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CALCIUM SUPPLEMENT USE TO MEET 

HUMAN CALCIUM REQUIREMENTS 

K e lly  Koh ls, Ph.D.

U n iv e rs ity  o f  Nebraska, 1987 

A dv iso r: Constance Kies

The o v e ra ll o b je c t iv e  o f  t h is  p ro je c t was to  in v e s tig a te  the 

e f fe c ts  o f  consuming se ve ra l d i f fe r e n t  com m ercia lly a v a ila b le  ca lc ium  

supplements. B io a v a i la b i l i t y ,  c o s t, convenience, p h y s io lo g ic a l responses 

to  each supplement, f e a s ib i l i t y  and need fo r  a supplement by the ta rg e te d  

p o p u la tio n  were assesed. Three s tu d ie s  composed the p ro je c t .

The f i r s t  study cons is ted  o f  feed ing  a c o n tro lle d  d ie t  to  two 

groups o f  ten  young a d u lts . Sub jects were fed a la b o ra to ry c o n tro lle d  

d ie t  w ith  one o f  seven ca lc ium  supplements: m ilk ,  o ys te r s h e l l  ca lc ium

p lu s  v ita m in  D, ca lc ium  la c ta te  and g lucona te , mixed ca lc ium  source 

(M ega-Cal), do lom ite  ca lc ium , o r p u r i f ie d  ca lc ium  carbonate. Calcium 

carbonate supplem entation re s u lte d  in  the poorest ca lc ium  balances 

and longes t fe c a l t r a n s i t  tim es w h ile  ca lc ium  g luconate re q u ire d  the 

consumption o f  the  la rg e s t number o f  ta b le ts  a t the  h ig he s t cos t to  

the  consumer. M ilk  supplem entation was f a i r l y  expensive, re s u lte d  

in  the  h ig h e s t ca lc ium  balance and lower fe c a l t r a n s i t  tim e and caused 

g re a te s t com p la in ts  o f  g a s t ro - in te s t in a l d is tre s s .

In  Study I I ,  seventy-tw o r e t ir e d  breeder female mice were fed 

a basa l d ie t  p lus  one o f  e ig h t ca lc ium  supplements (seven described 

p re v io u s ly  and an a d d it io n a l su p p le m e n t-p u rifie d  ca lc ium  carbonate 

p lu s  v ita m in  D ). H ighest bone b reak ing  s tre n g th  was noted in  the  group
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o f  mice fed p u r if ie d  ca lc ium  carbonate p lu s  v ita m in  D, but the ca lc ium  

d e f ic ie n t  group a lso  had h igh  bone b reak ing  s tre n g th . The mice fed 

ca lc ium  gluconate had the best ca lc ium  abso rp tion  bu t mice fed p u r i f ie d  

ca lc ium  carbonate had the most p o s it iv e  ca lc ium  balance.

In  Study I I I ,  a survey was conducted to  in v e s tig a te  re la t io n s h ip  

o f  ca lc ium  in ta ke  and u r in a ry  ca lc ium  e x c re tio n  to  o th e r components 

o f  the  s e lf-s e le c te d  d ie ts  o f  e ld e r ly  persons. Only 363 o f  these e ld e r ly  

su b je c ts  consumed 753 o r above o f  the  ROA fo r  ca lc ium . Calcium in ta ke s  

c o rre la te d  s ig n i f ic a n t ly  and p o s i t iv e ly  w ith  sodium in ta k e s , phosphorus 

in ta ke s  and p ro te in  in ta ke s  and tended to  c o rre la te  (p<0 . 1 01 ) w ith  

asco rb ic  ac id  in ta k e . U rina ry  ca lc ium  e x c re tio n  c o r re la te d 'n e g a t iv e ly  

and s ig n i f ic a n t ly  w ith  ascorb ic  a c id  in ta k e  and tended to  increase  

(p<0.103) w ith  sodium in ta k e .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

 
 
 
 

 
 
 

PREVIE
W



ACKNOWLEDGMENTS

F ir s t  and forem ost, I  would l ik e  to  thank Dr. Constance Kies 

fo r  her d ire c t io n ,  guidance, and encouragement from the  beginning 

o f  my graduate career to  the p re pa ra tio n  o f  th is  m anuscrip t.

I  am extrem ely th a n k fu l to  a l l  the members o f  my superv iso ry  

committee; D r. K ies , my a d v is o r; D r. Ernest Peo and D r. Nancy B e tts , 

who were on my reading committee; Dr. L loyd Bullerman and D r. Hazel 

Fox fo r  e x e rc is in g  th e ir  ro le 3as committee members.

A s p e c ia l thanks to  Donna Hahn, Bunny Penton, L o r ie  Rausch,

Barb D ripps and Sandy Downs fo r  t h e ir  much needed and very much apprecia ted 

guidance and ass is tance  w ith  respect to  f i l l i n g  my research and teaching 

o b lig a t io n s ,  a lso  fo r  ju s t  being a s m ilin g  face which made some very 

long days s h o r te r .

There is  one person to  whom I  owe much o f  my educa tiona l success, 

my husband, Thomas Paul Koh ls. There were f r u s t r a t in g  tim es in  the 

la s t  se ve ra l years which were made much le ss  f r u s t ra t in g  by h is  g en tle  

mannerisms. Tom a lso  helped by easing the pressures o f  having a 

home and anim als by ta k in g  over much o f  the  mundane chores necessary 

to  keep them up.

My acknowledgements would not be complete w ith o u t mentioning 

my fa m il ie s ;  Dianna and Chuck P e rry , John Jones, Vera and D ick Kohls,

Delea and Dave, Janet, Mike, Cathy and Mark who have g iven me encouragement 

whenever I  needed i t .

i i

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

 
 
 
 

 
 
 

PREVIE
W



TABLE OF CONTENTS

PAGE

ABSTRACT ......................................................................................................................  i
ACKNOWLEDGMENTS .....................................................................................................  i i
LIST OF TABLES.......................................................................................................... iv
LIST OF APPENDIX TA B LE S ...........................................................................   v i

INTRODUCTION .............................................................................................................. 1

LITERATURE REVIEW .................................................................................................  3

STUDY I .  Supplemental Calcium Use by Humans: Comparison o f 
B io u t i l iz a t io n ,  Cost and Convenience.

In tro d u c tio n  .............................................................................................................. 27

Experim ental Procedure ....................................................................    28

Results and D iscussion ......................................................................................... 40

STUDY I I .  Comparative U t i l iz a t io n  and E ffe c t on Bone Deposition 
o f  Several Commercially A va ilab le  Calcium Supplements 
by Female R e tired  Breeder Mice.

Experim ental Procedure .........................................................................................  51

R esults and D iscussion .........................................................................................  58

STUDY I I I .  U rina ry  Calcium E xcre tion  o f E ld e r ly  Subjects as
E ffe c ted  by Components o f  The ir S e lf-s e le c te d  D ie ts .

In tro d u c tio n  ..............................................................................................................  71

Experim ental Procedure ........................................................................  . . . .  73

R esults and D iscussion .........................................................................................  76

BIBLIOGRAPHY......................................   86

APPENDICES................................................................................................................... 98

iii

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

 
 
 
 

 
 
 

PREVIE
W



LIST OF TABLES

TABLE PAGE

I .  E ffe c ts  o f  Calcium Source on Performance, Bone Strength
and Ash, and B io lo g ic a l A v a i la b i l i t y  o f  C a lc iu m ..........................  24

I I .  A v a i la b i l i t y  o f  Calcium and Phosphorus in  M.L.C. No. I
Sib D ie t Fed a t Each o f  Two Levels to  Young Pigs and Rats . . 25

1. Experim ental Plan -  10 Subjects in  Study A and 10 Subjects
in  Study B .....................................................................................................  29

2. Randomization o f  D ie t. Study A ............................................................  31

3. Randomization o f  D ie t.  Study B ............................................................  32

4. D e scrip tio n  o f  Calcium Supplements .................................................... 33

5. Composition o f  Calcium Supplement (Study A) ..................................  34

6 . Composition o f  Calcium Supplement (Study B) ..................................  35

7. Basal D i e t .....................................................................................................  36

8 . D e scrip tio n  o f  Subjects Used in  Studies A and B .........................  38

9. R e ta il P rice  o f  Calcium Supplements to  Consumer (500 mg) . . 41

10. E ffe c ts  o f Calcium Supplementation on Fecal T ra n s it Time . . 41

11. Mean Fecal Calcium E xcre tion  o f  Subjects , . .  .........................  44

12. Mean U rina ry  Calcium L o s s ....................................................................... 44

13. Mean Calcium B a la n c e s .....................................................................................49

14. Mean Calcium Balances o f  Subjects By R a n k ...........................................49

15. Mouse Study Analysed Calcium Levels o f  D ie t ..............................  • 52

16. Mouse Study Analysed Phosphorus Levels o f  D ie t .........................  52

17. Approximate Chemical Composition o f  Mouse Rations .....................  53

18. Low Calcium P u r if ie d  D ie t Q.QT32!» C a lc iu m ........................................... 54

19. Randomization Schedule o f  Mouse Treatments in
Mouse L a b o r a to r y .............................................................................................. 55

20. E ffe c t o f  Various Calcium (Ca) Supplements on Mouse Bone,
(Femur) Calcium and Phosphorus Contents . . \  .............................. 60

iv

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

 
 
 
 

 
 
 

PREVIE
W



LIST OF TABLES (continued)

TABLE PAGE

21. E ffe c t o f  Various Calcium (Ca) Supplements on Mouse Bone
(Femur) Breaking S trength ............................................................................ 64

22. Mean Mouse Blood Serum Calcium (m g/day), U rinary Calcium 
E xcre tion  (mg/day), Fecal Calcium E xcre tion  (mg/day) and
Calcium Balance (mg/day) by Treatment ..................................................  66

23. Mean Mouse Blood Serum Phosphorus (m g/day), U rinary Phosphorus
E xcre tion  (mg/day), Fecal Phosphorus E xcre tion  (mg/day) and 
Phosphorus Balance (mg/day) by Treatment ..........................................  68

24. Mean N u tr ie n t Intakes o f  Survey Subjects . . ..................................  77

25. Simple C o rre la tio n  C o e ffic ie n ts  Between Age, Calcium
In take  and U rina ry  Calcium E xcre tion  ..................................................  78

26. Pearson C o rre la tio n  C o e ff ic ie n ts  Between Calcium. In take ,
Calcium E xc re tion , Sodium In ta ke , E xc re tio n , Sex, Phosphorus 
In ta k e , P ro te in  In take , Iro n  In ta k e , Ascorbic Acid In take  . . .  85

v

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

 
 
 
 

 
 
 

PREVIE
W



LIST OF APPENDIX TABLES 

TABLE PAGE

A-1 Consent F o rm ....................................................................................................98

A-2 D ie ta ry  In p u t F o rm ........................................................................................100

A-3 Sample P repara tion  o f  Feces ................................................................... 101

A-4 Serum, Feces and Urine Sample P repara tion  fo r  Calcium
Determ ination  .................................................................................................. 102

A-5 In s tru c t io n  fo r  Record o f  Food E a te n .....................................................103

A-6  In d iv id u a l Mean D a ily  Calcium In take  o f  Subjects
During Each P e r io d ............................................................................................105

A-7 In d iv id u a l Mean D a ily  Calcium In take  o f  Sub jects,
by Supplement.........................................................................................................107

A-8  In d iv id u a l Mean Fecal T ra n s it Time (by Time) H rs................................ 109

A-9 In d iv id u a l Mean Fecal T ra n s it Time (by Supplement) ......................  111

A-10 In d iv id u a l Mean U rina ry  E xcre tion  Values o f
C re a tin in e  (g /day) by Period ....................................................................  113

A—11 In d iv id u a l Mean U rina ry  Calcium Loss, Corrected fo r
C re a tin ine  (mg/day) by Period ................................................................ 115

A-12 In d iv id u a l Mean U rina ry  Calcium Loss, Corrected fo r
C re a tin ine  (mg/day) by Supplement ...............................................  . . 1 1 7

A—13 In d iv id u a l U rina ry  Calcium Loss (mg/day) o f  S ub jects,
by Supplement, Corrected fo r  C re a tin in e  and T im e ............................ 120

A-14 In d iv id u a l Mean Fecal Calcium Loss (mg/day) by Period . . . .  121

A-15 In d iv id u a l Mean Fecal Calcium Loss (mg/day) o f S ub jects ,
by Supplement  ................................................................................... 123

A-16 In d iv id u a l Mean Fecal Calcium Loss (mg/day) o f  Sub jects,
by Supplement, Corrected fo r  T im e ..........................................................125

A-17 In d iv id u a l Mean Calcium Balance (mg/day) o f  S ub jects,
by S u p p le m e n t...........................................................   127

A-18 In d iv id u a l Mean Blood Plasma Calcium Levels by Period . . . .129

A-19 In d iv id u a l Mean Blood Plasma Calcium Levels by Supplement . .131

v i

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

 
 
 
 

 
 
 

PREVIE
W



LIST OF APPENDIX TABLES (continued)

TABLE PAGE

A-20 ANOVA fo r  in d iv id u a l Mean Fecal T ra n s it Tima by
Supplement (h rs .)  ............................................................................................  133

A-21 ANOVA fo r  In d iv id u a l Mean U rina ry  Calcium Loss o f Subjects,
by Supplement, Corrected fo r  C rea tin ine  and T im e ............................135

A-22 ANOVA fo r  In d iv id u a l Mean Fecal Calcium Loss o f  Subjects,
by Supplement, Corrected fo r  T im e ............................................................. 137

A-23 ANOVA fo r  In d iv id u a l Calcium Balance o f  Subjects,
by Supp lem ent....................................................................................................... 139

A-24 ANOVA fo r  In d iv id u a l Apparent Calcium Absorption (mg/day) . . . 141

A-25 ANOVA fo r  In d iv id u a l Apparent Calcium Absorption as a ?o
o f Calcium In ta k e .........................................................  143

A-26 ANOVA fo r  In d iv id u a l Fecal Calcium E xcre tion  as a % o f
Calcium In take  .................................................................................................  145

A-27 ANOVA fo r  In d iv id u a l U rina ry  Calcium E xcre tion  as a %
o f Calcium In ta k e ............................................................................................... 147

A-28 ANOVA fo r  In d iv id u a l U rina ry  Calcium E xcre tion  as a %
o f Assumed Calcium Absorption .................................................................... 149

A-29 ANOVA fo r  In d iv id u a l % o f  Absorbed Calcium Retained.......................  151

A-30 In d iv id u a l Mean Calcium Balances o f  Sub jects, Given
Rank Values, by Supplement . . . . . . .  ..........................................  153

A-31 In d iv id u a l Complaints o f  Subjects by Supplement .........................  155

B-1 Procedures fo r  Mouse Bone W o rk ...................................................................157

B-2 In d iv id u a l Mouse Bone Breaking S trength  (BBS) (Wet & Dry)
and Peak Height (Wet & Dry) (F em ur).......................................................... 163

B-3 In d iv id u a l Mouse Bone (d ry  femur) Bone Weight, % Ash,
% Calcium (Ca) and % Phosphorus (P h o s ) ...................................................171

B-4 ANOVA fo r  In d iv id u a l Mouse Bone Breaking S treng th ,
T o ta l Energy mm/kg Force ............................................................................  179

B-5 ANOVA fo r  In d iv id u a l Mouse Bone (Femur) ........................................... 183

B-6  In d iv id u a l Weekly Mouse U rina ry  Calcium Loss (mg/day) . . . .  187

v i i

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

 
 
 
 

 
 
 

PREVIE
W



LIST OF APPENDIX TABLES (continued)

TABLE PAGE

B-7 In d iv id u a l Weekly Mouse Fecal Calcium E xcre tion  (mg/day) . . . 189

B-8  In d iv id u a l Weekly Mouse U rina ry  Phosphorus Loss (mg/day) . . . 191

B-9 In d iv id u a l Weekly Mouse Fecal Phosphorus E xcre tion
(m g /d a y )............................................................................................................. 193

B-10 In d iv id u a l Average D a ily  Mouse Blood Serum Calcium (mg/day),
U rinary Calcium E xcre tion  (mg/day), Fecal Calcium E xcre tion  
(mg/day) and Calcium Balance (mg/day) by Supplement .................  195

B—11 In d iv id u a l Average D a ily  Mouse Blood Serum Phosphorus
(mg/day), U rina ry  Phosphorus E xcre tion  (mg/day), Fecal 
Phosphorus E xcre tion  (m g/day), and Phosphorus Balance 
(mg/day) by Supplement . .  203

B-12 ANOVA fo r  Mean Mouse Blood Serum Calcium ( m g /d l ) ...........................211

B-13 ANOVA fo r  Mean Mouse Blood Serum Phosphorus ( m g / d l ) ...................216

B-14 ANOVA fo r  In d iv id u a l Mouse Weekly Feed In take  (g /day) . . . .  221

B-15 Mean Mouse Weight Change (g ) ,  Food Consumption (g ) ,
D ie t A na lys is  Calcium (Ca) (mg/kg) and Phosphorus (P)
(mg/kg) F e e d .........................................................................................................222

B—16 In d iv id u a l Mouse I n i t i a l  and Ending Weights (g ) , Weight
Change (g ) , and Average Feed In take  (g /day) by Treatment . . . 223

B—17 ANOVA fo r  In d iv id u a l Mouse Weight Change ( g ) .......................................227

C-1 Food Record Form fo r  Recording In take  on Two Consecutive
Days w ith  I n s t r u c t i o n ..................... 228

C-2 Survey Study Pearsons C o rre la tio n  C o e ff ic ie n ts  Between Age,
Calcium In take  and Calcium E xcre tion  ...................................................  229

C-3 Subject Consent to  P a r tic ip a te  F o r m ............................................  230

C-4 D eterm ination o f  C re a tin ine  in  Human U rine ........................................  232

C-5 In d iv id u a l Subject Sodium In take  (m g/day), U rinary Sodium-
E xcre tion  (m g/m l), Phosphorus In take  (m g/day), P ro te in  In take  
(g /d a y ), Iro n  In take (mg/day) and V itam in C In take (mg/day) . 233

C-6  In d iv id u a l Subject Age (y rs ) CAlcium In take  (mg/day) v ia
d ie t  reco rd , and Calcium E xcre tion  (mg/g C re a tin ine ) .................  235

v i i i

with permission of the copyright owner. Further reproduction prohibited without permission.

 
 
 
 

 
 
 

PREVIE
W



INTRODUCTION

Osteoporosis ( b r i t t l e  bone disease) is  not a new disease, but 

i t  is  a re c e n tly  p u b lic ize d  one. Possib le  causes and com p lica ting  

fa c to rs  o f  th is  d e b i l i ta t in g  disease have as ye t not been defined.

Because o f  the la rg e  calcium  content o f  bone, a p oss ib le  ro le  o f  d ie ta ry  

calcium  is  suspected. Calcium n u t r i tu re  o f  both sexes has been assessed 

to  determine d iffe re n c e s  in  physio logy o r in take  th a t m ight account 

fo r  preponderence o f  occurrence o f  osteoporosis in  post-menopausal 

women ra th e r than in  e ld e r ly  men (Riggs e t a l .  1981 and Mazess 1982).

The U.S. A g r ic u ltu ra l Research S erv ice , Consumer and Food Economics 

Research D iv is io n  (1972) and the Science and Education A d m in is tra tio n  

(U.S.D.A. 1980 and Riggs, 1967) have reported  th a t calcium  in takes 

are g e n e ra lly  lower fo r  women than fo r  men. Although the men consumed 

s ig n i f ic a n t ly  more calcium  (p<0 . 0 1 ) than d id  women, th is  was due to  

th e ir  h ighe r t o t a l  food in take  and need fo r  more c a lo r ie s  than was 

the case in  the women (Lakshmanan e t a l .  1984). A lso , men and women 

in  th is  s tudy, regard less o f  age, excreted the same percentage (90%) 

o f  calcium  in  feces based on th e ir  in ta k e s . While u r in a ry  calcium 

e xc re tio n  d id  not d i f f e r  between sexes, calcium  balance tended to  

be h igher fo r  men (p<0.07).

S e llin g  o f  calcium supplements fo r  human consumption has become 

"b ig  business" (Sherman, 1987). From in d u s try  sa les o f  calcium  

supplements by Marion Lab o ra to ries , In c . ,  o f  $30,000 in  1951 and $7 

m il l io n  in  the la te  1970's, revenues jumped to  $21 m il l io n  in  1984 

and more than $30 m il l io n  in  1985. C u rre n tly , Marian Labora to ries  Mc's OS 

Cal supplement is  the market leader accounting fo r  25% o f a l l  calcium
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supplement sa les . The sales o f  the calcium  carbonate a n tia c id  

p re pa ra tio n , Turns, marketed by N o r c l i f f  Tayer Co., are not included 

in  the c a lc u la t io n  o f  to ta l  revenue o f  calcium  supplement sa les . However, 

according to  the Turn's marketing d ire c to r ,  sa les o f  Turns rose from 

$34 m il l io n  in  1984 to  $51 m il l io n  in  1985 to  $70 m il l io n  in  1986 

fo llo w in g  the p u b lic a tio n  o f  an a r t ic le  in  Consumer's Report in  1984 

which in d ic a te d  th a t Turns is  a c tu a lly  the cheapest calcium  supplement 

c u rre n tly  a v a ila b le .

I f  a calcium  supplement is  going to  be used, p r ic e  is  not the 

so le  c r i t e r io n  on which recommendations fo r  a calcium  supplement source 

should be based. Other c r i t e r ia  in c lude  e ffe c tive n e ss  o f  abso rp tion , 

e ffe c tive n e ss  o f  re te n tio n  and freedom from adverse s ide  e ffe c ts .

These were in v e s tig a te d  in  research com prising th is  d is s e r ta t io n .
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3

LITERATURE REVIEW

A bsorp tive  e ff ic ie n c y  o f  calcium  is  in v e rs e ly  re la te d  to  in take  

le v e ls  but system ic fa c to rs  in flu en ce  th is  re la t io n s h ip  (N icolaysen 

e t a l . ,  1953, Kemm, 1971, and Heaney e t a l . ,  1975). O bviously, when 

an increased u r in a ry  calcium  exc re tion  i t  is  thought being due to  an 

increased calcium  in ta k e , o r more calcium is  being absorbed (Knapp, 1947). 

When ca lc ium  in ta ke  increases but e ff ic ie n c y  o f  absorp tion  is  lowered, 

num erica lly  more calcium  is  s t i l l  absorbed. E ff ic ie n c y  o f absorption 

is  a ffe c te d  by many fa c to rs . Because calcium  absorp tion  decreases 

w ith  age (Bullamore e t a l . ,  1970), Tsai e t a l . ,  1984, assessed the 

v itam in  D s ta tu s  o f  e ld e r ly  and found th a t the a c tive  form o f v itam in  

D 1*25 d ihydroxy v ita m in  D was present in  lower concentra tions in  

the e ld e r ly  than in  the none lde rly . Thus, increas ing  calcium consumption 

alone m ight not be as b e n e fic ia l as inc reas ing  calcium p lus v itam in  

D (Ferguson and H a rtle s  1966 and Kehayoglou e t a l . ,  1968).

O steoporotic  p a tie n ts  have been found to  re q u ire  a g rea te r 

than normal calcium  in ta ke  to  achieve balance (N ord in , 1961). However, 

these re s u lts  were not v e r if ie d  by H arrison and Fraser, 1961, or Lutwak, 

1969.

I t  is  be lieved  th a t a negative calcium  balance over a long 

period  o f  tim e w i l l  re s u lt  in  a dep le tio n  o f  s k e le ta l calcium  reserves 

from the body. Researchers in te re s te d  in  f in d in g  the cause o f th is  

long term negative calcium  balance have assessed many aspects o f  d ie ta ry , 

g e n e tic , environm enta l, l i f e  s ty le  e ffe c ts  on in d iv id u a ls  in f l ic te d  

w ith  osteoporos is  (S heno lika r, 1970; P ingle  and Ramasatri 1978 a & b; 

Whedon, 1985; Lu tz , 1986; M orivch i and Hosoya, 1985; F u j i ta ,  1985).
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In  America an expansion o f  the o lder popu la tion  is  occurring ; 

hence, age re la te d  bone loss  is  becoming a major hea lth  problem.

Bone d en s ity  s tud ies  over m iddle and la te r  ages in d ic a te  th a t bone 

den s ity  peaks a t age 35-40 and then s te a d ily  dec lines  as age increases 

(Albanese e t a l . ,  1975). E a r lie r  L. Riggs e t a l . ,  1967, reported 

a s ig n i f ic a n t ly  lower (p<0.05) estim ated d ie ta ry  calcium in take  o f 

o s te o p o ro tic  p a tie n ts  than o f  c o n tro l p a tie n ts .

Calcium balances o f os te o po ro tic  p a tie n ts  and o f  normal persons 

were found to  be poorer p r io r  to  the experim ental period  in  which 

calcium  was supplemented but became more p o s it iv e  during  the experim ental 

pe riod  (Hioco and P a r l ie r ,  1966). A g rea te r change in  calcium balance 

was re a liz e d  in  o s teopo ro tics  which suggests th a t osteoporosis could 

be slowed in  in d iv id u a ls  by inc reas ing  th e ir  calcium  in ta ke .

Other s tud ies  support th is  conclusion . Lee e t a l . ,  1981, s tud ied 

20 e ld e r ly  o s te o po ro tic  females who were supplemented w ith  cheese 

and a calcium  supplement f o r . 6 months. No s ig n if ic a n t  d iffe re n ces  

in  u r in a ry  calcium  e xc re tion  occurred when sub jec ts  consumed th e ir  

s e lf-s e le c te d  d ie ts  co n ta in ing  452+ 191 mg Ca or during  the experim ental 

tim e period  when they consumed 1152+ 191 mg Ca. Calcium balance was 

more p o s it iv e  on the supplemented than on the unsupplemented d ie t.

Heaney e t a l . ,  1977 and 1978, demonstrated the same trend . When calcium 

supplements were given to  human su b jec ts , a more p o s it iv e  calcium 

balance occurred. Lee e t a l . ,  1981, a lso found no c o rre la t io n  between 

the. in take  o f  any s in g le  n u tr ie n t  and changes in  bone d e n s ity ; however, 

they d id  see an increase in  bone density  (p<0.05) a t the end o f the 

experim enta l period  (6  m o.), p oss ib ly  as a re s u lt  o f  combined d ie ta ry  

e f fe c ts .
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Bone m inera l d isturbances due to  d ie ta ry  m inera l imbalances 

were s tud ied  by Ericsson e t a l .  1986. These researchers found th a t 

m inera l imbalances caused by Ca, Mg, F, Ca + F o r Mg + F supplemented 

d ie ts  were prevented by Ca or Ca + F supplem entation. This e ffe c t 

was seen most re a d ily  in  the femurs o f  ra ts .  Thus, the theory th a t 

d ie ta ry  calcium  supplementation can increase or slow the processes 

invo lved  in  decreased bone m in e ra liz a t io n , e s p e c ia lly  when d ie ta ry  

m inera l imbalances e x is t ,  is  supported (C la rk , 1969). I f  bone dens ity  

and/or m inera l content can be increased by d ie ta ry  supplementation 

w ith  calcium  or calcium r ic h  foods, which calcium  sources would be 

best su ite d  fo r  th is  purpose? Calcium e x is ts  in  a wide v a r ie ty  o f 

forms: as fre e  d iv a le n t c a tio n s , as s p e c if ic  complexes w ith  enzymes 

or b ind ing  p ro te in s , but la rg e ly  as ino rgan ic  s a lts  in  bone and o ther 

s t ru c tu ra l o b je c ts . M ilk  and some m ilk  products such as cheese are 

the most concentrated sources o f n a tu ra lly  occu rring  ca lc ium .

In  1980 Wong and LaCroix measured femur calcium in  response 

to  va rious d a iry  products as sources o f  ca lc ium . Nonfat dry m ilk , 

yogurt and re n n e t-p re c ip ita te d  casein were found to  be more e f f ic ie n t ly  

u t i l iz e d  by ra ts  than was the calcium  carbonate ty p ic a l ly  added to  

the ra t  d ie ts .  They concluded th a t calcium  a v a i la b i l i t y  is  probably 

a ffe c te d  by the nature o f  the calcium  complex. S im ila r re s u lts  were 

found in  a study o f  22 postmenopausal women when one h a lf  o f  these 

sub jec ts  were given an e x tra  24 oz. o f m ilk  per day fo r  two years 

and the o the r h a l f  received no in te rv e n tio n  (Recker and Heaney 1985). 

They found th a t the treatm ent group had a s ig n if ic a n t  increase in  

u r in a ry  ca lc ium , decrease in  bone a cc re tion  and decrease in  bone
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re s o rp tio n . Calcium balance in  the m ilk  supplemented group improved 

and suppression o f bone remodeling was less  than in  a previous study 

conducted by the same group in  1977, when a calcium carbonate supplement 

was used. These re s u lts  suggest m ilk  is  a b e tte r  calcium source than 

is  calcium  carbonate because i t  does not suppress bone remodeling 

to  the ex ten t o f  calcium carbonates.

During a l i fe - lo n g  experiment w ith  female mice, Shaw and B e lon je , 

1987, found th a t calcium in take  e a r ly  in  l i f e  d id  not a f fe c t  s k e le ta l 

ca lcium  in  adulthood, but a continuous high d ie ta ry  calcium in take  

reduced s k e le ta l turnover ra te  in  o ld  age even when calcium  consumption 

was increased a t a la te r  age. This experiment supports the use o f 

calcium  supplements even by o ld e r p a tie n ts  s u ffe r in g  from osteoporos is . 

However these p a tie n ts ' v itam in  D in take  must a lso be considered.

Using the growing p ig , Ross e t a l . ,  1984, conducted a study 

comparing sources o f calcium (Table 1 ). Bone breaking s tre n g th  was 

used as a c r i te r io n  o f calcium b io a v a i la b i l i t y .  A lower bone breaking 

s tre n g th  and % ash in  p igs fed dolom ite  lim estone was found (p<0.05) 

in  comparison to  other calcium  supplements. Pigs fed calcium  carbonate 

as the source o f calcium consumed more food than those fed o the r sources 

o f  ca lc ium . Calcium carbonate was used as the standard fo r  th is  s tudy.

As shown in  Table 1, re la t iv e  b io a v a i la b i l i t y  o f calcium  was not a ffe c te d  

by source except fo r  the lower a v a i la b i l i t y  o f  do lom ite . This trend  

was seen in  ra ts  fed several d if fe re n t  calcium  supplements (Greger 

e t a l . ,  1987). Rats fed dolom ite  had the lowest le v e ls  o f  calcium  

and phosphorus in  th e ir  t ib ia s .  Calcium supplements which contained 

e ith e r  magnesium or iro n  re su lte d  in  the lowest apparent absorp tion
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whereas, ra ts  fed m ilk  had d ia rrhea  but h ighest apparent absorp tion  

and t ib ia  calcium  and phosphorus (Greger e t a l . ,  1987). These 

researchers reported  no s ig n if ic a n t  d iffe re n ce s  in  apparent absorp tion  

o f  ca lc ium  e x is ted  among the d if fe re n t  calcium sources tes ted  ( i . e . ,  

la c ta te ,  amino ac id  ch e la te , phosphate or carbonate ). One calcium 

supplement tes ted  in  th is  study by Greger e t a l . ,  adverse ly a ffe c te d  

the kidneys (ca lc ium  phosphate d ib a s ic ) .

Waldroup e t a l . ,  1963, tes ted  the e f fe c t  o f  severa l d i f fe re n t  

ca lcium  sources on bone ash o f ch icks . Calcium from lim estone was 

more a v a ila b le  than calcium  from reagent grade calcium  carbonate or 

o ys te r s h e l l .  Thus, ca lcium  carbonate in  the p u r if ie d  or n o n -p u r if ie d  

form may not always be the most b io lo g ic a l ly  a v a ila b le  source o f  ca lc ium .

Several s tud ie s  have shown improved calcium  balance when sub jects  

were given an increased calcium  le v e l from food sources than when 

g iven ca lc ium  from ca lc ium  s a lt  ta b le ts  (Patton and Sutton, 1952). 

However, o the r researchers (Steggerda and M itc h e ll,  1939, McQuarrie 

e t a l . ,  1947, Kempster, 1940, and Sterns and Jeans, 1934) have shown 

th a t ca lcium  s a lts  were u t i l iz e d  to  approxim ately the same exten t 

as th a t from m ilk . As Americans grow o lde r they o fte n  decrease th e ir  

m ilk  consumption fo r  many reasons: food avers ions, a lle rg ie s ,  simple 

l ik e s  and d is l ik e s .  Thus, i t  is  im portant to  d iscuss how these in d i­

v id u a ls  can increase th e ir  ca lcium  consumption and thu s , h o p e fu lly , 

improve th e ir  ca lcium  balance v ia  o the r means.

Recognizing th a t d iffe re n c e s  may e x is t  among ca lc ium  s a lt  sources 

in  b io a v a i la b i l i t y  and u t i l i z a t io n ,  comparisons o f  b io a v a i la b i l i t y  

and u t i l i z a t io n  o f the com m ercia lly a v a ila b le  calcium  supplements
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should be o f p ra c tic a l va lue. Calcium la c ta te ,  g luconate , s u lfa te  

and carbonate supplements were compared by Patton and Sutton, 1952, 

using co lle ge  age women. At a calcium in take  o f  750 mg/day no s ig n i f ­

ic a n t d iffe re n ce s  in  calcium u t i l iz a t io n  o r calcium  absorp tion  among 

these fou r calcium supplemental sources were noted. The percent 

u t i l iz a t io n  d if fe re d  somewhat, though not s ig n if ic a n t ly ,  between the 

calcium  supplements used; Ca carbonate -  10.7995, Ca s u lfa te  -  20.9295,

Ca la c ta te  -  11 .4595 and Ca gluconate was 28 . 7995 u t i l iz e d .  Patton 

and Sutton noted an in te re s t in g  trend , in  th a t ,  no m atter what order 

the supplements were fed to  the human sub jec ts  a t weekly in te r v a ls ,  

a decrease in  u t i l iz a t io n  occured a fte r  two weeks o f the study, 

suggesting an adjustment period  longer than one week may be necessary, 

e s p e c ia lly  i f  randomization o f  d ie ta ry  treatm ents are not made. These 

calcium  supplements were apparently  absorbed a t a ra te  o f  1895, a ra te  

s im ila r  to  th a t found fo r  ca lcium  absorp tion  from food sources in  

o the r s tu d ie s .

The p rev ious ly  described study u t i l iz e d  a c o n tro lle d  feeding 

regimen in  which a constant background d ie t  was used throughout the 

study. This is  im portant in  comparing calcium  supplements fo r  b io a v a il­

a b i l i t y .  Recent l i te r a tu r e  in d ic a te s  th a t p ro te in , f ib e r ,  phosphorus, 

magnesium and n a tu ra lly  occu rring  substances such as o x a lic  ac id  and 

p h y tic  ac ids w i l l  in te r fe re  w ith  calcium absorp tion  (M orrissey and 

Wasserman, 1971; P ing le  and Ramsastri, 1978 a & 1978 b; Anand and 

L in k s w ile r , 1974; Chou, 1978; C la rk , 1969; Hegsted, 1981; McCance 

& Widdowson, 1942; Forbes e t a l . ,  1979; Rheinhold e t a l . ,  1973; and 

Parker, 1985). Thus, the p o te n t ia l fo r  fa lse  re s u lts  o f  ac tua l
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b io a v a i la b i l i t y  o f  a supplement is  g reat i f  constant d ie ts  are not 

employed. For example, a study o f n ine postmenopausal women given 

low or h igh p ro te in  d ie ts ,  equal in  calcium and phosphorus showed 

th a t the in g e s tio n  o f  a h igh p ro te in  d ie t  s ig n if ic a n t ly  increased 

u r in a ry  calcium  e xc re tio n  over th a t seen when a low p ro te in  d ie t  was 

fed . This e f fe c t  could be demonstrated whether the added p ro te in  

was from co ttage  cheese o r from beef (Howe, 1987). Serum phosphorus 

was a lte re d  by p ro te in  in  the d ie t  (h igh  p ro te in  = lower serum 

phosphorus) but serum ca lcium  was not a ffe c te d  by d ie ta ry  p ro te in  

le v e l or by le v e l o f  d ie ta ry  calcium in take  as shown by Spencer e t 

a l , ,  1969. Hypophosphatemia has been shown to  s tim u la te  the syn thes is  

o f  the v ita m in  D p recursor by the kidney and th is  in  tu rn  enhances 

in te s t in a l absorp tion  o f calcium  (Deluca, 1974).

One l im i ta t io n  in  s tud ies  o f  calcium  n u t r i tu re  is  th a t e ff ic ie n c y  

o f  calcium  absorp tion  g ra d u a lly  changes over time as a re s u lt  o f adap­

ta t io n  to  new le v e ls  o f  calcium  in take  (Kemm, 1971, 1972; Benson e t a l . ,  . 

1968; and Jeejeebhoy, 1986). I t  has been suggested th a t to  minimize 

th is  problem, a calcium  in take  s im ila r  to  th a t consumed by the sub ject 

p r io r  to  the experim ent should be used (A lle n  1982). This is  d i f f i c u l t  

to  do since in  human feeding s tud ies  one must u s u a lly  devise a d ie t  

which meets the NRC RDA (N a tio na l Research Council Recommended D ie ta ry  

A llow ances). I f  human sub jec ts  received a le v e l o f calcium  during

the experim enta l periods which was s im ila r  to  th e ir  usual in ta ke ,

u su a lly  i t  would be much lower than th a t recommended by the N ationa l

Research C ouncil (Hanes I  and Hanes I I ) .

Most o f  the calcium  found in  food is  complexed w ith  o ther food
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