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Introduction 
In earli er re po rts, t he fin din gs ob tai ned 

fro m a study of the effec t of a low-r efined ­
carbohy dr ate high -pr ore in d iet upon n on­
fas ting blood suga r ', calc iums, an d p ho s­
p ho russ were ana lyzed . This pap er wi ll at­
rein pr to present (he r esults de rive d from an 
analysis of the effects of a Io w-refin ed -car ­
boh ydr are high-protein diet u pon calcium ­
plsospborus relationsbips. ]nvesti gation in 
rh is sphe re i:; inco mplete and qu ite h ag­
menrar y. 

Review of the literature 
EFFf.CT OF DI ET UPON B LOOD C ALC IUM 

It is gen erally recogn ized , from bo th h u­
man an d low er anima l stu d ies, tha t w it h an 
increase in dietary carb oh y drares, th ere is 
a corres po nd ing increase in blood calc ium 
levels.a This same direc t r ela tionship see ms 
to exis t w ith dietar y protein an d bl ood ca l­
cium levels.a In formation is n ot availab le to 

indicat e w hic h of th ese d ie tary Ira cr ion s 
( carbohyd rate or protein ) exerts th e dom in­
ant effe ct . T he g ro w in g alar m co ncern ing 
d ieta ry intake in t his counrry at t he presenr 
is th at pro te in is be ing neglec ted and refi ne d 
ca rbo hvdrares highl y favored .• .7 

EF FE:cr' OF DI ET U P ON BLOOD PHOSPHOR-US 

In a review of tile li terature b y P age an d 
co-w orkers.e th e genera l co nsens us of avail­
able research indica tes a negative cor re la tion 
be tw een d ie tary carbo hy dra te an d blood 
phosphoru s level s. Co nce rn ing di etar y pro­
re in and blood p ho spho r us, a positi ve re la­
r ionsh ip exists. T h us, as rhe car bohydrate 
intak e inc reases, bl ood ph osp h orus is de­
c reased . As th e protein co nsumptio n r ises, 
bl ood phosph orus levels are elevated. 

T he ne t res ult of a h igh-ca rb oh ydr ate 
and /or low - pr o tein diet ( acco rd ing' ro ch is 
lite rature r evi ew ) is an eleva tion of serum 
ca lc ium , a reduc tion in serum inorganic 
phosp horus , and a low calc ium-p h osphor us 
pro duct. 

"This s tudy was ma d e poss ib le in pa ri by a 
g ra n l Jrom Th e Ame rican Society ol An lhro ­
pcmetric Medic ine and Nu tr it ion . 

" 28JO First Street , Nor th, St. Petersbur g, Florida . 
t Sec tlon on Ora l Medicine , Univer sity Medica l 
Cen te r. Birmingham. Alaba ma . 

EFFECT OF DI € T UPON B LOOD CA LClU:\1 ­

P HOSP HOR US R ELATI ONSHIPS 

There is all abu nda nce o f experiment al 
data co ncerning d iet an d blood levels of 
calc ium and phospho rus. H o wever , the ef ­
fect of dietary inta ke up on t he relationshi p 
between serum calcium aud pho spho r us 
(Ca/ P ratio or Ca x P p roduc t> h as receiv­
ed r elatively scant att ention. 

Spie rs and S he rm ans fo un d th at the cal­
c iu in and p hos phorus r erenrion and ca l­
cium/ phosphoru s ratio w ere essentially the 
same for you ng albino r ats r ecei vin g var ­
iou s for ms of car boh ydrates in the ir diets 
but less than animals on a co nt ro lled balan ­
ced d iet. T he car boh ydrates used were dex­
tr ose, dext rose and mal tose, dextrin, cor n­
sta rch and sucrose w h ich const ituted 25 
per eenr of th e expe r im ent al d iet. Euler 
an d R vdh o rus hav e stu d ied th e se r um ca l­
c iurn / phos pho rus rati o in rars an d guinea 
pigs on norma l, vi tamin C deficient, and 
vitamin D defici ent diets. T he Ca/P rat io 
in guinea pigs on a norma l di et w as 2.5:1 
and in rats '.vas 3.5 : I. Tn bo th types of ani ­
ma ls th e ra tio decreased o n a vitami n D 
defi cien t d iet (guinea pigs 1.9: 1 and ra rs 
2.9 : 1). The rati o increased in gu inea p igs 
on a vitam in C d efi cie nt di et O.L 1) . So b el 
aud his group lo have shown th at in rats the 
co m posi tio n of the di et is r eflec ted in the 
bl ood serum. F urther , th e com position of 
bone is re lated to tha t of the seru m. Thus, 
the re is a direct relati on shi p between the 
dier ar y C'a/ P ratio , the seru m Ca / P r atio, 
and the Ca /P rari o of bon e. 

P alm er and his group n studie d th e cal ­
cium x p hosph or us product of co ws on 
n o rmal versus phosph o ru s-defici ent diets. 
T he p lasma ca lc ium in both groups is con ­
side red normal throu ghout, b ut the plasm a 
p hosphorus is very low in t he experimental 
group . T he Ca x P product f or these an i­
mals is ra re ly ov er 30 an d frequ en tly he­
low 20. In contrast , t he contro l an imal on 
an ad equat e di er supp leme nted w it h phos­
p ha tes shows a p rod u ct r ange of 50 to 75. 

Tn inf ants re ce iving un diluted milk, Ne1­
sonl Z not es a calcium/ phosphoru s ratio of 
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1.3 : L to 2:1. [ones.o by adding (0 th e diet 
salts of metal s which fo rm insoluble phos­
phates, dernonsrr ared a fall in seru m inor­
ga rlic phosp ho rus wirh no detectab le r ise 
in serum calcium. H e concluded that the re 
is no r ecipro cal relation bet ween calcium 
and phosp horus. 

Compara tive analyses of forms o f calci um 
and ino rga nic ph osphoru s in hu mau and 
cows' milk w ere don e by H ess and Berna­
m in. i s T he re sults show th at , even th oug h 
cows' milk co n tains mor e calc ium and phos­
pho rus rhan does breast milk, rickets occ urs 
less Ireqneutly in brcascfcd infants. Th e an­
tirachi tic su periority of hum an milk is ap ­
pa ten tly not dn e to th e grea ter content of 
vitam in D . It is tho ught that hum an milk 
might co n tain a larger amo unt of th e most 
effecriv e forms of these elements since the 
ca lci um-p hospho rus rati o closely approxi­
mat es that in hum an blood and bone 
(2.5: n .
 

BLOOD CALCfLTM-PHOSPHORUS
 

R EL ATION SHI P S CR ITER I.~ 

Calcium-Pbos pborus Relationsbips H o711e­
ostasis, In stu dies co nducted by Bcrgeimie 
o n albino rats, it is disclosed tha t calci um 
absorption is most efficie n t in the sma ll in­
testin es where rhe excre tio n of phosphorus 
is mosr marked and th us the intesti nal cal ­
c ium-phosphnrus ra t io is low est. It appea rs 
rhar sec re tio n of phosphates inro rhe inres ­
cines is all irnporranr facto r in promptin g 
calcium abso rptio n.ie Us ing the f rog heart 
met hod» for observations of calcium co u­
cen rrarions, McLean and Hinri chsrz find 
sup po rt .for th e hy po chcsis, of the formati on 
in the plasma under certa in co ndir ions, of a 
co lloidal, non diffu sibl c calc ium-phosphare 
co mplex. They suggest t hat the well-know n 
inverse re lat ions hip betw een ca lcium and 
phosphat e depends upo n th e furrnario n and 
removal from t he bloo d of thi s co mp lex 
w henever the concentra rion of eithe r is 
aug me n ted . 

Calcium-Pbospborus R elationsbips N orm­
alit y: According to Alqu ier and Micha ux.ie 
t he ca lc ium- phospho rus ratio of rhe blood in 
rhe rabbit decr eases af ter bir th until, at 
thirty days, it becomes co nstant. Anderson 
and Elve hjernre have pe rfo rmed dog cxperi­
rnents ro de ter mi ne if there is any apprec i­
able diffe rence in calc ium and in organi c 
phosphor us levels in diff eren t age g ro ups. 
The inorganic ph osph or us level decreased 
progr essively th rough on r th e growing per­
iod. T he only co rrelation made inv olvin g 
calcium level was che sharp rise w hic h oc ­
curred w hen rhcre was a sha rp fall in ino r­
ga nic phosph oru s. 

There are varied opi nions as to w het her 
or not rhere is a defini te ca lcium- phos ­
pho rus re lat ionship in the blood . [ anson ac 
examined 11 0 pa tie nts and found no rela ­
tio nsh ip be tween the serum inorganic phos ­
phorus and ser um calc ium co nte nt . On the 
ot her han d, Wagoner,e : in present ing his 
views (E1 calci um-p hosp hor us metabol ism , 
sta tes rha r t here is a de mo nstrable r ecipr ocal 
relati onship betw een calcium and phosp ho r­
us conte nt of bloo d ser um and th at th e 
normal relati onsh ip between seru m cal­
c ium and serum ino rga nic phospho rus 
shou ld be 2.5: I. H arrison and his co -aurh­
ors ea are also of the op inio n rhar the serum 
calc ium level " ar ies inversely wirh rhe co n­
ce ntra tion of ser um inor gani c phosph oru s. 

From a w rvey of ava ilable literature, it 
becomes evi de n t rhar rhe r elationship of 
serum calc ium to phosphorus has uor r e­
ceived th e attent ion rha r has been accorded 
orher aspects of calc ium and ph osp hor us in­
vestiga rion . No par ticular att en tion has heen 
paid to the question of rhe Ca/P ratio and 
the possibility that thi s ratio mighr be an 
influ encing facto r in mi ne ta l ba laucc.ea 

V aria tio ns in th e dietar y ratios of calc ium 
to phospho rus have been fou nd to aff ect the 
calci um, ph osph oru s, and carbona te eou ­
rent of bone, d entin, and enamel in rars.24,26 
E llis and Dwver-o dcmonsrraced in rats that 
a decrease in the Ca/ P ratio of thei r d iet r e­
snlred in susceptibilitv o f rhe enamel to 

eros ion by acidic fluids. St ud ies by Orr in­
dic are rhar rick ets wi ll not occur in rhe 
absence of vi tamin D , sunlig h t or ult ra ­
viole t light, if rhe diet allows the essenrial 
min eral s ro be absorbed in the prop er pro­
po rtio ns.ae H e further states tha t rhe 
amount of ca lci um and phosp horus in a 
food is not as critica l as th e ratio of th ese 
minera ls. Thus, the calcium conten t of cow's 
milk is muc h g reater th an hum an m ilk but 
th e utilizati on in hum an infants is less co m­
plete. From huma n mi lk, th ere is an assimi l­
at ion of,ca lciu m and p hosp ho rus amOliO'ci~g 
t6B'l.82 'p~enCF rom cow's milk the per­
ce;'tage- is 60.7 pe r ce nr.e- T he optimum 
r atio of cal Ciui"i1"Co phospho rus in the diet 
is important bnr no exac t def initio n is 
ava ilable. M cCo llum STares th at man needs 
a litrlc more than half as mnc h phospho rus 
by we igh t as he requir es calciu rn.es 

Co rle rre is of the op inion th at th e de ­
mand rati o sho nld be rhe same as th e 
Ca/P ra tio in hum an bone .ec This ratio ~ 

varies somew ha t si-ice there st ill is sorue de ­
bat e as to th e exac t co mpositio n of th e bo ne 
sales - alpha hyd roxy tri calciurn ph osphate 
or hyd roxyl aparire , There are no generally 
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accepted values for the Ca/P r ati o of th ese 
com pou nd s. However , w hen th e ratio is 
lo wer than 2.1'1-: 1, rhcre is an absorption of 
p hosp hate ion s. A Ca / P rati o h igh er th an 
2.14: 1 w ould in dicat e t he presence of cal­
cium hydroxide .» The exact phy siological 
stare o f bo ne salts is not know n . Thus, t he 
estimates of rhe Ca/P ratio va ry f rom 
2.1'1- :1 to 2 .35 :1.2 2 . ~ 2 Mcl.esrer gives th e ra­
tio in h uman bone as approxima tely 
2.25: 1.:;3 Ir ving o ffers as th e Ca/ P ratio o f 
th e w hole bo dy 2.1:1.32 

The rati o of 2.2 ) : 1 is ver y cl ose to the 
eu rop ean concep t of an ad equ are diet ar y 
Cal f> rati o and is th e same proportion as 
is found in human rnilk.ee :':" T obi asek s nd 
Sch neid er found rhar an ad eq ua re dier sup­
pleme nt ed wi th calcium and phospho rus 
in a r atio of 2,35:1 caused a maxim um re­
tention of calcium which is u nr ivaled ex­
ce pr fr om th e easiest assimilable calcium 
food (mille) .35 D aniels and HUttOn,36 in 
scudies of infant metabolism, have sho wn 
that norm al calcif ication tak es pla ce w hen 
calc iu m and ph osph orus are r eta ined in 
the pro po r tion of appr oximately 2: I. Parle 
recommends rhar the Ca/ P ratio in food be 
suc h a, to preser ve th e norm al re lar ious of 
these elements in the bloo d .az T he r atio in 
hu man serum var ies f ro m 3.4: 1 ro 2.09: I 
w it h all avetage of 2.6: 1 (calcium 9- ll lng .. 
per cent and ph osphorus 3.2-4.3 mg. per 
ce n [2 3) . 

It ap pears tha t th e conc entration of cal­
COUIn and ph osphorus in th e c irculat ing 
seru m mu st p lay an imp ortanr part ill the 
d eter mination of precioiration . I n non ra chi­
t ic childre n, the serum Ca/ P rario is p rac­
t ically identica l to the ratio of t hese ele­
ments in borie.se Since a r elationship seems 
to ex.sr between calcifi cation and th e soiu ­
bi liry product of CaH P O " H owland and 
Kramer 'svs emp ir ical Form ula, serum cal­

cium ( mg . pc r cent) x ser um ino rga nic 
phospho rus ( mg . per cent ) is as reliable as 
rhe ion product itself. The propo rtions of 
Ca-l- + and E-lPO , = to th e tota l ca lciu m 
and inor gani c ph osph orus at e relativ ely co n­
sranr . In ad ults, calcifica tion d oes occ ur ar 
ion c oncentrat ions lower rhan the u pper 
limits of solub ility for Ca HP O. bur the 
sp eed inc r eases as rhe io n prod uct 1Il ­

cr eases.ae s c For pr actical pu rposes, rhe 
concenrr arion pro d ucr is about 30-40 for 
adul ts and abou t 40-55 for g rowing c hil­
d rcn .22 

Su mma riz ing th e vario us figures r ep ort­
ed , we ma y suppose tha r rhe optimum rario 
of calc ium and phosp ho rus, as de ter mined 
from norm al human seru m and bon e and 
maxim um utilization f rom food, is app rox­
imately 2.4-2.6 :1­

Method of lnvestiqstlon 
Fou r hundred and ninety - three amb ula­

to ry Ca uca sian paricnrs wer e stu die d w ith 
regard to ca lcium and phospho rus metab o­
lism as measured in the ven ous blood (serum 
calc ium b y t he Kram er -Ti sdall method ;- ' . 2 
mo dified by Clark-e.• • and seru m in organic 
phos pho rus b y the Bencdier me rhod .s e) 

T abl e I sho ws the age an d sex dizrri bu­
rion . G enerally, the sam ple is d ivided al­
m ost equally between rh e rw o sexes. The 
grearesr numb er of pa ricnrs, usin g- tw o de c­
ade intervals. is between 50 and 69 years 
of age, thoug h rhe sub jects ra nged fr om 
the seco nd to th e ninth decades. Of Lhe 
sample of 493 subjec ts , th e age was nor de­
rerrniu ed in five. T here fo re, in subgroup 
analy ses, 488 sub jec ts ar e used . The mean 
ages fo r th e male and fema le group pr oved 
ro be 51.78 an d 50.61 yea rs respe ct ively. 

Each pat .ent presented in rhe ciirric be­
tw een 9:00 and 12:00 a. m . aft er a cus­
tomar y b reakfast meal. A venous sample 
was drawn and nonfasring se rum calc ium 

Tabl e I 
age and sex distribution 

male f emale t or.il 
i'ge 

g : ·u U ~ ) no . % no . % no . v': 

10-29 10 2.02 16 3.24 26 5 .~ 6 

30--+9 89 18.06 83 16.8+ 1- ' r : H t,:O 

50.(,9 120 24.34 J24 25.15 F t 49.49 

70-89 22 4.47 2-+ 4$ 7 46 9 .3 ~ 

uu clerer­
mined 0 0.00 5 1.0 1 1.0 1 

241 48.89 252 51.11 -+ j 3 roo00 
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and se rum ino rganic ph osph oru s dererrni­
nat ions we re per fo rmed imrnediarcly. T ile 
scores obt ained w ill hereaf ter be referred 
[Q as based all a regular diet . 

The parient was then g iven dierar y in­
srruc rious (Q follow for the nex t three days . 
Mea t, fish, fowl, vegeta bles, whole gra in (as 
breads, cereals, vegetables), eggs, nurs, and 
butter we re allow ed in quant iries desired by 
the patient. Weak tea, deca ffei na ted co ffee, 
nat ural con d iments, and wate r we re allow­
cd ad libitum . Spe cific instru ctions were 
given not to eat sugar and refined sugar 
producrs, w hite flou r foo ds, fr uit and fr uit 
juices, milk and milk prod ucts (except but ­
ter ) , preserved mears, hy dr ogenared [a LS, 
and alco ho l. The only d ietary supplement 
given for the th ree-day period w as one 
rabler o f 75 mg . of vitam in C. (f ro m rose 
hips) daily . H ereafte r, th is regime will be 
referred to as a basic or pre parato ry diet 
(pr epar ato ry to blood resrs), In order to be 
as certain as possible char the instr uctions 
were follow ed, t he pa rien r was given a fo rm 
on w hic h all foods eaten were to be reco rd ­
ed dur ing rhe three-day p eriod . 

Finally, the parienr W:;lS instru ct ed to rc­
turn on the fourth day between 9:00 and 
12:00 a. m. after breakfast based on th e 
above recommendat ions. Ar this second 
visit, a venou s sample was again drawn and 
a sernrn ca lcium and seru m ino rga nic phos ­
ph oru s deter min ation perfor med imm edi­
arely. 

+20 .0 ­

.. 
-+10 ,0 ­

blo od Ca X P product 
d l f fe'Tence 0 ­
I11 g. per c ent 

- 10 . 0 ­

- 20 .0 ­

Results 
T he find ings will be considere d ill two 

ways: (l) genera] charac terist ics, and (2 ) 

subgro u p analy ses. 
G I;:NEItA L CHARA CTER ISTI C:S 

T he mean initial b lood calc ium-phos­
phor us product for the 493 patients proved 
to be 32.30 wirh a sraudar d deviat ion of 5.78. 
T his can be interpreted to mean that ap­
pro ximately two-thirds of rhe patients, spe­
cifically 68 per cen r, ra nge d from 26,j2 ro 
38.08. T his is quire in accord w irh post­
prandial de terminati ons descr ibed earl ier 
i n this report. T hree day s af ter subsisting' 
on the pr epara tory d iet , the mean produc t 
rose to 33.58 wi th a standard dev iarion of 
the differe nce of 5.73. 

T he sco res obtained for the 493 pat ients 
initia lly and afrer th e d ietary r egime are pic­
rorially r epon ed in F igu re 1. Shown 
along th e abscissa are the in irial blood 
calcium -phosphoru s pro duct f indings. 
T he d ifference herween rhe init ial scores 
and the scores rhr ee days later are charted 
on the or dinate. It is very clear ho m rhis 
grap h (and particularly ' from Figure 2 
show ing rhe mean values) that there is a 
def in ite line of regr ession. T he coe ff icienr 
of corr elation for rhe entire group was 
fou nd to be - 0.635 w ith a P <.OOl. T hus 
th e ev idenc e seems reasonab le that, und er 
this dieta ry program, pati ents wi th produ ct 
values above 35 tend to be reduced to o r 
about .H. Also, ir ap pea rs rhar those sco res 

co mpari s on of blood c a j c tu m-ph os ph oru s pr c du c t
 
befor e ( shown On th e a be c t ss e ) and a f t e r
 

{d emons t r a t.ed On t he ord )na t e } a t h r ee ...d~ y
 

j ow- r e Hned-c arbc hyd r a te h i gh - pro te In e Le t.
 

e 
e 

20. 0 40. 0 50 . 0 60. 0 

lnltl al no n Ie s t Lnq blo od c a l c Lum x pho spho ru a product 
mg . percent 

Fig ure I 
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below 35 tend to rise to or about 35. later (basic d iet), and several days to w eeks 
The qu estion arose as to w he the r th ese late r main taining the same basic diet ary re­

ch anges wo uld sign ificantly differ if th e low­ gime . V alues of 31.72 ± 4.61, 34.38 ± 4.79 
r efined-carb oh ydrate high- pro tein die t we re and 33.24 ± 6.26 were fo und r especti vely . 
to be conti nued for lon ger than three days. Thus, it appea rs t hat these levels change 
T o answer th is question . 24 subjec ts we re mo st significant ly du ring the firsr th ree-day 
studied initially (reg ular d iet ) I three days diet p eri od . 

Table II 

blood calcium-phosphorus product changes following
 
a three-day low-refined-carbohydrate high-protein diet
 

(calcium by Kramer-Tisdall method"' ·' ' a7; modified by Clark, aB. i as and
 
phosphorus by Benedict method' 3 o )
 

d iff ere nce afte r three day low-ref in­
regular d iet ed -carbo hydrnce high-protein diet 

age and 
sex grou ps mea n 

standard 
de viatio n mean 

stand ard 
deviat ion P 

10-29 veal'S 
ma le ( 10) • 34.45 7.22 0.83 3.39 >0.100 
female ( 16) 32.38 4.08 2.82 4.04 > 0. 100 

30-.f9 vears 
niale (89) 3L.2 7 5.94 1.56 5.81 < 0.001 
fe ma le On) 33.01 5.84 1.3 2 55 7 < 0.001 

50-69 years 
male (120) 31.06 6.28 0.93 6.10 <0 .001 
fema le ( J24) 33.74 5.18 1.62 5.95 < 0.001 

70-89 years 
male (22) 3U 9 5.04 0.70 5.19 < 0.025 
fem ale (24) 31.70 

•num ber of sub jects in par en theses 
3.78 1.64­ 4.20 < 0.025 

cc ece r Lscn o f me..n bl ood c a l cfue- pho epbor ua produc t s 
be fo r e ( shown on the absci ss a) and after 

(d eroo"$ tr a ted on the or dLnate) a t.hre &-day 
l ow-rer j h Lgh-pr ot el nn e d- c a r -bo hvd r at.e d k e't,'10. 0 ­

. .
 

o ­

.. . 
me an blood 

c , x P pr cdcc t 
dl f fe r e nces 
mg. per-cent 

- 10 .0 ­

- 20. 0 ­

20 .0 30 . 0 40 .0 50. 0 60 .0 

lnLU al f'tO"h at ing mean bl ood ca lcium X pho s~h~ru !1 proouc c - t,.~9 " per ce nt 

Fig ur e 2 
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S UB GROUP ANAl.YSES 

Attention will be dir ect ed to a stu dy of 
the non fasting values ini t ially and three days 
later in terms of age and sex. Such an an­
alysis is show n in T abl e 2. It can be observ ­
ed th at ther e we re statistically significant 
cha nges in all age groups exce pt th e youn g ­
esr (10-29 y eats) . Mo te detailed examin ation 
of Table 2 sho ws th at in all o f the age 
g roups th e tendency is for the calc ium ­
ph osphorus produ ct to ap proa c h 35. 

Discussio n 
The data th us far p resented w ill be con ­

sidered in the light of : (1) G en eral Char­
acteristics, (2 ) subgroup analy ses, and (3) 
the meth od of laboratory testing . 

G£N"£R., l. CHARACTER1STl CS 

The evidence from these 493 subjects 

cceper l sc n of 
(Gho'lffl o n 

indi cat es th at th ere is a tend enc y for th e 
blood ca lcium-phospho rus p ro duc e to ap­
proach 35 under th e co ndi tio ns of a high ­
prot ein low -refined-carboh ydrate diet and 
w hen th e calc inm and phosphorus are meas­
ur ed by the me thods previou sly reported . 
Th is conclusion is und erscor ed by the rise 
in the mean , by th e very clear-c ur lin e 
of regression , and th e sig nifica nt negative 
co rre latio n. 

It is, of co u rse, hazardous to draw co n ­
clusio ns as to w hat ph ysiologi c no nfasring 
blood calcium- phospho rus product shou ld 
be from these ry pes of dat a. H ow ever , the 
evidence at least suggests that 35 might 
well be t he ideal physiologic produce, 

The most inr eresring o bserva tio n from 
th is three-d ay dietary r egime is th at blood 
ca lcium-phosphorus pr oducts above and be­

exc e ee bl ood c al c i lnl be for e 
the ab$cl&6 a) ard a f t e r 

(demonstroted on thl? oJ'dl nat e ) ~ Utrel.­
day Ic.... r~fl ned- c arbohydr ate 

~ Iqh -prote In diet 
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low 3S increase and decrease accordin gly. 
These res ults, togethe r wi th those men­
tioned above, make ir feasible co spec ulate 
rhat : (l) pro rein and car bohy dra te (other 
than r efined ) contribute measur abl y co th e 
calci um-phospho rus homeostasis, and (2) 
the delicate hor mon al regula tion of this 
product functions mon: e fficie n~ ly in a .low­
tefin ed- car bohYdrate-lu gh-ptotelll env iron­
ment. Similar findin gs were pr eviously re­
po rte d wit h regard to . the effec t of a low­
refin ed-car boh ydrate high-protein dier upon 
nonfasting blood sugar', serum ca lciurne, 
and seru m phosph oruse. 

T he relationship of ca lcium and phos­
ph orus may be expresse d by meth ods ot her 
rban rheir produ c t. Me ntion has been made 
of evidence w hich suggests rhat che ratio 
of blood calci um co phospho rus may be of 
the order of 2..1; 1. In ot her words, the 
quantiC)o of calc ium in the bloo d is 2.5 times 
that of uloo d inorgani c phosphorus. Thus, 
if rhe serum phosph oru s level is mul tipli ed 
uy 2.5 and subt rac ted fr om the calc ium 
value, one derives a figure which may be 
rega tded and will be re ferre d to in this re­
parr as excess calcium . 

T he mean ini tial excess calcium value fat 
the 493 patients pr oved to be 1.87 wit h a 

"40.0 ­

..· +20.0 ­ . .· 
:C, 
."':.

\ls abl e blood Ca x P ... 
product dl ff~r enc e 0.0­ • 

m9. c er cerrt 

. .. 
; 

standard deviation of 1.13. T his can be in­
ter preted co mean that appro ximately two ­
thirds of th e patients, spec ifica lly 68 percent , 
ran ged from 0.74 to 3.00. Three days af ter 
subsisting on th e pr eparatory diet, th e mean 
decreased 0.66 to 1.21 wi th a st andard de­
viation of the diffe rence of 1.16. 

T he sco res ob tained for t he 493 patients 
initially and after th e dietary regime are 
pict ori ally repor ted in Figu re 3. Shown a­
lon g the absc issa ate th e initial nonf asting 
so-ca lled excess seru m calcium f indings. The 
d ifference between the initial scores and the 
findin gs rh ree days later are charted on the 
or dina te . It is very clear from thi s g raph 
that there is a def ini te lin e of regression . 
T he coe fficient of correlarion for the en­
tire group was fo und ro be -0.687 with a 
P<.OO l. Thus, the evide nce seems reason­
able that, under this die tary regim e, the 
excess blood ca lcium value seems to de­
c rease. 

The qu estion arose as to whe ther excess 
bloo d calcium changes wo uld significan tly 
differ if th e low-refiu ed-cacb oh yd care high­
protei n die t we re co be continued for longer 
rhan three days. To answer t his question, 
24 sub jec ts were studied ini tially (regular 
diet ), three days later (basic diet), and 

compar i son of usable b lood c al c lum-pho sph()ru s 
product be fore ( shown o n the absci s sa ) and aft er 

( demon&trat ed o n the or dinate } a t hr ee-day 
lor;rn. fl ned - c ilI r'l::>o hydr at e h !.. 9h-pt'Qtel n d!..e t 

- 20 . 0 ­

• 

-40.0 ­ ., 
o 20. 0 40.0 60.0 80. 0 

initial rtonhl&tlng \u ;clblc blo od c al c lt.ml X phos phoru s product .. 1n9- per c ent 

Fi g ur oo 4 
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several days to weds lat er maintai nin g rhe 
same basic di etar y regime. Val ue of 2.00 ± 
1.22, 0.96 ± 0.8'1, and 1.28 ± 1.12 were 
fo und res pective ly . T hus, it appens th at 
excess blo od calci um levels c hange most sig­
nifi cantly during t he fir st three-day d ier 
period . 

T her e is srill an other way of viewing ca l­
eium- ph osp horus relati onshi ps. Let us as­
sume th at calcium and phosphorus sho u ld 
exist i n rhe ra tio of 2.5:1 and tha t th e ad­
dition al calcium over rhi s l imit is au excess. 
Then, if one m ultip lies rhe blood p hosp hor­
us level by 2.5 (a mo unt of calcium fo r a 
2.5: 1 ratio) an d th en multiplies rhis value 
by the ph osphorus level, a figure is derived 
which w ill be regarded as rhe usable cal­
cium- pbospborus product , 

T he mea n initial usab le calcium-phos­
ph orus produc r for th e 493 patien ts proved 
ro be 26.78 with a standard deviat ion of 
7'(A. T his can be inte rpr e ted co m ean rhar 
approximately ewe -thirds of rhe patients, 
spec if ica lly 68 percen t, ranged from 19.14 ro 
34 .4~ . T hree d ays after su bsisting' on rhe 
prepa ra tor y d ier, th e m ean usable calcium­
p hosp horus produc t increased co 29.75 (a 
rise of 2.97) with a stand ar d dcviarion of the 
differen ce of 7.98. 

T he scores obraiued for the 493 pat ients in­
itially an d aft er th e diet ary regime ar e' pic­
rori ally repon ed in Figure 4. Shown along 
rhe absc issa ar e rh e initi al nonfas ting so-call­
ed usable calcium -phosphorus prod uc t f ind ­

+20. 0 • 

'" e ..__ • 

.ngs, The d iffere nce between the ini tia l 
scores and th e fin dings th ree d ays later are 
char ted on rhe ord ina te . It is very clear 
from th is graph and fr om rhe mean Ca- P 
product d iff eren ces (Figu re 5) t hat there 
is a defi nite lin e of regr ession . T he co ­
effic ient li t co r rela tio n fo r t he entire grou p 
wa s foun d ro be - 0.609 with a P <.001 
T hus, the evidence seems reaso nable rhar , 
un der th is d ieta r y regime, t he usable cal­
cium-p hosphorus producr va lue seems to 

increase . 
T he q uesrion ar ose as co w he ther the us­

ab le calc iu m-p ho sphorus prod uc t changes 
wou ld sign ific antly d iffe r if rhc lo w-refin­
ed -carbo hydra te high-protein die r we re to 
be co ntinue d [or lon ger th an t hree day s. To 
answer this questio n , 24 subjecrs we re Stud­
ied i nit ially (regular d ier) , three days larer 
(basic di et ) , and sever al days ro we eks 
la ter maintaini ng th e sam e basic d ierary 
regime . V alues of 25.66 ± 6.49, 31.26 ± 
6.44 and 29.38 ± 6.78 were fo und r esp ec­
tively . T hus, it ap pears [hat the usabl e blood 
calc ium-p hosp horus p ro du ct c hanges m ost 
sig nificantly dur ing th e fi rst three-d ay d iet 
period . 

SUBGROUP ANALysts 

A stu dy of the age an d sex diffe ren ces 
has bee n summar ized in Table 2. It Call be 
obse rved th at the cha nges in the young est 
age group were not sign ificant. T his is 
precisely the fi nding pre viously reponed 
wit h r egard to blood sugari, ca lc iu rn a, and 

ccmpar t s c n o f mea n u s ab! eo bl ood L:~ 1e Ium -ph c s ptto ru s 
produc ts befor e ( sllo wn on t tH' abseLsse) end a He !' 
(deeons t r a t ed On the ord in.a te) a tnr ee-d av 10.,.­

r e fined-carbohydra leo nl.gh- pro t e In diet 

0. 0 -

• • .-.- ­
e••• .. 

me an 
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produc l dl f ( ere l1 (.es 

11'19. pe rc ent 
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u ho sp horuse . A lso , Table 2 shows that the putcd f or excess ca lciu m (T able 3) and 
most sign if ica nt differences occ urred in the usab le calcium -p hosphorus product (Table 
30-49 an d the 50-69 year age group. Sig ­ 4). The fact that the very same find ings 
nificant, but less so, arc the findings in I he oceur by th ree d iff er cn r tec hniq ues is JUSt 
oldest age ca tegory. O ne C1n spccula re a lin k more evidence that t he explanation 
that rh e im balance in " cr y elderly people for the lack of sig nifi cance in some age 
m ay be so g reat that die tary c hange alo ne gTO U~S is te nab le. 
is incapa ble of righting the calci um -p hos ­ Method of Laboratory Testing 
phor us re lationship s. W he the r th is is rhc Attentio n should be directed to th e fact 
entire explanation or on ly p art of it can­ th at b loo d calcium an d p hospho rus in t he 
not be co ncluded from t his particu lar stud y. <93 subjects was determined by the Kramer­

T he age and sex find ings were also com- Tisdall m eth od modified by Clark an d by 

Table III
 
excess calcium changes following a three-day
 

low-refined-carbohydrate high-protein diet
 
(calcium by Kramer-Tisdall method ' 2 6 . \ 27 ; modified by Clark ' 2 8 , 129 and
 

phosphorus by Benedict method l3o)
 

di ffere nce after three day lo w- refi ll­
re gular d iet ed-c at hohyd ta tc h ig h-p ro tein di et 

age and stand ard sta ndard 
sex groups mean deviatio n m ean dev iation P 
10-29 years 

ma le ( 10 ) • 1.79 0.88 - 0.56 0.09 > 0.050 
Female ( 16) 1.45 0. 8 ~ - 0,61 0.86 <0 .025 

30-49 years 
ma le (89) 2,1+ 1.09 - 0.61 1.19 < 0 .00 1 
fem ale (83 ) 1.81 1.10 - 0.73 1.20 < 0 .001 

50-69 years 
m ale WO) 2.04 1.16 -0.67 1.16 < 0.001 
fem ale (124) 1.61 1.13 - 0.79 1.1 6 < 0.001 

70-89 years 
male (22) 2.H 1.07 -0.39 1.03 > 0.100 
fem ale (24 ) U8 0.94 -0.39 1.05 < 0,025 

"n um ber of subjects in parenrheses 

Table IV 
usable calcium-phosphorus product changes following a 

three-day low-ref ined-carbohydrate high-protein diet 
(calcium by Kramer-Tisdall method ' 2 6 . 127i modified by Clark. 2 8 . 12 9 and 

phosphorus by Benedict method \:lo} 

difference after three day low -refin ­
regu lar d iet cd -carbohy drare high- pr o tein diet 

age an d standard sta ndard 
sex groups mean deviatio n mean devia tion p 
10-29 years 

ma le (10)· 29.59 7.40 2.46 4.06 > 0.200 
fe ma le (16) 27.82 5.78 4,66 6.3 + > 0.050 

30-49 yea rs 
ma le (89) 24.96 7.22 2.95 7.03 <0.00 1 
fem ale (83) 27.37 6.23 3.34 6.94 < 0 .001 

50-69 years 
male (120) 25.47 9.20 2.28 9,02 <0.001 
female (124) 28.91 7.23 3.98 8.99 <0.00 1 

70-89 years 
male (22) 23.98 6.29 0.24 4,63 < 0.050 
fe ma le (24) 26.90 5.56 2.84 6.59 < 0.025 

"nurn ber of subj ec ts ill parentheses 
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coeparLscn o f bl o od ca l c l UDt- p!losphor u e procuc t 
befor e (ehown on the absc Ls .. ) and after 

(demonstrated o n the or d i nat e ) a thre.-day 
l ow-refined-carbohyd rate high-proteI n dt e t 
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Figu re 5 

comparl&On of ", xces& bl ood ealclun before 
(.ho,," on t he abocl..a) and after 

(demonetrated o n tho or d l nate) a thrn­
day low-refined-carbohydrate 

high-protein dIet 

-•
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• 
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(he Benedict meth od . It was thought im­
porranr to establish whet her similar pat ­
te rns wo uld be derived by studying blood 
calcium-phosphor us rela tionsh ips by other 
tec hniq ues. Ac cor din gly, 23 subjects were 
illvesrigarcd as previously descr ibed exce pt 
that the serum calcium and phosphorus 
levels were don e by o ther rechniqn es 46-49 . 

F igure 6 shows that the blood calcium­
phosphorus prod uct values above and below 
approx imately 35 following the thre e-day 
diet decreased and increased respecti vely to 
or about 35. Spe cifica lly, at the start of (his 
study, the blood calcium-phosphor us pro ­
duct was found to be at 29.5 ± 4.83. Th ree 
days later the mean increased to 33.0 and 
the standa rd deviati on decreased to 4.34. 
T he statist ical sign ific ance of the change is 
sho wn by a coefficient of correlation of 
- 0.605 and a P of <.01. T bus, the findings 
by these techniqu es agree with the overall 
observa tions mad e earlier where, it should 
be recalled, there w as a statistically signifi ­
cant differe nce between (he initial calcium­
phosph orus prod uct and the obser vations 
three days later after eo rrec tio n of d iet . 
Figure 7 sho ws that th e excess blood cal­
cium values decreased co nsiderably. Spc­
cifically , at the starr of the study , th e excess 

blood calciu m value was foun d to be 3.02 ± 
1.25. T hree days later the mean decreased 
to 2.00 and th e standard deviation shrunk 
to 1.19. Finally, F igure 8 shows that (he 
usable bloo d calcium-phosphorus produce, 
at the starr of the stud y. show cd a mean of 
21.4 and a standard deviation of 7.2. Three 
days later, this value rose to 26.7 ± 6.7. 

It should be ind icate d rhar the changes 
in calci um-p hosphor us relationshi ps nnd er 
t!-l is d ietary regim e are quite similar to 

those reported fo r blood sugar and glu­
cosc -, ser um calciuma , and sernrn inorganic 
phosp hor us>. In all instances the values de­
creased ro a relat ively narr ow range. T his 
suggests (he possibility that th e ph ysiologic 
range for blood sugar, glucose, ca lcium, and 
phosphor us may be more limircd than is 
curre ntly held. 

Summary 
l.	 Analyses of nonfasting blood calcium­

phosphorus relationships on 493 patients 
w ere made initially (dur ing a peri od of 
reg ular diet) and three days after a high ­
protein low-refin ed-carb ohydrare regime . I2. Evi dence	 is presented to show that , under 
this dieta ry reg ime, non-fasting calcium ­
phosphorus relationsh ips tend to seck a Imore narrow physiologic range than is 

compar i so n o r usable bl ood ca lc lum-phospho l'u6 
pr oduct b<! ro r e (.hown on the absct s s a) and af t er­

(demons t ra t ed on t he ordinat e ) a t h r ee- day 
lo w-r efi ned- ca rboh ydr a t e hl gh-prote!n diet 

• 
• 

+10 .0 -	 • 
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usable blood Ca X P 
pr oduet dlffel'enee 0 ­

mg. percent • 
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currentl y recognized . 
3.	 The presente d dat a indicates that the 

mor e significant changes are found in 
the 30 to 69 ye ar old age br ack ets. 

4.	 It ap pears, at lease presumpti vely , that 
35 may wcll be rhe id eal (physiologic) 
nonfasring blood calcium -p hosphor us pro­
duc r value. 

5.	 Dara i ~ presen ted ro show rhar rwo che­
or ct ic ap plications of th e te larionship be­
rwcen calc ium and phospho rus, termed 
excess calcium and usable calcium-phos ­
ph or us produ ct , compare very favorably 
wirh rhe calcium-phosphoru s pro duc t. 
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