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I KTR ODU CT IO N REVIEW OF T H E L ITERATURE 

In earlier repor ts, the findings obtained Effec t of Diet Upon Blood Phosphorus 
from 'l study of the effect of a low-refined­ It is generally recognized that there exists 
carbohydrate high-protein die t upon non­ a definite re lationship between the diet and 
fasting blood suga rr and calcium 2 were blood phosphorus. A number of dietary 
analyzed. Th is paper will attempt to p resent varia tions will be considered in this section. 
the results derived from an analysis of, the 

Effect of High Carbohydrate Intake Upon effects of a low-refined-carbohydrate high­
Blood Phosphorus- Bergeim! added various protein diet upon ph osphorus metab olism. 
commo n carbohydra tes to the die ts of Investigation in this sphere is incomp lete 
rachi tic albino rats to make up 25-50 percent and qui te fragm entary. A subsequen t rep ort 
of such diets . Phosphorus absorp tion waswill describe the effects of this same dietary 

regime upon nonfasting calcium-phosphorus studied under these conditions. Starch, glu­
cose, fructose, and maltose in amoun ts ofrelationsh ips .3 

25 percent do not increase phosphorus ab ­
sorp tion . At 25 pe rcen t, dextrin shows little 

· Thl ~ s ru d v was m a ne possi b le In p a.r t b}" a grant effect but at 50 percent a distinct increase 
f r om T h e American Soc ie ty of Anthr op ometr ic in absorp tion . Lac tose at 25 pe rcent leads 
Medici ne and N u lrlt lon 

"· 2BI0 F irs t Street, N o r th . S t. P e terabur-g, F' to r-lda, to pronounced increases in amounts of phos ­
· ·"Se c ti on on Oral 1>IGd lc in e. Un fve rs ttv M edi cal 

Ce n ter , Btrmfng-b a.m, A la b a ma phorus absor bed. In a rabbi t experimen t, 
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Dupre and Semenoffii show a fall in serum 
phosphorus when rabbits are fed cabbage 
and a rise when a carbohydrate (bran and 
oa ts) diet is employed . The average values 
incre ase from 3.0 mg. ( cab bage feeding) 
to 7.5 mg . percent (bran and oa ts feeding ) . 
In con trast, Steinman" has dem onstrat ed a 
decrease in blood inorgan ic phosphorus and 
in th e phosphat e conten t of ra ts' teeth whe n 
they are fed simple sugars. (glu cose, fru ctose, 
and suc rose) . L actose, however, does not 
produce this effect. 

The conclusion to be drawn from th e 
majority of the published reports of human 
studies is th at with a high-refined ( sugar, 
glucose, d e xtros e )-...carbohycij-ate in tak e, 
either orall y or intraven ously, there is a 
statistically significant reduction in the serum 
inorganic phosphorus level which lasts over 
a period of 3-5 hours.7. Farquharson and14 

Tibbets" work shows that, in all sub jects on 
a high carboh ydrate int ake , there is an early 
fall in ser um ph osphorus levels . The initial 
se rum phosphorus concentration seems to 
have no influ ence on the magnitude of th e 
change nor does th ere appear to be any 
definite relati on between the extent of th e 
d ecre ase in serum ph osphorus and the 
change in the bl ood sugar level. 

Th e consensus, th en, is that with increased 
carbohy dra te intake there is a reduction in 
bl ood phosphorus. This is oppo site to the 
diet ary c a rboh yd ra te -b lo od calcium pat­
tern .7:6.14-10 

Effect of Protein Intake Upon Blood 
Phosphorus: In studies b y Kuner th-? and 
Pi ttman.I '' subj ects on low -protein and 
medium-protein consumption are compared . 
The authors find that the subjects on a low ­
prote in diet are in a negative calcium and 
phosphorus ba lance. In contrast, th ose per- ' 
sons on a medium protein regime show im­
proved ca lcium-phosphorus re la tionship, but 
phosphorus is still in negative b alance. 

It would , therefore, appea r that protein 
intake and blood phosphorus are directly 
related. This direct relati onship is in con­
trast to the observations concerning dietary 
carbohydrate and blood phosphorus but is 
in agreeme nt wi th the published literature 
on dietary carbohy drate and blood calciurn.? 
Whereas increased glucose intake yields 
red uction in blood phosphorus, adde d pro­
tein consumption parallels increased serum 
phosphorus. 

Effect of Phosphorus Intake Upon Blood 
Phosphorus : Cavins-? found that a diet de­
ficient in phosphorus caused, in rats , a de­
crease in 'serum phosphoru s from 7-8.5 mg. 
percen t to 2-3 mg. percent. 

McKay and cow orkers .t? in a stndy of 
college women, observed th at the phos­
phorus intake.Js significantly relat ed to re ­
tention . Farquharson et a\7 determined that 
phosphate ingesti on produces a rise in seru m 
inorganic phosphorus without any ap pre­
ciabl e change in serum ca lci um. Irving also 
sha res this opinion.P! 

Miscellaneous Dietar y Alterations: A study 
mad e by Schnelling22 for four weeks upon 
dogs on a vitamin B defic ient diet revea led 
no notewort hy change in th e blood inorganic 
phosph orus concentra tion. Fasting of rach­
itic ra ts pro duces a rise in serum inorganic 
phosphorus to as much as 16 mg . percent 
and a healing of rickets.!" It is suggested 
that loss of weight from bod y protein de­
gradation re leases p hosphoru s. According to 
an investigation by Mull and Bill2.1 of in­
organic phosphorus determinations on 205 
dorm al, nonpregnant women , phosphorus 
varies with age. The avera ge for the gronp 
under 30 years of age is 3.8 mg. percent 
wh ile the group over 30 years has an aver ­
age of 3 .3 mg. percent. 

BLOOD PHOSPHORUS CRITERIA 

Phosphorus Homeostasis: Cori, 24 in ex­
periments with insulin-inj ected rabbits, 
found that afte r tw enty minutes the phos­
phates we re no ticeably diminished, reached 
their lowest point after 45 minutes, and th en 
slowly return ed to the original level. 

Studies by Gamhasi and Matasozzot" 
demonstrated that th e inorgan ic phosphoru s 
leve l in normal fasted persons or patients 
with mild illnesses , d ecreased during th e 
first hour in 9 percent of the cases i£ doses 
of insulin (30 to 70 ' uni ts ) were admin­
ister ed. The decrease wa s in m ost cases pro­
po rti onal to the insulin dose and the degree 
of h ypogl ycemia . It was noted by h ZO, 20 in 
a study of 15 p atients, that blo od glucose 
level and seru m inorganic ph osphate level 
appeared to be related in a reciprocal man­
ner , The degree of correla tion did not 
appea r to be de pende nt up on age, durati on, 

" or type of di ab etes mellitus. 
Thus, the consensus is th at increased 

utili zati on of glucos e is accompan ied b y 
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lower lev els of inorgani c blood ph osphoru s 
and vice versa. T his rela tionship w as also 
ap pa ren t from the rep ort ed studies of high 
carbohyd ra te intake (ora lly an d intraven­
ously and blood phosphoru s. 6-S. n-14 

Fasting ve rsus No nfasting Blood Phos­
ph orus: Laskowki-" has indicat ed by studies, 
cond uc ted on laying heus , that fastin g ove r 
a peri od of four to six d ays s tops egg-laying 
for a few d ays and reduces- ph osphorus to 
the level of th e nonlaying hen . T he bl ood 
pl asm a of laying hens conta in abo ut 3.5 
tim es as much ph osphor us as th at of non­
laying hens, Th e phosphorus content of the 
pl asma of fasting hen s is not affected eve n 
six how's after feeding large amo unts of 
ph osphoru s. 

Aft er a fast of abo ut twelve hours, Jaffe 
aud Bodansky-" rep ort that pr acti cally all 
se rum inorgan ic phosph at e va lues normally 
fall be tweeu 2.5 mg. perce n t aud 4 .0 mg. 
p ercent for adults, 4.5 mg . percent to 5.5 
mg. percent for ch ildren, and 5.5 mg. pe r­
cen t to 6.5 mg. per ceut in infants. A study 
conducted by Sunderman 29 On a 54-yea r-o ld 
male, who had volu ntarily undergone a 
45-d ay fa st , showed on the forty-fifth d ay 
of fasting an inorg au ic p hosp horus level of 
3.4 mg. percent. 

Phosphorus No rma lit y: The blood inor­
ganic phosphorus in man y small an imals is 
slightly higher than found in human ad ults. 
The values range from 4-8 mg. pe rce nt and, 
thu s, mor e closely app roximate th e inorganic 
phosphorus levels in, human infants,30-33 

In human studies made by va rious groups, 

th e ino rganic phosphorus valu es ran ge fr om 
.5 mg. per cent to 4 .7 mg . pe rcen t34, -3S wi th 
a mean of ap pr oxim ately 3.6 percent . 

The conse nsus is th at th e inorg anic phos­
phoru s rises st eadily afte r birth until th e 
maximum value is reache d at four t o six 
months (4 .5 mg. percent to 6.0 mg. per ­
cen t). F rom th e first year th rough th e 
tw elfth, the value rem ains nearly constant. 
A drop is observe d in lat e childhoo d . Aft er 
ad ulthoo d is reach ed , the valu e does not 
vary sign ificantly with age .33.30-42 

The level of inorganic phos pho rus is in­
fluenced somewhat hy sex as we ll as age. 
Th e inorganic phosphoru s of the blood has 
a t endency to be low er in fema les th au in 
males in practi call y all age groups40.43-40 

M ETROD OF INVE STIC ATIO N 

Fo ur hundred and nin et y-three amh ula­
tory Ca ucas ian p ati ents we re studied with 
regard to phosphoru s metab olism as meas­
ured by serum inorganic phosphoru s (Ben ­
ed ict meth ods" }, 

Table 1 sh ows the age an d sex distribu­
't ion . Ge ue ra lly the sample is divided almos t 
equa lly be tween th e two sexes. The grea t ­
est number of p ati ents, using two deca de 
int er val s, are bet ween 50 and 69 year s of 
age, tho ugh the su bjec ts ranged from the 
seco nd to th e ninth decades. Of the samp le 
of 493 sub jec ts, th e age was not d etermi ned 
in five . Therefor e, in subgroup ana lyses, 488 
sub jec ts are used . T he mean ages for th e 
ma le an d female group proved to be 51.78 
and 50.6 1 years respectively . 

Tabl e 1 
ag e and s ex dis tributi on 

male f emal e 
ag e 

group no, % no. 

10- 29 10 2 .02 16 
30 -49 89 18. 06 83 
50-69 120 24 .34 12 4 
70- 89 22 4.47 24 
undeter­
mi ned --.2 0.00 5 

241 48.89 25 2 
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% 

3 .24 
16.84 
25 . 15 
4. 87 

-.l.=..Ql 

51. 11 
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tot al 

no. 

26 
172 
24 4 

46 

5. 26 
34 .90 
49 .49 

9 .34 

5 1. 01 

493 100. 00 
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Each patien t presen ted in the clinic be ­
tween 9:00 and 12 :00 A.tv1. after a cus­
tommy breakfast meal. A venous sample 
was d rawn and nonfastiug serum ph osphorus 
was perf ormed imm ediately. T he scores ob­
tai ned will hereafter be referred to as base d 
on a regular diet . 

Th e patient was then given die tary in­
structions to follow for the next th ree days . 
Mea t, fish, fowl, vege tables, whole grai n 
(as bread s, cereals, vege tables}, eggs, nuts, 
and butter we re allowed in quantities de­
sired b y th e pat ient . Weak tea , decaffeinated 
coffee. natural condiments, and Water were 
allowed ad libitum. Specific instructions 
we re given not to eat sugar and refined sugar 
product s, white flour pr odu cts, fruit and 
fruit juices, milk and milk products (excep t 
butter), pr eserved meats, hydrogenated fats 
and alcohol. The only dietar y supplement 
given For th e th ree-day period was one tab ­
let of 75 mg. of vitamin C (from rose hip s) 
daily. Hereafter , thi s regime will be referred 
to as a basic or prep aratory diet (preparatory 
to blood tests). In order to be as certa in as 
possible that the instru ctions we re followed , 
the patient was given a form on which all 
foods ea ten were to be record ed during the 
three-day period. 

F iually, the patient was instructed to re­
turn on the fourth day be tween 9 :00 and 
12 :00 A.M. afte r breakfast based on the 
above recommendations. At th is second visit. 
a ven ous sample was .again dra wn and a 
serum phosphorus det erm inat ion pe rform ed 
immedi ately. 

RESUL TS 

Th e findin gs will be considered in two 
ways: (1) general characteristics, and (2) 
subgroHp analyses. 

GENE RAL C HARACTE RI STI CS 

Th e me an initial blood phosphorus for 
the 493 patients p roved to,be 3.24 mg. pe r­
cent with a stau dard deviation of 0.46 mg. 
percent, Thi s can be interpreted to mean 
th at app roximately two-thi rds of the pa­
tients, spec ifically 68 per cent, ranged from 
2 .78 to 3.70 mg. percent. Thi s is quite in 
accor d wi th postprandial determ inat ions de­
scribe d earlier in this report.34-38 Three days 
after subsis ting on the prep aratory diet , th e 
mean blood phosphorus rose to 3.43 mg. 
percent with a difference of 0.19 and a 
stan da rd devia tion of the difference of 0.46 
mg. percent. 

The scores obtained for the 493 patient s 
init ially and after th e diet ary regime are 
pictorially reported in Figure 1, Shown 
along the abscissa are the initial blood phos­
phorus find ings. The difference be tween th e 
initial scores and the find ings thr ee d ays 
lat er are cha rted on th e ordinate. Th e largest 
darkened area represents the collection of 

c oap. r h.Q ~ or b l pt\d ~ 1·Ul lo~l"\.I' ~("r" 

( ' '''0-'' en HI• ..tl~chu) al\d j lt. r · 
(dft>l<.'flstt lhod en. ,~ " c rdln<:lrl I 

\ l'Il t 8'"1:1 1.,. l ""'· , ef l rwod tHbol\y~ r .. l <t 
hi j)h_Pl)h lfl du " 

01. 0 · . •. .• 
..:" .. ". 

tll QO<fpttospllon..& .. ...ij. - .-: 
dIHer"'f\(e 0 .0 ­
llIg. p.'''ctl1't . . .. -.. ...~ - ..... -. . 

-: .:..:: 
-l .~ ­ •
 

". 

- 2 . 0­

I I
'.0 2. 0 :'. 0 ' .0 >.0 '.0 

F igure 1 

dots signi fying th e gro up of patients with 
initial and Rnal nonfas ting levels of approxi ­
mately 3.7 mg. percen t, It is very clea r from 
this gra ph (a nd p art icu larly from Fi gure 2 
showing the mean va lues) th at there is a 

COtll p.u h Dn 't>r 1rI~. n bl ood pl\o ~ pho l'lJS 1~"'" Js 
be f on (~ M"'" on t l"l. "l>:s.(h u) 1M ",f t .. r 

.. t . O - ( d.t>Mstr aed C'l'I t tl. ~l'dtn lt~ ) ~ U'I1"",·d ilY 
1 ~-r"1 n e d ' Hb ehy dute Pl lljl.n-pc otfl n d l.t 

.~~n 

bl ood F>t'lO S p"D 'U~ 0.0 ­
dtrr ulm,.s.
 .' 
IIIg. pe l'c:~n't 

-1 . 0 .. 

- 2. 0 ­

, 
1. 0 2 .0 ' .0 <.0 '.0 6. 0 

:FIg ur e 2 

definite line of regression. The coefficient of 
corre lation for the entire group Was found 
to be - 0.615 wit h a P < .OOI. Thus, the 
evidence seems reasonable th at, unde r th is 
diet ary program, patients with blood phos­
phorus above 3.7 mg. percent tend to be 
reduced to or about 3.7 mg . percent . Also, 
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it appears that those scores below 3.7 mg. SUllGROU? ANA LY SES 

pe rcent ten d to rise to or abo ut 3.7 m g. Att ention will be directed to a study of 
percent . the nonf asting blood phosphorus levels ini­

T he q uest ion arose as to whether blood tially and three days lat er in terms of age 
phospho rus changes would sign ificant ly dif­ and sex. Su ch an analysis is shown in Table 
fer if the low-r efined- carboh ydrat e high­ 2. It ca n be observed that th ere we re sta tis­
p rotein diet were to be con tinue d for longer tically sig nifica nt changes in th e bl ood p hos ­t 
th an three da ys. T o answer thi s qu estion, p horus level in all age group s except th e 
24 subjects were studie d init iall y ( regular younge st ( 10-29 ye ars). More detailed ex­

diet ), three days lat er (basic diet ) , and amination of Tabl e 2 sh ows that in all of 
th e age groups the tendency is for bl ood seve ral days to weeks lat er maintainin g the 
ph osph oru s to rise toward 3.7 mg. per cent.same basic di et ary regim e. Values of 

3 .20 ± 0.41, 3.52 ± 0.3 8, and 3 .40 ± 0.43 DISCUSSION 

were found respecti vely. Thus, it appe ars The dat a thus fa r pr esented will be con ­
th a t blood ph osphoru s level s cha nge most side red i.n the light 'of: (1) general charac­
sign ificantly dur ing the first three-day diet teristics, (2)" subg rou p analyses, and (3) 
period . the meth od of laboratory testin g. 

Tabl e 2 
blood phosp horus changes fo l lowing a 

t hr ee-day l ow-r e f ined­
car bohydr a t e h igh -pro~7 in die t 

(Benedi ct me thod ) 

d if fe rence after 
t hr ee-day l ow-r e fi ned 

carbohydra te high-
regular di et pr ote in diet 

age s tand ard s tandard 
groups mean devi ati on mean de v i at i on p 

10-29 years 
male (10)* 3 . 41 0 .46 0.1 5 0 .26 ) 0 . 100 
femal e (16) 3 .32 0 .34 0 .27 0 .36 )0 .050 

30-49 year s 
ma le ( 89 ) 3.13 0 . 46 0 . 19 0 . 44 <0 .001 
femal e ( 83) 3 .28 0 . 38 0 .20 0 .42 <0 . 001 

50-69 yea rs 
ma le (120) 3 . 15 0 .53 0 . 16 0 .5 1 <0 .001 
f emal e (1 24) 3. 37 0 .-42 0. 23 0. 50 <0 .001 

70-89 yeers 
rne l.e ( 22) 3 .07 0 .40 0 .02 0. 32 <0 . 050 
femal e ( 24) 3. 26 0. 34 0.17 0. 40 ' <0 .050 

*numbe r of subjects i n parenthe ses 
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G E NERAL CHARACTERIS;nCS 

Th e evide nce fr om th ese 493 sub jects in­
dicates th at there is a tendency for th e non­
fasting blood ph osph oru s to approach 3.7 
mg . percent (as mea sured by the Benedict 
metliodv" ) under the cond itions of .a high­
protein low-refined-carbohydrate diet. This 
is under scored hy the rise in th e mean , by 
the very clea rcut line of reg ression, and th e 
significan t negati ve correla tion . 

It	 is, of co urse, hazardous to dr aw con ­
clusions as to wha t physiologic nonfastin g 
blood calcium sho uld he from th ese types o f 
data . However , th e evide nce at least sug ­
gests that 3.7 mg. per cent might well be th e 
ideal ph ysiologic sco re. 

The most interest ing observation from thi s 
three-day dietary regime is that bl ood ph os­
phorus levels below 3.7 mg. percent in­
creased just as those above- this valu e de ­
crea sed. Th ese results, together with thos e 
mentioned above, make it feasibl e to spe cu ­
late that : (1) protein and carbohydra te 
(other than refined ) contrib u te measurably 
to blood ph osph oru s homeost asis, and (2 ) 
the delicate horm onal regulati on of blood 
ph osphoru s functi on s more efficiently in a 
low-refined- carb oh ydrate high -protein en ­
vironme nt. Simi lar find ings we re observed 
with reg ard to the effect of a low-refined ­
carbohy dra te h igh- prote in diet up on blood 
sugar pr eviously reported. 

S UBCR OU P A N'AL.ySES 

A study of the age and sex dille rences are 
summa rized in Table 2. It can be observed 
that the changes in the younges t age group 
were no t significan t. This is pr ecisely th e 
finding p reviou sly report ed with regard to 
blood sngar.! Also, Table 2 shows that the 
most significant differ en ces occurred in the 
30-49 and th e 50-69 year age groups. 
Siguificanr, but less so, ar e the findings in 
the old est age ca tegory. One can speculate 
that the imb alance in very eld erl y people 
ma y be so gre at th at di etar y cha nge alone 
is incapahl e of righting the phosphoms pi c­
ture. Whether thi s is th e entire exp lanation 
or only p art of it can no t be concluded from 
this particular stu dy . 

M ETHOD OF LABORATORY TESTING 

Attention sho uld b e directed to th e fact 
th at blood phosph orus in th e 493 su bjects 
was de te rmined by th e Benedi ct method.s? 
It was th ought important to es ta blish 

whe the r similar pattern s would be deri ved 
by studying blo od ph osph oru s by othe r 
techniqu es. Acco rd ingly, 25 su bjects were 
investi gated as previously described except 
th at th e serum phosphoru s levels we re done 
colorimetrica lly.48-40 

Figure 3 shows th at serum ph osph oru s 
va lnes above and below approxima tely 3. 7 
mg. percent followin g the three-day di et 
decreased find increased res pective ly to or 

C O(~:~~~tl0 
~h: l~~~c ~:r~ ~~ .~~~~r~ 

( de'll'lOM tr~\l";I on t he ord l " ol. tf! ) ~ 
U·lr. ~d.')' l O _ r~ f1 neod c a rbohydrat ~ 

+1.0 · M9 h -PTe>l.~ n dl o-t 

. . .. 
bl ood phos pho ru$ 

dltfeoT,QI'lC(I' 0 M 

.. ...~ . 
'. 

~ , pe-:r ccn t 

- 1. 0 ­

>.0 .1. 0 4. 0 '.0 
4l nl Ulil ,..oMal ttnq bl ood pho ~ phoT\l S ""9' pe-rct!nl 

} 'jgure 3 

about 3 .7 mg. percent. Specifically, at th e 
star t of th is study , th e seru m ph osph orus 
was Ionnd to be 3.09 ± 0.66 mg. percent . 
Three days late r the mean inc reased to 3.4 0 
and th e st an da rd deviat ion shrun k to 0.50. 
The sta tist ical significance of the ch ange is 
shown by a coefficien t of corre la tion of 
- 0.655 and a 'p of < .0005. 

I t is no teworthy th at the cha nges in seru m 
ph osph oru s under thi s dietary regime are 
similar to th e blood suga r and glucose find­
ings l and serum calcium det erminations ­
pr evi ously rep ort ed . In both inst ances, th e 
values decreased to within a relati vely nar­
ro w range indicating th e po ssibility th at th e 
physiologic ranges for blo od sugar, glucose , 
calc ium, and ph osphorus m ay be more lim­
ited th an currently held. 

SUMMARY 

1.	 N onfasting blood ph osphoru s analyses of 
49 3 p ati ents were made initially ( du ring 
a period of regular di et ) and three d ays 
afte r a high-protein and low-r efined­
ca rbohy dra te regime. 

2.	 E vid ence is presented to show th at, under 
this d ietar y regime, the nonfastin g blood 
phosphorus tends to seek a more narrow 
physiologic range th an is cu rre ntly recog ­
nized. 

3.	 From th e data presented in th is re po rt, 
it appe ars th at the changes w hich occ ur 
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with thi s dietary regim e become more 
significant with incre asing age up to a 
point. 

4 .	 It would appear, a t least presumptively, 
th at 3.7 mg. percent may well be the 
id eal (p h ys iolog ic) nonfa sting blood 
ph ospb orus level. 

5. Because	 of the dekcat e interpl ay of 
calcium and pb osphorus met abolism, at­
tention wil! be directed in a subsequent 
repo rt to the re lationsh ip of a high-pro­
tein low-refined- carb ohydrate diet and 
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