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PRIVACY ACT MATERIAL REMOVED 

DEPARTMENT OF HEALTH,  EDUCATION, AND WELFARE 
PUYLlC H E A L T H  S E R V I C E  

LEAVE BLANK 

PROJECT NUMBER 

RESEARCH OBJECTIVES 

NAME A N D  ADDRESS OF APPLICANT ORGANIZATION 
Associated Universities, Inc. 
Medical Research Center , Brookhaven National Laboratory, Upton, New York 11973 

NAME, SOCIAL SECURITY NUMBER. OFFIC IAL T ITLE,  AND DEPARTMENT OF A L L  PROFESSIONAL PERSONNEL ENGAGE0 O N  
PROJECT, BEGINNING WITH PRINCIPAL INVESTIGATOR 

S.H.Cohn, Ph.D. - - Senior Scientist - Medical Dept., Brookhaven Natl. Lab. 
K.J.Ellis, Ph.D. - - Asst. Scientist - Medical Dept., Brookhaven Natl. Lab. 
I.Zanzi, M.D. - Associate Scientist - Medical Dept., Brookhaven Natl. Lab. 
H.Pate - Scientist - Medical Dept., Brookhaven Natl. Lab. 
J.Aloia, H.D. - Asst. Chief Endocrin. - Nassau County Medical Center 
S.Wallach, M.D. - - Prof. Med. - Downstate University of N.Y. 
M.Roginsky, M.D.- - Chief Endocrin Serv. - Nassau County Medical Center 
H.L.htkins, M.D.- - Senior Scientist - Medical Dept., Brookhaven Natl. Lab. 
J.Jowsey, Ph.D. - - Director, Orthoped. Res.- Mayo Clinic, Minn. 

TITLE OF PROJECT 
Epidemiology of Osteoporosis: Prevention and Therapy 

G E  THIS SPACE TO ABSTRACT YOUR PROPOSED RESEARCH. OUTLINE OBJECTIVES A N 0  METHODS. UNDERSCORE THE KEY WOflOS 
(NOT TO EXCEED 101 IN YOUR ABSTRACT. 

The identification of the disease osteoporosis and the evaluation of programs of 
treatment have long been hampered by the lack of a sensitive quantitative measure of 
the condition. The following proposal offers such a quantitative measure, and further, 
d evelops both prophylactic and therapeutic programs which may be evaluated quantitatively 
and hence meaningfully compared. 

The quantification rest primarily on the newly developed technique of total-bodv 
neutron activation analysis. 
the skeletal mass. 
basis of sex, age, height and lean body mass. Thus the degree of difference between 
the measured and the predicted value can be calculated f o r  each individual.. 

A prospective study will attempt to define a sub-group in a population of post- 
menopausal women who are considered to be at high risk for developing osteoporosis 
(on the basis of l o w  skeletal mass). 
to this above sub-group will be evaluated in terms of bone mass as well as the reduction 
in the incidence and severity of osteoporosis. 
effectiveness of various regimens of treatment for osteoporosis; estrogen, androgen, 
fluoride and calcitoniq, both singly and in Combination. Human growth hormone will also 
be evaluated as a therapeutic agent. 
bone accretion rate, unlike the above agents which act to decrease the bone resorption 
rate. 
will be studied in a geriatric population. 

A measure is made of the total-body calcium which reflects 
The normal skeletal mass can be predicted for an individuil on the 

- 
The effect of prophylactic estrogen supplementation 

Evaluation will also be made of the 

It acts to increase skeletal mass by increasing the 

Finally, the effects of physical activity on body composition and skeletal mass 

An essential requirement in a11 these studies is the establishment of normal changes 
-. in body cornnosition with age. The total body levels of calcium (skeletal mass) and 

potassium (lean body mass), as well as sodium, chlorine and phosphorus, will be measured 
in a population of normal subjects. 
LEAVE BLANK 
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S. H. Cohn 

DETAILED BUDGET FOR FIRST 12-MONTH PERIOD April 3 0 ,  1977 

I 

CONSULTANT COSTS 

-- EQUIPMENT 

Genera l  l a b o r a t o r y  s u p p l i e s  i n c l u d i n g  c a l c i u m  supplements  I 
2,000 

DOMESTIC 3 t r i p s  t o  s c i e n t i f i c  meet ings  
T R A V E L  

FOREIGN 

PATIENT COSTS (Sea imcructionsl 

1,000 
-- 

-- I 
ALTERATIONS AND RENOVATIONS 

OTHER EXPENSES / / r m j r e /  Ins t rumen t  main tenance  & repair 
Machine shop time 
Computer usage  and maintenance 
X-rav & P a t h o l o g y  Lab. s e r r i c p  

TOTAL OlRECt' COST (Entor on Psq. 1, Itmn 51 * 

-- 
7.000 
1 .000  
1.500 
5.000 

$61,300 



SECTION I I  - PRtVILEGED COMMUh . T I W N  

1 s ~  PERIOO 
OESCR IPTION SAME A S  DE 

T A I L E D B U D G E T I  

PERSONNEL 
COSTS 48 , 800 

CONSULTANT COSTS - 
lJnclude f e s .  rravel, rrc.1 

EQUIPMENT - 

SUPPLIES 2,000 

D O M E S T I C  1 1,000 
TRAVEL 

FOSEIGN - 

PATIENT COSTS - 

ALTERATIONS A N D  - 
RENOVATIONS 

OTHER EXPENSES 9 , 500 

TOTAL DIRECT COSTS 61,300 

S.H. Cohn 

DIRECT COSTS ONLY (Omit Cenn) 
AODITIONAL YEARS SUPPORT REQUESTED lThisapplmrron only) 

ZND YEAR 3 R D  YEAR 4TH YEAR 5TH YEAR 6TH YEAR 7TH YEAR 

53 , 845 59 , 165 

- I -  
- - 

~ 

2,000 2,000 

1,000 1,000 
- - 
- - 

- - 

9,500 9,500 

66,345 7 1 , 6 6 5  

TOTAL FOR ENTIRE PROPOSED PROJECT PERIOD (Enrar on PJge I ,  I t a  41 - 
REMARKS: Jmnfy all cons for the firsf yasr for which the need may not be obvrwz For furors 

P e r s o n n e l  s a l a r i e s  a r e  i n c r e a s e d  a t  an  annual r a t e  of 9% f o r  the 02 and 03 years. 

s 199,310 

ywm, juflifyeqffrpment CQSts, #a wrNssany 
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PRIVACY ACT MATERIAL REMOVED 
S'.H. Cohn 

'4AIVlE 
S t a n t o n  Z .  Cohn 

PLACE OF 3lRTr-i (Ciry, Srare. Counrryi 

SECTION II -PRIVILEGED COMMUNICATION , 

BIOGRAPHICAL SKETCH 

TITLE BIRTHDATE (Mo.. Day, Yr.)  
S e n i o r  S c i e n t i s t  

PRESENT NATIONALITY / I f  non-U.S cirrzen, 
indicare kind of visa and expirarion dare] 

SEX 

U . S . A .  
Male  0 Female 

DEGREE INSTITUTION A N 0  LOCATION 

U n  i v c  r s i t y o f C ti i c  a g o  
U n i v e r s i t y  o f  Chicago 
U n i v e r s i t y  of  C a l i f o r n i a  (Berke ley )  

YEA9 SCIENTIFIC 
FIELD CON F E R RED 

S.B. 
SM 
Ph.D. 

1946 Biochemis t ry  
1949 Phys io logy  
1952 Radiobio logy  

RESEARCH AND/OR PROFESSIONAL EXPERIENCE ISrarring wirnpressnrposioon, I i s r  rraininqandenperiencerelevanr fo area ofproject Lisr all 
or most represenrarive publtcarionr Do nor exceed 3 pages for each individual.) 

See a t t a c h e d  C u r r i c u l u m  V i t a e  

MAJOR RESEARCH INTEREST 

M i n e r a l  Y e t a b o l i s m  

RHS-398 Page 5 aav.  3-70 
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Born : 

,I. E X P E R I E N C E  

1958 - t o  p r e s e n t  

1950 - 1958 

1949 - 1950 * 

1946 - 1949 

1943 - 1946 

1942 - 1943 

PRIVACY ACT MATERIAL REMOVED 

CURRICULUM V I T A E  

S t a n t o n  H .  Cohn 

C h i c a g o ,  I l l i n o i s  

S e n i o r  S c i e n t i s t ,  Medica l  P h y s i c s  D i v i s i o n  
Med ica l  Resea rch  C e n t e r  
Brookhaven N a t i o n a l  L a b o r a t o r y  
Upton ,  L . I . ,  New Vork 11973 

Head , I n t e r n a l  T o x i c i t y  Branch  
Bio-Medica l  D i v i s i o n  * 

U .  S . Naval R a d i o l o g i c a l  Defense  L b o r a t o W  
San F r a n c i s c o ,  C a l i f o r n i a  

S.H. Cohn * 

Resea rch  A s s i s t a n t  
C r o c k e r  R a d i a t i o n  L a b o r a t o r y  
U n i v e r s i t y  of  C a l i f o r n i a  
Berke ley  , C a l i f o r n i a  

Biochemis t ,  Bio-Medical  D i v i s i o n  
Argonne N a t i o n a l  L a b o r a t o r y  
U n i v e r s i t y  o f  Chicago 
C h i c a g o ,  I l l i n o i s  

B i o c h e m i s t ,  L a b o r a t o r y  of  t h e  203 r d  Gen. Hosp. 
U. S .  Army 
P a r i s  , France  

Chemis t ,  E x p l o s i v e  
KBnkakee Ordnance  works 
J o l i e t ,  I l l f n o i e  

11. E D U C A T I O N  

1952 U n i v e r s f t y  of C a l i f o r n i a  
Berke ley  , C a l i f o r n i a  

1949 U n i v e r s i t y  o f  Chicago  
C h i c a g o ,  I l l i n o i s  

1946 U n i v e r s i t y  o f  Ch icago  
Ch icago ,  I l l i n o i s  

1945 Sqrbonne  U n i v e r s f t y  
P a r i s ,  F rance  

194 1 I l l i n o i s  I n e t .  o f  Technology 
C h i c a g o ,  I l l i n o i s  

Ph.D.,  Phys fo logy  
(Dr. Hard in  Jones) 

S. M. , P h y s i o l o g y  
(Dr . F r a n k l i n .  McLean) 

. S . B. , Biochernfs c r y  

F r e n c h  L i t e r a t u r e  

E n g i n e e r i n g  S c i e n c e  
Defense  T r a i n i n g  

i 

d 
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S.H. Cohn 

S t a n t o n  H .  Cohn CURRICULUM V I T A E  ( c o n t i n u e d )  

III, , OTHER ACTIVITIICS I MEWIER O_F 

A .  N a t i o n a l  Councf l  on R a d i a t i o n  P r o t e c t i o n ,  S c i e n t i f i c  Comrnfttee 3 4 .  1970- 

1965- 196 E. E d i t o r i a l  Board ,  R a d i a t i o n  Resea rch  J o u r n a l .  

C. N a t i o n a l  Committee o n  R a d i a t i o n  P r o t e c t i o n ,  Subcommit tee  2 .  1961- 196 

D, S u b c o m l t t c e  on I n h a l a t i o n  Hazards  o f  t h e  P a t h o l o g i c a l  E f f e c t s  
of Atomic R a d i a t i o n  Committee, N o t i o n a l  Academy o f  S c i e n c e s .  1956- 196 

E .  U .  S .  Medica l  Team which p r o v i d e d  emergency m e d i c a l  t r e a t m e n t  
f o r  t h e  M a r s h a l l  I s l a n d e r s  a c c i d e n t a l l y  expdsed  t o  f a l l o u t  
i n  1954.  
t h e  exposed  M a r s h a l l e s e ,  

S t u d l e d  t h e  i n t e r n a l  r a d i o a c t i v e  c b n t a m f n a t i o n  of 

F. A E C  Medica l  Team which c a r r i e d  o u t  m e d i c a l  s u r v e y s  o f  t h e  
b r s h a l l e s e  i n  1959 and 1 9 6 1 .  Measured t h e  body burdens  
o f  200 M a r s h a l l e s e  , u s i n g  a " p o r t a b l e "  whole-body c o u n t e r .  

G. C o n s u l t a n t  t o  Armed Forces  R a d i o b i o l o g y  R e s e a r c h  I n s t i t u t e ,  
N a t l o n a l  Naval  Med ica l  C e n t e r .  

a. L e c t u r e r  f o r  Med ica l  Educa t ion  f o r  National Defense ,  
American I n s t i t u t e  o f  B i o l o g i c a l  S c i e n c e s  

I V .  SCIENTIFIC SOCIETIES, MEMBER OF 

A .  American P h y s i o l o g i c a l  S o c i e t y  

B .  R a d i a t i o n  R e s e a r c h  S o c i e t y  

C. Sigma Xi 

D .  H e a l t h  P h y s i c s  S o c i e t y  

,, . . 

. .  I 

I 

I . , ,  I .  

1962- 196 

1 9 6 2 - i 9 i  

Page 7 . .  , 
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AI b 1 i ca t i  ons (Con t ' d ) S. H,  Cohn, Ph.D. 

9 3 .  E f f e c t  of p o r c i n e  C a l c i t o n i n  on ca l c ium metabo l i sm i n  o s t e o p o r o s i s .  

S .  H .  Cohn, C. S.  Dombrmski ,  W. Hause r ,  J. Klopper  and 
H .  L. X t k i n s .  J. C l i n .  Endocr in .  & Metab. 3 3 ;  719, 1971.  

94. D e t e r m i n a t i o n  of body compos i t ion  by n e u t r o n  a c t i v a t i o n  i n  p a t i e n t s  
w i t h  r e n a l  f a i l u r e .  

S. H. Cohn, T. J. Cinque,  C. S. Dombrmski  and J. M. L e t t e r i  
J .  Lab. C l i n .  Med. 79: 978,  1972.  

Design and c a l i b r a t i o n  of a broad-beam 2 3 8 h . B e  s o u r c e  f o r  t o t a l  
body n e u t r o n  a c t i v a t i o n  a n a l y s i s .  

9 5 .  

S ,  H .  Cohn, K. K. Shukla  and R. G. F a i r c h i l d  
J. Nucl .  Med. 13 :  487 ,  1972. 

96 .  C a l c i t o n i n  Trea tmen t  of O s t e o p o r o s i s .  

S. Wallach and S .  H. Cohn 
Seminar i n  Drug Trea tmen t ,  Vol 2 ,  No. 1 ( J u n e )  1972. 

9 7 .  E f f e c t s  of c h r o n i c  c a l c i t o n i n  a d m i n i s t r a t i o n  i n  t h e  bone d i s e a s e  of 
Tha la s semia .  

F. S h a i ,  S .  Wal lach ,  S .  H. Cohn and R. K. Baker 
- I n  C l i n .  A s p e c t s  of Me tabo l i c  Bone D i s e a s e ,  Ford H o s p i t a l ,  D e t r o i t ,  
N ich igan  (Exce rp ta  Medica) 1972. 

98. Calcium h o m e o s t a s i s  - The h a r d  f a c t s  a b o u t  soft bones .  

S. H. Cohn, Brookhaven N a t i o n a l  Labora to ry  L e c t u r e ,  No. 109,  March 1972. 

99. S k e l e t a l  c a l c i u m  metabo l i sm and body compos i t ion  i n  ac romega ly .  

J. A l o i a ,  X. Roginsky,  C. S. Dombrowski and S. H. Cohn 
J. C l i n .  Endoc. & Metab. 35: 543 ,  1972. 

100. D e t e r m i n a t i o n  of whole-body magnesium by i n - v i v o  n e u t r o n  a c t i v a t i o n  
i n  t h e  r a t .  

C. S. Dombrowski, S. Wal lach ,  K. R. Shukla  and S. H. Cohn 
-+- r .  - I n t .  J. Nucl .  Xed. and B io l .  1 :  15, 1973. 
c--> 
iL 9 101. P h y s i o l o g i c a l  v a r i a t i o n s  of t o t a l - b o d y  po ta s s ium i n  man. 
a-.- K. K. Shuk la ,  K. Ellis, C. S. Dombrowski and S. H. Cohn 
c3- J, A p p l .  P h y s i o l .  224: 271, 1973.  
l - 4  

2 '  102. Body c o m p o s i t i o n  changes  i n  c h i l d r e n  r e c e i v i n g  human growth h o r m o n e .  

P .  J. C o l l i p p ,  V. C u r t i ,  J. Thomas, R. R. Sharma, J. T. Xaddiah 
and S. H.  Cohn 
Xetab.  22 :  589, 1973. 
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publications (Cont Id) S.H. Conn, ?h.D.  

103. Fallout 137Cs levels in man over a twelve year 2eriod. 

K.K. Shukla, C. S. Domorowski and S. EI. Cohn 
Health Phys. 2 4 :  555, 1973. 

104.  

105. 

106. 

107. 

108. 

109. 

110. 

> 

J 

111. 

3 
.> 

Alterations in elemental body composition in thyroid disorders. 

S. I I .  Cohn, >I. . .S.  Rogins'ky, J. F. Aloia, I(. J. Ellis and K. K. Shukla 
J. Clin. Endocrinol. Xetab. 36:. 742, 1973. 

Alterations in skeletal calcium and phos7horus in dysfunctions of the 
parathyroid. 

S. H. Cohn, H. S. Roginsky, J. F .  Xloia, K. J. E l l i s  and K.  I(. S h u k l a  
J. Clin. Endocrinol. Metab. 36: 750, 1973. 

Alterations in skeletal mass in endocrine dysfunccLon as decernined b y  
total-body neutron activation analysis, 

S. H. Cohn, X. S. Roginsky ,  J. F. Aloia, R. J. Ellis and K. K. Shukla 
?roc. Ninth European Symposium on Calcified Tissue, saden, Austria 
1972, 1973. 

Theoretical considerations in the selection of aeutron sources for 
total-body neutron activation analysis. 

S .  H. Cohn, R. G .  Fairchild and R. K. Shukla 
phys. Ned. Biol. 18: 6 4 3 ,  1973. 

Fornulation of a stochastic model of long-ten strontium data using :ne 
likelihood function. 

J. R .  Sheer and S. H. Cohn 
J. Theoret. Biol. BNL 13167-1973 

Effect of calcitonin on caLcium netabolism in the rat .  2h.D. Thesis 
St. John's University. 

C. S. Dombrowski, K. K. Shukla and S. H. Cohn a x ,  17784 (1973). 

Neasurement of calcium in rats by total body neutron activation analysls. 

K. K. Shukla and S. H. Cohn 
Intern. J. Nucl. Med. Biol. - 1: 7 3 ,  1973. 

A multivariate predictor of total-body calcium 

S. H. Cohn, K. K. Shukla and K .  J. Ellis 
Tat. J. Nucl. Xed. Biol. - 1: 131, 1974 

Page 9 



Tublicacions (Cont'd) S. H. Cohn, ?h.D. 

112.' Recent advances in whole-body counting. 

S .  H. Cohn and H. E. palmer 
Int. J. Nucl. Med. Biol. - 1: 155, 1974.  

113. Neutron sources, energy, flux density and moderation in total-body 
neutron activation analysis. 

S. H. Cohn, R. G. Fairchild and K K. Shukla 
ZAU panel on In-vivo t-\ctivation Analysis, IAE.4 p1-493/2, Vienna, 1973. 

114.  Comparsion of techniques for the total-body neutron accivation analysis 
of calcium in man. 

S. H. Cohn, R. G. Fairchild and K. K. Shukla 
Panel on In-vivo Activation Analysis, I A U  P1-493/3 ,  Vienna, 1973.  

115. A total-body neutron accivation facility employing portable ( m )  sources 
developed f o r  medicine research. 

S. H. Cohn, K. K. Shukla, C .  S. Dombrowski and R. G .  Fairchild 
Neutron Activation Techniques in Life Sciences-Bled Yugoslavia W-&-1972. 

116. 

117. 

118. 

119.  c) 

0 

Experimental particle radiation therapy in aniaal neoplasia. 
1. Electron % x-irradiation. 

S. W:Lippincott, J. L. Montour, J. D. Wilson, S .  H. Cohn ana R. E. Flora 
Acta Radiol. Ther. physics & Biol .  - 12: 541, 1973. 

A predictor for total-body potassium in man based on height, weight, sex 
and age: Application in metabolic disorders. 

K. J. Ellis, K. K. Shukla and S. H. Cohn 
J.'Lab. Clin. Med. 83: 716, 1974. 

Absolute and relative deficit in total skeletal calcium and radial 
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EPIDEMIOLOGY OF POST -MENOPAUSAL 
OSTEOPOROSIS : PREVENTION AND THERAPY 

Admini s t r a t i o L  

A .  Introduction 

1. Objective: To study the epidemiology of post-menopausal osteopcrosis and 
its possible prevention ;by administration of estrogens. 

2.  Background: Although the etiology of primary osteoporosis has not been 
clearly elucidated, a number of possible factors have been identified. 
investigators have indicated roles for the following factors: 
sex hormones at menopause, inadequate dietary calcium intake, impaired calcium 
absorption, high phosphorus intake, hypersensitivity of bone to parathyroid hormone, 
physical inactivity, hereditary factors, unresponsiveness to growth hormone, and 
aging (1). 

Various 
r.eduction of levels of 

Initially it was believed that the onset of osteoporosis represented a 
decreased level of bone formation resulting from a decrease in the level of gonadal 
steroids ( 2 ) .  
rather than a decrease in bone formation is primarily responsible for the onset of 
osteoporosis (1,3,4). 
density of the skeleton may decrease sufficiently to result in the spontaneous 
vertebral collapse characteristic of osteoporosis. 

The present consensus, however, is that an increase in bone resorption 

When resorption is extensive and of long duration, the 

The extent of osteoporosis in the population, and the efficacy of therapeutic 
programs are both difficult to assess because, at the present time, there-exist no 
generally accepted quantitstive measurements for determination of the degree of 
severity of the condition. 
to provide early detection of subtle changes in bone. 
Jseless for detection of any but gross demineralization, 
ical, chemical and microradiographic techniques of biopsy samples of bone have yielded 
nuch useful information. These techniques, however, provide information on small 
localized areas only; extrapolation is required for estimation of changes in total 
skeletal mass, Densitometric techniques based on photon transmission are more precise 
Dut again yield essentially localized inforination on changes in the degree of 
iemineralization. 

There is a need for a sensitive measure of skeletal nass 
Radiographic techniques are 

Analysis by histolog- 

The most sensitive and direct measure of total skeletal mass is obtained with 
the recently developed technique of total-body neutron activation analysis (TBNAA). 
Jith this technique the absolute amount of Ca is measured with a precision of 1% 
‘S.D.) and the total skeletal mass can consequently be determined. 

i 3,  Rationale: In the present study the unique Brookhaven neutron irradiation 
acility and the whole-body counter is employed for TBNAA to quantitate the levels of 
otal-body Ca and P in post-menopausal women. TBNAA is the principal technique used 
o quantitate the alteration in skeletal composition with age or following institution 
f appropriate therapy for the condition, over long periods of time. 

Even though estrogens have not proved efficacious in reversing the accumulated 
ffects of an osteoporotic condition that has been extant for a period of time, it is 
ossible that administration of estrogen at menopause may slow or inhibit the 
evelopment of osteopomis (3,5-8). Thus, estrogens may be useful in a prophylactic 
rogram. 

It is proposed first to identify a group of women who are considered to be at 
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h i g h  r i s k  f o r  d e v e l o p i n g  o s t e o p o r o s i s ,  and t h e n  t o  t r e a t  a p o r t i o n  of t he  group w i t h  
e s t r o g e n s  a d m i n i s t e r e d  p r o p h y l a c t i c a l l y  from t h e  o n s e t  of t h e  menopause. The women 
w i l l  be s e l e c t e d  on t h e  b a s i s  of a h i g h  p r o b a b i l i t y  t h a t  o s t e o p o r o s i s  w i l l  d e v e l o p ,  
i n  a c c o r d a n c e  w i t h  c u r r e n t  t h e o r y .  The h y p o t h e s i s  i s  t h a t  t h o s e  women who, b e f o r e  
menopause, have a s m a l l e r  t h a n  a v e r a g e  s k e l e t a l  mass f o r  t h e i r  age  and h a b i t u s  a r e  
a t  g r e a t e s t  r i s k  f o r  e a r l y  development of o s t e o p o r o s i s .  
assumed t h a t  t h e  r a t e  o f  l o s s  of c a l c i u m  due t o  s e n e s c e n c e  i s  f a i r l y  s t a n d a r d  f o r  a l l  
women ( 9 ,  1 0 ) .  
of t h e  s i z e  of t h e  s k e l e t a l  mass a t  menopause. 

Continuation page 

Under t h e  h y p o t h e s i s ,  i t  i s  

I n  t h a t  c a s e ,  t h e  d e g r e e  of o s t e o p o r o s i s  would be a d i r e c t  f u n c t i o n  

B. S p e c i f i c  Aims 

The p r e s e n t  program was t h u s  d e s i g n e d  t o  f a c i l i t a t e  t h e  d i a g n o s i s  o f  o s t e o -  
p o r o s i s  by t h e  development o f  a s e t  of q u a n t i t a t i v e  measurements f o r  c l i n i c a l  u se  ( i n  
p a r t i c u l a r ,  s k e l e t a l  mass ) ,  and f u r t h e r ,  t o  d e v e l o p  and a s s e s s  s p e c i f i c  p r o p h y l a c t i c  
e f f e c t s  of e s t r o g e n s .  The s p e c i f i c  aims of t h i s  s t u d y  a r e :  

women c l o s e  t o  menopause who a p p e a r  t o  be a t  h i g h  r i s k  f o r  o s t e o p o r o s i s ;  

e s t r o g e n s  s t a r t i n g  a t  t h e  o n s e t  of menopause w i l l  r e s u l t  i n  a s i g n i f i c a n t  r e d u c t i o n  
i n  t h e  number of c a s e s  of o s t e o p o r o s i s  and f u r c h e r ,  of t h e  d e g r e e  of s e v e r i t y  of 
o s t e o p o r o s i s ,  a s  compared t o  t h e  i n c i d e n c e  and d e g r e e  i n  a c o n t r o l  group.  

post-menopausal  women i n  t h e  t e n  y e a r  p e r i o d  o f  s t u d y .  

1. t o  i d e n t i f y ,  by means of t h e  measurement of s k e l e t a l  mass,  a g roup  of 

2. t o  d e t e r m i n e ,  o v e r  an ex tended  p e r i o d  o f  t i m e ,  whether  a d m i n i s t r a t i o n  of 

3. To d e t e r m i n e  t h e  a v e r a g e  r a t e  of l o s s  of c a l c i u m  f o r  a l l  t h r e e  groups of 

C. Methods of P rocedure  

The s k e l e t a l  mass w i l l  be measured i n  100 women who have r e c e n t l y . t e r m i n a t e d  
t h e i r  menses. Measurement of t h e  s k e l e t a l  mass w i l l  be made by t h e  t echn ique  of 
t o t a i - b o d y  n e u t r o n  a c t i v a t i o n  a n a l y s i s  (11 -13) .  The d e n s i t y  of t h e  r a d i u s  w i l l  a l s o  
be measured by photon d e n s i t o m e t r y  (15 -16) .  

t h i s  pu rpose ,  a m u l t i v a r i a t e  p r e d i c t o r  by means of  which normal ca l c ium mass can  b e  
e s t i m a t e d  u s i n g  h e i g h t  and t o t a l  body po ta s s ium (measured by whole body c o u n t i n g )  was 
developed i n  a s t u d y  of a normal p o p u l a t i o n  ( 1 4 ) .  With t h i s  t e c h n i q u e ,  t h e  normal 
t o t a l  body c a l c i u m  i n  any s u b j e c t  can  be p r e d i c t e d  t o  w i t h i n  5% ( 1  S . D . ) .  Comparison 
3f t h e  d i r e c t  measurement of s k e l e t a l  mass w i t h  t h e  p r e d i c t e d  t o t a l  body c a l c i u m  f o r  
2ach s u b j e c t  w i l l  d e t e r m i n e  t h e  p e r c e n t  d e v i a t i o n  from t h e  normal f o r  each s u b j e c t .  

The normal l e v e l  of body c a l c i u m  w i l l  be c a l c u l a t e d  f o r  each  p a t i e n t .  Fo r  

The o r i g i n a l  g roup  of  women w i l l  be s e p a r a t e d  i n t o  t w o  groups  on t h e  b a s i s  of 
: h e i r  measured c a l c i u m  mass i n  r e l a t i o n  t o  t h e i r  p r e d i c t e d  normal calcium. The 
;roup w i t h  t h e  lowes t  v a l u e s  o f  s k e l e t a l  mass ( i . e . ,  l owes t  t o t a l - b o d y  Ca) w i l l  be 
Eur the r  s u b d i v i d e d  i n t o  two g roups .  One g roup  w i l l  r e c e i v e  e s t r o g e n s  ( 2 . 5  rug 
:on juga ted  e s t r o g e n s  p e r  day) and ca l c ium s u p p l e m e n t s ;  (0 .5  g Ca per  d a y ) ;  t h e  o t h e r  
; roup w i l l  r e c e i v e  o n l y  c a l c i u m  supplements  (which have been shown t o  be of some 
I e n e f i t ,  1 7 ) .  A t h i r d  g roup  w i l l  r e c e i v e  no t r e a t m e n t ,  and w i l l  s e r v e  a s  t h e  c o n t r a s  
>opu l a  t i on. 

It  i s  planned t o  measure t h e  t o t a l - b o d y  c a l c i u m  i n  t h i s  g roup  of post-meno- 
> a u s a l  women on a y e a r l y  b a s i s  f o r  a p e r i o d  of t e n  y e a r s .  With t h e  h i g h  p r e c i s i o n  of 
:he TBNAA t e c h n i q u e ,  d i f f e r e n c e s  i n  t o t a l - b o d y  c a l c i u m  can be measured ove r  a p e r i o d  
)f y e a r s  a t  t h e  2% l e v e l  w i t h  95% c o n f i d e n c e  ( 2  S.D.). 

B a s e l i n e  S t u d i e s :  A l l  s t u d i e s  w i l l  be performed on a n  o u t p a t i e n t  b a s i s .  I n  
i d d i t i o n  t o  r o u t i n e  h i s t o r y  ( i n c l u d i n g  d i e t a r y  h i s t o r y )  and a g e n e r a l  p h y s i c a l  
!xamina t ion ,  v a g i n a l  c y t o l o g y  w i l l  be performed. Blood samples  w i l l  be o b t a i n e d  f o r  
:omplete blood coun t  (CBC) , blood u r e a  n i t r o g e n  (BUN), f a s t i n g  blood s u g a r  (FBS), 



0 n 

Continuation page S.H. Cohn 

serum g l u t a m i c  o x a l a c e t i c  t r a n s a m i n a s e  (SGOT), Ca, P ,  b i l i r u b i n ,  a l k a l i n e  phosphatase 
and serum p r o t e i n  e l e c t r o p h o r e s i s .  I n  a d d i t i o n  a u r i n a l y s i s  w i l l  be made. Twenty- 
f o u r  hour  u r i n a r y  l e v e l s  of c a l c i u m ,  phosphorus,  c r e a t i n i n e ,  e s t r o g e n  and hydroxy- 
p r o l i n e  w i l l  be de t e rmined .  An EKG w i l l  be performed.  
de t e rmined  by photon d e n s i t o m e t r y  and s k e l e t a l  mass w i l l  be c a l c u l a t e d  from t h e  
measurement of t o t a l  body c a l c i u m  by TBNAA. Lean body mass w i l l  be c a l c u l a t e d  from 
t h e  measurement of 4oK by whole body c o u n t i n g .  
performed.  

i n d e f i n i t e  p e r i o d ,  e x c e p t  f o r  t h e  s k e l e t a l  s u r v e y  which w i l l  be r e p e a t e d  a t  t h e  t i m e  
o f  e n t r y  i n t o  a t r e a t m e n t  g r o u p  a n d / o r  e v e r y  f i v e s  y e a r s .  

Bone m i n e r a l  c o n t e n t  w i l l  be 

A s k e l e t a l  s u r v e y  w i l l  a l s o  be 

Follow-up: A l l  b a s e l i n e  s t u d i e s  w i l l  be r e p e a t e d  on a y e a r l y  b a s i s  f o r  a n  

D. S i g n i f i c a n c e  

The e p i d e m i o l o g i c a ~  s i g n i f i c a n c e  of t h e  s t u d y  r e s t s  on t h e  f a c t  t h a t  p o s t -  
menopausal o s t e o p o r o s i s  is  a l e a d i n g  c a u s e  o f  d i s a b i l i t y  among t h e  p o p u l a t i o n  of 
aged  p e r s o n s .  I t  is e s t i m a t e d  t h a t  a s  many a s  s i x  m i l l i o n  Americans have a s i g n i -  
f i c a n t  d e g r e e  of o s t e o p o r o s i s .  Of t h i s  g r o u p ,  80% a r e  post-menopausal women. The 
s t u d y ,  i f  s u c c e s s f u l ,  w i l l  p e r n i t  s e l e c t i o n  a t  menopause of t h o s e  women who a r e  a t  
g r e a t e s t  r i s k  f o r  development of o s t e o p o r o s i s  i n  l a t e r  y e a r s .  F u r t h e r ,  when t h i s  
s e l e c t i v e  c a p a c i t y  is  d e v e l o p e d ,  e f f o r t s  t o  c o n t r o l  and p r e v e n t  t h e  d i s o r d e r  may be 
more p r o d u c t i v e .  I f  e s t r o g e n s  a r e  found t o  be e f f e c t i v e  i n  r e t a r d i n g  t h e  bone l o s s  
t h a t  o c c u r s  i n  post-menopausal  women, t h e  r e s u l t s  of t h e  s t u d y  may have a p p l i c a b i l i t y  
t o  a l l  post-menopausal  women. 

11. Trea tmen t  of O s t e o p o r o s i s ,  

A .  I n t r o d u c t i o n  

1. O b j e c t i v e :  The proposed program i s  d e s i g n e d  t o  e v a l u a t e  o b j e c t i v e l y  t h e  
e f f e c t s  o f  l ong- t e rm t r e a t m e n t  of o s t e o p o r o s i s  by e s t r o g e n s ,  a n d r o g e n s ,  f l u o r i d s  and 
c a l c i t o n i n ,  b o t h  s i n g l y  and i n  combina t ion .  

which a r e  w i d e l y  used  t o  t r e a t  o s t e o p o r o s i s  ( 1 - 8 ,  17-19, 23-27, 37, 3 8 ) .  However, 
most a g e n t s  have been e v a l u a t e d  q u a l i t a t i v e l y  ( e . g . ,  l e s s  p a i n  i s  r e p o r t e d  by 
o s t e o p o r o t i c  post-menopausal  women on e s t r o g e n ) .  It i s  d i f f i c u l t  t o  e s t a b l i s h  t h e  
v a l i d i t y  of t h e  f i n d i n g s ,  and of t h e  t r e a t m e n t ,  t h e r e f o r e ,  w i t h o u t  q u a n t i t a t i v e  d a t a .  

a .  E s t r o g e n s :  A s  i n d i c a t e d  above,  e s t r o g e n s  have been employed by a 
number o f  i n v e s t i g a t o r s  f o r  t h e  t r e a t m e n t  of o s t e o p o r o s i s  ( 2 , 3 , 5 - 8 ,  19,20). The long 
te rn  e s t r o g e n  t h e r a p y  has r e s u l t e d  i n  a d e c r e a s e  i n  t h e  r a t e  o f  v e r t e b r a l  f r a c t u r e s  
and l o s s  of h e i g h t  i n  o s t e o p o r o t i c  women. Radio-calcium s t u d i e s  have i n d i c a t e d  a 
d e c r e a s e  i n  t h e  r e s o r p t i o n  r a t e ,  and t h e  development of a p o s i t i v e  ca l c iom b a l a n c e  a s  
a r e s u l t  of s h o r t - t e r m  e s t r o g e n  t h e r a p y .  
o f  t e t r a c y c l i n e  l a b e l i n g  and q u a n t i t a t i v e  m i c r o r a d i o g r a p h  has  demons t r a t ed  t h a t  s h o r t  
term a d m i n i s t r a t i o n  ( s e v e r a l  months) of e s t r o g e n  r e s u l t s  i n  t h e  r e d u c t i o n  of t h e  
e l e v a t e d  r e s o r p t i o n  l e v e l .  

show d e c r e a s i n g  e f f i c a c y .  The bone r e s o r b i n g  s u r f a c e s  a p p a r e n t l y  r e t u r n  t o  p re -  
t r e a t m e n t  s t a t e ,  and bone-forming s u r f a c e s  and hence ca l c ium a c c r e t i o n  r a t e s  d e c r e a s e  

o s t e o p o r o t i c  i n d i v i d u a l s  ( 7 ,  8 ) .  However, t h e i r  m a s c u l i n i z i n g  e f f e c t s  have p rec luded  
t h e i r  w idesp read  u s e  i n  women who comprise  t h e  m a j o r i t y  of t h e  o s t e o p o r o t i c  p o p u l a t i o l  

e f f e c t s .  The r a t i o n a l e  f o r  t h e i r  u s e  is t h e  same a s  t h a t  f o r  e s t r o g e n s .  However, a s  
w i t h  t h e  e s t r o g e n s ,  l ong- t e rm t h e r a p y  w i t h  s y n t h e t i c  a n a b o l i c  hormones d e c r e a s e  miner;  
a c c r e t i o n ,  which may r e s u l t  i n  a loss of e f f i c a c y  w i t h  t i n e .  J owsev and h p r  c o l l p  

k ~ o  17  

2. Background: T h e r a p e u t i c  b e n e f i t  h a s  been c l a imed  f o r  a v a r i e t y  o f  a g e n t s  

A n a l y s i s  of bone b i o p s y  specimens by means 

However, prolonged t r e a t m e n t  w i t h  e s t r o g e n s  has g e n e r a l l y  been r e p o r t e d  t o  

b. Androgens: Androgens a l s o  produce s h o r t - t e r m  ca lc ium r e t e n t i o n  i n  

S y n t h e t i c  androgens have been deve loped ;  t h e s e  do no t  have marked v i r i l i z i n g  
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found an anabolic steroid to be as effective as estrogens in reduction of bone- 
resorbing surfaces ( 3 ) .  

c. Fluoride: Fluorosis has been observed in areas where there is 
excessive fluoride in the drinking water (21). This disorder is characterized by 
bony exostoses, calcification of ligaments and excessive bone density. However, 
many individuals are asymptomatic and exhibit only increased radiodensity. It was 
because of this finding that Rich ( 2 2 , 2 3 )  proposed the use of fluoride for treatment 
of osteoporosis. Study of bone biopsy specimens from animals and also from human 
subjects has clearly shown that the basic effect of fluoride is the stimulation of 
osteoblasts by inducing bone crystal growth ( 2 4 - 2 6 ) .  Moreover, the incorporation of 
F into the hydroxyapatite crystal of bone is thought to produce more stable bone 
which is resistant to resorption by parathyroid hormone. There are numerous papers 
concerning the efficacy of fluoride therapy, but few researchers have utilized 
objective techniques in their investigation. Two recent studies merit consideration 

Here, at Brookhaven, the short-term effects of daily administration of 20 mg 
of fluoride on 47Ca tracer kinetics and total body calcium has been studied in an 
osteoporotic population (27) .  The lack of significant improvement was attributed to 
the short period of treatment ( 2  months) and the fact that calcium supplements were 
not administered. 

A variety of morphologic techniques have demonstrated that the newly formed 

( 2 7 ) .  

osteoid induced by F therapy may be poorly mineralized as evidenced by the osteoid 
seams (characteristic of osteomalacia) which develop. Jowsey found that adminis- 
tration of less than 45 mg of NaF daily (20.5 mg of fluoride) did not consistently 
increase bone formation, whereas the administration of 60 mg or more produced 
parathyroid hyperplasia and thereby increased bone resorption levels ( 2 5 ) .  

3. Rationale 

It has been known for some time that bone formation and bone resorption are 
normally coupled. The objective in the treatment of osteoporosis is to effect 
uncoupling -- i.e., to increase bone formation to a level higher than that of bone 
resorption, or to reduce bone resorption to a level less than that of bone formation. 
It appears that sex hormones and calcitonin successfully reduce bone resorption. 
However, it is suggested that after several months, the formation and resorption 
levels become coupled again, thereby limiting the net increase in skeletal mass 
that can be attained. Riggs and Jowsey has provided confirmatory evidence for this 
nypothesis in her analysis by quantitative microradiography of bone biopsies of sex- 
steroid treated osteoporotics (5) .  

It would appear that a reasonable approach would be to treat patients with a 
zombination of agents, i.e., to combine an agent that stimulates bone formation with 
3n agent that inhibits bone resorption. Preliminary data from Jowsey's group suggest 
that this may be most efficacious for long-term therapy. Her group found improvement 
3s indicated by bone biopsy, with treatment by fluoride, calcium supplements and 
litamin D 1 2 5 ) .  

B. Specific Aims 

To evaluate the effectiveness of regimes of treatment for osteoporosis that 
rmploy agents both singly and in combination. Evaluations will made on the b a s i s  of 
serial measurements of skeletal mass by T B W  and density measurements of the radius 
lade by phot on a bs orp t iome try . 

C. Methods of  Procedure 

1. Treatment G r o u p s :  Twelve patients with primary osteoprosis will be 
.ncluded in each of the six treatment groups: estrogens alone (2 .5  mg con'ugated), 
inabolic steroid alone. fluoride a l w  ( 20 mq/d) , fluoride plus estrogen. fluoride 
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plus anabolic steroid, fluoride plus calcitonin 5 0  KRC units, 3 times weekly. 
patients will receive calcium supplements (1 gm/d). 

and determination of parathyroid hormone levels and urinary hydroxyproline, the 
follodng will be performed: 

All 

2. Basel;.ne Studies: In addition to routine chemistry, skeletal survey, 

a. total body neutron activation analysis; 

b. bone biopsy for analysis by tetracycline labeling and quantitative 
microradiography; 

c. 

d. 

bone density measurement by the photon absorption technique; 

47Ca tracer kinetic studies in selected patients. (This study will 

3 .  Follow-up: Subjects will be evaluated on an outpatient basis at eight- 
be performed only for a few selected patients on a combination therapy regime). 

week intervals. Laboratory data obtained at these times will include C.B.C., 
bilirubin, total protein, albumin/globulin (A/G) ratio. Blood will also be obtaimd 
for analysis for Cay P, hydroxyproline and creatinine. TBNAA will be repeated every 
three months, along with measurement of bone density by densitometry. 

4. Final Study Period: At twelve month intervals, subjects will be 
readmitted, and all baseline studies will be repeated. 

D. Significance 

The importance of achieving a successful treatment of osteoporosis, even one 
that may only slow the rate of l o s s  of Ca from the skeleton, is obvious. With six 
million post-menopausal women suffering from the effects of osteoporosis, any 
effective therapy would be of great value. The evaluation of the effectiveness of 
existing treatments by such objective end-points as skeletal mass would in itself 
be important to settle the controversy that now exists in the efficacy of.the current 
agents employed for the treatment of osteoporosis. 

and Body Composition in Primary 
Os teopo rosis 

A. Introduction 

1. Objective: 
a. To determine the efficacy of growth hormone therapy in primary 

b. To quantitatively determine the effect of growth hormone adminis- 

2 .  Background: Several short-term studies of the effect of human growth 

osteoporosis. 

tration on skeletal metabolism and body composition in an adult population. 

hormone (GH) in adults have been reported. In one such study, Root (28) suggested 
that older-subjects may be relatively resistant to growth hormone. Rudman and his 
colleagues ( 2 9 ) ,  however, have recently shown that a dosage of 0.168 u/kg (BW) is 
effective in increasing the retention of Na, K, N and P. 

normone ( 3 0 - 3 3 ) .  The results of these studies are encouraging. In six subjects, 
aged 68-83 years, an increase In calcium absorption, positive calcium balance and 
reduction in urinary hydroxyproline was achieved by treatment with 2 mg of HGH 
jaily f o r  50 days. 

:ration of exogenous growth hormone in intact adult dogs. Morphometric studies 
revealed a marked increase in new bone formation, decreased endosteal resorption 

There are several reports on the treatment of osteoporosis with growth 

Recently, Harris and Heaney ( 3 4 - 3 5 )  studied the effect of 3 months adminis- 
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formation increased, resulting in a net increase in skeletal mass. Kinetic studies 
were also performed, on the same dogs, using 47Ca and 45Ca as tracers. An increase 
in dietary calcium absorption) positive calcium balance, and an increase in mineral 
accretion of 21-41% was noted. 
animals suggest the use of growth hormone treatment of osteoporotic patients. 

These dramatic increases in skeletal mass in adult 

3 .  Rationale 

The majority of treatments devised to counter osteoporosis have been 

Jowsey ( 3 6 )  has demonstrated, with the technique 05 quantit- 
directed at the reduction of bone resorption. 
reasonable approach. 
ative microradiography, that bone resorption surfaces are increased in primary 
osteoporosis, whereas bone formation surfaces are in the normal range. 
Heaney ( 2 )  has argued that bone formation is at least relatively decreased in this 
disorder, since under normal circumstances, bone formation and resorption are 
coupled. Thus, since there is no increase in bone formation to compensate for, 
the increase bone resorption in osteoporosis, a disorder of bone formation must be 
implicated as well. 

It would at first seem to be a 

However, 

Moreover) if any therapeutic measures were able to inhibit completely bone 
resorption, only modest increases in skeletal could be expected. 
the fact bone turnover (as measured by kinetic tracer techniques) is not high in 
primary osteoporosis. The marked reduction of skeletal mass seen in osteoporosis 
takes place over a long period of time. Therefore, reduction of bone resorption wil 
increase skeletal mass by only modest increments over a proionged period of time. I 
is to be noted that patients with roentgenographic evidence of osteoporosis have 
lost 25-40% of their skeletal mass. Thus, the limitations of therapy directed solel: 
at inhibition of bone resorption can be appreciated. 

This follows from 

The studies with calcitonin carried out at Brookhaven confirm the theoret- 
ical analysis. Although salmon calcitonin administration thus far appears to 
stabilize or increase total body calcium, the changes produced are modest' (37-38) .  
A previous study also indicates that only small increments in total body calcium 
result from treatments with porcine calcitonin (18). 

It appears, then, that therapy for osteoporosis must also be directed at 
increasing bone formation. Growth hormone is an obvious agent to be utilized for 
this purpose. 

A study was recently completed at Brookhaven National Laboratory on skeleta 
ietabolism and body composition in patients with acromegaly. 
:haracterized by markedly increased levels of HGH and total body Ca, N, P, C1, Na 
ind K. 
Yevealed markedly accelerated accretion rates (39). 

The disorder was 

In addition) Compartmental analysis, with 47Ca used as the kinetic tracer, 

B. Specific Aims 

The aim of this study is to evaluate the effect of long-term administration 
)f growth'hormone to osteoporotic patients. The growth hormone acts to increase 
:he skeletal uptake of calcium and therby increases bone density and skeletal mass. 
:his increased skeletal mass should serve to diminish the rate of spontaneous 
Iracture, bone pain and other concomitants of osteoporosis. 

C. Methods of Procedure 

1. Subjects: Ten patients over 50 years of age with primary osteoporosis 
r i l l  be selected for therapy. All subjects will have extensive osteoporosis, F.e., 
tertebral compression fractures. 

2. Baseline Studies; Subjects will be hospitalized in the Hedical Research 
In addition to :enter for 17 days, and maintained under classic balance conditions. 

'outine studies (includinz skeletal survey, oral ~lucose tolerance test. and urinary 
*&.oro: 1 . m  - m e a  Page LU 



Continuation page S.H. Cohc 
hydroxyproline), the following will be performed: 

a. calcium balance study with controlled diet; 

b. compartmental analysis, using 47Ca as the tracer over a ten-day 

iliac crest biopsy for analysis by quantitative microradiography; 
period ; 

c. 
d. total body neutron activation analysis. 

Dosage: 
Patients will be instructed in subcutaneous injection technique SO that this can be 
performed on an outpatient basis. 

Follow-up: Subjects will be evaluated on an out-patient basis at monthly intervals. 
Laboratory data taken at these times will include BUN, FBS, Serum Cay P, Alkaline 
phosphatase , CBC, reticulocyte count, SGOT, bilirubin, total protein, and A/G ratio. 
In addition, 24-hour urine collections will be obtained for analysis of Cay P, 
hydroxyproline and creatinine. 

will undergo TBNAA for quantitative determination of total body Cay P, N, C1, and 
Na; 40K will be determined as well. 

Subjects will receive 2 units daily of HGH for a period of one year. 

At six-week intervals following the initiation of HGH therapy, the subjects 

Final Study Period: At the end of one year, subjects will be readmitted to the 
research center, and all baseline studies will be repeated (i.e., Ca balance, 
compartmental analysis, quantitative microradiography, and TBNAA). 

will be continued on HGH and the other half will receive synthetic calcitonin in 
addition to HGH. The latter procedure is an effort to decrease the bone resorption 
rate while continuing to stimulate the skeletal accretion rate by HGH. These 
studies will be continued during the third year with the dose of HGH adjusted, 
depending on the results achieved to that time. 

At the end of the first year, depending on the progress, half of the patients 

D. Significance 

If the effects of HGH on skeletal metabolism are beneficial in an 
osteoporotic population, growth hormone will be a useful therapeutic agent in the 
therapy of osteoporosis when it becomes available in sufficient quantity. 

IV. Effect of Physical Activity on Body Composition in Osteoporotic Patients 

A .  Introduction 

1. Objective: T o  evaluate the effect of physical activity on skeletal 

2. Background: The osteoporosis that results from immobilization of 
mass and lean body mass in a geriatric population. 

patients is a common clinical problem which serves to emphasize the importance of 
physical exercise in calcium homeostasis. The typical osteoporotic patient is a 
small, frail dowager, and it has been suggested that the diminished physical 
activity of this individual is one of the contributing factors leading to 
osteoporosis. 

There are a number of observations which suggest that physical activity can 
prevent the osteoporosis that develops from immobilization or decreased physical 
activity. In the clinical situation Whedon ( 4 0 )  demonstrated that the negative 
calcium balance of disuse can be diminished by use of an oscillating bed. Issekutz 
(41) showed that simply rising to a standing position diminishes the negative 
balance of imobilizqtion. 

Donaldson (42,43) was able to demonstrate an increase in the weight.of the humeri 
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of r a t s  e x e r c i s e d  on drums. 
g r e a t e r  a s h  c o n t e n t  t h a t  were more r e s i s t a n t  t o  f r a c t u r e  t h a n  t h o s e  of t h e  c o n t r o l s  

I n  e l d e r l y  p a t i e n t s ,  e x e r c i s e  was shown t o  i n c r e a s e  t h e  bone a c c r e t i o n  when 

Mice e x e r c i s e d  on a t r e a d m i l l  a l s o  developed bones w i t h  

( 4 4 ) .  

measured w i t h  r a d i o a c t i v e  t r a c e r s  ( 4 5 ) .  
d e n s i t y  i n  e l d e r l y  s u b j e c t s  f o l l o w i n g  a n  e x e r c i s e  program. 
bone m i n e r a l  was de t e rmined  by photon t r a n s m i s s i o n  s p e c t r o m e t r y  a f t e r  e i g h t  months 
of a n  e x e r c i s e  program. The d i f f e r e n c e s  no ted  between members of t h e  e x e r c i s e  g roup  
and t h o s e  i n  t h e  c o n t r o l  g r o u p ,  which d i d  not  e x e r c i s e ,  were n o t  s i g n i f i c a n t .  
s h o u l d  be emphasized,  however,  t h a t  t h i s  t e c h n i q u e  measures  t h e  changes i n  d e n s i t y  
of t h e  r a d i u s  o n l y ,  and does n o t  n e c e s s a r i l y  r e f l e c t  t h e  e n t i r e  s k e l e t o n .  
t e c h n i q u e  t h a t  is  c a p a b l e  of measuring s m a l l  changes i n  s k e l e t a l  mass i s  TBNAA. 

Smith ( 4 6 )  obse rved  a n  i n c r e a s e  i n  bone 
A 2.6% i n c r e a s e  i n  

It 

The o n l y  

3. R a t i o n a l e  

It i s  r e a s o n a b l e  h y p o t h e s i s  t h a t  a program of l i g h t  e x e r c i s e  o r  p h y s i c a l  
t h e r a p y  c a n  i n c r e a s e  bone mass and a m e l i o r a t e  some of t h e  symptoms of o s t e o p o r o s i s  
s u c h  a s  spon taneous  f r a c t u r e s .  

B. S p e c i f i c  A i m s  

The aim of t h i s  s t u d y  i s  t o  measure s k e l e t a l  mass by t o t a l  body n e u t r o n  
a c t i v a t i o n ,  
p e r i o d  o f  p h y s i c a l  exercise. 
( a n d  l e a n  body mass) a l o n g  w i t h  a c o n t r a s t  n o n - e x e r c i s i n g  g r o u p ,  t&e e f f e c t s  of t h e  
e x e r c i s e  on s k e l e t a l  mass may be q u a n t i t a t e d .  

and  bone d e n s i t y  by I25I photon d e n s i t o m e t r y  b e f o r e  and a f t e r  a one-year  
By comparing t h e  r a t e  o f  change of s k e l e t a l  mass 

C .  Methods of P rocedure  

A l l  s t u d i e s  w i l l  be performed on a n  o u t p a t i e n t  b a s i s ,  P a t i e n t s  w i l l  be 
e v a l u a t e d  i n  t h e  c l i n i c  o f  Brookhaven N a t i o n a l  L a b o r a t o r y  a t  3 month i n t e f v a l s .  Ther 
w i l l  be two t r e a t m e n t  g roups :  one r e e i v i n g  o n l y  ca l c ium supp lemen t ,  and t h e  o t h e r  
a l s o .  r e c e i v i n g  ca l c ium supplement  and a l s o  e x e r c i s i n g .  

P a t i e n t s :  Twenty p a t i e n t s  w i l l  be s e l e c t e d  on t h e  f o l l o w i n g  b a s i s :  

1. absence  of d i s e a s e s  o r  d rugs  known t o  a f f e c t  bone metabolism; 

2,  ambulatory;  

3 .  n o t  g r e a t l y  d e v i a t e d  from i d e a l  w e i g h t ;  

4 .  o s t e o p o r o s i s  d i agnosed  on t h e  b a s i s  o f  x-ray a n d / o r  t h e  Norland-Cameron 
d e n s i t o m e t e r ;  

5. a b s e n c e  of r e l a t i v e  c o n t r a - i n d i c a t i o n s  t o  e x e r c i s e .  

P a t i e n t s  a r e  t o  be matched i n  e a c h  g roup  f o r  a g e ,  sex and r a c e .  
I Diet : - 

1. Xegular  d i e t :  1000 mg Ca w i l l  be p r e s c r i b e d .  

2.' S p e c i a l  d i e t :  F o r  3 days  e v e r y  3 months p a t i e n t s  w i l l  be on a low 
h y d r o x y p r o l i n e  d i e t  f o r  u r i n a r y  c o l ' l e c t i o n s .  

l e d i c a t i o n s  : 

[ e o c a l g l u c o n ,  15  c c  t i d ,  w i t h  meals  w i l l  be g i v e n  t o  each  g roup .  

? h v s i c a  1 A c t  i v i  t v  

A l l  p a t i e n t s  w i l l  be encouraged  t o  remain a c t i v e .  The p a t i e n t s  who a r e  i n  t h e  
I h y s i c a l  a c t i v i t y  g roup ,  however,  w i l l  p a r t i c i p a t e  i n  programmed p h y s i c a l  a c t i v i t y .  

i a se  1 i n e  S t u d i e s  : 

a l k a l i n e  D h o s D u  1. Rout ine :  CBC, u r i n a l y s i s ,  u r i n e  and S erum Ca and p 
I 
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electrophoresis, thyroxine, BUN, FBS, EKG. 

2 .  Skeletal survey and chest x-ray. 

125 
3 .  Bone density using I photon densitometer. 

4 .  Determination of 40K (an index of lean body mass) by whole body counting 

5.  Determination of total body Cay C1, Nay and P by TBNAA. 

F o l 1  Ow-Up 

All studies except x-rays and EKG will be repeated every three months 
€or a period of one year. At the end of one year the x-rays and EKG will be repeated 

D. Significance 

If limited physical activity can increase the skeletal mass in a geriatric 
>opulation with mild osteoporosis, this should provide a means to decrease the 
incidence of osteoporotic symptoms such as spontaneous fracture. Such a program of 
simple therapeutic exercise may be of benefit to a large segment of our society. 
,rocedures to be followed may be very simple. 

The 

I .  Body Comosition as a Function of Age in a Normal Population 

A .  Introduction 

1. Objective: To characterize the changes in skeletal mass (total-body 
:alcium) and lean body mass (total-body potassium) in both a white and a bl'ack pop- 
ilation as a function of age. 

2 .  Background: Several studies have attempted to relate serial changes in 
;kelecal mass with age ( 5 5 - 5 7 ) .  Data for the assessment were derived from changes in 
stature as well as changes in bone density of the appendicular skeleton. Only since 
:he advent of the technique of total-body neutron activation analysis has it been 
iossible to measure directly the total-body calcium, and hence, the skeletal mass. 
:hanges in lean body mass with age have also been measured, but not in conjunction 
11th the body composition of other elements such as calcium, phosphorus, sodium and 
:hlorine. Differences in skeletal mass and lean body mass have been observed 
letween males and females. A study of a black and white population indicated a 
iifference in lean body mass when potassium was expressed in g/Kg body weight ( 5 8 ) .  

3 .  Rationale: I n  order to determine absolute deficit9 in skeletal mass 
,TBCa) and lean body mass (TBK), it is first necessary to establish normal levels 
is a function of age, sex and race. The normal range of values for TBCa and TBK can 
)e established from data taken on individuals covering the adult age span. It should 
:hen be possible to develop a mathematical model for both skeletal and muscle mass as 
i function of age. Once the baseline values and their variability are determfned, it 
.s possible to determine the deficit of TBCa and TBK in an individual. Hence there 
iill be available diagnostic criteria for the evaluation of the degree of osteoporosi 
tnd muscle loss in individual patients. 

The difference in body composition between males and females has already been 
stablished for TBK (50, 5 9 ,  60). It should be possible to establish the differences 
is well for Ca, P, Na and C1, and additionally, their inter-relationship. In like 
lanner, differences in body composition between black and white subjects can also be 
.nvestigated, and further, can be related to age. 



0 n 

Continuation page S.H. Cohn 

I B. Specific Aims 

1. A large population or normal volunteers (male and female, black and 
white) will be analyzed by total-body neutron activation analysis. 
Their absolute levels of Ca, p ,  Na, c1 and K will be measured. 
male and five female subjects will be measured for each decade from age 
30 through age 89, in order to cover the span over which normal subjects 
lose Ca and hence decrease in stature. 

Five 

2 .  From the data, a mathemtical model will be established to characterize 
loss of TBCa in terms of  height, TBK and other significant parameters. 

3 .  Data from an individual could then determine the degree of deviation 
from the normal with respect to TBCa, and hence provide a quantitative 
diagnosis of the degree of osteoporosis where it exists. 

C. Methods of procedure 

1. Subjects I 

D. 

The skeletal mass and the lean body mass i n  60 white and 60 black males 
and females will be measured by TBNAA. The average body levels of Ca, 
p ,  Na, C1 and K will be determined for these adults from age 30 to age 
89. Hence the normal level of body calcium, phosphorus, sodium, chlorin 
and potassium will be establshed with sex, age and race as parameters. 

2. Baseline Studies 

A clinical examination will be conducted for each subject. Appropriate 
history yielding information pertinent to calcium metabolism will be 
recorded in a manner easily translated to computer input. An extensive 
computer analysis of the relationships of the pertinent parameters of 
Ca metabolism will be undertaken. 

Significance 

The total body composition of calcium, phosphorus, sodium, chlorine and 
potassium will be determined in a normal population for the first time. These 
measurements can be made with the use of the unique technique of total-body neutron 
activation (TBNAA). It will be possible to state the mean value and deviation of 
skeletal mass and lean body muscle mass of normals, as a function of age, sex and 
race. This information is of course of basic physiological interest. However, it is 
additionally very important in that it provides quantitative measures for the deter- 
mination of the degree of osteoporosis, and can also yield quantitative information 
on efficacy of various therapies. 
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E. Facilities Available 

A 48-bed research hospital with metabolic wards is available for subjects 
in the kinetic studies, and also for the clinical work-up of all subjects. A 
complete chemical laboratory with all standard equipment is available. Further, 
the most advanced computer facilities are available for the collation and analysis 
of the data. 

The two rincipal techniques employed in these studies on calcium'metabolism 
of osteoporosis-~7Ca tracer kinetic studies and total-body neutron activation 
analysis (TBNAA) -- were developed and have been in use at Brookhaven National 
Laboratory. 

1. Kinetic tracer studies with 47Ca are carried out to provide data for 
compartmental analyses (47). These metabolic studies can only be performed on the 
metabolic ward of a hospital. The solution of the differential equations for the 
compartmental model are performed at high speed by the large BNL computers. 

2. The -- in-vivo neutron activation, a newly developed quantitative technique 
is used to measure the total body calcium and phosphorus. The whole-body neutron 
activation technique has made it possible, for the first time, to make an absolute 
measurement of total body Ca. This direct measurement of Ca (which is proportional 
to skeletal mass) provides a quantitative means for assessing the changes induced 
by various therapies in osteoporotic patients. 

There are, at the present time, only two other total-body neutron activation 
facilities in the world. The other facilities (the Un.;versity of Washington and the 
University 'of Birmingham) utilize a cyclotron for neutron activation. These 
instruments were designed for use in physics research, and are not primarily adaptec 
to medical research (48). 

The new BNL patient irradiation facility utili partially moderated 4.5 MeV 
neutrons. It is composed of 14 encapsulated 50 Ci "'Pu,Be sources (13). 
the first neutron irradiation facility designed solely for medical research (13). I1 
gives results considerably more precise (1%) than those obtained by previously used 
techniques. It also has a number of advantages. For example, the radiation dose to 
the patient in this procedure is 0.277 rem, which is approximately 1/10 of the dose 
received in the two other activation facilities. 

It is 

The induced activities are measured with the 54-detector BNL whole-body counter 
roe. 25 
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The counter represents the most significant advance with its on-line computer (49). 
in whole-body counting in recent years. In addition to having a high sensitivity, 
the counter is unique in having an invariant counting response to the geometry and 
the attenuation of the emitted gamma radiation. 
the most accurate measurement of total-body potassium (an index of lean body mass, 
50). 
each subject. 

clinical research projects which involve skeletal metabolic disorders other than 
osteoporosis (51-54). 

The whole-body counter also permits 

The total body K is used in the prediction of normal total-body calcium in 

This whole body neutron activation technique has been applied in a number of 

F. Collaborative Arrangements 

This project is a unique example of an inter-disciplinary approach to a medical 
problem that could only be undertaken in a large research center such as Brookhaven 
Na t ional La bora t ory . 

In approaching the problem of characterizing, preventing and treating the 
condition of osteoporosis, the unique facilities and expertise of the staff of 
Brookhaven National Laboratory are utilized. The essential techniques employed, 
total-body neutron activation analysis and compartmental analysis of kinetic data 
ierived from radioactive tracer studies, were developed at BNL. The development 
2nd application of these techniques requires the combined talents of physicists, 
Zomputer experts, medically oriented scientists, engineers and electronic specialists, 
In addition, all of the techniques employed utilize the high-speed computers 
available at BNL for the collection, storage and analysis of the data. Further, 
the medical aspects of the study require a metabolic ward and the facilities of a 
cesearch hospital such as that at 3hT with its specialized staff of dieticians, 
iurses and health physics specialists. 

Collaborating medical personnel from other institutions in the area include 
?ndocrinologists, specialists in metabolic bone disorders from Downstate Medical 
:enter, Nassau County Medical Center and the Mayo Clinic. All of these individuals 
:with the exception of Dr. Jowsey) hold collaborative staff appointments in the 
nedical department of Brookhaven National Laboratory. 
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