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Estrogen deficiency
���� 0 3'�� �"+)(�"#�� '+� $'�%0�"'$ (� )� ��%�',�"� &�+�#��"#*� '"
�1�)�% )� $�*��')',*� ���  "� �"#�� ��� �"� !'"�� ���'�$%�'"�� ��'� 0 �"
$ %�� *��)� &�%'�%�������()%-� �&���#%��++�#%�'"�!'"��#�))�� "&� "��"&�6
��#%��++�#%��� �# )#�(0�0�% !')��0�����%�'",����&�"#��+'��%���&���#%
�++�#%� ��� %��� �&�"%�+�# %�'"�'+���%�',�"���#�$%'���'"�'�%�'!) �%�� "&
'�%�'#) �%��>5-�;?� "&�!'%����#�$%'����'+'�0�� ���$����"%��"�!'"��>F?�
��&�#�� ����"��"&',�"'(����%�',�"�)� &��%'� "��"#�� ����"�'�%�'#) �%
��#�(�%0�"%� "&� #%���%*-����#�����$ �%� ))*�0�&� %�&�!*� �&�#�� ����"
'�%�'!) �%�$�'&(#%�'"�'+�"�%��#�'B�&�� "&�%� "�+'�0�",�,�'�%��+ #6
%'��β�>/�?� "&�!*� "��"#�� ����"�#*%'1�"��$�'&(#%�'"�!*�!'"��0 �6
�'���%�'0 )� "&�0'"'"(#)� ��#�))��>//?���"&���#%��++�#%��#'0$����� 
"�, %����#� ",�� �"�# )#�(0�! ) "#��!*� �&�#�� ��� �"� �"%��%�" )�# )6
#�(0� !�'�$%�'"� "&� "��"#�� ����"�(��" �*�# )#�(0�)'���>/�?�����
�"#�� ����"�!'"�����'�$%�'"�)� &��%'� ���#'"& �*-�0'�����% �&�&��"6
#�� ����"�!'"��+'�0 %�'"������)���)�'+�!'"�����'�$%�'"�0 �1���� +%��
0�"'$ (��� ��� %��#�� %��� )���)� ���"� �"� $��0�"'$ (� )� �'0�"-
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Table 1. Participants in human studies.

BMD-
Randomisation Duration Com- Age spine BMI 

Study Screened Included (dose of medication and calcium is per day) (years) pleters (years) (g/cm2) (kg/cm2)

I 471 278 1) 2 mg estradiol sequentially combined with 25 µg 3 (1993-1997) 24 54±3 0.98±0.11 25±4
gestodene (days 17-28) (n = 55)

2) 2 mg estradiol sequentially combined with 50 µg 2 6 53±3 0.99±0.16 24±3
gestodene (days 17-28) (n = 56)

3) 1 mg estradiol sequentially combined with 25 µg 3 0 53±3 0.95±0.13 26±3
gestodene (days 17-28) (n = 56)

4) 1 mg estradiol continuously combined with 25 µg 32 54±3 0.96±0.13 26±4
gestodene (n = 55)

5) Placebo (n = 56) 41 54±3 0.95±0.12 26±4

II 144 91 1) Tibolone 2.5 mg + calcium 400 mg (n = 35) 2 (1992-1994) 28 66±8 0.85±0.16 23±3
2) Tibolone 1.25 mg + calcium 400 mg (n = 36) 29 66±7 0.86±0.15 25±4
3) Placebo + calcium 400 mg (n = 20) 13 68±6 0.90±0.12 25±3

III 8231 6012 1) Raloxifene 150 mg + calcium 500 mg (n = 147) 2 (1994-1996) 100 55±3 0.94±0.10 26±4
2) Raloxifene 60 mg + calcium 500 mg (n = 152) 119 55±3 0.94±0.12 26±4
3) Raloxifene 30 mg + calcium 500 mg (n = 152) 114 55±3 0.93±0.11 26±4
4) Placebo + calcium 500 mg (n = 150) 119 55±4 0.94±0.11 25±4

1) 378 women were screened in Center for Clinical and Basic Research, Ballerup, Denmark.
2) 248 women were included in Center for Clinical and Basic Research, Ballerup, Denmark.



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

�(��",�  #%���� %��� $*�  � ��&(#%�'"� �"�!'"�� %(�"'����� �� +'("&-
��%��  � $ %%��"� ��0�) �� %'� %� %� ���"� &(��",� �'�0'"�� ��$) #�0�"%
%��� $*�I� �+ �%�&�#�� ����"����'�$%�'"�0 �1���-����#��� ��+())*��B6
$�����&� %�:�0'"%���>��,(���/�?� "&� ��)'����#� ",���"�+'�0 %�'"-
���#��� ��"'%� +())*��B$�����&�("%�)�  !'(%�/��0'"%��� >��,(���/	?�
�'�&�++���"#��!�%���"�/����0,� "&�����0,�%�!')'"��� ��&�%�#%�&��"
 "*�$ � 0�%��������&�#�� �����"�#6%�)'$�$%�&��+� ,0�"%�� "&����(0
'�%�'# )#�"� �"� %�!')'"�� %�� %�&� �'0�"� ����� ��G� >$<����/?�  "&
@�G� >$<����/?-� ���$�#%���)*�� ���� ���$'"��� '���� �� *� ��� �"� �$�" )
!'"��0 ���� �� !'(%����G�>$<����/?�>��,(���/�?� "&��"�%���+'��6
 �0-�%����"#�� ���� �� !'(%��G���%�� �&�++���"#��'+�.G���) %����%'
$) #�!'�>$<����/?�����������()%�� ����"� ##'�& "#����%��%�'������"
�"�� �)*�$'�%0�"'$ (� )��'0�"�>.�-�.:?�

� % �+�'0�%�'�� "&'0���&-�&'(!)�6!)�"&-�$) #�!'6#'"%�'))�&��6
*� ���%(&����'+�%�!')'"����@-���:��-�/���� "&�����0,��"� �%'% )�'+�55�
� �)*�$'�%0�"'$ (� )��0���# "��'0�"����� )�&�%� %���@�0,�#'("6
%�� #%�&�!(%�&�&�"'%�  ����%�!'"�� )'��-� ��:���0,� ����%�&�!'"�� )'��
 "&��)�,�%)*��"#�� ��&�!'"��0 ������)��!'"��0 ���� ���"#�� ��&�(�6
�",�/���� "&�����0,�>.5?�������"#�� ����'"�%���%'$�&'���������#'06
$ � !)����%�� �"#�� ���� ���"�&(��",��'�0'"�� ��$) #�0�"%� %��� $*�
��# (���%����"+)(�"#��'+�%�!')'"��/����0,� "&�����0,�� ��#'0$ � 6

!)�� �"� � �)*�  "&� ) %��$'�%0�"'$ (� )��'0�"-� �%�0 *�!�� ��%�0 %�&
%� %�%�����'()&� )�'�!��%���# ���+'����:���0,� )%�'(,��%����&'���� �
"'%�!��"��%(&��&��"��)&��)*��'0�"�

�"�#'"#)(��'"-������%�0 %�&�%� %�/����0,�%�!')'"����� �)'��!(%��+6
+�#%����&'���'"�!'"��0 ��� "&�!'"��%(�"'�����"��� )%�*�$'�%0�"'6
$ (� )� �'0�"�� ���  � #'"��C(�"#�-� %���� ��,�0�"� ��� $����"%)*� !��",
�� )( %�&��"� ����%�!� )�+� #%(���'(%#'0���%(&*��� ��&�'"�%�����&(#6
%�'"��"�!'"��%(�"'���� "&�%����"#�� ����"�!'"��0 ������"�&(��",�%���
%��� $*-�%�����&(#%�'"��"�+� #%(������1�0 *�!����%�0 %�&�%'�!��#'06
$ � !)����%��%�����&(#%�'"����"�&(��",��'�0'"����$) #�0�"%�%���6
 $*�

����H��	�	
���()%��+�'0�;6���1��B$���0�"%���"��� )%�*-�� �)*�$'�%0�"'$ (� )
�'0�"�� &����� )�&���,"�+�# "%�&�#�� �����"�!�'#��0�# )�0 �1����'+
!'"��0�% !')��0�&(��",�� )'B�+�"��%��� $*�($�%'�:���0,�& �)*�>.;?�
� ��&� '"� %����� & % -���� &���,"�&�  � �%(&*� '+� )'",6%��0� � )'B�+�"�
�"%����"%�'"�>� !)��/-��%(&*����?������-�:�/��� )%�*��'0�"��6;�*� ��
 +%��� 0�"'$ (��� ����� � "&'0���&� %'� &'(!)�6!)�"&�&� %�� %0�"%
��%��� )'B�+�"��@��0,-�:��0,-�/���0,�'��$) #�!'��"� &&�%�'"�%'� 
�($$)�0�"% %�'"�'+�����0,�# )#�(0�>.F?�

Figure 1. The response in bone turnover and bone mass during treatment. As a resorption and formation marker, urinary c-telopeptide fragments cor-
rected for creatinine excretion and serum osteocalcin are shown. Bone mass is visualized by lumbar spine BMD. Please note that these results origin from 3
different studies [33, 44, 49]. A-C: show the response to hormone replacement therapy (adapted from Bjarnason et al, 2000 [33] with permission). 2 mg
estradiol in sequential combination with 25 mg gestodene (days 17-28): – O–; 2 mg estradiol in sequential combination with 50 mg gestodene (days 17-28):
–•–; 1 mg estradiol in sequential combination with 25 mg gestodene (days 17-28): –�–; 1 mg estradiol continuously combined with 25 mg gestodene (days
1-28): –�–; Placebo: –∆–. D-F: show the response to tibolone treatment (adapted from Bjarnason et al, 1996 [44] with permission). 2.5 mg tibolone in com-
bination with 400 mg calcium: – O–; 1.25 mg tibolone in combination with 400 mg calcium: –•–; Placebo in combination with 400 mg 
calcium: –�–. G-I: show the response to raloxifene therapy (adapted from Delmas et al, 1997 [49] with permission). 150 mg raloxifene in combination with
400-600 mg calcium: –•–; 60 mg raloxifene in combination with 400-600 mg calcium: –�–; 30 mg raloxifene in combination with 400-600 mg calcium: –�–;
Placebo in combination with 400-600 mg calcium: – O–.
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Table 2. Experimental animals in in vivo studies.

Randomisation Soy Duration, Com-
Rabbits (dose of medication is per day) Cholesterol amount per day protein weeks pleters

Study IV 1) Raloxifene 3.5 mg (weeks 8-17), 35 mg (weeks 18-45) (n=25) 200 mg (weeks 8-17), 125 mg (weeks 18-45) ~13% 45 (1994-1995) 23
(n = 100) 2) Estradiol 4 mg (weeks 8-45) (n=25) 24

3) Sham operated, placebo (weeks 8-45) (n=25) 24
4) Placebo (weeks 8-45) (n=25) 25

Study V 1) Raloxifene 35 mg (weeks 8-9) (n=6) 3 20 mg (weeks 4-5), 125 mg (weeks 6-10) ~13% 10 (1996) 6
(n = 24) 2) Raloxifene 105 mg (weeks 8-9) (n=6) 6

3) Raloxifene 210 mg (weeks 8-9) (n=6) 6
4) Placebo (weeks 8-9) (n=6) 6

Study VI 1) Raloxifene 70 mg (weeks 8-48) (n=20) 200 mg (weeks 8-17), 125 mg (weeks 18-48) 4.2% 48 (1996-1997) 19
(n = 80) 2) Raloxifene 210 mg (weeks 8-48) (n=20) 20

3) Estradiol 4 mg (weeks 8-48) (n=20) 19
4) Placebo (weeks 8-48) (n=20) 19

Study VII 1) Raloxifene 210 mg (weeks 20-58) (n=20) 240 mg (weeks 5-19), 80 mg (weeks 20-58) 0% 58 (1997-1999) 20
(n = 80) 2) Estradiol 4 mg (weeks 20-58) (n=20) 18

3) Placebo (weeks 20-58) (n=20) 19
4) Baseline control (n=20) 240 mg (weeks 5-19) 20
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Figure 2. The response in lipids and lipoproteins during treatment. Please note that these results origin from 3 different studies [33, 96, 49]. 
A-C: show the total response to hormone replacement therapy (average of mid- and endcycle relative to baseline calculated from cycles 1, 7 and 26)
(adapted from Bjarnason et al, 2000, Table 3A [33] with permission). 2/25s: 2 mg estradiol in sequential combination with 25 mg gestodene (days 17-28);
2/50s: 2 mg estradiol in sequential combination with 50 mg gestodene (days 17-28); 1/25s: 1 mg estradiol in sequential combination with 25 mg gestodene
(days 17-28); 1/25c: 1 mg estradiol continuously combined with 25 mg gestodene (days 1-28); pl: placebo. D-F: show the 2 year responses to tibolone treat-
ment (adapted from Bjarnason et al, 1997 [96] with permission); 2.5 mg: 2.5 mg tibolone; 1.25 mg: 1.25 mg tibolone; pl: placebo. G-I: shows the 2-year re-
sponse to raloxifene treatment (adapted from Delmas et al, 1997, Table 3; [49] with permission); rlx150: 150 mg raloxifene; rlx60: 60 mg raloxifene; rlx30:
30 mg raloxifene; pl: placebo.

20
%

A
10

0

–10

–20

–30

–40 pl 2/25s 2/50s 1/25s 1/25c

LDL-cholesterol HDL-cholesterol Triglycerides

CB

E
  

+ 
g

e
st

o
d

e
n

e
2

20
%

D
10

0

–10

–20

–30

–40 pl

Ti
b

o
lo

n
e

20
%

G
10

0

–10

–20

–30

–40 pl

R
a
lo

x
if

e
n

e
20
%

10

0

–10

–20

–30

–40 pl 2/25s 2/50s 1/25s 1/25c

E

20
%

10

0

–10

–20

–30

–40 pl

H

20
%

10

0

–10

–20

–30

–40

40
%

30

20

10

0

–10

–20 pl 2/25s 2/50s 1/25s 1/25c

F

40
%

30

20

10

0

–10

–20

I

40
%

30

20

10

0

–10

–20

1.25 mg 2.5 mg 1.25 mg 2.5 mg

pl 1.25 mg 2.5 mg

rlx30 rlx60 rlx150 pl rlx30 rlx60 rlx150 pl rlx30 rlx60 rlx150



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

,�����'"� " )*����� �����'�"�%� %� )%�'(,�����(0�%'% )�#�')��%��')
 "&� ���6#�')��%��')� &�#�� ��� &(��",� ��%� &�')� %��� $*-� %���� '")*
$ �%� ))*��B$) �"��%����++�#%�'"�%��� '�% �>:@-�;�?���'��'���-��B$���6
0�"%�� �"� � !!�%�� ��%�� $��6�"&(#�&�  %���'�#)��'���� � ��� &�0'"6
�%� %�&�#'0$ � !)���++�#%��>F/-�F�?�>� !)���-��%(&*����?�

�"�'(���%(&������%� &�')��B��!�%�� �#'0$ � !)���++�# #*��"�$��0 �*
 "&� ��#'"& �*� �"%����"%�'"� �%(&����� �"� � !!�%�� #) 0$�&� %'� #�')��6
%��')6)���)����,���� %� "� %�'��� �"�'(���B$���0�"%�-� %��� �"+)(�"#��'+
��%�',�"�'"� %���'�#)��'����$�',�����'"����0�%'�!��$ �%� ))*�&�$�"&6
�"%� '"�  "� �"% #%� �"&'%��)�(0� >F@?-� ���#��0 *� !��  � $'���!)�� 1�*
+�"&�",��"�%���("&���% "&�",�'+�%����"+)(�"#��'+���%�',�"�'"� %���'6
�#)��'����� ����� �'()&� %��'��%�# ))*� �"&�# %�� %� %� ��%�',�"� #'()&� !�
�B$�#%�&�%'�!��0'���!�"�+�#� )��"�$��0 �*�$����"%�'"� ��#'0$ ��&
%'� ��#'"& �*� $����"%�'"�� ����� ��� �'������ "'%� �($$'�%�&� !*� & % 
+�'0� � "&'0���&� #'"%�'))�&� �%(&���� #'0!�"�&� �'�0'"�� ��$) #�6
0�"%�%��� $*-����#��+'("&�"'�!�"�+�%��"��'0�"���%���*0$%'0 %�#
 %���'�#)��'����>.�?�!(%� �� �0+()��++�#%��"��� )%������'0�"�>.@?���%
0 *�!���(,,��%�&�%� %�%����&�++���"#�������) %�&�%'�%���#�'�#��'+�$�'6
,��%',�"�� 
"+'�%(" %�)*� 0�&�'B*$�',��%��'"��  #�% %�� ��� %��� '")*
$�',��%',�"-����#��� ���!��"��� )( %�&��"� ��%(&*���%��#)�"�# )��"&6
$'�"%����"�%���� !!�%�0'&�)-��'0��$�',��%',�"��� ���!��"�+'("&�%'
#'("%�� #%�>$�',��%��'"�?�>F.?�'���"� "#��>"'��%���%��'"�� #�% %�?
>F�?�%����"+)(�"#��'+���%�',�"�'"�%���� !!�%������)�� ))���������0 �"�
%'�!���%(&��&�&(��",�&'���+�"&�",�'+�'%����$�',��%',�"��

�������	
Postmenopausal women
�"�$ � ))�)���%�� %������()%��'"�!'"�-����'!�����&�"'�&�++���"#��'"
# �&�'� �#() �����1�$ � 0�%����!�%���"�%���%�'�&'���)���)��'+�%�!'6
)'"���%(&��&��"�) %��$'�%0�"'$ (� )��'0�"�>F:?����!')'"��%��� $*
�"&(#�&� "��%���� #� ",��� �"� ���6#�')��%��')� >��,(��� ��?� "'�� �"
 $')�$'$�'%��"���>F:?���'�����-� �0 3'��&�#�� ���'+�@�G�� �����"
�"����6#�')��%��')� >$<����/?� >��,(��� �	?�� ����� #� ",��� ��0��6
�'��&��"� $')�$'$�'%��"��/� "&�%'% )�#�')��%��')�>F:?��D���� ��%��6
,)*#���&���&�#�� ��&���,"�+�# "%)*�&(��",�%�!')'"��%�� %0�"%�>��,(��
��?�>$<���/?-�"'�#� ",��� ��'!�����&��"���$'$�'%��"> ?�>F:?����!'6
)'"��)'����&�$) �0�"',�"� #%�� %'���"��!�%'��/-�$) �0�"',�"� #%�� 6
%'���"��!�%'�� #%���%*� "&�%���(��$) �0�"',�"� #%�� %'��>$<����/�+'�
 ))?��D�%����, �&�%'�#' ,() %�'"-� �!'�&��)�"��&�#�� ���� �����"�+'�
%���)'��&'���%�!')'"��,�'($��"�+�!��"',�"-������ ��"'����$'"���%'
%�!')'"��� �����"��"� "%�%��'0!�"������������& % � ����"� ,���0�"%
��%�� � �) !)��& % �'"�%�!')'"���B#�$%�%� %�'%������ ���+'("&� �&�6
#�� ��� �"� )�$'$�'%��"> ?� �"� "'"6#'"%�'))�&� >F5?-� "'"6� "&'0���&
 "&�'$�"�>F;?�'���"�#�'��6��#%�'" )�>FF?��%(&������"�%���#'0!�" %�'"
'+�%�'�� "&'0���&-�&'(!)�6!)�"&�$) #�!'6#'"%�'))�&��%(&*�'+� �%'% )
'+�55���� )%�*�� �)*�$'�%0�"'$ (� )��0���# "��'0�"-�&'��6��) %�&
&�#�� ���������'!�����&� �"����6#�')��%��')�  "&��$> ?�!(%�"'%� �"
%'% )� #�')��%��')� >.5?������ #� ",��� �"� %����� �%(&��������� ,�"�� ))*
,�� %��� %�/��0'"%���%� "� %��.�0'"%���>.5?�

	B$���0�"%����%�� %�!')'"�� �"� &� "#�&� %���'�#)��'����� ���"'%
!��"�$��+'�0�&�

�"�#'"#)(��'"-������ ��%�!')'"��� ��"'��"+)(�"#��'"����6#�')��6
%��')-� �&�#�� ��� ������"��"�!'%�����6#�')��%��')� "&�%��,)*#���&���
� ��&�'"�!�'#��0�# )�0 �1���-�%�!')'"��$�'0'%���+�!��"')*���-�!(%
&'���"'%����0�%'��"+)(�"#��#' ,() %�'"���"�%�����&'���)���)���%(&��&-
���+'("&� "��C( )����$'"���'"� ))�$ � 0�%��������� �� �&'��6��) 6
%�'"���$� +'�����6#�')��%��')�!(%�"'%� +'�� %'% )� #�')��%��')�� ��'!6
�����&�!*�'%�����>.5?�

Ovariectomized, cholesterol-fed rabbits
��!')'"��� �� �"���%�, %�&� �"� %��� � !!�%�0'&�)� !*� L "&!��,� �%�  )�
>/��?� �"�  � ��6���1� �B$���0�"%���%��  � #�')��%��')� ��,�0�"-����#�
� ����,����) %����%'�%� %�(��&��"�'(���B$���0�"%��>:@-�/�/?����!')'"�
�"�&'���)���)��'+��-�:� "&�/;�0,�$���& *���,"�+�# "%)*���&(#�&� '�%�#
#�')��%��')� ##(0() %�'"�%'� !'(%�/�6��G�'+�$) #�!'-� )0'�%��)�0�6
" %�&�+ %%*��%�� 1�+'�0 %�'"� "&���&(#�&� &� "#�&�)���'"�+'�0 %�'"
%'���G�'+�$) #�!'��"�#�')��%��')6+�&�'� ���#%'0�A�&�� !!�%��>/��?�

��,�����'"� " )*�������� )�&�%� %�%��� '�%�#��++�#%�������) �,�)*��"&�6
$�"&�"%�'+�#� ",����"����(0�)�$�&����)%�'(,��%��� (%�'���#) �0�%� %
%�!')'"��&�&�"'%��"+)(�"#�����(0�%��,)*#���&��-�%������ �����&�"#��'+
 � )'����",�'"� %��� )'���%� %�!')'"��&'��� >��0,?-� "'� #� ",��'"� %��
0�&�&'���>:�0,?� "&� "��"#�� ���'"�%�����,��&'���'+�%�!')'"��>/;
0,?���������()%��'+�%�����%(&*� ����"� ##'�& "#����%�� "� &&�%�'" )
�%(&*��"�#�')��%��')6+�&�� !!�%��>/��?�!(%��"�#'"%� �%���%�� ��%(&*��"
#�')��%��')6+�&-�''$�'��#%'0�A�&�0'"1�*�-����#��&�&�"'%��&�"%�+*
&�++���"#���!�%���"�%�!')'"���"���&'���� "&�#'"%�')�>/�@?�

�"� �� !!�%��%(&*���%��%�!')'"�-�%������ �� ���,"�+�# "%� "&�#'06
$ � !)���++�#%�'+�%�!')'"�� "&��"3�#% !)����%�',�"�!(%�("�B$�#%�&)*
"'��++�#%�'+�'� )���%�',�"�>/��?���"� "'%������#�"%�� !!�%��%(&*� "&
�"� �0'"1�*��%(&*���%��%�!')'"�-� �$'��%�����++�#%�� �����"�&(��",
��%�',�"�%��� $*�>/��-�/�@?����# (���%���0 "*��B$���0�"%���"�%���
0'&�)�� ���+'("&� "��++�#%�'+�'� )���%�',�"�>:@-�;�-�F/-�F.-�F�-�/�/?-
�%�0 *�!��#'"#)(&�&�%� %�%����++�#%�'+�%�!')'"���"�%���� !!�%�0'&�)���
C( )�% %���)*��C(�� )�"%���%��%����"+)(�"#�����"���%����%�',�"���"�%��
0'"1�*�0'&�)-� �'�����-� "'�&�++���"#�� !�%���"� #'"%�')�  "&� %�!'6
)'"��� ��+'("&�>/�@?��='���!)���� �'"��+'��#'"+)�#%�",����()%���"�� !6
!�%� "&�0'"1�*�0'&�)�� ���&��#(���&��"�%���+'))'��",���#%�'"� !'(%
� )'B�+�"��

����H��	�	
Postmenopausal women
�"�'(���%(&*�'+�)'",6%��0�� )'B�+�"���"%����"%�'"-�%�� %0�"%�'�����
*� ����"&(#�&� ���,"�+�# "%�&'��6��) %�&�&�#�� ����"����6#�')��%��')
>FG�&�#�� ���'"�� )'B�+�"��:��0,-�$<����?�>��,(����E?-����#��� �
0���'��&� �"� %��� ���$'"��� �"� %'% )� #�')��%��')� >�G� &�#�� ��� '"
� )'B�+�"��:��0,-�$<����?�>.F?��
� ",��������'!�����&�"��%�����"
���6#�')��%��')�>��,(�����?�"'���"�%��,)*#���&���>��,(�����?�������
���()%�������#'"+��0�&�!*�@6� "&��6*� ��& % �>��-��/?�

�"�  � :�0'"%��� �%(&*�'+� # �&�'� �#() �� ���1�0 �1���-� � )'B�+�"�
:�� "&�/���0,�� ��#'0$ ��&�%'�$) #�!'� "&���:���0,�#'"3(, %�&
�C(�"����%�',�"���"�#'"%�"('(��#'0!�" %�'"���%������0,�0�&�'B*6
$�',��%��'"�� #�% %����"�%�����%(&*-�� )'B�+�"��%��� $*�)� &�%'� �/�G
&�#�� ����"�+�!��"',�"-������ ��"'�#� ",���"�$) �0�"',�"� #%�� %'�
�"��!�%'��/�� ��'!�����&�>;F?��������"���%�, %�'"� &&�&� ���,"�+�# "%
&�#�� ��� �"� )�$'$�'%��"> ?-����#��� �� �"%��0�&� %�� %'� %���&�#�� ��
+'("&� &(��",� �'�0'"�� ��$) #�0�"%� %��� $*�� ��" ))*-� %���� �%(&*
 )�'� ��'��&� %� %� � )'B�+�"��&'��� "'%� �"+)(�"#��
6�� #%���� $�'%��"-
���#��� ���"#�� ��&�&(��",�#'0!�"�&��'�0'"����$) #�0�"%�%���6
 $*�>;F?�

�"� #'"#)(��'"-� � )'B�+�"�� )'��������6#�')��%��')-� !(%� �"+)(�"#��
"��%�������6#�')��%��')�"'��%��,)*#���&����� )'B�+�"���"��!�%��#' ,6
() %�'"-� !(%� &'��� "'%� #� ",�� +�!��"')*���� ! ��&� '"� !�'#��0�# )
0 �1����'+�� �0'�% ������"�#'"%� �%�%'�%������()%��'"�!'"�-�%������ �
 �%�"&�"#*�+'�� �&'������$'"�����) %�'"���$�'"�%'% )� "&����6#�'6
)��%��')��"�%���� ",��+�'0�@�6/���0,�� )'B�+�"��

Ovariectomized, cholesterol-fed rabbits
�"�'(��+���%�� !!�%��%(&*�>� !)���-��%(&*���?-��(!'$%�0(0�&'���)���)�
'+�� )'B�+�"��� &��"&(#�&� ���&(#%�'"��"� '�%�#�#�')��%��')�#'"%�"%
%'�%�'�%���&��'+�$) #�!'�>$<����?-����#��� ����,"�+�# "%)*�)����%� "
%����++�#%����"���%����%� &�')� )'"��>$<���/?�>:@?������� !!�%��� &
�"�%� ))*�!��"� %�� %�&���%��@���0,�� )'B�+�"��$���& *� +'��//����1�-
���#��)� &�%'�("&�%�#% !)��$) �0 �� )'B�+�"��#'"#�"%� %�'"����%�%���
$'�"%-����#�'���%'��"#�� ���%���� )'B�+�"��&'���%'�@��0,�$���& *�+'�
%���+'))'��",��5����1����������,�0�"�$�'&(#�&�0� �(� !)��$) �0 
� )'B�+�"�� )���)�-����#���'����������� )'����) %���� %'�'"6%�� %0�"%
)���)�� ���"� �"� $'�%0�"'$ (� )� �'0�"�� �+%���  � $� �0 #'1�"�%�#
�%(&*��"��*$��#�')��%��')�0�#�� !!�%��%�� %�&���%��� )'B�+�"��@�-�/��
 "&��/��0,�$���& *�+'�������1��>/�/?�>� !)���-��%(&*��?-�%���)'",6
%��0��B$���0�"%�� �� ��$� %�&���%��5�� "&��/��0,� � )'B�+�"��& *
>/�/?� >� !)�� �-� �%(&*� ��?�� ������ � )'B�+�"�� ��,�0�"�� )� &� %'
��,"�+�# "%� ��&(#%�'"�� �"�  '�%�#� #�')��%��')� #'"%�"%� #'0$ ��&� %'
$) #�!'�>$<�����+'��!'%�?� "&�%������$'"����%'�� )'B�+�"�� "&���6
%� &�')� ����� "'%� ��,"�+�# "%)*� &�++���"%�� �+%��� #'���#%�",� %��� � )6



��� � � � �� 	 � � 
 � � � � 
 � � 	 � � � � �� � � � � �� � � ���� � � � � �#

'B�+�"�����$'"����%'���%� &�')����$'"�����"�%���%�'�)'",6%��0��%(&6
����>:@-�/�/?-� �%��"&�+'�� �&'��6���$'"�����) %�'"���$�� ������ )�&
>������� #?�� �*� ��) %�",� $) �0 � � )'B�+�"�� 
0 B� �"� � !!�%�� %'� '"6
%�� %0�"%� )���)�� ���"� �"�$'�%0�"'$ (� )��'0�"�&(��",�� )'B�+�"�
�"%����"%�'"-� �%� � �� ��%�0 %�&� %� %�  � #)�"�# ))*� ��)�� "%� � )'B�+�"�
%�� %0�"%���,�0�"��'()&����()%��"� !'(%�%�'�%���&��'+�%����++�#%�'+� 
#)�"�# ))*� ��)�� "%� ��%� &�')� %�� %0�"%� ��,�0�"� �"� %��� #�')��%��')6
+�&-� '� ���#%'0�A�&� � !!�%� >��,(��� @?�� �"�  � %���&� )'",6%��0� � !!�%
�%(&*� ������ 0�)&�  %���'�#)��'���� � �� �"&(#�&� '���� /�� ���1�-� ��
+'("&� ���&(#%�'"��"�%���$�',�����'"�'+� %���'�#)��'���� ��#'0$ ��&
%'� $) #�!'� >F�?� >� !)�� �-� �%(&*� ���?�� �(��",� %��� %�0�� $���'&� �"
���#��%���.�� !!�%��%(&���������#'"&(#%�&-��*$'%������#'"#��"�",� 
$����"%�����++�#%�'+��'*�$�'%��"�#'"%�"%��($'"� %���'�#)��'��������
� ���&�>;.?�������+'��-����#�'���� !!�%�#� ����%��%���)'���%�#'"%�"%
'+� �'*� $�'%��"-����#��� ��  � �) !)��  %� %��� %�0��'+� �%(&*� �"�%� %�'"
>� !)���?���'�����-�%���+ #%�%� %�%���&�++���"#��!�%���"� #%����%�� %6
0�"%� "&�$) #�!'�� ���"�%���� 0��'�&���'+�0 ,"�%(&���"� ))��%(&���-
�"&�# %�&�%� %�%���$����"#��'+���)�� "%�#'"%�')� �0��� &��)�0�" %�&
�'*�$�'%��"�#'"%�"%� �� �$'%�"%� )�!� ��>:@-�F�-�/�/?���"� ))��%(&���-
 " )*����'+�#'� �� "#����) %�",����(0�)�$�&�� "&�)�$'$�'%��"��%'� '�6
%�#� #�')��%��')� #'"%�"%� ��'��&� %� %� '")*� $ �%� '+� %��� �++�#%� '+
� )'B�+�"��  "&� ��%� &�')� #'()&� !��  %%��!(%�&� %'� %��� )�$�&� )'����",
>:@-�F�-�/�/?�

���%(&*��"�'� ���#%'0�A�&-�#*"'0'),(��0'"1�*��'"�&���)'$0�"%
'+� %���'0 �+'�0 %�'"��"�#'�'" �*� �%������� ��"'%� !)��%'�&�0'"6
�%� %��  "� �++�#%� '+� � )'B�+�"�-� ����� �� %�� %0�"%� ��%�� #'"3(, %�&
�C(�"����%�',�"��� ���++�#%�����"���&(#�",�$) C(��+'�0 %�'"�>/�.?�
�� �'"��+'��%�����"#'"���%�"#*�!�%���"�� !!�%� "&�0'"1�*� ���("6
1"'�"-�!(%�� ���!��"�("&���&��#(���'"�>/��?������#'"���%�"#*��"�@
)'",6%��0� � !!�%� �%(&���� �($$'�%�� '(�� ���()%��� ���� �++�#%� '+
� )'B�+�"���"�%����0'&�)���� )� *��)����%� "�%� %�'+���%�',�"-�%����+'��
 �+ �)(���'+�� )'B�+�"��%'�&�0'"�%� %���++�#%��"� ���",)��0'"1�*��B6
$���0�"%����"'%��"#'"���%�"%���%���� )�%*��"��"����'��%(&�������� �� 6
%�'"��"����()%�0 *� )�'���) %��%'�&�++���"#���!�%���"�%����'&�"%� "&
%���$��0 %�-��'������'%����$(!)����&��B$���0�"%��� �����'�"�#'"6
���%�"#*���%����, �&�%'� ���)�#%�'"�'+���B��%��'�&�� "&�%����� " )',�
 "&�� )'B�+�"���'()&�%��"�!��%���+���%�'+�%�����&�(,��%'��"&(#�� �&�+6
+���"%����$'"����"�� !!�%� "&�0'"1�*����" ))*-�%���� !!�%����()%�� ��
�"�  ##'�& "#����%��  "� �B$)'� %'�*� $'�%6�'#�  " )*���� '+� .� *� ��� '+
� )'B�+�"��%��� $*�����(��$) #�!'��"�'�%�'$'�'%�#��'0�"��������� )6
( %�'"� ���� )�&�  � .�G� ��&(#%�'"� �"� # �&�'� �#() �� #)�"�# )� �"&6
$'�"%��&(��",�� )'B�+�"��%�� %0�"%��"�%����(!��%�'+��'0�"���%��%��
��,���%�! ��)�"�����1�'+�# �&�'� �#() �����"%��>/�:?����$) #�!'6#'"6
%�'))�&��%(&*��"�/�-����$'�%0�"'$ (� )��'0�"���)�#%�&�%'�!�� %�# �6
&�'� �#() �����1����#(���"%)*�'",'�",��"�'�&���%'�&�%��0�"��%����++�#%
'+�� )'B�+�"��%��� $*�'"�%����"#�&�"#��'"�+ % )� "&�"'"6+ % )�0*'6
# �&� )��"+ �#%�'"�>/�5?�

�"�#'"#)(��'"-�%����"+)(�"#��'+�� )'B�+�"��'"�� !!�%� '�%�#� %���'6

�#)��'������� ���,"�+�# "%�)'����",-����#�����$����"%��"�!'%��$��0 �*
 "&�0'��� &� "#�&�&��� ��� "&����#�����'")*�$ �%� ))*��B$) �"�&�!*
���(0�)�$�&� "&�)�$'$�'%��"�#� ",������" ))*-�#)�"�# )�& % �� ����(,6
,��%�&�%� %�� )'B�+�"��0 *�!��# �&�'$�'%�#%����>/�:?-�!(%�%����+�"&6
�",�"��&��#'"+��0 %�'"�

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

��	���
	�%�',�"�� �� �#�"%� )��')�� �"�%���&���)'$0�"%�'+���%�',�"6&�$�"6
&�"%� !�� �%� %(0'(��-� !(%� $'�%0�"'$ (� )� >��%�',�"� &�+�#��"%?
�'0�"� � ���  � ��,���� ���1� '+� !��",� &� ,"'��&� ��%�� !�� �%� # "#��
%� "� $��0�"'$ (� )� �'0�"�� �%� � �� !��"� �(,,��%�&-� %� %� �%� ��� %��
%'% )� )�+�6)'",� ��%�',�"� �B$'�(������#�� &�%��0�"��� ���1-� !(%� $'�%6
0�"'$ (� )� ��%�',�"� �*"%������ �"� $���$��� )� '�, "��  "&� %���(��-
�(#�� �� &�$'���%���(��� ��� )�'�!��"�$�'$'��&�%'�$) *� ��')����")*
���*�)�%%)����%�',�"�0 *�!���"'(,��%'��"#�� ������1-�%�(�����"��"&'6
,�"'(��)'����%�',�"�#'"#�"%� %�'"��"�$'�%0�"'$ (� )��'0�"�� ��
!��"�+'("&�%'��"+)(�"#��%������1�'+�!�� �%�# "#���>/�;?���'%����%�'6
,�"���#�$%'��α� "&�β� ���$����"%��"�!�� �%�%���(��>F?�

����!�� �%�0 *�!��0'"�%'��&�!*�0 00',� $�*�+'�� �C( )�% %���
�� )( %�'"� '+� %(0'(�� ���1�  "&� ��#�"%)*-� !�� �%� &�"��%*� 0� �(��6
0�"%��I� �C( "%�% %���� �����0�"%�! ��&�'"�0 00',� 0��I�� ��
!��"� �"%�'&(#�&� >/�F?�� �'",�%(&�" )� & % �� ��� ��'�"� %� %�  � ��,�
!�� �%�&�"��%*���� ��'#� %�&���%�� "��"#�� ����"�%������1�'+�!�� �%�# "6
#���>//�?-�!(%��%����"'%�1"'�"����%���� �$� �0 #')',�# ))*��"&(#�&
#� ",���"�!�� �%�&�"��%*��"+)(�"#���!�� �%�# "#������1�

��� �%�%�"&��"�������'+%�"�0'"�%'��&�&(��",� &���������"%�#'))�#6
%�'"��"�� "&'0���&�%�� )���"�$'�%0�"'$ (� )��'0�"���)%�'(,��%���
�*0$%'0���� �+("#%�'"�'+�!'%����%�',�"� "&�$�',��%',�"�%�� %0�"%-
�%�'##(���'+%�"�&(��",�$�',��%',�"� &&�%�'"��"���C(�"%� )�%��� $����
����� ��'#� %�'"���%��$�',��%',�"�%��� $*�����"� ##'�& "#����%��%��
+��C(�"%�'##(���"#��'+�!�� �%�%�"&��"�����"�$��0�"�%�( )�$��0�"'6
$ (� )��'0�"���%�$����"%-� %����� ���"'� +��0����&�"#�� +'�� ���) %�'"
!�%���"�!�� �%�%�"&��"���� "&�0 00',� $��#�&�"��%*�!�� �%�# "6
#������1��������'()&��'������!�� ���)�� "%��#��"%�+�#�C(��%�'"�%'� �1
!�# (���#'0!�"�&��'�0'"����$) #�0�"%�%��� $*�� ��!��"���$'�%�&
%'�)� &�%'� ���,�����"#�� ����"�!�� �%�&�"��%*�>/�F?� "&��"�!�� �%�# "6
#������1� ��#'0$ ��&�%'���%�',�"�%��� $*� )'"��>///?�

Hormone replacement therapy
��� �%� %�"&��"����'##(��� ��,"�+�# "%)*�0'���'+%�"�&(��",��'�0'"�
��$) #�0�"%�%��� $*���,�0�"��>@�-�@@-�@�?���*�$'�%6�'#��� )( %�'"-
!�� �%�&�"��%*�� ���B 0�"�&�'"�%���*� �)*�0 00',� 0��&(��",� 
� "&'0���&-�#'"%�'))�&��%(&*�'+�#'0!�" %�'"��'+�#'"3(, %�&��C(�"�
��%�',�"�� "&�$�',��%��'"��'��0�&�'B*$�',��%��'"�� #�% %��>/�F?�
������� �� ���,"�+�# "%��"#�� ����"� ))� #%����,�'($�-�!(%�%����"#�� ��
� �� ) �,��� �"� %��� #'0!�"�&�,�'($�� %� "� �"� %���("'$$'��&� ,�'($�
� ��&�'"�'!���� %�'" )�& % -��%�� ��!��"���$'�%�&�%� %��'�0'"����6

Figure 3. Raloxifene and estrogen:
anti-atherosclerotic potential. The left
hand site shows the response in aortic
cholesterol content during raloxifene
therapy relative to that of estradiol in
the ovarectomized, cholesterol-fed rab-
bit model. The right hand site shows the
corresponding plasma raloxifene con-
centrations relative to the concentra-
tion seen in postmenopausal women
during treatment with raloxifene 60 mg
(adapted from Bjarnason et al, 2000,
page 231 [101]).
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Table 3. A qualitative estimation of the influence of tibolone and raloxi-
fene in healthy postmenopausal women with estrogen and progestogen as
reference.

Ralo-                          Proge-
Tibolone xifene Estrogen stogen

Bone
Resorption . . . . . . . . . . . . . . . . ⇓⇓ ⇓ ⇓⇓ N
Formation  . . . . . . . . . . . . . . . . ⇓⇓ ⇓ ⇓⇓ N or ⇑
Bone mass  . . . . . . . . . . . . . . . . ⇑⇑ ⇑ ⇑⇑ N or ⇑
Fracture  . . . . . . . . . . . . . . . . . . – ⇓ ⇓⇓ –

Cardiovascular system
Human
LDL-cholesterol  . . . . . . . . . . . . N ⇓ ⇓ N
HDL-cholesterol  . . . . . . . . . . . ⇓⇓ N ⇑                   ⇓
Triglycerides  . . . . . . . . . . . . . . ⇓ N ⇑                   ⇓
Fibrinolysis . . . . . . . . . . . . . . . . ⇑ N ⇑ N
Coagulation  . . . . . . . . . . . . . . N ⇓ N                 N

In vivo
Rabbit aortic atherosclerosis  . . ⇓⇓ ⇓ ⇓⇓ N, ⇑ or ⇓

Breast
Symptoms  . . . . . . . . . . . . . . . . N N ⇑                   ⇑
Cancer  . . . . . . . . . . . . . . . . . . . ⇑* ⇓⇓ ⇑ N*

Uterus
Human
Symptoms  . . . . . . . . . . . . . . . . ⇑ N ⇑⇑ ⇑⇑
Cancer  . . . . . . . . . . . . . . . . . . . – N ⇑* ⇓*

In vivo
Rabbit uterine weight  . . . . . . ⇑ ⇓ ⇑                   ⇓

⇑: Increase or stimulatory. ⇑⇑: Greater increase or stimulatory effect.
⇓: Decrease or inhibitory. ⇓⇓: Greater decrease or inhibitory effect.
– : Data not available. *: Observational evidence only.
N: Neutral.
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