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It has been recognised more recently that dietary protein
increases circulating levels of insulin-like growth factor
(IGF)-1, a growth factor that is thought to play an important
role in bone formation. The clearest evidence for this role in
man is the 80 % increase in serum IGF-1 levels observed
after 6 months of supplementation with 20 g protein/d in
relatively-malnourished elderly patients with recent hip
fractures (Schürch et al. 1998; Fig. 2). Serum IGF-1-binding
protein levels did not change significantly with protein
supplementation in this study. Other supporting evidence
comes from two milk intervention studies in healthy
subjects with normal usual diets. Milk contains 300 mg Ca
and 9 g protein/237 ml serving, as well as many other
components. Cadogan et al. (1997) reported an increase of
about 20 % in serum IGF-1 levels in girls, mean age 12
years, who consumed an extra 474 ml (1 pint) milk per d. In
the other study adult men and women who consumed three
extra servings of milk per d had 14 % higher serum IGF-1
levels after 12 weeks than did unsupplemented controls
(Heaney et al. 1999). Protein restriction extensively
decreased type 1 collagen mRNA content in bone tissues in
ovariectomised rats (Higashi et al. 1996). In the same study
protein restriction decreased the femur contents of the main
binding protein, IGF-binding protein-3, but not IGF-binding
protein-2 or IGF- binding protein-4.

Dietary protein may alter Ca absorption, but evidence for
this effect in man is limited. Kerstetter et al. (1998) reported
that absorption increased in young women fed high-protein
diets for 4 d. In contrast, many careful balance studies have
not detected an effect of dietary protein on Ca absorption.
The latter is illustrated in the 74 d balance study by Hegsted
& Linkswiler (1981; Fig. 3), in which healthy young women
with Ca intakes of 500 mg/d were fed 123 g protein/d for

Fig. 1. Mean percentage change in urine calcium v. change in
protein intake from twelve published studies; r 0·85. (From Hegsted
& Linkswiler 1981; reproduced with permission.)

Fig. 2. Change in serum insulin-like growth factor (IGF)-1 levels (n)
of eighty-two relatively-malnourished elderly patients with recent hip
fractures after 6 months of supplementation with 20 g protein/d. Val-
ues are means with their standard errors represented by vertical
bars. Mean values were significantly different in the supplemented
(nen) and control (m---m) groups: * P < 0·05, ** P < 0·01. Serum
IGF-1-binding protein levels were not significantly changed by
protein supplementation (From Schürch et al. (1998); reproduced
with permission.)
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Fig. 3. Calcium absorption (a) urinary excretion (b) and retention (c)
of six healthy young women with calcium intakes of 500 mg/d who
were fed 123 g protein/d for 56 d and then 46 g protein/d for 18 d.
(From Hegsted & Linkswiler 1981; reproduced with permission).
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intakes were 22·5 and 5 µg/d respectively. The supplemented
group also consumed an additional 25 meq alkali potential,
from the citrate malate. The main results of the trial were that
supplementation lowered the bone turnover rate by 10–15 %,
reduced bone loss from the spine, hip and total body and
lowered clinical fracture rates. It is likely that the Ca, vitamin
D and the citrate malate contributed to the supplement effect
(Dawson-Hughes et al. 1997).

For the protein and bone analyses, 342 subjects were
divided into tertiles of total protein as % energy. Mean total
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Fig. 5. Dietary calcium and protein intakes and hip fracture risk of
subjects with low Ca intake (< 435 mg/d), high protein intake
(> 20·6 g/d) or a combination of low Ca intake and high protein intake.
(\), Women; (,), men. Mean value was significantly different
from those for the other groups: * P < 0·05. (From Meyer et al. 1997;
reproduced with permission).

Table 1. Dietary and laboratory characteristics by tertile of protein
intake (% energy) for healthy men and women aged ≤ 65 years who
participated in a 3-year randomised control trial and received 500 g
calcium citrate malate plus 17.5 µg vitamin D/d (supplement) or a

double placebo

Tertile. . . . 1 2 3

Total protein intake (g/d)
Placebo
Supplement

Ca (mg/d)
Placebo
Supplement

K (mg/d)
Placebo
Supplement

Serum PTH (pmol/l)
Placebo
Supplement

24 h urinary Ca:Cr
Placebo
Supplement

24 h urinary Na:Cr
Placebo
Supplement

24 h urinary K:Cr
Placebo
Supplement

 67.4
 71.7

755
809

3190
3324

 4.4
 3.2

282
421

13 380
13 169

3762
3815

 81.8
 79.3

918
885

3517
3514

 4.9
 3.2

354
421

13 781
14 887

3775
3956

 86.7
 88.6

940
847

3369
3316

 4.9
 3.5

305
474

13 682
15 251

4010
3922

PTH, parathyroid hormone; Cr, creatinine.
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Fig. 6. The association between protein intake and rates of bone loss in 342 elderly men and women treated for 3
years with 500 mg Ca as citrate malate plus 17·5 µg vitamin D (n) and with placebo (o). BMD, bone mineral density.
Values are means with their standard errors represented by vertical bars. For the total body there was a significant
interaction of treatment group × protein tertile (P = 0·044). (From Dawson-Hughes & Harris 2002; reproduced with
permission).

https://doi.org/10.1079/PNS2003267 Published online by Cambridge University Press

https://doi.org/10.1079/PNS2003267


�����$"�$"�%.��%"'�2���"$2�'$(�%(� ��


8����$"�$"�%.�(��1���������������$&�(�0�����
��:��%"'�:: /�'���)
%"%&)($(��1�2�;%�$%"2��������0%(�%�($/"$1$2%"��$"���%2�$�"�1��
���%�#�"�� /���8� $�� 8����$"� ��M �L�DD��� $"'$2%�$"/� ��%�
(�88&�#�"��(�%��(�0��&'�$"1&��"2��%")�%((�2$%�$�"�!��0��"
8����$"�%"'�2�%"/��$"�!�"��'�"($�)�%�� �������%&�!�')� &�;�&�
��;��%&� '$��%�)� %"'� !$�2��#$2%&� ;%&��(� 1��� ���� 8����$"
����$&�(�%���(��0"�$"��%!&�����<%�%"'�B�$"�%.�(�%"'�(���#
8%�%��)��$'� ���#�"�� &�;�&(� '$'� "��� '$11��� ($/"$1$2%"�&)
%2��((���������$&�(�$"��$��������%�#�"��/���8���$#$&%�&)���D �
��$"%�)� <%�� �%� %"'� B�� �%2�� 2����2��'� 1��� 2��%�$"$"�
�42���$�"�� '$'� "��� '$11��� %2��((� ���� ����$&�(�� �(� ��8����'
�%�&$���� ���� (�88&�#�"��'� /���8� �%'� &�0��� &�;�&(� �1� 8%�%-
��)��$'����#�"��%"'��$/����&�;�&(��1���$"%�)�<%��<�%"/�(�$"
� �� !)� ����$&�� �1� ���%&� 8����$"� $"�%.�� %��� (��0"� 1��� ���
(�88&�#�"��'�%"'�8&%2�!��/���8(�$"�,$/������%0(�"-3�/��(
F�3%��$(���������3$/����8����$"�$"�%.��0%(�%((�2$%��'�0$���%
1%;���%!&��2�%"/��$"����%&�!�')�� ��$"�����(�88&�#�"��'
/���8�!���"���$"�����8&%2�!��/���8��,�#��%&�"�2.�� ��%&(�
$"2��%(�'�0$���$"2��%($"/�8����$"�$"�%.��$"�����(�88&�#�"��'
/���8�!���"�������8&%2�!��/���8��%&����/������$"���%2�$�"�%�
��$(� ($��� 0%(� "��� ($/"$1$2%"��� ����#� +,-�� &�;�&(� '$'� "��
'$11���%2��((�����8����$"�����$&�(� $"��$���������(�88&�#�"��'
�� ����8&%2�!��(�!?�2�(������#��(���2%&2$"�%"'��D ����$"%�)
�-��&�8�8�$'��&�;�&(�0����&�0���$"�����(�88&�#�"��'�/���8
��%"� ���� 8&%2�!�� /���8�� !��� '$'� "��� '$11��� %2��((� 8����$"
$"�%.�� ����$&�(� $"��$����� ���%�#�"��/���8��<�&&�2�$;�&)� ���(�
1$"'$"/(�(�//�(����%��%��$/����<%�$"�%.��#%)���'�2������11(��
����"�/%�$;���11�2���1�8����$"��"�<%�����"�$�"�%"'����%#8&$1)
����8�($�$;���11�2���1�+,-�����������1%2���(��"�!�"��#%((�
�����$"� $"���;�"�$�"� (��'$�(� %��� "��'�'� ��� �4%#$"�� #���
�$/����(&)� ���� $#8%2�� �1� '$��%�)� 8����$"� �"� (���#� +,-��
!$�2��#$2%&� #%�.��(� �1� !�"�� ���"�;��� %"'� ������ (.�&��%&
#�%(���(�%��'$11���"��<%�$"�%.��&�;�&(�
"� 2�"2&�($�"�� ���� $#8%2�� �1� '$��%�)� 8����$"� �"� ���

(.�&���"� '��(� "��� %88�%�� ��� !�� &$"�%��� �� &�0� $"�%.�� $(
'�&����$��(����!�"����%&���$"������&'��&)�%"'��42�(($;��$"�%.�
$(��48�2��'����!���%�#1�&����������(��&'�;%&�����#%$"(����!�
'�1$"�'���$��%�)�<%�$"�%.��%"'�������1%2���(�#%)�$"1&��"2�
����$#8%2���1�'$��%�)�8����$"��"�����(.�&���"�

%��������

��(�$"(.)������%�.���NE���&�4%"'���B �F�B�$�/������������
 ��%!�&$2��!���"��� ��(8$�%���)��%2$'�($(�$"2��%(�(�!�"���+H���
&�;�&(�%"'�2%&2$�#���&�%(���!����������������������
����	���& �
,���:	,�����

<%'�/%"�O��H%(��&&�E�� O�"�(���F��%�.��� H���

��� $&.� $"�%.�
%"'� !�"��#$"��%&� %2A�$($�$�"� $"� %'�&�(2�"�� /$�&(�� �%"'�#$(�'�
2�"���&&�'� $"���;�"�$�"� ��$%&�� ����
�� �������� �������� ' (�
����	�����

�%0(�"-3�/��(���F�3%��$(�����������<%&2$�#�$"�%.��$"1&��"2�(
����%((�2$%�$�"��1�8����$"�$"�%.��0$����%��(��1�!�"��&�((�$"��&'��&)
#�"� %"'� 0�#�"��!�������� �������� ��� ��������� �������� )(�
���	��
�

�%0(�"-3�/��(����3%��$(�����B�%&&�H��F��%&&%&�+H���

���H11�2�
�1� 2%&2$�#�%"'�;$�%#$"���(�88&�#�"�%�$�"��"�!�"��'�"($�)� $"

#�"�%"'�0�#�"����)�%�(��1�%/������&'������,�-�	������������
������������'')�����	����

��&#$� ��E%8$"�<3����"/�%�O ����&#%(�����P%(�)�3�F���"?���
O�� ��

��� �$��%�)� (�88&�#�"�%�$�"� $"� �&'��&)� 8%�$�"�(� 0$��
1�%2����'�"�2.��1�����1�#����������''(������	�����

,�(.%"$2�� ��� N$&&���� N<�� ��%#81���  O� F� <�&'$�>� +�� ��

��
�����$"� 2�"(�#8�$�"� %"'� !�"�� 1�%2����(� $"� 0�#�"��!�������
�����������-*��������	�� *'��D��	D�
�

3%""%"� �����2.���BG���%0(�"-3�/��(����<�88&�(�G���,�&(�"
���F�B$�&�����������H11�2���1�'$��%�)�8����$"��"�!�"��&�((�$"
�&'��&)�#�"�%"'�0�#�"�� ����,�%#$"/�%#��(���8���($(����')�
����������������������������#�
������ (�����D	�����

3�%"�)�E��� 2<%���"������%0(�"-3�/��(�����8%�$&� ������/%
�G������"�O����%�����F�E�(�"�<O���


���$��%�)�2�%"/�(�1%;�-
�%!&)� %11�2�� !�"�� ��#�'�&$"/� $"� �&'��� %'�&�(�� �������� ��� ��
!�������� ������!

��������++$����:	�����

3�/(��'� �F�G$".(0$&���3 ���
:���G�"/-���#��11�2�(��1�&�;�&��1
8����$"� $"�%.�� �"� 2%&2$�#�#��%!�&$(#� $"� )��"/� %'�&��0�#�"�
�������������������   ���DD	����

3$/%(�$�Q���%.�"%.%�����%.%�%(�$���F���/�2�$�����

���H11�2�
�1 8����$"� ��(��$2�$�"� �"� ���� #�((�"/��� E��� 2�"��"�(� �1
!�"�-#%��$4�8����$"(��$"(�&$"-&$.��/��0���1%2���(�%"'�$"(�&$"-&$.�
/��0���1%2����!$"'$"/�8����$"(�$"�1�#����1��;%�$�2��#$>�'��%�(�
����
���������������������)(��:��	:���

B��(������� OH�� G��.��� �<� F� "(�/"%� BG� ������� G�0� '$��%�)
8����$"�%"'�&�0�!�"��'�"($�)��������������

���.��������������
����

B��(�������OH���I��$�"�B��F�"(�/"%�BG���

:���$��%�)�8����$"
%11�2�(� $"��(�$"%&� 2%&2$�#� %!(��8�$�"�� !�������� �������� ��
������������������&��:�
	:���

B�%��� O��� $(�&����E�� �$"/��� ,E�F�+��'#%"�N+� ��
:������
�11�2�(� �1� #��%!�&$2� %2$'�($(� �"� !�"�� 1��#%�$�"� %"'� !�"�
��(��8�$�"�$"������%���/������.�����������',���
D	����

 �)��� 3H�� ��'��(�"� O�� G�.�"� H�� F� �;��'%&� �� ��

��
�$��%�) 1%2���(�%"'�����$"2$'�"2���1��$8�1�%2�����$"�#$''&�-%/�'
���0�/$%"(�� �� 8��(8�2�$;�� (��')�� !�������� �������� ��
-*��������	�� *(�����	����

 �"/���E+��<���%"�OE�F�<�$���<� ��


�����(8�2�$;�� (��')��1
'$��%�)�8����$"�$"�%.��%"'��$(.��1��$8�1�%2�����$"�8�(�#�"�8%�(%&
0�#�"��!�������������������������������������+���D�	����

�4&�"'�3�� �(�.$&'��G�F�����1��+���

���E�'�2�'�2�"2�"��%�$�"
�1�2�&&%/�"���'�2$!&��2��((�&$".(�$"���#%"���%!�2�&%��!�"��0$��
��(8�2�����%/��%"'��(���8���($(������� +��D�
	D:D�

���#$(&�0�O3H��+�'�#%"-+���"�����&)#�"��O�F��%�����-<�""��
H�������������$"�2�"(�#8�$�"�%"'�!�"��#$"��%&�'�"($�)�$"����
�&'��&)��!�������������������-*��������	�� ((�����	�DD�

�2�C�2��  ��� E$>>�&$� E�� �&�(#%"� ��� P%'%(� G�� P��/"%�'� �� F
��"?����O����

:�������$"�(�88&�#�"�(�$"2��%(��(���#�$"(�&$"-
&$.�� /��0��� 1%2���-� &�;�&(� %"'� %���"�%��� 8��4$#%&� 1�#��
!�"� &�((� $"� 8%�$�"�(�0$��� ��2�"�� �$8� 1�%2������ �� �%"'�#$>�'�
'��!&�-!&$"'�� 8&%2�!�-2�"���&&�'� ��$%&�� !����
� ��� .������
��������� �&��:��	:�
�

��&&#�)����H�����"��BG����!%(�$%"���F�<�##$"/(��E���������
�$/���%�$���1�'$��%�)�%"$#%&����;�/��%!&��8����$"�$"2��%(�(������%��
�1�!�"��&�((�%"'������$(.��1�1�%2�����$"�8�(�#�"�8%�(%&�0�#�"�
���')� �1� �(���8����$2� ,�%2����(� E�(�%�2�� +���8�� !�������
����������������������������)'����:	����

�����"� E���N�"/� �G� F� �$�.(� O3� ��
�
�� H11�2�(� �1� #��%!�&$2
%2$'�($(�%"'�%&.%&�($(��"�(�'$�#�%"'�2%&2$�#���%"(8����$"�����'�/
.$'"�)��/������.����������� (�����	����

https://doi.org/10.1079/PNS2003267 Published online by Cambridge University Press

https://doi.org/10.1079/PNS2003267

