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Introduction 

Previ ou s r eports have attempted to an alyze 
the effect of a low-refined-canbohydrat e high­
protein diet upon a number of biochemi­
cal processes in cluding non fasting blood sug ­
ar (l) , calcium (2), phosphorus (3), calcium­
phosphorus relationships (4) , and ohoI­
esterol (5). A second ser ies of reports have 
dealt with the relationship of physiologic pro­
cesses (blo od pressure (6)) an d this same diet. 
Attention will now be directed to a considera­
tion of the low-r efined -carbohydrate high­
protein di et and hematologic processes. 

There is quite a volume of pnblished liter ­
ature regarding the rel ationship of diet to th e 
erythrocyte count. In this report, an a ttem pt 
will be made to review the literature and to 
correlate the findings of the various expe r i­
mental groups. Special emphasis is placed 
upon the not -too-well-pu bli cized effec t of a 
low-refin ed-carboh ydrate high-protein d iet 
upon th e red cell cou n t . 

Review of th e Literature 

Although not an exhaustive search of the 
literature, this report covers th e au thori tative 
works concerning di et and the erythrocyte 
count. 

Effect of Diet upon the Erythrocyte Count 

It is not eworthy that, of the areas pertinent 
to this study, iprincipal attention has been 
directed to protein in the di et rather than to 
di et ary carbohydrate. 

Low-Protein Diet: Orten and Orten (7, 8) 

and C. F. I-IOLLlS, BS 

ha ve dem onstrated th at dietary proteins are 
quantitatively and qualitatively nece ssa.ry for 
physiologic h emopoiesis in the rat. Weech 
and hi s cowo rkers (9) h ave shown th at dogs 
m aintained on a low-protein reg ime exhibit 
a progressive fall in the red cell count. All (10) 
reported th at a tryptophan-deficient di et 
yields a lowered er ythrocyre cou n t. Doles (II) 
eliminated red meat from th e diet of two 
healthy clogs. H e concluded th at red meat is 
essential for r ed cell production a t all periods 
of life. H owever, he noted that this ne ed is 
increased particularl y in older animals. Doles 
further commented that there was little dif­
fer ence in the response to defi ciency of red 
meat between the dog and .h urna n . 

High-P rotein D iet: Robscheit-Robbins and 
"Whipple (12) carried ou t extensive stud ies on 
the effect of di etary proteins upon dogs made 
anemi c and h ypoproteinemic by a combina­
tion of bl eeding and a low-protein intake. The 
authors found that egg products favored th e 
production of pl asma protein wh ereas fresh 
beef muscle contributed to hemoglobin pro­
duction. Smith (13) reponed that liver-fed 
trout show higher red cell cou n ts than those 
fed naturally. T ak eda (14) did not find a flesh 
diet to be of particular advantage in the 
maintenance of a high red cell count after 
strenuous exercise in dog'S. 

A de qua te Diet: J ones et al (15) , in monkey 
studies, an d Smith (16), from observations in 
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the dog, rep or ted on th e impo r ta nce of an 
adeq uat e diet for lab or at ory ani ma ls. 
Sm i th (16) foun d that an adeq uate di et fed to 
lab orat ory r aised dogs yields a red cell count 
appreciably hi gh er th an usually q uo ted as 
be ing no rmal. 

Miscel lane ous Diets: Orten and h is co­
workers (17) reported th a t the .bema tologic 
a bnormal it ies whi ch occur in rats fed a m iner­
al-deficien t di et are due chiefly, if mo t en ti rely 
to a lack of calci um and/or iron . Loewy and 
associa tes (18) no ted in the dog th at a high-fat 
die t brings ab ou t an increased ra te of re d 
blood cel l destru ction. 

Several invest igators (19, 20 21, 22) h ave 
compare d th e effects of impro per wartim e 
di et s upon th e h em a tologic picture with th at 
observed under pre- and pos twar conditions. 
In every case th ere was reported a re d uction 
in the number of red cells as a result of war­
time di ets. Stix and Kiser (23) h ave a ttempted 
to correlate nu tr i tion al s ta tus of school chi lo 
dren d iet aril y and per ery throcy te counts with 
1i ttl e success. 

Erythrocyte Count Criteria 

Erythrocyt e Count Homeostasis : Among 
the many factors which alter the red blood 
cell cou nt are age , sex , alti tu de of resi de nce , 
and muscu lar activi ty. Wintrobe (24) reported 
the erythrocyte n umber to be high at birth , 
to decrease in three mo n ths, ri se at pu bert y, 
an d subse quen tly decli ne with advancing age. 
O th er inves tigators (25, 26, 27) h a ve studi ed 
the decrease in the ery throcy te cou n t with old 
age . M iller (25) exp lai ns the phenomenon on 
the bas is of low grade infections , nep hro­
scleros is, and de creased bone marrow cell u­
larity. A possibl e fourth factor s tu d ied by 
W alters (28) is decreased m uscula r activi ty. 

T he alt i tude of residence is kn own to 
p arall el th e ery throcy te coun t. Andresen (29) 
an d Lurie (30) conducted studies on the blood 
pictu re of h eal th y subjects residing at over 
5,000 fee t above sea level. All authori ties 
recognize a difference in the red cell cou n t 
between th e sexes (26, 27, 31-33). There 
is, however, di sagr eemen t as to th e 
cause or causes for th e sex ua l d ifferences. 
Wintrobe (24) reports n o parallelism wi th 
the nor mal m enstru al period but a posi tive 

correlation with Ip uber ty. N ewm an (27) an d 
Fow ler (26) fou nd the sexua l difference to 
persist in to ol d age. Vahlq uist (32) reports 
that this differen ce, though not due to men­
strual blood loss, is of endocrine or igin. 
Schni tter (34) round th at the ery throcy te 
count a mong males and females un dergoing 
physical educa tion tra ini ng was the same 
wi thin experimen ta l error and that this ap­
parent d ifference is due to decreased muscu la r 
ac tivi ty in our cu lt ure. 

Among those fac tors investigated which do 
no t seem to r elate to red blood cell count are 
clima te, tempera ture and season (24, 35), 
race (36), h em ogl obin conten t of blood (37) , 
smoking (38) , working condi tions (39), and 
occasiona l bl ood dona tion (40). 

Erythrocyte Count N ormality : A cross­
sec tiona l represen ta tion of the results (24, 32, 
33, 36, 41-47) of 3,3 10 ad ult ma le subjects 
shows the lowest val ues to be approximately 
3.87 m illi on per cu . m m. and an upper lim it 
of 6.70 million. T he range of the means was 
found to be 4.23 to 5.50. The mean of th e 
reported means was fo und to be 5.07 mill ion 
per cu. m m. 

A rev iew of the literature for the normal 
reel cell cou n t of ad ul t, American females (24, 
32, 33, 37, 4 1-44, 48, 49) (4,247 subjects) 
sh owed a low limit of 3.50 and an u pper limit 
of 5.6 I. The range of th e means was 3.88 to 
4.93 and the calculated mean of the means 
was reported to be 4.62 mi llion Iper en. m m. 

Method of Investigation 

Four h u nd red and ninet y-three ambulatory 
Ca usasian patients were studied wi th r ega rd 
to th e circu lating ery throcy te count. Table I 
sh ows th e age and sex d is tr ibution. Ge nerally , 
th e sam ple is di vided almost eq ua lly be twee n 
th e two sexes. T he greates t number of p a· 
tients, using two decade intervals, are be twee n 
50 and 69 yea rs of age, th ough the subjects 
ranged from the second to the ninth decades. 
Of the sample of 493 su bjects, the age was no t 
de termined in five . T herefore, in subgroup 
analyses, only 488 indi viduals are incl uded. 
The m ean age s for the male a nd female group 
proved to be 51.78 and 50.61 years respectively. 

Each patient presented in the clinic between 
9:00 and 12:00 A.M. after a customary brea k­
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TABLE I 

Age and sex 

male 

age 
group no. % 

10-29 
30-49 
50-69 
70-89 
undetermined 

10 
89 

120 
22 

0 

2.02 
18.06 
24.34 
4.47 
0.00 

-
241 

~-

48.89 

fast meal. A ven ous sample was drawn and a 
nonfasting erythrocyte count was performed 
immedia tely. The scores ob tai ned will here­
aft er be referred to as based on a regular diet. 

The patient was then giv en dietary instruc­
tions to follow for the nex t three days. Meat, 
fish , fowl, vegetabl es, whole grain (as bre ads, 
cereals, vegetables) , eggs, nuts, butter, and 
cream were allowed in qu antities desired by 
the pati ent. Weak tea, decaffeinated coffee, 
natural cond imen ts, and wa ter were al lowed 
ad libitum. Specif ic in structions were given 
not to eat sug-ar and refined sugar prod ucts, 
wh it e flour produ cts, fruit and fruit juices, 
milk and mi lk 'products (excep t but ter and 
cream) , preserved mea ts, and alcohol. The 
only dietary suppleme nt given for the th ree ­
da y peri od was one tablet of 75 mg-. of vit amin 
C (rose h ips) dail y. H ereafter, thi s regime will 
be referred to as a basic or preparatory diet 
(prepa ra tory to blo od tests) . In order to be as 
cer tain as possible th at the instructions were 
followed, the patient was giv en a form on 
which all food s ea ten were to be recorded 
during the three-day period. 

Finally, the patient was instructed to return 
on me fou rth day between 9:00 and 12:00 
A.M. after breakfast based on th e above 
recommendati ons. At thi s second visit, a ve­
nous sample was again drawn and another 
erythrocyte coun t performed immediately. 

Results 

T he findings will be considered im two 
ways : ( I) general characteristics, and 
(2) su bgroup anal yses. 
General Characteristics 

d istr ib u tion 

fem ale tot al 

no. 

16 
83 

124 
24 

5 
~ 

252 

% 

3.24 
16.84 
25.15 
4.87 
l. 01 
~-

51.11 

no . 

26 
172 
244 
46 

5 

-
493 

% 

5.26 
34.90 
49.49 
9.34 
1.01 

- ­
100.00 

The mean initial red (Jell cou n t for the 493 
patients proved to be 4.75* with a standard 
deviation of 0.35. This can be dn terpre ted to 
mean uhat approximately t wo-thirds of the 
p atients, specifi cally 68 per cent, ranged from 
4.40 to 5.10 . Three da ys after subs isting on 
the p reparatorydiet,the mean cou n t de­
creased to 4.55 with a standard deviation of 
the difference of 0.27. The coeffi cien t of cor­
relation for the entire group was fo und to 'be 
-0.434 with a P < .001. T h us, uhe evid ence 
seems reason able 
pr ogram, the er y
signi fican tly . 

th at , 
thro cyte 

under 
co

thi s 
unt 

diet ary 
cha nges 

Subgroup Analyses 

For reason s considered elsewhere, the dat a 
have been rearranged ilI1J terms of: (a) sex, and 
(b) age and se x. 

Sex Analysis: The mean in itial red cell 
coun t for the 241 male patients proved to be 
4.90 with a s tandar d deviation of 0.29. T his 
can be interpreted to mean that approxi ­
mately two-thirds of nhe patients, actually 68 
per cent, ranged from 4,610,000 to 5,190,000 
per cu. nun. Three days after subsisting on 
the preparatory diet , the mean cou nt de­
creased to 4,890 ,000 and th e s tanda rd devia­
tion decreased slightly. The coefficien t of cor­
relati on for the entire male group was found 
to be -0.310 with a P < .00 1. Thus, the evi­

den ce seems reaso nable that, under this d ie­
tary program, th e ery throcy te coun t in the 

•	 T he technique used her e for in d ica ting ery th rocyte 
count is such th at 4 .75 eq ua ls 4,750,000 red cells 
per cu .mrn. 
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TABLE 2 

No n fast ing ery tb ro cyte count changes foll ow ing a 
h igh-prot ein di et 

regu la r d ie t 

three-day Iow-refined-carboh ydrat e 

difference
 
a fter three-


da y low-r efined.
 
car boh yd rate
 

h igh-p ro tein diet
 

age a nd standa rd stand ard 
sex groups mean deviat ion mean d evia tion p 

10- 29 yea rs 
male (10) * 
female ( l 6) 

4 .93 
4.66 

30-49 yea rs 
male (89) 
fem a lc (83) 

4 .93 
1·.55 

50-69 years 
male ( 120) 
female (12'ol) 

4.88 
4.64 

70- 89 yea rs 
ma le (22) 
fema le (24) 

4.86 
4 .60 

.. num ber o f sub je cts in parentheses 

0.18 
0 .21 

0.33 
0.32 

0 .28 
0.39 

0.23 
0.28 

male changes significan tly . 
The mean initial red cell cou n t for the 252 

femal e patients proved to -be 4.6 I with a stan­
dard deviation of 0.34. This means that 68 
per cent of the values r anged from 4,270,000 
to 4,950,000 per cu . rnm, Three da ys aft er 
subsisting on the diet, the mean count de­
creased to 4,600,000 and the standard devia­
tion decreased considerab ly. The coeffi cient of 
correla tion for the en tire female group was 
found to be -0.591 with a P < .001. Thus, the 
evidence seems reason abl e that, under th is 
dietary progr am, the eryth rocyte count in the 
female changes sign ificantly. 

Age an d Sex Analysis .- Attention is directed 
to the study of the erythrocyte count imetially 
and three da ys later i n tenus of age and sex. 
Such an ana lysis is shown in T able 2. It can 
be observed that the re were statist icall y signif­
icant cha nges in th e erythrocyte count in all 
ag'e gTOUpS. More detailed examination of 
T able 2 shows the m ost sign ifican t changes ·in 
th e 30-49 year age cat egory. Tills is im parallel 
wi th the findings previously reported wi th 
regard to bl ood sugar (1), serum calcium (2), 
seru m ph osph orus (3) , calcium-phosphorus 
relati onships (4), serum cholesterol (5), and 

-om 
0.01 

-0 .01 
0.04 

-0.02 
·0.12 

0.03 
0. 02 

I 
I 

0.22 
0. 20 

> 0.100 
< 0 .025 

0 .24 
0.26 

< 0.00 1 
< 0 .001 

0 .31 
0.29 

> 0.050 
< 0.00 1 

0.21 
0 .16 

< 0.0 10 
< 0.01 0 

I 

blood pre ssure (6) . 

Discussion 

The data thus far presented will be consid­
ered in th e light of : (1) genera l characteristics, 
and (2) su bgroup analyses. 
General Chara cteristi cs 

The evidence from these 493 sub jec ts indi­
cates th at there is a tendency for the non­
fasti ng erythrocy te cou nt to change under the 
condi tions of a high-protein low-refined-carbo­
hydrat e diet. This is underscored by th e 
change in the mean (4,750,000 to 4,550,000) , 
th e sh rin king' of the stan dard deviation 
(350,000 to 270,000) , and the significan t cor­
relation coefficient (1' = -0.434 and P < .00 I) . 

T he evidence from the 24 I male subjects 
indicate s that there is a tendency for the 
nonfasting eryth rocyte coun t to approaoh 
5,000,000 per cu . nun. This is gra phically 
emphasized in Figure 1. The data from the 
252 female subjects suggests th at there is a 
tendency for th e nonfastin g ery throcyte count 
to approach 4,500,000 per cu . m m. This is 
pi ctori ally demonstrated in Fig-ure 2. 

It is, of course, hazardous to draw con ­
clusions as to what the normal nonfasting 
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comp e r ~ son o f nonfasti ng erythrocyte count 
i ni t i . l ly ( shown on t he cbsc i ss e) and a fte r 

+1.00 - a t hre e-dey l ow-r e fin ed-c arbohydr zte h~g h-• 
prote in die t i n 241 male su bj ects 

+0 .50 

dl Herence In 
er yth rocyte 
co unt ( rom 

InitI al count 
aft er a t hr ee­ 0 

da y l ow-refln ed­
corbohydr a t .. 
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-

­
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• 
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ery throcy te count should be from such data. 
How ever, me evi de nce at least suggests that 
5,000,000 and 4,500,000 might well be the 
ideal physiologi c scores for the male and 
fem al e respect-ivel y. 

T he mos t interesting observ at ion from this 
three-day d ietary regime is th at coun ts above 
5.0 and 4.5 decre ased wh ile those below 5.0 
and 4.5 ros e. T h is poi nt h as only been re­
poned once before in th e literature (50) . 
T hese observa tions make it feasible to spec­
ul at e th at : (I) prot ein a nd carbohydrate 
(o ther than refined) contribute measurably to 
eryth rocy te .homeos tasis, and (2) th e delicate 
hormonal regulat ion of th e circu la ting red cell 
count func tions more efficie n tly in a low-re­
fined-carbohydrate high-protein e nvironmen t. 

Summary 

1. No n fasting	 eryth rocy te cou nts of 493 pa­
tients were mad e initially (du riJng a p er iod 
of regular diet) a nd three days a fter a 
hi gh-prote in a nd - low-refined-carbohydrate 
regIm e. 

2. Evid en ce	 IS p resented to show that, un­
der th is di et ary co urse, th e nonfasting 
eryth rocy te cou nt tend s to seek a more 
narrow physiologic range than is currently 
recognized. 

3. It wo uld appeal', a t least presumptivel y, 
tha t 5,000,000 a nd 4,500,000 erythrocytes 
per cu . rum, may well be th e id eal (phys­
iologic) nonfasting values for the male and 
female respecti vely . 
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