� �/-������� $� ����� ��" ������ �������)�

������� ���%����� ���� 0��� 1���������, ��� ����� ���� ������������ �� ����

�������, �2 ������ �� ��.�� �� ��.� � �2 ���������� ����������� ��� ������

 � %�����-�� ���, ��� ������� �� ������ ��� ��.�� ��� %�� �� � ��������� �

�� ����2 � �� ��� ��)������ �, �� ��� ������ ������� ������� ��� ���%�����

���� ��� ���� ������/���� � ����������� 3� �� ������� �%����� ����,

������� ������� ��� ����� 0�� ��� ��� ����� ���������, ��� ��������� ��

��������� � ����2 ��� ������������ ������ �, ��������������, ��������. ������

�� ����������� ��� ��������� ����� �� ��.�� �� ���� ��	�
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Abstract
Background: Analysing the observed differences for incidence or mortality of a particular disease
between two different situations (such as time points, geographical areas, gender or other social
characteristics) can be useful both for scientific or administrative purposes. From an
epidemiological and public health point of view, it is of great interest to assess the effect of
demographic factors in these observed differences in order to elucidate the effect of the risk of
developing a disease or dying from it. The method proposed by Bashir and Estève, which splits the
observed variation into three components: risk, population structure and population size is a
common choice at practice.

Results: A web-based application, called RiskDiff has been implemented (available at http://
rht.iconcologia.net/riskdiff.htm), to perform this kind of statistical analyses, providing text and
graphical summaries. Code from the implemented functions in R is also provided. An application
to cancer mortality data from Catalonia is used for illustration.

Conclusions: Combining epidemiological with demographical factors is crucial for analysing
incidence or mortality from a disease, especially if the population pyramids show substantial
differences. The tool implemented may serve to promote and divulgate the use of this method to
give advice for epidemiologic interpretation and decision making in public health.

Background
The analysis of the observed differences in the incidence
or mortality of a given disease can be of great interest both
for scientific and administrative purposes [1]. Studies fre-
quently focus on comparing the number of incident or
deceased cases in two given situations, with the aim of

quantifying the differences observed, for further epidemi-
ological interpretations and to give advice for decision
making in public health. In this situation, time trends are
usually performed to study the historical evolution of risk
and to assess the occurrence of a disease in a certain period
of time [2], such as comparing two different time points,
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in a simple trend analysis. In the same line, geographical
variation of risk of a disease can be evaluated by compar-
ing incidence or mortality rates between two areas. These
comparisons are usually reported with the absolute differ-
ence in the observed number of cases (incidents or
deaths) or by using the difference in the crude rates (usu-
ally per 100 000 persons), and sometimes the percentage
of change is also computed [3]. Although crude rates can
be used to compare different diseases in the same popula-
tion, they are not useful for comparing rates of the same
disease in different populations or over time [4]. To over-
come this, standardized measures of risk are used to com-
pare the evolution of risk [2], using a common reference
population (the world standard population is a common
choice [5,6]), and, the percentage of change of the disease
is then computed [1]. However, these changes could be
partially attributed to the effect of demographic factors
and not only to risk, especially if the population pyramids
involved in the two situations show substantial differ-
ences. A variation of the population size over time could
explain variation of the number of cases, due to the con-
sequent increment (or decrement) of persons at risk to
develop or die from a certain disease. In addition, changes
in the age structure between the populations involved
could also lead to substantial changes in the number of
cases. Regarding to this, in a number of diseases such as
cancer, ageing is known to be clearly associated with
molecular, cellular and physiological changes that influ-
ence carcinogenesis and subsequent cancer growth [7],
and, therefore, an increase of cases among the oldest age-
groups is expected [8]. In addition, another situation can
arise when migration flows lead to changes in the popula-
tion structure. For example, recently an increase of mea-
sles cases in Catalonia was reported, which has been
partially attributed to immigration coming from undevel-
oped countries with poor measles vaccination coverage
[9].

Bashir and Estève developed a method for partitioning the
variation in the incidence or mortality from a disease
between two groups, quantifying the percentage of change
attributable to demographic factors (population size and
structure) with respect to that which could be attributed to
changes in the risk of developing or dying from a particu-
lar disease [10]. The method is based on the idea of first
computing the incidence or mortality that one would
have observed if the population size and structure were
the same for both groups, and secondly attributing this
difference with respect to the net change to demographic
factors. In addition, the change attributed to demographic
factors can then itself be split into that due to variation in
population size and that due to changes in the population
structure [10]. Thus, this method can evaluate differences
in mortality (or incidence) data due to risk and demo-
graphic factors, which is not possible directly using stand-

ardized mortality (or incidence) data, since the reference
population is a common standard and differences could
only be attributed to risk.

The main aim of this paper is to present a set of functions
in R code [11], that we have implemented, based on the
method proposed by Bashir and Estève. These functions
also provide convenient tables and graphical representa-
tions. In order to make these functions more widely avail-
able, we have implemented a web tool, called RiskDiff
(publicly available at http://rht.iconcologia.net/risk
diff.htm) where the users can easily perform their analy-
sis. Code for R functions is also freely available on the
same web page.

Finally, to illustrate the use of this web tool, we analyse
the differences in the number of deceased individuals
from cancer in Catalonia in 1985 with respect to 2004,
through a long period of 20 years, which is quite relevant
from an epidemiological point of view.

Implementation
The functions implemented in R are based on the method
presented in the article by Bashir and Estève [10]. This
method assumes two groups: the baseline (or reference)
group and the comparison group. Number of incident or
death cases are given for both groups, aggregated by age-
groups (usually 5-years groups). The observed difference
in the total number of cases or deaths between both
groups can then be split into three components: cases due
to changes in population size, cases due to changes in
population structure (age distribution) and, for last, cases
attributable to changes on the risk to develop or die due
to the disease itself. Crude rates (per 100 000 people) have
to be first computed, and then, the difference in the crude
rates from both groups have to be partitioned in those due
to risk and those due to population structure, using the
following formula [10]:

Where S1 and S2 are the crude rates (per 100 000 people)

for the baseline and comparison group respectively and S1

is an intermediate rate obtained for the baseline group but
using the comparison group as reference population.

Thus,  represents the proportional change between

the observed rates in two groups, which is then parti-
tioned in the proportional change due to population

structure  and the proportional change due to

differences in risk .
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Two functions have been implemented in R [11]. The first
one, risk.diff() needs four parameters called
cases.init, cases.end, pop.init and pop.end
which are vectors of the same length that contain the
number of cases (or deaths) and the population for the
two groups, for each age-group. As a result this function
provides two tables that summarize the difference
observed between the groups involved and a short text to
facilitate interpretation. The second one,
plot.risk.diff(), generates a graphical representa-
tion from the obtained results. These functions are availa-
ble as a source text file and some examples of use are also
provided. The implementation of these functions in a web
interface has been made using PHP programming lan-
guage [12]. Functions are executed on a remote Linux
server, and results are provided on-line.

For the example illustrated in this paper, we have used
cancer mortality data for the period 1985-2004 provided
from the Catalan Mortality Registry. In 1985, the Catalan
population was about 6 million people and near to 7 mil-
lion in 2004. Population pyramids have been provided by
the Catalan Statistical Institute [13]. The number of cancer
deaths and the population at risk have been grouped in 5-
year age bands. Registered deaths from all cancer location
sites are included except those from non-skin melanoma
(C44 as coded by ICD-10 [14]).

Results
The number of cancer deaths observed for both sexes in
Catalonia in 1985 and 2004, and the respective Catalan
population pyramids for these years are shown in tables 1
and 2. To perform the analyses with RiskDiff the user
must provide four vectors with the same size containing
the number of observed cases or deaths and the popula-
tion in the both situations, i.e. baseline and comparison
groups, for each age group. For our example mortality
data from years 1985 and 2004 will be the baseline and
comparison groups, respectively. Data can be plugged
into RiskDiff in two ways: (1) using a tab-separated text
file with 4 rows, one for each vector, with a similar struc-
ture as the one shown in table 1 and 2 or (2) directly typ-
ing the data into the web interface separately for each
vector. Group labels can also be introduced in order to
identify the groups. RiskDiff then produces a web page
with summary tables, graphical representations and a
short paragraph of text to facilitate the interpretation of
the results. The results obtained when analysing mortality
data from tables 1 and 2 are shown in figures 1 and 2
respectively.

Regarding the changes in the observed cancer mortality in
Catalonia, a relatively high increment of both the number
of deaths and crude rate is observed through the period
1985 to 2004. However, more thorough analysis reveals

that the risk of dying from cancer has experienced a clear
decline. More precisely, for women, the net change in the
crude rate was 17 deaths per 100 000 person-years (from
151 to 168), representing an increment of 11.02%. How-
ever, our results indicate a decrease of 31.55 deaths per
100 000 person-years (21%) attributable to changes in
risk while an increment of 48.19 deaths per 100 000 per-
son-years (32%) was due to changes in population struc-
ture, i.e. ageing of the Catalan population. In terms of the
absolute number of deaths, the net change was of 1088
deaths (from 4629 to 5717), representing an increment of
23.5%. In the same line, this can be partitioned into that
due to an increase of the population size (577.67 deaths,
12%), that due to the ageing of the population (1477.41
deaths, 32% ) and that due to risk, which represent a dec-
rement of 967.08 deaths (21%). Analogously, for men the
net change in the crude rate was 63 deaths per 100 000
person-years (from 225 to 288), representing an incre-
ment of 27.8%. Similar to that of women, a decrement of
8.77 deaths per 100 000 person-years (4%) was attributa-
ble to changes in risk while an increment of 71.44 deaths
per 100 000 person-years (32%) was due to changes in
population structure. In terms of the absolute number of
deaths, the net change was 2918 deaths (from 6632 to
9550), representing an increment of 44%. Once again,
this can be partitioned into that due to an increase of the
population size (1073.32 deaths, 16%), that due to the
ageing of the population (2102.76 deaths, 32% ) and that
due to risk, which represents a decrement of 258.09
deaths (4%).

As stated by the authors of the method, sometimes look-
ing at two points may not be useful or may not paint a
clear picture of what is actually happening [10], and they
suggest that multiple comparisons can be adequate for
this purpose. In these cases, one baseline group could be
used, along with a set of comparison groups. This would
be the case of analysing the incidence or mortality of a dis-
ease for a number of consecutive years. Even though this
is not explicitly considered in RiskDiff, this analysis could
actually be done by directly using the functions in R code.
To illustrate this, Figure 3 shows the evolution of the per-
cent change in terms of crude rate for the years 1986 to
2004, with respect to the baseline year 1985 (R code from
this analysis is available at the web page). These results
show that the real decline of the risk of dying from cancer
in Catalonia started in mid 80s for women and early 90s
for men. However, analysing the evolution of the net
change in the crude rate, which is analogous to analyzing
the evolution of the crude rate itself, indicates erroneously
that mortality started to decline in posterior years and, in
addition, this decline is much more clear than the one
observed for the decline in the risk itself. In addition to
this, these results could also give some clues for quantify-
ing the effect of migration flows and ageing in Catalonia
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Results obtained with RiskDiff to evaluate the change in the observed mortality for years 1985 respect to 2004, in women from CataloniaFigure 1
Results obtained with RiskDiff to evaluate the change in the observed mortality for years 1985 respect to 2004, 
in women from Catalonia.

RiskDiff Results

Summary table

group cases population crude.rate 

CancerWomenDeaths1985 4629 3065733 150.99

CancerWomenDeaths2004 5717 3410329 167.64 

Results table

Change in Crude rate % Number % 

Risk -31.55 -20.89 -967.09 -20.89

Structure 48.19 31.92 1477.41 31.92

Size NA NA 577.67 12.48

Net change 16.65 11.02 1088.00 23.50 

4629 total cases observed in CancerWomenDeaths1985 and 5717 in CancerWomenDeaths2004,
representing a crude rate of 151 and 168 cases per 100000 persons respectively.  The net change in
terms of crude rate is 16.65 cases per 100000 persons (11.02%), which can be partitioned into -31.55
cases (-20.89%) due to a decrement of the risk and 48.19 cases (31.92%) due to changes in the
population structure.  The net change in terms of total number of cases is 1088 cases (23.5%), which
can be partitioned into -967.09 cases (-20.89%) due to a decrement of the risk, 1477.41 (31.92%) due
to changes in the population structure and 577.67 cases (12.48%) due to an increment of the
population size.
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Results obtained with RiskDiff to evaluate the change in the observed mortality for years 1985 respect to 2004, in men from CataloniaFigure 2
Results obtained with RiskDiff to evaluate the change in the observed mortality for years 1985 respect to 2004, 
in men from Catalonia.

RiskDiff Results

Summary table

group cases population crude.rate 

CancerMenDeaths1985 6632 2943372 225.32

CancerMenDeaths2004 9550 3316066 287.99 

Results table

Change in Crude rate % Number % 

Risk -8.77 -3.89 -258.09 -3.89

Structure 71.44 31.71 2102.77 31.71

Size NA NA 1073.33 16.18

Net change 62.67 27.81 2918.00 44.00 

6632 total cases observed in CancerMenDeaths1985 and 9550 in CancerMenDeaths2004, representing
a crude rate of 225 and 288 cases per 100000 persons respectively.  The net change in terms of crude
rate is 62.67 cases per 100000 persons (27.81%), which can be partitioned into -8.77 cases (-3.89%)
due to a decrement of the risk and 71.44 cases (31.71%) due to changes in the population structure. 
The net change in terms of total number of cases is 2918 cases (44%), which can be partitioned into
-258.09 cases (-3.89%) due to a decrement of the risk, 2102.77 (31.71%) due to changes in the
population structure and 1073.33 cases (16.18%) due to an increment of the population size.
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on the future mortality of cancer [15], which can be useful
for decision making in public health.

Discussion and conclusions
Evaluating the differences in the incidence or mortality of
a disease in two given situations (such as time points, geo-
graphical areas or males versus females) without adjusting
by the populations at risk involved, could lead to incorrect
results [10]. Thus, it is necessary to take into account
demographic factors, i.e. population size and population
structure, in order to more precisely attribute which part
of the observed changes is due to risk. The method pre-
sented by Bashir < Estève [10] is a good solution and a
common choice at practice. This work presents a publicly
available web tool that performs this analysis and pro-
vides graphical summaries and tables, with the intention
of contributing to the divulgation of the method and to
promote its use in epidemiology and public health sci-
ences, which may contribute to its use at an applied level.

The results obtained from the analysis of the Catalan can-
cer mortality are useful to illustrate the method and its
application. Thus, these results give an appropriate exam-
ple that supports the importance of taking into account
the changes in the population, since a simple analysis
would have concluded that there was an increment in the
mortality for cancer in Catalonia of 23% for women and
44% for men throughout the 20 year period analysed
(1985 to 2004), however by using this method it can be
stated that, actually the risk of dying from cancer has been
reduced by 20% for women and 4% for men, and the
major reasons for the apparent net increment was the
increase of the population size (12% for women and 16%
for men) and ageing of society (32% for both women and
men). Thus, the use of this method is highly recom-
mended when comparing data from heterogeneous pop-
ulations, which is translated into large variability between
them. The effect of immigration on the assessment of risk
when comparing two time periods could be ascertained
through this method, as it is the case of Catalonia
[13,16,17]. Similar to other regions in Europe, the stated
decline of the mortality from cancer in Catalonia in this
period may be due to a number of factors such as
advances in cancer treatment and diagnostic techniques as
well as the decrease in the prevalence of smoking habits
[18], which is somewhat similar to other regions in
Europe[19].

Regarding statistical issues, the method developed by
Bashir < Estève [10] does not consider specific methods
for assessing whether the observed differences are signifi-
cant or not, so that it is unclear how this type of hypothe-
sis could be tested. Thus, RiskDiff has to be considered
just as a tool for describing mortality or incidence data. In
the case of a population-based register the differences

Table 1: Number of observed deaths from cancer (all sites 
except non-skin melanoma) and population for years 1985 and 
2004, for women in Catalonia.

Deaths Population (%)

Age in years 1985 2004 1985 2004

0-4 6 2 163597 (5.3%) 171047 (5.0%)
5-9 7 3 230080 (7.5%) 146822 (4.3%)

10-14 6 2 247955 (8.1%) 145507 (4.3%)
15-19 10 3 238448 (7.8%) 158541 (4.6%)
20-24 16 8 228928 (7.5%) 215665 (6.3%)
25-29 13 18 220139 (7.2%) 291501 (8.5%)
30-34 49 39 207732 (6.8%) 287951 (8.4%)
35-39 96 80 207676 (6.8%) 269903 (7.9%)
40-44 94 99 181344 (5.9%) 252005 (7.4%)
45-49 147 178 167197 (5.5%) 232065 (6.8%)
50-54 261 260 189080 (6.2%) 210241 (6.2%)
55-59 363 335 180805 (5.9%) 205309 (6.0%)
60-64 451 399 164187 (5.4%) 166926 (4.9%)
65-69 567 500 133730 (4.4%) 156719 (4.6%)
70-74 685 768 117116 (3.8%) 166723 (4.9%)
75-79 722 927 92075 (3.0%) 141981 (4.2%)
80-84 667 932 59506 (1.9%) 105100 (3.1%)
85+ 469 1164 36138 (1.2%) 86323 (2.5%)
Total 4629 5717 3065733 (100%) 3410329 (100%)

Table 2: Number of observed deaths from cancer (all sites 
except non-skin melanoma) and population for years 1985 and 
2004, for men in Catalonia.

Deaths Population (%)

Age in years 1985 2004 1985 2004

0-4 13 3 175499 (6.0%) 180877 (5.5%)
5-9 9 5 244280 (8.3%) 156506 (4.7%)

10-14 8 4 263451 (9.0%) 153960 (4.6%)
15-19 17 10 251663 (8.6%) 167438 (5.0%)
20-24 25 17 235813 (8.0%) 226394 (6.8%)
25-29 23 25 216962 (7.4%) 314418 (9.5%)
30-34 32 28 206881 (7.0%) 314187 (9.5%)
35-39 79 85 207612 (7.1%) 287527 (8.7%)
40-44 106 109 183591 (6.2%) 256270 (7.7%)
45-49 240 296 167220 (5.7%) 228945 (6.9%)
50-54 443 493 181749 (6.2%) 203690 (6.1%)
55-59 636 724 168626 (5.7%) 195976 (5.9%)
60-64 927 896 146463 (5.0%) 157911 (4.8%)
65-69 909 1204 103788 (3.5%) 138642 (4.2%)
70-74 1068 1527 82637 (2.8%) 134291 (4.0%)
75-79 1015 1670 58032 (2.0%) 100964 (3.0%)
80-84 706 1419 32430 (1.1%) 62208 (1.9%)
85+ 376 1035 16675 (0.6%) 35862 (1.1%)
Total 6632 9550 2943372 (100%) 3316066 (100%)
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observed can be considered as the true ones and, there-
fore, the differences described directly refer to the differ-
ences in the population. However, in the case of sampling
a general population, these differences have to be taken
with caution. In a future, a non parametric procedure,
such a bootstrap one, could be implemented to RiskDiff,
so that a confidence interval for the observed differences
could then be provided.

In conclusion, analysing incidence or mortality data with-
out taking into account demographic effects, can lead to
results that are not easily usable for policy making. In this
situation, data on the absolute number of cases and
demographic determinants is highly relevant for planning
purposes and for assessing future needs. This work sup-
ports the idea of combining epidemiology with demogra-
phy when performing statistical analysis on the incidence
or mortality from a disease, especially in dynamic popula-
tions that are affected also by other risk factors as well,
that may also vary across time, gender or geographic
regions.
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Evolution of the differences in cancer mortality in Catalonia from 1986 to 2004 respect the baseline year 1985Figure 3
Evolution of the differences in cancer mortality in Catalonia from 1986 to 2004 respect the baseline year 1985.
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Abstract 
The goal of this study is to assess the burden of breast cancer (BC) mortality in 

women older than 35 years of age between 2005 and 2015 in 32 European 

countries. Using the last 10 years of mortality data available in each country, 

short-term prediction methods have been used to compute the estimated 

annual percent change (EAPC) and the predictions of BC mortality rates. The 

difference in the number of deaths comparing 2005 with 2015 (net change) has 

been partitioned into three additive percentages: 1) population size, 2) age 

distribution (structure) and 3) BC risk of death by BC. A net change of 4.68% on 

the number of BC deaths in Europe comparing year 2005 (N=122,264) with 

year 2015 (N=127,983) is expected. This net change is partitioned into 5.28% 

due to population increase, 6.20% due to population ageing and -6.80% due to 

decrease of BC risk of death. BC mortality rates decreased in most European 

countries, although a significant rise was detected among women older than 70 

years in Greece (2.81%), Belarus (2.77%), Romania (1.81%), Russian 

Federation (1.31%) and Ukraine (0.99%) and among women aged 50-69 years 

in Russian Federation (0.97%), Ukraine (1.25%) and Latvia (1.92%). Risk of 

death from BC comparing years 2005 with 2015 is expected to rise only in 

Latvia (11.1%), Poland (2.89%), Ukraine (2.34%), Russian Federation (2.04%), 

Romania (0.64%) and Greece (18.99%). The rising BC risk of death in some 

Eastern European countries and Greece requires specific assessment of BC 

trends.  
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Introduction 

During 2006, breast cancer (BC) was the most common tumour related-death 

among European women. There were estimated 131,900 women who died from 

BC in Europe during this year(1). In 2002 the highest BC mortality rates were 

found in Western and Northern Europe whereas Eastern and Central European 

(ECE) countries  showed the lowest mortality rates(2-4).  

Changes in BC clinical management and implementation of screening occurred 

during mid 80s(5) have led to stage shift at presentation and towards a 

decreasing trend of BC mortality rates in Europe since the mid 90s(6). However, 

these BC mortality trends have not been homogeneous across European areas 

and they have been stable or upwards up to 2004 in most of the ECE 

countries(2, 3),(6). Since the interventions for the reduction of BC mortality has not 

been homogeneous between countries(7) is therefore of interest to consider the 

burden of BC mortality in Europe in the years to come.  

The aim of the present study is to quantify the burden of BC mortality in Europe 

for 2015 assessing the role of demographic factors for each country considered 

in the study.  

Methods 

Data 

Mortality data has been obtained from the World Health Organization database 
(8), available at the International Agency for Research on Cancer(9) web site 

(http://www-dep.iarc.fr/, last accessed November 2009), for European countries 

which had mortality data since 1990 onwards. Population data for the years 

analysed and for projections have been extracted from the Population Division 

web site of the United Nations, through the World Population Prospects: the 

2006 Revision(10) (http://esa.un.org/unpp/ last accessed November 2009). A 

total of 32 European countries were included at the time when the study was 

carried out. The last year with data available was 2007 for Romania; 2006 for 

Finland, Iceland, Ireland, United Kingdom (UK: England, Wales and Scotland), 

Austria, Germany, Switzerland, Greece, Slovenia, Latvia, Lithuania, Poland and 

Russian Federation; 2005 for Norway, Sweden, France, Luxembourg, The 
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Netherlands, Malta, Spain, Czech Republic, Estonia, Hungary, Slovakia and 

Ukraine; 2004 for Bulgaria; 2003 for Bulgaria, Italy and Portugal; 2001 for 

Denmark and 1997 for Belgium. European countries have been divided into four 

areas: Northern (NE), Western (WE), Southern (SE) and Eastern-Central 

(ECE). Data for 1996 in Belarus was estimated through interpolation. Countries 

with small populations, and  therefore, low number of BC deaths such as 

Iceland, Malta and Luxembourg, have been included in the analysis even that 

caution should be taken when interpreting their data due to estimates are based 

on small size populations. Both mortality and population data have been 

collected in a 5-year age group structure, for women aged 35 or older.  

Statistical analyses 

Age-adjusted rates (AAR) to the World Standard Population(11) and crude rates 

per 100,000 person-years for all ages and for three different age-groups: 35-49, 

50-69 and � 70 years of age were obtained. We have calculated the Estimated 

Annual Percent Change (EAPC) of these rates for the last 10 years of data 

available. Short-term prediction methods based on log-linear models(12),(13),(14)

have been used to obtain predictions for year 2015. 

A method described by Bashir an Estève(15) has been used to assess 

differences between the number of BC deceased cases projected for 2015 

respect to those observed in 2005. These differences could be attributable to 

changes in population size, changes in population structure (ageing), and/or 

changes of BC risk itself. This is achieved by partitioning the global net change 

between the crude BC mortality rates of the two time points into three percent 

changes: population size and structure, and risk of death from BC itself, 

therefore the sum of these changes is the percent net change in the number of 

cases comparing BC deaths in 2015 with those in 2005. Note that these 

changes should be interpreted with caution for Malta, Iceland and Luxembourg 

because instability in trends due to small population sizes.  

Equations related with these statistical methods are described in detail in the 

Appendix. There has been developed a set of macros on R (www.cran-r.org) 

and Stata (www.stata.com) format which can be obtained through previous e-

mail to the corresponding author.  
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Results 

The burden of BC mortality by European regions in 2015  (Table 1) 

A net change of 4.68% in the number of BC deaths in Europe comparing year 

2005 (N=122,264) with year 2015 (N=127,983) is expected based on projecting 

the most recent time trends of BC mortality. This net change is partitioned into 

5.28% due to population size, 6.20% due to population ageing and -6.80% due 

to risk of death by BC. This pattern could be also observed in the WE region 

(net change 3.38%: 4.83% size, 9.16% ageing and -10.61% due to BC risk of 

death, respectively) and in the SE region (net change 6.64%: 10.82% size, 

6.04% ageing and -7.37% due to BC risk of death, respectively). The decrease 

expected in the number of BC deceased cases in NE (-3.56%) could be due to 

a large decrease in 14% on the BC risk of death. An increase of BC deaths 

among women older than 50 years is predicted in the ECE and WE regions 

(Women 50-69: 15.62% in ECE and 3.02 in the WE countries; Women older 

than 70: 11.10% and 8.89%, respectively). Among women younger than 70, the 

number of BC deaths is expected to drop in NE (Women 35-49: -23.15%; 

Women 50-69: -5.55%) and SE (Women 35-49: -11.16%; Women 50-69: -

1.42%) countries, whereas a rise in the number of BC deaths is expected in 

women aged 70 and older in all areas.  

Trends assessment: EAPC based on the last 10 years with available data 

(Figure 1 and Table 2) 

A significant decrease of BC mortality rates (EAPC<0) was found among 

women older than 35 with the exception of Iceland, Sweden, Luxembourg, 

Greece, Belarus, Latvia, Poland, Romania, Russian Federation, Slovakia and 

Ukraine. BC mortality declined significantly in all age-groups separately in 

Norway, UK, Austria, Germany, Switzerland, The Netherlands, Italy and Spain, 

whereas in Denmark, Finland, Greece and Slovenia, these rates dropped only 

in women aged 35 to 49. BC mortality rates significantly rose among women 

aged 50 to 69 in Latvia (EAPC: 1.92%), Russian Federation (0.97%) and 

Ukraine (1.25%), whereas decreased or remained stable in the other countries.  

BC mortality rates also significantly rose among women older than 70 in Greece 
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(2.81%), Belarus (2.77%), Romania (1.81%), Russian Federation (1.31%) and 

Ukraine (0.99%).  

Changes of BC mortality in 2015 according to BC mortality rates in 2005  

(Table 2 and Figure 2)  

An increase in the number of BC deceased cases (positive percent net change) 

is expected for all European countries except Switzerland, Austria, Bulgaria, 

Estonia, Hungary, UK, Lithuania, The Netherlands, Norway, Belarus, Iceland 

and Malta. Greece showed the highest positive net change in Europe (44.39%) 

in terms of absolute number of cases (N 2005: 1,775 and N 2015: 2,563). In this 

line, comparing the number of BC deaths in Greece during 2015 according to 

BC deaths in 2005, BC mortality could increase 80.98% among women older 

than 70 years.  

An increase in population size as well as ageing of the population may lead to 

an expected increase in the number of BC deaths. In all countries, the expected 

increase in the number of cases could be partially due to i) increase in 

population size except for Estonia, Latvia and Ukraine, and to ii) ageing of the 

population except for Ireland. Germany and France, the countries that most 

contribute to the burden of BC mortality in Western Europe, showed a positive 

percent net change, 2.63% and 7.80%, respectively, mainly attributed to the 

effect of increase in population size (1.81% and 8.18%, respectively) and to the 

effect of population ageing (11.23% and 7.15%, respectively). In UK, the 

country which contributes the most to the NE burden of BC mortality, the 

dramatic drop in BC mortality observed during the last 10 years is expected to 

continue during period 2005-2015 leading to -5.61% net change in the number 

of BC deaths comparing years 2015 with 2005.  

Although BC risk of death decreased in most European countries, a rise of this 

risk is expected in some ECE countries and in Greece and Luxembourg. 

Greece showed the highest percent change due to increase in the BC risk of 

death itself (18.99%). The remaining countries with increase of BC risk of death 

itself were Latvia (11.17%), Poland (2.89%), Ukraine (2.34%), Luxembourg 

(2.32%), Russian Federation (2.04%) and Romania (0.64%).  
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Discussion 

Our study depicts a pattern of BC mortality rates for 2015, if most recent time 

trends remain unchanged since 2005 among the European countries 

considered, assessing how changes in demographic factors (population size or 

ageing) and in the risk of death from BC could affect to the future burden of BC 

mortality in Europe. This study is based on projecting future trends assuming 

that nothing drastic happens in factors such as occurrence or treatment which 

can be useful as future reference scenario for BC mortality. This is a major 

difference with a statistical modelling study, where variations of these and other 

factors are assessed through different statistical models in order to obtain 

different scenarios for the disease in study(16),(17).    

BC mortality burden in Europe points out an expected increase of 4.68% in the 

number of BC deaths in Europe when comparing predicted BC mortality in 2015 

with that of year 2005. In NE countries, the number of BC deaths is expected to 

decrease by 3.56% during the study period in parallel with the higher 

decreasing risk of death from BC attributable to factors other than demographic 

ones. However, in the remaining European areas the number of BC deaths is 

expected to increase. All countries showed a decrease in the number of cases 

among women younger than 50, whereas among women older than 50 years of 

age an increase is expected in ECE and in WE countries. Among women older 

than 70 the highest increase is expected in SE (20.67%) and the lowest in NE 

(1.42%) countries. Although BC death risk is decreasing in most European 

countries, the increase in the number of cases might be due to the increase in 

population size and population ageing (15),(17) as it has been shown in Figure 2.  

The most striking EAPC decrease has been found among women between 35 

to 69 years of age, continuing the trend previously detected during 1990-

2002(3). In these age groups, the decreasing BC mortality trend occurs at the 

same time as the increasing access to 1) mammography screening in some 

countries since the beginning of the 90s(7) and to 2) access effective treatments 
(2, 3, 18-21),(22). Detection of BC in early stage could partially explain the decrease 

in BC deceased cases and could reflect an impact on the decrease of BC risk of 

death. Its effect has been estimated to be 16% decrease of BC mortality  
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among women in all ages, 15% in women aged 40-49 years and 22% in women 

older than 50(23).    

On the contrary, an increase of risk of death from BC can be associated to a 

rise of BC incidence and to low survival. The lack of population BC awareness 

and access to specific therapies may affect BC survival(24). Changing exposure 

factors that may affect the risk of developing BC must be considered such as 

childbearing, breast-feeding, type of diet and obesity, and alcohol and tobacco 

consumption(25),(26). Risk factors can be also related to female sex hormones 

with oestrogenic and progestagenic activity either produced within the body or 

given as hormonal contraceptives or hormone-replacement therapy(27). 

However, the decline in the use of hormone-replacement therapy has been 

suggested to have an impact on decreasing BC incidence, but its impact on 

mortality is not clear (28).  

In our study, an increase in the risk of death from BC has been found in some 

ECE countries which could partially be related to a recent increase of BC 

incidence(2),(29). After the transition from centralized to market economy it has 

been suggested that rising BC incidence could be explained with changes in 

some risk factors associated to BC such as reproductive factors, differences in 

childbearing and lifestyles(3, 4). In addition, the increase in BC mortality may also 

be partially related to the health care system development during this 

economical transition since 1990s, which could not be a major benefactor of the 

changes of the market-oriented reform in these countries at early 90s(4). 

However, decreasing BC mortality among women aged 35-69 years has been 

found to be statistically significant in Czech Republic and Hungary, continuing 

the mortality trend previously observed at the since the end of the 90s(2-4),(6). 

During 1990-2005 BC mortality in the ECE has been lower than in the 

remaining European areas with the exception of these two countries. Women 

aged 50-69 in Belarus, Bulgaria, Estonia, Latvia, Poland, Russian Federation 

and Lithuania, could have the most important contribution to the burden of BC 

mortality in ECE for 2015. 

Information about BC screening activities has been reported in a region of 

Poland among women aged 50-69, with a participation rate of only 41%(30). 

There are also two studies, one of them carried out in Estonia(31) among 

women 45-64 and the other one carried out in Lithuania(32), which reported a 
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participation rate of 50% and 31.8%. These figures could show evidence of the 

low BC awareness among these populations or also reflect that women were 

more likely to have undergone screening in countries with nationwide breast 

cancer screening programs than in those with opportunistic screening (33). The 

5-year relative survival improvement of BC in some ECE observed during 1990-

94 might be partially associated with their substantial improvements in cancer 

care(34), although the lack of population-based cancer registries and therefore 

survival data do not make possible a better assessment of differences in 

survival among them. A study conducted in Estonia during the transition to 

open-market economy, suggested that difference in BC survival between 

Estonia and other European countries could be attributable to a late diagnosis, 

particularly in elderly women(35). These results suggest that in some ECE 

countries only young and middle-aged women could be beneficiaries of the 

improvements in treatment and detection of BC. 

None of the countries with rising risk of BC death started a BC screening 

program before year 2005 with the exception of Greece, which started a 

regional program in 1989(36). In that region of Greece was estimated that only 

53.8% of women aged 50-69 years received BC screening services, being 

lower than European council recommendations(37). Greece has a major 

contribution to the expected increase of BC deaths in Southern Europe between 

years 2005 and 2015. In this country, women older than 70 years contribute 

56.28% to the BC deaths in 2005 whereas their contribution can be 70.54% in 

2015. The lack of BC awareness among the Greek population and the low 

access to cancer treatment could be related to the increasing mortality from this 

cause among oldest women(38), despite the adjuvant therapy available.  The 

BC mortality trend in these age groups since the beginning of the 60s (AAR: 

26.15 per 100,000 women-years for 1960; AAR: 126.04 for 2006; EAPC 3.35%; 

http://www-dep.iarc.fr/) confirms that Greece could be at the top of the ranking 

of European BC mortality among women older than 70 in 2015, almost doubling 

their number of BC deaths for year 2015 (N: 1808) compared to those observed 

for 2005 (N: 999). Unfortunately, information about BC incidence data in this 

country is not available and, therefore, this continuous rising trend should be 

further investigated as well as the access to treatments by age groups among 

women. 
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Some limitations are necessary to take into account in this study, in order to 

interpret these results: i) Mortality trends used for projections are based on the 

last 10-years where data was available leading to varying time periods in each 

country. The burden of BC mortality for 2005 in Belgium was not observed and 

it was based on projections. In the same line, we used data from projections in 

Bulgaria, Italy, Portugal, Belarus and Denmark to quantify the burden of BC for 

2005; ii) The variability of data for Iceland, Malta and Luxembourg -countries 

with low number of BC cases- is also a limitation when assessing changes in 

the risk of death or demographic factors for BC mortality. Even changes in few 

deceased BC cases lead to abrupt changes in BC mortality rates and in 

modelling trends but not in statistically significance of EAPC and iii) projections 

are based on models fitted to past BC mortality trends and those depend on 

estimates of future European population, for which precision may vary due to 

changes in migration, birth rates and other factors(17). These estimates could 

affect the interpretation of results related with the evolution of the burden of BC 

mortality in terms of population size, ageing and risk of death (15).  

The non-availability of BC incidence data at a national level for most of the 

countries included in the study poses difficult assessment for future time trends 

of BC mortality. In this line, the projected increases in the number of BC deaths 

for Greece and some ECE countries could have several possible causes as it 

has been discussed, but the lack of BC incidence data makes difficult to 

ascertain a complete picture of the future BC mortality burden in these 

countries. On the other hand, BC death certification is sufficiently reliable to 

permit meaningful inference in most of the countries, even in some ECE 

countries underrecording of cancer deaths may be found due to a fall in 

precision of coding causes of death(39).  

To sum up, the successful development of health care services involved in early 

detection, diagnosis and management of BC are associated to the decrease in 

BC mortality risk in most European countries. The implementation of BC cancer 

screening programs and specific treatments in those areas with lack of them 

and their assessment of BC incidence cannot be expected without financial 

support. Targeting public health messages to specifically the segments of the 

population that could not have access to health care knowledge may also lead 
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to BC awareness. These efforts should be taken into account in order to assess 

a future decrease of the burden of BC mortality for the coming years.  

Acknowledgements: 

Dr Ramon Clèries and Joan Valls were funded by AGAUR grants of the Catalan 

Government with references 2006 BE 00614 and 2007 BE-1 00046, 

respectively.  Also, the support of the Spanish Network of cancer research 

(RD06/0020/0089) is acknowledged. The authors want to acknowledge Meritxell 

Nomen for her secretarial support.  

Contributors 

All authors participated in the development, design, analysis, and interpretation 

of this work and in the writing of this paper. 

Conflict of interest statement 

The named authors declare that they have no conflict of interest.  

�
Role of the funding sources 

All funding sources are Dr Ramon Clèries and Joan Valls research awards 

funded by the Catalan Government. Funding sources had no decision in study 

design, in the collection, analysis and interpretation of data; in the writing of the 

manuscript; and in the decision to submit the manuscript for publication.

���



� ���

Statistical Methods Appendix 

1. Models for projections 

Following the method described by Dyba and Hakulinen(12),(13),(14), three models 

were used for the statistical analysis:  

   ���� ������ βα +=,�-    (1.1), 

.�/�0,,�-�$- ���� ����� βα +=  (1.2), 

.�/�0,,�-�$- ���� ������ βα +=  (1.3), 

where ,- ����  and nit are, respectively, the expected number of deaths and 

population counts for the age-group �  at  time � , and �� βα 1  are model 

parameters to be estimated. The first model allows for different age-specific 

changes of mortality rates on an additive scale over time and it is applied for 

cancer sites with increasing or stable mortality rates. The next two models are 

applied for cancer sites with stable or decreasing mortality trends as they use 

the logarithmic scale. Model (1.2) assumes the same constant change of 

mortality rate over all age groups whereas model (1.3) allows for different age-

specific changes. The choice of a model for projection was based on its 

goodness of fit to the data using Pearson’s X2 statistic(13). The most 

parsimonious model was chosen in case of competing models. Each model was 

fitted to the most recent period of available data, starting with the last 10 years. 

When model did not fit, data was sequentially restricted to 9, 8, 7, 6 and 5 last 

years, respectively, until model had adequate goodness of fit. The predicted 

number of deceased cases was obtained projecting mortality time trends of the 

selected model into the future and using the projected population. The following 

age groups were used in the process: group 35-49 (35-39, 40-44, 45-49), group 

50-69 (50-54, 55-59, 60-64, 65-69), group � 70 (70-74, 75-79, 80-84, � 85) and 

group � 35 (all age groups).  
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2. Assessment of the differences in the total number of cases between 

year 2005 and 2015 

The method for splitting the differences due to risk and demographic factors 

(population size and structure) assumes that there are two groups15: the 

baseline (or reference) group and the comparison group. The number of 

incident or death cases has been observed for both groups, and it is aggregated 

by age-groups (usually 5-year band). The observed difference in the total 

number of cases or deaths between both groups can then be split into three 

components: cases due to changes in population size, cases due to changes in 

population structure (age distribution) and, lastly, the rest of cases attributable 

to changes on the risk to develop or die due to the disease itself. Let us assume 

that we have observed � age groups for each one of the two populations to 

compare which are indexed by .1"""1�0 ��∈ and .�1�0∈� , respectively. In each age 

group of these populations we have ��	 cases and ��
 person-years at risk, 

where �=
�

��� 		"  and �=
�

��� 

" . Assume that we have �"	  and �"	  cases and 

a total population of �"
  and �"
 , respectively. The relative difference between 

�"	  and �"	  can be expressed as  

   �
�"

�"

�"

�"�" −=
−

	
	

	
		    (2.1), 

which is the quantity to be analysed. Note that to eliminate the effect of the 

population size on the differences between the number of cases, crude rates 

(per 100,000 people) have to be first calculated. 

Let us define the rates,  

    
�"

�"
� 

	� =    (2.2), 

and 

    
�"

�"
� 

	� =    (2.3),  

then using (2.1-2.3) we have  
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The quantity  
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will be split into a component due to differences in risk and another component 

due to differences in population structure, whereas  
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reflects the effect of the change in the population size on the crude rates.  

Let us define 
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=λ  as the rate in the age group �  in the population � , and 
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=  as the proportion (weight) of population in the age group �  and the 

population � . Let us also consider  

     �=
�

���� ��& λ   (2.7) 

to be an intermediate rate, which is a standardized rate in the population 1 with 

weights of population proportion in population 2. Using (2.5) and (2.7) and 
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  (2.8). 

The first component of the right hand-side of (2.8) represents the proportion of 

the difference in the crude rate between populations 1 and 2 due to differences 

of population structure and the second component represents the proportion 

due to differences in risk.  

Using (2.8) and (2.6) we could decompose (2.4) into  
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where � is the percent net change, � is the proportion of �  due to population 

structure,   is the proportion of �  due to risk itself and �  is the proportion of 

�  due to population size.   

The basis of the method to obtain (2.9) requires a two-step procedure based on 

the crude rates: 

1) Using (2.6) we have the effect of changes in population size 

2) Using (2.8), we compute the crude rates and estimate differences on the 

net change of these crude rates due to population structure and 

differences in risk  
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