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Introduction

In eaclier reporrs, the findings obrained
from a study of the effect of a low-refined-
carbohydrare high-protein diec upon non-
fasting blood sugarr, calciumz, and phos-
phoruss werc analyzed. This paper will ar-
teinpt to present the results detived from an
analysis of the effects of a low-refined-car-
bohydrate high-protein dier upon calcium-
phosphorus relmionships. Tnvestigation in
rthis sphere is incomplere and quire frag-
nientary.

Review of the literature
crrecr ofF  Dier Uron Brooo Carcium

Tc is gencrally recognized, from both hu-
man and lower animal smdies, thar with an
increase in dierary carbohydrares, there is
a corresponding increase in blood caleiwn
levels.z This same direct relationship seems
to exist with dietary protein and blood cal-
ciumn Jevels.z Informacion is not available to
indicate which of these dietary fracrions
(carbohydrare or protemn) exercs the domin-
ant effect. The growing alarm concerning
dietary inrake in this counrry ar the presenr
is that protein is being neglected and refined
carbohydrares highly favored.a.”

Errecr or [Dher Upron Broop Puoserorus

In a review of the literature by Page and
co-worlers,> the general consensus of avail-
able research indicares a negarive correladon
berween dietaty carbohydrate and blood
phosphorus levels. Concerning dietary pro-
rein and blood phosphorus, a posirive rela-
vionship exists, Thus, as rhe carbohydrate
jntake increases, blood phosphorus is de-
creased. As the prorein consumpcion rises,
blood phosphorus levels are elevared.

The net result of a high-cartbohydrace
and/or low-protein diec (according ro this
literature review) is an elevacion of serum
calciom, a reduction in serum inorganic
phosphorus, and a low calcium-phosphorus
produce.

*This study was made possible in part by a

granl Irom The American Society of Anlhro-

ometric Medicine and Nutrition
**2810 First Street, North, St. Felersburg, Florida.

iSection on Oral Medicine, Universitly Medical
Cenler, Birminghain, Alabama.

«In

Ereect os Dier Uron Brooo Carciun-
Proserionss RELATIONSHIPS

There is an abundance of experimental
data concerning diec and blood levels of
caleium and phosphorus. However, the ef-
fect of dietary intake upon the relationship
berween serum calcium  aud  phosphorus
(Ca/P tatio or Ca x P product) has receiv-
ed relatively scant attention.

Spiers and Shermane found thac che cal-
civin and phosphorus retencion and cal-
cium/phosphorus ratio were essentially the
same for young albino rats recciving wvar-
ious forms of carbohydrates in their diets
but less than animals on a controlled balan-
ced diet. The carbohydrares used were dex-
tose, dextrose and maltose, dextrin, corn-
starch and sucrose which constitured 25
per eent of the experimental dier. Fuler
and Rydhoms have smdied the serum eal-
cium/phosphorus ratio in rars and guinea
pigs on normal, vitamnin C deficient, and
vicamin D deficient diets. The Ca/P ratio
in guinea pigs on a normal dier was 2.5:1
and in rats was 3.5:1. In both ctypes of ani-
mals the ratio decreased on a vitamin D
deficient diet (guinea pigs 1.9:1 and racs
29:1). The ratio increased in guinea pigs
on a vitamin C deficient dier {3.1:1). Sobel
aud his groupie have shown thar in rars the
composition of the diet is reflected in the
blood serum. Further, the composidon of
bone is related to that of rhe serum. Thus,
there is a duecr relationship berween the
dietary Ca/P ratio, the serum Ca/P ratio,
and the Ca/P rato of bone.

Palmer and his groupm smdied the cal-
cium x phosphorus product of cows on
normal versus phosphorus-deficient diets.
The plasma calcium in boch greups is con-
sidered normal rhroughout, bur the plasma
phosphorus is very low in the experimental
group, The Ca x P product for these ani-
mals is rarely over 30 and frequendy be-
low 20. In contrast, the control animal on
an adequare dier supplemenred with phos-
phates shows a produer range of 50 to 75.

In infanes receiving undilured mill;, Nel-
son'z notes 3 calcium/phosphorus rario of
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1.3:1 to 2:1. Jones,3 by adding to the diet
salts of merals which form insoluble phos-
phates, demonscrated a fall in serom inor-
ganic phosphorus with no derecrable rise
in serum calcium. He concluded that chete
is no reciprocal relation bcrween calcium
and phosphorus.

Conrparative analyses of forms of calcium
and Jnorganic phosphorus in humau and
cows’ millk were donc by Hess and Benja-
min.tea The results show thar, even though
cows’ milk conrains mote calcium and phos-
phorus rhan does breast milk, rickers occurs
less freqnently in breastfed infants. The an-
vrachiuc superiority of human milk is ap-
patearly not dne to the greater content of
vicamin D. It is thoughe that human mille
might contain a larger amount of the most
effecive forms of these elements since the
calcium-phosphorus ratie closcly approxi-
mates that i human blood and Dboue
{2.5:1).

Brooo Cavcivm-Pioseaorus
RevaTionsHps CRITERIA

Calcimzn-Phosphorus Relationships Home-
astasis: In studies conducred by Bergeimis
on albino rtats, it is disclosed thac calcium
absorption is most efficient in che small in-
testines where the excretion of phosphorus
is most marked and thus the intestnal cal-
cium-phosphnrus ratio is lowest. [t appeats
that secreion of pheosphates into the inces-
tines is an important factot in prompting
calcium absorption.ts Using the frog heart
method#4 for observatons of caleium cou-
centracions, McLean and MHinrichs'7 find
suppote for the hypothesis, of the formation
in the plasma under certain conditions, of a
colloidal, nondiffusible calcium-pbosphate
complex. They suggest thar the well-known
inverse relationship berween calcium  and
phosphate depends upon the furmacion and
removal from the blood of this complex
whenever the concencration of either is
augimented.

Calciin-Phosphorus Relationships N orm-
ality: According to Alquier and Michaux,1e
the calcium-phosphorus ratio of the blood in
the rabbit decreases after birth undl, at
thirty days, it becomes constanc. Anderson
and Elvehjemte have performed dog experi-
ments to determine if there is any appreci-
able diffetence in calcium and inorganic
phosphorus levels in different age groups.
The inorganic phosphorus level decreased
progressively chroughone the growing per-
iod. The only correlaton nade involving
calcium Jevel was the sharp rise which oc-
corred when chere was a sharp fzll in inot-
ganic phosphorus.
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There are varied opinions as to whether
or not there is a definite calcium-phos-
phorus relaciopship in the blood. Jansonze
examined 110 pacients and found no rela-
donship berween the serum inorganic phos-
phorus and serum calciom content. On the
other hand, Wagoner,21 in presenting his
views o0n calcium-phosphorus metabolism,
staces that there is 2 demonscrable reciprocal
relationship berween calcium and phosphor-
us content of blood serum and that the
normal relationship berween scrum  cal-
cium and serum inorganic phosphorus
should be 2.5:1. Hartizon and his co-auch-
ors22 are also of the opinion thac the serum
calcium level varies inversely with the con-
cencration of serum inorganic phosphorus.

Trom a survey of available literavure, it
becomes evident that the relationship of
serum calcium to phosphorus has uvor re-
ceived che atrention that has been accorded
other aspects of calcium and phosphorus in-
vestigation. No particular attention has heen
paid to the guestion of the Ca/P ratio and
the possibility thar this ratio might be an
influencing facrer in mineral balance.23

Variations in the dierary ratios of calciom
to phosphorus have been found to affect the
calcium, phosphorus, and catbonare eou-
tent of bone, dentin, and enamel in racs,2¢.26
Ellis 2nd Dwyerz7 demonstraced in rats chat
a decrease in the Ca/P ratio of their diet re-
snleed in susceptibilicy of the enamel ro
erosion by acidic fluids. Studies by Orr in-
dicate that rickets will nor occur in cthe
absence of vitamin D, sunlight or ulera-
violer light, if rhe diet allows the essential
minerals to be abiotbed in the proper pro-
portons.ze  He further stares chat  che
amount of calciom and phosphorus in a
food is not as critical as che ratio of these
minerals. Thus, the caleium contenc of cow’s
milk is much greater than human milk but
the utlization in human infants is less com-
plete. From human milk, there is an assimil-

. o M B e
a@g_o:._;;glc!_!z_nl_and phosphorus amidunting
to 81.82 per-cent. From cow’s millk che per-
centage is 60.7 per cent.2é The optmum
ratio of ¢ilciiim to phosphorus in the diet
is important bnt no exact definiton is
available. McCollum states thar man needs
a litde more than half as mnch phosphotus
by weight as he requires calcium.z9

Corlette is of the opinion cthat the de-
mand rato shonld be the same as the
Ca/P ratio in human boneso This ratio
varies somewhar since chere sull is sorue de-
bate as to the exacr compositon of the bone
sales — alpha hydroxy tricalcium phosphate
or hydroxylapacite. There are no generally
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accepred values for the Ca/P ratio of these
compounds. However, when the ratio is
lower than 2.14:1, rhere is an absorption of
phosphate ions. A Ca/P ratio higher than
2.14:1 would indicate the presence of cal-
cium hydroxide.®r The exact physiological
stare of bone salts is not known. Thus, the
esriinates of rhe Ca/P ratio vary from
2.14:1 o 2.33:1.22.32 McLesrer gives the ra-
tio in  human bone as approximately
2.25:1.33 Irving offers as the Ca/P rario of
the whole body 2.1:1.22

The ratic of 2.25:1 is very close o the
luropean concept of an adequare diecary
Ca/P rato and is the same proporcion as
is found in human milk.28 24 Tobiasek and
Schneider found that an adequare diec sup-
plemiented  with calcium and  phosphorus
in a rado of 2.35:1 cansed a maximum re-
rention of caleium which is uwnrivaled ex-
cept from the easiest assimilzble calcium
food (mill).3s Danicls and Huron,2s in
studies of infant mewabolism, have shown
that normal calcificarion rakes place when
calcium and pliosphorus are rerained in
the proporrion of approximately 2:1. Park
recommends thac the Ca/P ratio in food be
such ay to preserve the normal relations of
these elemencs in rhe blood.»7 The ratio in
human cexum wvaries from 34:1 ro 2.09:1

with an average of 2.6:1 (calcium 9-11 ng..

per cent and phosphorus 3.2-43 mg. per
ceno22).

It appears rhar the concencration of cal-
ciurn and  pheosphorus in the circulating
serum must play an imporeant pare in the
deterininacion of precipitation. In nonrachi-
tic children, the serum Ca/P rario is prac-
tically identical to the ratio of these ele-
ments in bone.2e Since a relationship seerms
to exist betwveen calcification and the soiu-
bility product of CaliPO,, Howland and
Kramer'sa® empirical formula, serum cal-

cium (mg. per cent) X serum inorganic
phosphorus {(mg. per cent) is as reliable as
the ion producrt iself. The proportions of
Ca++ and HPO, = to the toual calcium
and inorganic phosphorus ate relatively con-
seanr., Jn adules, calcification does occur ar
ion concenrrations lower rhan the upper
limits of solubility for CaHPO, bur the
speed increases as rhe ion product in-
creases.sz <0 For practical purposes, rhe
concentration product is about 30-40 for
adults and 2bout 40-35 for growing chil-
dren.22

Susnmarizing the various figures report-
ed, we may suopose thar rhe optimum rario
of calcium and phosphorus, as determined
from nornal human serum and bone and
maximum utilizaven from food, is approx-
imately 2.4-2.6:1.

Method of Investigation

Four hundred and ninety-three ambuola-
tory Caucasian paricnrs were studied wath
regard to calcium and phosphorus merabo-
lism as measured in the venous blood (sctum
calcium by rhe Kramer-Tisdall method 4 42
modified by Clark42.a2 and serum inorganic
phosphorus by the Benedicr method.as)

Table I shows the age and sex distribu-
tion. Gencrally, the sample is divided al-
wost equally berween rhe rvo sexes, The
greatest number of paricnes, using two dee-
ade intervals, is berween 50 and 69 years
of age, though rhe subjects ranged from
the second to the ninth decades. Of ihe
sample of 493 subjects, the age was not de-
rermined in five. Therefore, in subgroup
analyses, 488 subjects are used. The mean
ages for the male and female group proved
to be 51.78 and 50.61 years respecrively,

Each patlent presented in the climc be-
tween 9:00 and 12:00 a. m. afrer a cus-
romary breakfase meal A venous sample
was drawn and nonfasting serum calcium

Table |
age and sex distribution
male female otk

ape
Loy no. % no. o no. byt
10-29 10 2.02 16 3.24 20 §.26
30-49 89 18.04 83 16.84 172 3460
§0-59 120 24.34 124 2515 24 4549
70-89 22 4.47 24 487 46 935
nadlerer-
mined 0 0.00 5 Lin 3 1.0l

241 48.89 252 5l 473 100 00
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and serum inorganic phosphorus decermi-
nacions were performed immediacely. The
scores obtained will hereafrer be referred
ro as hased on a regular diet.

The parient was then given dierary in-
structious to follow for the nexc chree days.
Mear, fish, fowl, vegerables, whole grain (as
breads, cercals, vegetables), eggs, nurs, and
burter were allowed in quantinies desired by
the patient, Weal tea, decaffeinated coffee,
natural condiimenrs, and water were allow-
ed ad libitom. Specific instructions were
given not to eat sugar and refined sngar
producrs, whice flour foods, fruic and fruic
juices, millc and milk preduces (except but-
ter), preserved mears, hydrogenared fats,
and alcohol. The only dietary supplemenr
given for the three-day period was one
tabler of 75 mg. of vitamin C. (from rose
hips) daily. Hereafter, this regime will be
referred to as a kasic or preparatovy diet
{preparatory to blood resrs). In order w be
as certain as possible thar the instructions
were followed, the pacdenr was given a form
on which all foods earen were to be record-
ed during rhe three-day period.

Finally, the patienr was insrructed to re-
rn on the fourth day berween 9:00 and
12:00 a. m. afrer breakfasr based on the
above recommendations. Ar this second
visit, 2 venous sample was again drawn and
a sernm calcium and serum inorganic phos-
phorus determination performed immedi-
arely.

+20,0 - .

+10.0 -

bload Ca X P preduct
dlfference 0 -
mg., percent
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Results

The findings will be considered in cwo
ways: (1) general characteristics, and (2)
subgroup analyses.

Genenat CHARACTERISTICS

The mean initial blood calcium-phos-
phorus product for the 493 padients proved
o0 be 32.30 wirh a srandard deviation of 3.78.
This can be interpreted to mean thar ap-
proximately two-rhirds of rhe parients, spe-
cifically 68 per cenr, ranged from 2652 ro
38.08. This is quire in accord wirly post-
prandial determinacions described earlier
in tlis report. Three days after subsisting
on the preparatory diet, the mean product
rose to 3358 with a standard deviarion of
the difference of 5.73.

The scores obtained for the 493 pacients
inirially and afrer cthe dietary regime are pic-
rorially reported in Tigure 1. Shown
along the abscissz are the inirial blood
calcium-phosphorus product findings.
The diffecrence herween rthe inirial scores
and the scores three days later are charted
on the ordinate. It is very clear from rhis
graph (and particularly from Figure 2
showing rhe mean values) thar there is a
definite line of regression. The coefficienr
of correlation for rhe endre group was
found to be —0.635 with a P<.001. Thus
the evidence seems reasonable thar, under
this dietary program, patents with product
values above 35 tend to be reduced to or
abour 35. Also, it appears char chose scores

comparison of blood calclum=phosphorus product
before (shown on the absclesa) and after
{demonstrated on the ordinate) a three-day
low-reflned-carbohydrate high-proteln dlet

-10.0 - L
e
Ed
.
e & -
-20.0 - ¢
a
°
' ' ' ' '
20.0 30.0 40.0 50,0 60.0
Initial nonfasting blood calcium X phosphorus product
ma. percent
Figure 1
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below 35 tend to rise to or about 33,

The question arose as to whether these
changes would significantly differ if the low-
refined-carbohydrate high-protein dier were
to be continued for longer than chree days.
To answer rhis question, 24 subjects were
studied inirially (regular diet), three days

THE EFFECT OF A LOW-REFINED-CARBOHYDRATE HIGH-PROTEIN DIET
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lacer (basic diet), and several days to weeks
later maintaining the same basic dietary re-
gime. Valoes of 31.72 = 461, 31438 -+ 4.79
and 3324 == 6.26 were found respecrively.
Thus, ic appears thar these levels change
mose significantly during the firsr three-day
dier period.

, Table 1l

blood calcium-phosphorus product changes following
a three-day low-refined-carbohydrate high-protein diet
(calcium by Kramer-Tisdall method2¢. 127; modified by Clark'22. 122 and
phosphorus by Benedict method'20)
difference afrer three day low-refin-

regular diec ed-carbohydrate high-protein diec

age and standard standard
sex groups mean deviaton mean deviauon P
10-29 yeats
male  (10)* 3445 722 0.83 3.39 >0.100
fermale (16) 32.38 4.08 282 4.04 >0.100
30-49 years
male  (89) 31.27 5.94 6 581 <0001
fermale (83) 3301 5.84 32 5.57 <0.001
50-69 years
male  (120) 31.06 6.28 093 6.10 <0.001
female (124) 33.74 5.8 1.62 5.9 <0.001
70-89 years
male  (22) 31,19 5.04 0.70 5.19 <0.025
female (24) 31.70 378 1.64 4.20 <0.025

*number of subjects in parentheses

comparison of mean blood calclum-phosphorus preducts
before (shown on the absclssa) and after
(demenstrated on Lhe erdinate) a three-day
low-reflned-carbohydrate hlgh-proteln diet

+10.0 -
.
- . .
. .
. we -
- . -
.e
.
o - -
. -
‘e »
mean blood . -
Ca X P product ®
differances ® .
mg. percent
-10.0 -
.
®
s
o
-20.0 - s
@
' ' i ' 1
20.0 30.0 40.0 50.0 60.0

inltial nonfasting mean blood calcium X phosphorus proowit - wg. percent

Figure 2
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Suncrour ANALYSES

Actention will be directed ro a study of
the nonfasting values inically and three days
later in terms of age and sex. Such an an-
alysis is shown in Table 2. Tt can be observ-
ed that rhere were statistically significant
changes in all age groups excepr the voung-
est (10-29 yeacs). Moce derailed examination
of Table 2 shows thar in all of rhe age
groups the tendency is for che calcium-
phosphorus product to approach 35.

Discussion

The daca thus far presented will be con-
sidered in che light of: (1) General Char-
acteristics, (2) subgroup analyses, and (3)
the method of laboratory testing.

GeneraL CHARACTERISTICS
The evidence from these 493 subjecrs

compar | son of ¢
(ghown on t
{demonstrated

THE EFFECT OF A LOW-REFINED-CARBOHYDRATE HIGH-FROTEIN DIET

MAR., 1962

indicates that there is a tendency for the
blood calcium-phespborus product to ap-
proach 35 under the condicions of a high-
protein low-refined-carbohydrate dier and
when cthe calcinm and phosphorus are meas-
ured by the methods previously reported.
This conclusion is underscored by che rise
in the mean, by cthe wvery clear-cor hine
of regression, and the significant negacive
corcrelation.

Ir is, of course, hazardous to draw con-
clusions as ro what physiologic nonfasring
blood calcium-phosphorus product should
be from chese rypes of dara. However, rhe
evidence ar least suggests thar 35 mighe
well be rhe ideal physiologic produce.

The mose inreresting observation from
this chree-day diecary regime is rhac blood
calcium-phosphorus products above and be-

xcess blood calelum before
he absclssa) and afier
on the ordinate) 2 thre=—

day low-reflned-carbohydrate
high-protein dlet

+3.0 -
.
Ll Ll
I. -
. .
2.0 - T, e
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.
4,0 - g o° "ty . .
- -.'- .:'i RN
R O - . »
excess blood J" %2 ‘.i ==‘ .'
calclum s oSfee g re
difference 0 - [ : .'.0:. .l
.
B, prrcent “. XX ﬁl':g- i i.-: .
-
\3..?‘.‘°..“=0= .
-1.0 - i "‘: tee .-:. .
- -'-ac . :cu' :
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. ".. . % l’l :
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s » -
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-
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initial nonfasting excess blood calcium
m3. percent
Figure 3
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low 3§ increase and decrease accordingly.
These resules, rogether with rhose men-
tioned above, make it feasible to speculate
that: (1) protein and carbohydrate (other
than refined) conuibute measutably to the
calcium-phosphorus  homeostasis, and (2)
the delicate hormoenal regulavion of rthis
product functions more efficiently in 2 low-
refined-carbohydrare-high-protein environ-
menc. Similar findings were previously re-
ported with regard ro che effect of a low-
refined-carbohydrate high-protein dier upon
aonfasting blood sugar:, serum calciume,
and serum phosphoruse,

The reladonship of caleium and phos-
horus may be expressed by methods other
than theit product. Mention has been made
of evidence which suggests thac the rato
of blood calcium to phosphorus may be of
the order of 2.5:1. In other words, the
quantity of calcium in che blood is 2.5 cimes
chat of blood inorganic phosphorus. Thus,
if the serum phosphorus level is mulriplied
by 2.7 and subrracred from rhe caleium
value, one derives a figure which may be
regarded and willl be referred ro in rthis re-
POTC a8 EXELSS Ca leium.

The mean ininal excess calcium value for
the 493 pacients proved to be 1.87 with 2

+40.0 -

*+20.0 -

ysable blood Ca x P
product difference 0.0 =
ma. percent

-20.0 -

1
0 20.0

srandard deviation of 1.13. This can be in-
terpreted to mean thar approximately rwo-
thirds of the patienrs, specifically 68 percent,
ranged from 0.74 to 3.00. Three days afrer
subsisting on the preparatory diet, the mean
decreased 0.66 o 1.21L with a standard de-
viation of the difference of 1.16.

The scores obtained for rhe 493 pacients
initially and afrer the dietary regime are
pictorially reported in Figure 3. Shown a-
long the abscissa are the inital nonfasdng
so-called excess serum calcium findings. The
difference betwecn the inital scores and the
findings three days later are charted on the
ordinate. It is very clear from this graph
thac there is a definite line of regression.
The coefficient of correladon for the en-
tire group was found ro be —0.687 with a
P<.001, Thus, the evidence seems reason-
able that, under cthis dietary regime, the
excesy blood calcimin value seems to de-
crease.

The question atose as to whether excess
blood calcium changes would significanrly
differ if the low-refined-catbohydrate high-
protein diet were to be concinued for longer
rhan chree days, To answer this gquesdon,
24 subjects were studied iniually (regular
dier), three days lacer (basic dier), and

compatrlson of usable bloed calclum=-phospghorus

product before (shown on the absclssa) and after
(demonstrated on the ordinate) a three-day
low-rafined-tarbohydrate high-proteln diet

40.0 60,0 80.0

initial nenfasting vsable bleod calcium X phosphorus product - mg. percent

Figure 4
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several days to wecks Jater mamraining che
same basic dierary regime. Value of 2.00 =
1.22, 096 = 084, and 1.28 =+ .12 werc
found respecuvely. Thus, it appears rhat
excess blood caleium levels change most sig-
nificantly during the first three-day diet
period.

There is scill another way of viewing cal-
eiwm-phosphorus relationships. Lec us as-
sume thac caletum and phosphorus should
exist in rhe rago of 2.3:1 and thac the ad-
ditional calcium over rhis limir is au excess.
Then, if one multiplies rhe blood phosphor-
us level by 2.5 (amount of calcium for a
2.5:1 rade) and then multplies rhis value
by the phosphorus level, a figure is derived
which will be regarded as rhe wsable cal-
cium-phosphorus product.

The mean initial usable calcium-phos-
phorus product for che 493 patiencs proved
ro be 2678 with a scandard deviation of
7.6, This can be interpreced to mean thar
approximately two-thirds of rhe patients,
specifically 68 percent, ranged from 19.14 to
3442, Three days afrer subsisting on rhe
preparatory dier, the mean usable calcium-
phosphorus product increased to 2975 (a
rise of 2.97) with a standard deviarion of the
difference of 7.98.

The scores obrained for the 493 patients in-
inally and after cthe dietary regime are pie-
rorially reporred in Figure 4. Shown along
the abscissa are rhe initial nonfasting so-call-
ed usable calcium-phosphorus produce find-

+20.0 -
-
-
- N
o .
- -
.
.0 =
mean
usable blood Ca x P _5g g -
product dlfferences
ng. percent
=400 -

20.0

initial nonfasting mean usable blood celcium X phospherus preduct - mg.
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ngs. The difference between the inital
scores and the findings thrce days later are
charced on rhe ordinate. It is verv clear
from chis graph and from the mean Ca-P
product differences (Figure 3} that there
is a definite line of regression. The co-
efficient ot correlation for the entire group
was found ro be —0.609 with a P <.001
Thus, the evidence seems reasonable rhar,
under chis diecary regime, the usable cal-
cium-phosphorus producr value seems ro
increase.

The quesrion arose as to whether the us-
able calcium-phosphorus product changes
would significandy differ if rhe low-refin-
ed-carbohydrare high-protein dier werte to
be continued for longer than three days. To
answer this question, 24 subjecrs were stud-
ied Jnirizlly {regular dier), three days larer
(basic diet), and several days to weeks
later maintaining the same basic dierary
regime. Values of 25.66 = 649, 31.26 ==
644 and 29.38 =+ 6.78 were found respec-
tively. Thus, it appears chat the usable blood
calcium-phosphorus product changes most
significandy during the first three-day diet
period.

SUBGROUP ANALYSES

A study of che age and sex differences
has been summarized in Table 2. [t can be
observed thar the changes in che youngest
age group wexe not significant. This is
precisely the finding previously reported
with regard to blood sugart, calciumz, and

comperison of mean usable blood calelum-phosphorus

products before (shown on the 2bsclsse) ond after

{demcnstrated on the ordinate) a three-day low-
refined-carbohydrate high-proteln dlet

' '
0.0

' 1 '

I
40.0 60.0

percent

Flgure 5
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vhosphoruss. Also, Table 2 shows that the
most significant differences occurred in the
30-49 and the 50-69 year age group. Sig-
nificant, bur less so, are the findings in the
oldest age category. One can speculace
that rhe imbalance in very elderly people
may be so great that dierary change alone
is incapable of righting the calcivm-phos-
phorus relationships. Whether chis is che
entire explanation or only patt of it can-
not be concluded from this parucular study.

The age and sex findings were also com-

JLW.SP 17

puted for excess calcium (Table 3) and
usable calcium-phosphorus product (Table
4). The facr thar the very same findings
oceur by three differenr techniques is just
a lirtle more evidence that the explanation
for che lack of significance in some age
groups is tenable.
Method of Laboratory Testing

Attention should be directed to the fact
that blood calcium and phosphorus in rthe
493 subjecis was determined by the Kramer-
Tisdall method modified by Clark and by

Table il
excess calcium changes following a three-day
low-refined-carbohydrate high-protein diet
(calcium by Kramer-Tisdall method'2. '27; modified by Clark'29. 122 and
phosphorus by Benedict method'=?)

difference after three day low-refin-

rezulav diet ed-cathohydrare high-protein diet

ace ancl standard standard
sex groups mean deviauon mean deviation P
10-29 years
male (- 1.79 0.88 —0.56 0.69 >0.030
feinale (16) 1.45 0.84 —061 0.30 <0.025
3049 years
male  (89) 2,14 1.09 —0.61 1.19 <0.001
fernale (83) 1.81 1.10 —-{0.73 1.20 < 0.001
30-69 years
male {i20) 2.04 1.16 —0.67 1.16 <0.001
fernale (124) 1.61 113 —0.79 <0.001
70-89 years
male (22) 245 1.07 —0.39 1.03 >0.100
, fernale (24) 1.58 0.04 —039 1.05 <0.025
I *number of subjects in parenrheses
y Table IV

usable calcium-phosphorus product changes following a
three-day low-refined-carbohydrate high-protein diet
{calcium by Kramer-Tisdall method'2¢. 127; modified by Clark'2s. 12¢ and
phosphorus by Benedict methodi29)

difference after three day low-refin-

regular dicc ed-carbohydrare high-prorein diet
age and standard standard
sex groups mean deviation mean deviation p
10-29 years
male  (10)* 29.59 7.40 246 4.06 >0.200
female (16) 27.82 5.78 4.66 6.34 >0.050
30-49 years
male (89} 24.96 7.22 295 7.03 < 0.001
fermale (83) 27.37 6.23 3.34 6.94 < 0.001
50-69 years
male  (120) 25.47 9.20 2.28 .02 <0.001
female (124) 28.91 7.23 398 8.99 <0.601 |
70-89 years '
male (22) 2398 6.29 0.24 4.63 <0.050
female (24) 26.90 5.56 284 6.59 <0.025

*number of subjects in parencheses

Copyright © Price-Pottenger Nutrition Foundation. All rights reserved.
No part of this research may be reproduced or transmitted in any form or by any means, electronic or mechanical, including photocopying, recording,
or by any information storage and retrieval system, without permission in writing from the publisher. Visit http://ppnf.org for more information.



18—].W.S.P. THE EFFECT OF A LOW-REFINED-CARBOHYDRATE HIGH-PROTEIN DIET MAR., 1962

comparison of bleood calclum-phosphorus product
before {shown on the iblciﬂ!is and after
(demonstrated on the ordinate) a three-day
low-refined-carbohydrate high-protein diet

. L
+10,0- °
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. L ’
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* o - .
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bloed Ca X P product o
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»3. parcent
- (T
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=10.0-
' oo A !
15.0 2.0 3%.0 45,0
Initial nenfasting blood
calcium X phosphorus product
mg. percent
Figure 6
comparieon of excess blood calcium before
(shown on the abscissa) and after
(demonstrated on the ordinate) a three
day low-reflned-carbohydrate
*2,0 - high-protein diset
-
_ e
Ll
]
0 -
excess blood . - .
calelum . ®® *
difference = .
mg. percent o . *
-® e *
-2,0 - e
-
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Figure 7
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the Benedict method. It was thought im-
porrant to establish whether similar pac-
terns would be derived by studying blood
calcium-phosphozus relacionships by other
rechniques. Accordingly, 23 subjects were
investigated as previously described excepr
that the serum calcium and phosphorus
levels were done by other technignes 28-a9,

Figure 6 shows that the blood calcium-
phosphorus product values above and below
approximacely 35 following the three-day
diet decreased and increased respectively o
or abour 33. Specifically, ar the start of this
study, the blood caleinm-phosphorus pro-
duct was found to be ac 29.5 =+ 4.83. Three
days larer the mean increased to 33.0 and
the standard deviation decreased to 4.34.
The staustical significance of the change is
shown by a coefficient of correlation of
—0.605 and a P of <{.01. Thus, the findings
by these rechniques agree with the overall
observations made earlier where, it should
be recalled, there was a stacistically signifi-
cant difference berween the inidal caleium-
phosphorus product and che observacions
three days later after ecorrection of diec.
Figure 7 shows thac the excess blood cal-
cium values decreased considerably. Spe-
cifically, ac the starc of che study, the excess

blood calcium value was found to be 3.02 =
1.25. Three days later che mean decreased
w 200 and the standard deviation shrunk
o 1.19. Finally, Figute 8 shows that the
usable blood calcium-phosphotus producr,
at the start of the srudy, showed a mean of
214 and a standard deviacion of 7.2. Three
days later, this value rose to 267 =+ 6.7.
It should be indicated thar the changes
in calcium-phosphorus relationships nnder
this dietary regime are quite similar to
those reported for blood sugar and glu-
cosct, serum caleiumz, and sernm inorganic
phosphoruss, In all instances the values de-
creased to a relarively nartow range, This
suggests the possibility thar the physiologic
range for blood sugar, glucose, calcium, and
phosphorus may be more limiced than is
currencly held.
Summary
1. Analyses of nonfasting blood calcium-
phosphorus relationships on 493 pariencs
were made inidally (during a period of
regular diet) and three days afrer a high-
procein low-refined-carbohydrate regime.
. Evidence is presented to show thart, under
this dietary regime, non-fasting calcium-
phosphorus relationships tend to seck a
more narrow physiologic range than is

)

comparison of usable blood calcium-phosphorus

product before (shown on the abscissa) and after
(demonstrated on the ordinate) a three-doy
low-reflned-carbohydrate hlgh-proteln dlet

5 .
-
L]
+10.0 - :
- - & .
. «®
. .
ae . -
-
usable bleod Ca X P
product dlfference 0O -
mg. percant .
- 3
.
-10.0 -
H ! | ! | ! !
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currently recognized.

. The presented daca indicates rhat the
more significant changes are found in
the 30 to 69 year old age brackets.

4. It appears, at leasr presumptvely, chat
35 may well be the ideal {(physiologic)
nonfasting blood calcium-phosphorus pro-
ducr value.

. Dara is presented ro show rhar two che-
oreric applications of the relacionship be-
rween calcium and phosphoms, rermed
excess calcium and wvsable calcium-phos-
pharus product, compare very favorably
with the caleium-phosphorus product.
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