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Introduction

Previons reports have attempted to analyze
the effect of a low-refined-carboliydrate high-
protein dict upon a number of biochemi-
cal processes including nonfasting blood sug-
ar (1), calcinm (2), phosphorns (3), calcium-
phosphorus relationships (4}, and chol-
esterol (5). A second series of reports have
dealt with the relationship of physiologic pro-
cesses (blood pressure (6)) and this same diet.
Attention will now be directed to a considera-
tion of the low-refined-carbohydrate high-
protein diet and hematologic processes.

There is quite a volume of pnblished liter-
ature regarding the relationship of diet to the
erythrocyte count. In this report, an atternpt
will be made to review the literature and to
correlate the findings of the various experi-
menlal groups. Special emphasis 1s placed
upon the not-too-well-publicized effect of a
low-refined-carbohydrate  high-protein  diet
upon the red cell count.

Review of the Literature

Although not an exhaustive search of the
literature, this report covers the authoritative
works concerning diet and the erythrocyte
count.

Effect of Diet upon the Erythrocyte Count

It is noteworthy that, of the areas pertinent
to this study, principal attention has been
directed to protein in the diel rather than to
dietary carbohydrate.

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

and C. IF. HOLLIS, Bs

have demonstrated that dietary proteins are
quantitatively and qualitatively necessary for
physiologic hemopoiesis in the rat. Weech
and his coworkers (9) have shown that dogs
maintained on a low-protein regime exhibit
a progressive fall in the red cell count. Alt (10)
reported that a (ryptophan-deficient diet
yields a lowered erythrocyte count. Doles (11)
eliminated red meat from che diet of two
healthy dogs. He concluded that red meat is
essential for red cell production at all periods
of life. However, he noted that this need is
increased particularly in older animals. Doles
further commented that there was little dif-
ference in the response to deficiency of red
meat between the dog and human.

High-Protein Diet: Robscheit-Robbins and
Whipple (12) carried out extensive studies on
the effect of dietary proteins upon dogs made
anemic and hypoproteinemic by a combina-
tion of bleeding and a low-protein intake. The
authors found that egg products favored the
production of plasma protein whereas fresh
beef muscle contributed to hemoglobin pro-
duction. Smith (18) reported that liver-fed
trout show higher red cell counts than those
fed naturally. Takeda (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 dogs.

Adequate Diet: Jones et al (15), in monkey
studies, and Smith (16), from observations in

% This study was made possible in part by a grant
from The American Society of Anthropometric
Medicine and Nutrition
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the dog, reported on the importance of an
adequate diet for laboratory animals.
Smith (16) found shat an adequate diet fed to
laboratory raised clogs yields a red cell count
appreciably higher than usually quoted as
being normal,

Miscellaneous Diels : Orten and his co-
workers (17) reported that the hematologic
abnormalities which occur in rats fed a miner-
al-deficient diet are due chiefly, if not entirely
to a lack of calcium and/or iron. Loewy and
associates (18) noted in the dog that a high-fat
diet brings about an increased rate of red
blood cell destruction.

Several investigators (19, 20 21, 22) have
compared the effects of improper wartime
diets upon the hematologic picture with that
observed under pre- and postwar conditions.
In every case there was reported a reduction
in the number of red cells as a result of war-
time diets. Stix and Kiser (23) have attempted
to correlate nutritional status of school chil-
dren dietarily and per erythrocyte counts with
little success.

Erythrocyte Count Criteria

Evythrocyte Count Homeostasis : Among
the many factors which alter the red blood
cell count are age, sex, altitude of residence,
and muscular activity. Wintrobe (24) reported
the erythrocyte number to be high at birth,
to decrease in three months, rise at puberty,
and subsequently decline with advancing age.
Other 1nvestigators (25, 26, 27) have studied
the decrease in the erythrocyte count with old
age. Miller (25) explains the phenomenon on
the basis of low grade infections, nephro-
sclerosis, and decreased bone marrow cellu-
larity. A possible fourth [actor studied by
Walters (28) is decreased muscular activity.

The altitude of residence is known to
parallel the erythrocyte count. Andresen (29)
and Lurie (30) conducted studies on the blood
picture ol healthy subjects residing at over
5,000 [eet above sea level. All authorities
recognize a difference in the red cell count
between the sexes (26, 27, 31-38). There
15, however, disagreement as to the
cause or causes for the sexual differences.
Wintrobe (24) reports no parallelism with
the normal menstrual period but a positive

correlation with puberty. Newman (27) and
Fowler (26) found the sexual difference to
persist into old age. Vahlquist (32) reports
that this difference, though not due to men-
strual blood loss, is of endocrine origin.
Schnitter (34) found that the erythrocyte
count among males and females undergoing
physical education training was the same
within experimental error and that this ap-
parent difference is due to decreased muscular
activity in our culture.

Among those factors investigated which do
not seem to relate to red blood cell count are
climate, temperature and season (24, 35),
race (36), hemoglobin content of blood (37),
smoking (38), working conditions (39), and
occasional blood donation (40).

Erythrocyte Count Normalily: A cross-
sectiona)] representation of the results (24, 32,
33, 56, 41-47) of 3,310 adult male subjects
shows the lowest values to be approximately
3.87 million per cu, mm. and an upper limit
of 6.70 million. The range of the means was
found to be 4.23 to 5.50. The mean of the
reported means was found to be 5.07 million
per cu. mm.

A review of the literature for the normal
red cell count of adult, American females (24,
32, 83, 37, 41-44, 48, 49) (4,247 subjects)
showed a low limit of 3.50 and an upper limit
of 5.61. The range of the means was 3.88 to
4.93 and the calculated mean of the means
was reported to be 4.62 million iper cn. mm.

Method of Investigation

Four hundred and ninety-three ambulatory
Causasian patients were studied with regard
to the circulating erythrocyte count. Table ]
shows the age and sex distribution. Generally,
the sample is divided almost equally between
the two sexes. The greatest number of pa-
tients, using two decade intervals, are between
50 and 69 years of age, though the subjects
ranged from the second to the ninth decades.
Of the sample of 493 subjects, the age was not
determined in five. Therefore, in subgroup
analyses, only 488 individuals are included.
The mean ages for the male and 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 break-
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TABLE 1
Age and sex distribution
male female total

age
group no. Ofy no, %/o no. g
10-29 10 2.02 16 3.24 26 5.26
30—49 89 18.06 33 16.84 172 $4.90
50—69 120 24.34 124 25.15 244 49.40
70—89 22 4.47 24 4.87 46 9.34
undetermined 4] 0.00 5 101 5 1.01

24] 43.89 252 51.11 498 100.00

fast meal. A venous sample was drawn and a
nonfasting erythrocyte count was performed
immediately. The scores obtained will here-
after be referred to as based on a regular diet.

The patient was then given dietary instruc-
tions 1o follow for the next three days. Meal,
fish, fowl, vegetables, whole grain (as breads,
cereals, vegetables), eggs, nuts, butter, and
cream were allowed in quantities desired by
the patient. Weak tea, decaffeinated coffee,
natural condiments, and water were allowed
ad libitum. Specific instructions were given
not to eat sugar and refined sugar products,
white flour products, fruit and fruit juices,
milk and milk products {except butter and
cream), preserved meats, and alcohol. The
only dietary supplement given for the three-
day period was one tablet of 75 mg. of vitamin
G (rose hips) daily. Hereafter, this regime will
be referred to as a basic or preparatory diet
(preparatory to blood tests). In order to be as
certain as possible that the instructions were
followed, the patient was given a form on
which all foods eaten were to be recorded
during the three-day period.

Finally, the patient was instructed to return
on the fourth day berween 9:00 and 12:00
AM. after breakfast based on the above
recommendations. At this second visit, a ve-
nous sample was again drawn and another
erythrocyte count performed immediately.

Results

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

The mean initial red cell count for the 498
patients proved to be 4.75% with a standard
deviation of 0.35. This can be interpreted to
mean that approximately two-thirds of the
patients, specifically 68 per cent, ranged from
4.40 to 5.10. Three days after subsisting on
the preparatory diet, the mean count de-
creased to 4.55 with a standard deviation of
the difference of 0.27. The coefficient of cor-
relation for the entire group was found to ‘be
0434 witha P < .001. Thus, the evidence
seems reasonable that, under this dietary
program, the erythrocyte count changes
significantly.

Subgroup Analyses

For reasons considered elsewhere, the data
have been rearranged in terms of: (a) sex, and
(b) age and sex.

Sex Analysis : The mean initial red cell
count for the 241 male patients proved to be
4.90 with a standard deviation of 0.29. This
can be interpreted to mean that approxi-
mately two-thirds of vhe patients, actually 68
per cent, ranged from 4,610,000 to 5,190,000
per cu. mm. Three days after subsisting on
the preparatory diet, the mean count de-
creased to 4,890,000 and the standard devia-
Lion decreased slightly. The coefficient of cor-
relation for the entire male group was found
to be -0.310 with a P <.001. Thus, the evi-
dence seems reasonable that, under this die-
tary program, the erythrocyte count in the

* The technique used here for indicating erythrocyte
count is such that 475 equals 4,750,000 red cells
Pfl‘ cu.mm.
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TABLE 2
Nonfasting erytbrocyte count changes following a Lhree-day low-refined-carbohydrate
high-protein diet
difference
after three-
day low-refined-
carbohydrate
regular diel high-protein diet
age and standard standard
sex groups mean deviation mean deviation P
1029 years
male (10)# 4.93 0.18 -0.01 0.22 > 0.100
female (16) 4.66 0.21 0.01 0.20 < 0025
50—49 years
male (89) 4.93 0.33 -0.01 0.24 < 0.001
female (83) 455 0.32 0.04 0.26 < 0.001
50—069 years
male (120} 4.88 0.238 -0.02 0.31 = 0.050
female (124) 4,54 0.39 -0.12 0.29 << 0.001
7089 years
male  (22) 1.86 023 0.03 0.21 < 0.010
female (24) 4.60 0.28 0.02 ! 0.16 < 0.010
* number of subjects in parentheses

male changes significantly.

The mean initial red cell count for the 252
female patients proved to be 4.61 with a stan-
dard deviation of 0.34. This means that 68
per cent of the values ranged from 4,270,000
to 4,950,000 per cu. mm. Three days after
subsisting on the diet, the mean count de-
creased Lo 4,600,000 and the standard devia-
tion decreased considerably. The coefficient of
correlation for the entire female group was
found to be -0.59] with a P < .001. Thus, the
evidence seems reasonable that, under this
dietary program, the erythrocyte count in the
female changes signilicantly.

Age and Sex Analysis : Atlention is directed
to the study of the erythrocyte count initially
and three days later in terms of age and sex.
Such an analysis is shown in Table 2. It can
be observed that there were statistically signif-
icant changes in the erythrocyte count in all
age groups. More detailed examination of
Table 2 shows the most significant changes in
the 30-49 year age category. This is in parallel
with the findings previously reported with
regard to blood sugar (1), serum calcium (2),
serum phosphorus (3), calcium-phosphorus
relationships (4), serum cholesterol (5), and

blood pressure (6).

Discussion

The data thus far presented will be consid-
ered in the light of : (1) general characteristics,
and (2) subgroup analyses.

General Characteristics

The evidence from these 493 subjects indi-
cates that there is a tendency for the non-
fasting erythrocyte count to change under the
condirions of a high-protein low-refined-carbo-
hydrate diet. This is underscored by the
change in the mean (4,750,000 w0 4,550,000),
the shrinking of the standard deviation
(350,000 to 270,000), and the significant cor-
relation coefficient (v = -0.434 and P < .001).

The evidence from the 241 male subjects
indicates that there is a tendency for the
nonfasting erythrocyle count to approach
5,000,000 per cu. mm. This is graphically
emphasized in Figure 1. The data from the
252 female subjects suggests that there is a
tendency for the nonfasting erythrocyte count
to approach 4,500,000 per cu. mm. This is
pictorially demonstrated in Figure 2.

It is, of course, hazardous to draw con-
clusions as to what the normal nonfasting
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comparison of nonfasting erythrocyte count

initislly (shown on the zbscisse} and after

+1.00 ~ ® a three-dzy low-refined-carbohydrate high-
protein diet in 241 male subjects
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Figure 1
comparison of nonfasting erythrocyte count
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a three~dasy low-refined-carbohydrate high-
proteln diet In 252 female subjects
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ythrocyte count should be from such data.

However, the evidence at least suggests that
5,000,000 and 4,500,000 might well be the
ideal physiologic scores for the male and
female respectively.

th

The most interesting observation from this
ree-day dietary regime is that counts above

5.0 and 4.5 decreased while those below 5.0
and 4.5 rose. This point has only been re-
ported once before in the literature (50).
These observations make it feasible to spec-
ulate that: (1) protein and carbohydrate
(other than refined) contribute measurably to
erythrocyte homeostasis, and (2) the delicate
hormonal regulation of the circulating red cell
count {unctions more efficiently in a low-re-
fined-carbohydrate high-protein environment.

Summary

I.

(=5

2

Nonfasting erythrocyte counts of 493 pa-
tients were made initially (during a period
of regular diet) and three days after a
high-protein and - low-refined-carbohydrate
regime.

-Evidence is presented to show that, un-

der this dietary course, the nonfasting
erythrocyte count tends to seek a more
narrow physiologic range than is currently
recognized. :

.It would appear, at least presumptively,

that 5,000,000 and 4,500,000 erythrocytes
per cu. mm. may well be the ideal (phys-
iologic) nonfasting values for the male and
female respectively.
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