OBSERVATIONS ON THE HEMATOLOGIC VALUES
OF THE JAPANESE
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Recently, in conjunction with a rather extensive
survey attempting to evaluate the hematologic
status of irradiated survivors of Hiroshima two
years after the atomic bombing a large number of
parallel control observations were made on non-
irradiated Japanese residing in a neighboring city,
Kure. Some interesting findings emerged from an
analysis of the data on this control group, repre-
senting 935 individuals of both sexes and all ages.
These findings are herein presented and discussed.
A paper dealing with the over-all survey will be

found elsewhere,!

SUBJECTS

The subjects included in this control study re-
present randomly selected individuals from various
schools and organizations in Kure. They were so
selected as to equate by sex and age the individ-
uals actually studied in Hiroshima, This control
series forms a sample of that portion of the popu-
lation of Kure who were engaging themselves in
their normal daily activities. It cannot be assumed
that these individuals represent a healthy group as
judged by the standards of this country, since the
general living and health standards are not com-
parable.’:? For instance, it has been estimated that
the active tuberculosis rate in Osaka, Japan at the

present time is between two and three per cent,?

From the Atomic Bomb Casualty Commission. This
investigation was sponsored by the Committee on Ato-
mic Casualties of the National Research Council, under
a contract with the United States Atomic Energy
Commission. The opinions and views set forth in this
article are those of the author and are not to be
construed as reflecting the policies of the Navy
Department.

This work was done while the author was serving
as Lt. (jg), Medical Corps, United States Naval
Reserve.
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The morbidities of ascariasis and ankylostomiasis
among the general population have been estimated
to be between 80-90 per cent and 50-60 per cent
respectively, and that of trichuris trichiura, 80-90
per cent,' No attempt was made in this study to
eliminate those individuals with pathologic findings
from the series, since not only did facilities not
permit adequate diagnoses, but primarily this study
was designed to be comparable with a randomly
selected irradiated group of Hiroshima.

A histogram showing the age and sex distribution

of this control series is seen in figure 1.
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FIG.1' Histogram of the control sample of Japanese showing the age distribution

of the two sexes.
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Also as a part of the control observations a small
group of 25 U, S, Army personnel was studied to
serve as a denominator in comparing the results
of findings on the Japanese with Caucasian stand-

ards of normal.

PROCEDURES

A detailed presentation of the procedures em-
ployed in this study is found elsewhere! as well as
estimates and discussions of the errors associated

with the various hematologic methods,
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An attempt was made to make the following
observations on each individual: erythrocyte, leuko-
cyte, and differential count, hematocrit, hemo
globin and plasma protein. Also a limited number

of reticulocyte counts were made,

Capillary blood was obtained from a free flowing
incision of the ear lobe for leukocyte and
differential counts. The remaining determinations
were made on venous blood, collected with due
precaution against stasis. A potassium and am-
monium oxalate mixture was used as an anticoagu-
lant.® The erythrocyte and leukocyte counts were
estimated in the usual manner employing standard
Army-Navy equipment, Two or more dilutions and
counts were made in all cases. Hemoglobin and
plasma protein were estimated by the copper sulfate
specific gravity method as described by Phillips et

al.® Hematocrits were determined utilizing Wintrobe

tubes,” Differential counts of at least 200 celis”

were made on cover slip preparations stained with
Wright’s stain, Reticulocytes were stained by
Osgood’s technic® and the percentage computed
from counts of 3,000 cells. The cell “constants,”
mean cell volume (MCV), mean cell hemoglobin
(MCH), and mean cell hemoglobin concentration
(MCHC) were computed in the usual manner.®

During the latter part of this investigation
approximately one-half of the originally selected
persons were re-examined, the interval between
the two examinations varying from three to eight
months. The results of the two observations on
each individual were averaged, thus serving to give
a more valid and reliable estimate of the individ-

ual’s hematologic values.

The means, standard deviations, and standard
errors of the means have been computed in all
instances. A complete treatment of the data by
the more elaborate analysis of variance was not
considered justified in view of the deficiencies
relating to the existence of associated disease, but
in some instances it was carried out to test the

significance of various trends,
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TABLE 1

Hematologic Observations in Relation to Age Groups and Sex

Mean, Standard Deviation, and Standard Errors of the Means of the

=1 el s L ORI 2o MEF R R AT R OTIGHE, SRS, FiEoimsns

‘ Male Female
Observation Age Group | - | = & =
” Mean+ S.E. of Standard Mean+5.E. of |Standard
| | Number | Mean _Deviation Number Mean Deviation
Etythrocyte Count, 0- 9 ‘ 99 ‘ 4.714+0.038 | 0.378 |
M/cu. mm. 10-14 111 | 4.646+£0.032 | 0.340
15-19 ‘ 101 | 4.882:4:0.037 | 0.368 84 | 4.633+0,052 | 0.368
20-39 | 52 | 4.80440.053 | 0.383 95 | 4.38640.048 | 0.466
40-Above | 90 | 4.562:4£0.048 | 0.457 77 | 4.188%0.042 | 0.372
Total ‘ 709 ‘ 4.604+0.017 ‘ 0.442 |
Hemoglobin 0- 9 136 ‘ 12.6540.080 | 0.93 ‘
Concentration, 10-14 187 12.8640. 063 0. 86
Gm/100 ce. 15-19 118 | 14.1940.105 | 1.14 157 | 12.96£0.080 | 1.00
20-39 51 | 14.45+0.122 | 0.87 96 | 12.59+0.126 | 1.24
| 40-Above 90 | 13.94+0.140 | 1.33 77 | 12.264£0.132 | 1.16
Total 912 ‘ 13. 144 0. 041 ‘ 1.25 ‘
Hematocrit 0- 9 19 | 39.11£0.22 | 2.41 |
Reading, per cent 10-14 171 | 39.93+0.15 2.00
15-19 116 | 44.0540.32 3.40 137 | 40.93+0.23 2.74
20-39 44 | 46.14:£0.45 2.96 77 | 40.67+0.40 3.55
40-Above 74 | 45.0840.43 3.69 64 | 39.88+0.43 3.47
Total 802 ‘ 41.4640.13 ‘ 3.60 |
MCV 0- 9 95 | 83.23+0.55 5.35 |
cubic microns 11-14 109 ‘ 85.06+0.55 5.76
15-19 99 | 88.15+0.64 6.34 67 | 86.88+0.76 6.19
20-39 44 | 91.00+0.89 5.88 | 77 | 89.08+0.80 7.06
40-Above 74 | 93. 22+ 0. 82 7.09 64 | 90.13+0.75 6.04
Total | 629 | 87.85+0.28 6.90
MCH 0- 9 99 | 26.85+0.18 1.76
micromicrograms 11-14 111 | 27.68+0.18 1.91
15-19 101 | 29.25+0.19 1.89 84 | 28.2440.22 1.97
20-39 {51 | 30.1740.27 1.94 95 | 28.75+0.25 2.40
40-Above ‘ 90 | 30.67+0.22 2.12 ‘ 77 | 29.36+0.25 2.20
Total 708 | 32.28+0.09 | 2.34 ‘
MCHC 0 -9 105 | 32.2840.13 1.35
per cent 11-14 130 | 32.2440.00 1.07
[ 15-19 99 | 32.4940.14 1.35 73 | 31.94+0.14 1.22
20-39 43 | 32.55+0.25 1.62 77 | 31.76+0.17 1.48
40-Above | 74 | 31.99+0.19 1.64 64 | 31.87+0.17 1.37
Total ‘ 665 ‘ 32.15+ 0. 05 1.37



TABLE 1—Continued F| ¥
i | Male Female
|— - — — S e
Observation Age Group | | |
Mean+ S.E. of | Standard Mean+ S.E. of |Standard
Number | Mean Deviation% Number | Mean Deviation
Leukocyte Counts 0- 9 100 12.570+0. 31 3.124 !
T/cu. mm. 10-14 112 9.973+0.21 | 2.177
15-19 101 9.926+0.25 | 2.467 | 84 9.655+0.26 | 2.402
20-39 52 8.94240.28 1.995 95 9.4154+0.27 | 2.807
| 40-Above 88 9.284+0.24 | 2.251 75 8.500+0.23 | 1.972
Total ‘ 707 | 9.903+0.101 | 2.693
Neutrophils 0-9 100 | 48.8040.82 8.19
per cent 10-14 112 50.364+0.79 8.35 |
15-19 101 | 54.7840.79 7.96 84 | 61.1940.87 7.98
20-39 52 | 56,83+ 1,22 8.78 95 | 57.134+0.94 9.21
40-Above 88 | 57.11+1.05 ‘ 9.97 75 | 56.4840.90 7.83
Total 707 | 54.964 0,35 | 9.35 ‘ ‘ ;
Lymphocytes | 0- 9 100 | 32. 29+ 0.70 6.98 |
per cent | 10-14 112 | 33.2140.75 7.89
| 15-19 101 | 28.14+0.56 5.67 84 | 25.9640.72 6. 60
| 20-39 52 | .26.59+0,94 6.79 | 95 | 27.09+0.67 6. 66
| 40-Above 88 | 28.89:0.90 8.53 | 75 | 30.33+0.81 7.02
Total 707 | 29.40+0.28 | 7.54 ‘
Monocytes 0-9 100 6.57£0.21 2.08
per cent 10-14 112 6.204+0.18 1. 89
15-19 101 6. 64:+0.23 2.36 84 5.704+0.22 2.03
20-39 52 6.29+0.25 1.79 95 6.30+0.24 2.37
40-Above 88 6.8840.32 3.02 75 6.17+0.23 2.03
Total | 707 ‘ 6.3040.00 | 2.26 | ‘
Eosinophils 0- 9 100 11.58+0.79 7.89 ‘
per cent 10-14 112 10. 07X 0. 67 7.09
15-19 101 10.4940.78 7.91 84 7.51+0.60 5.51
20-39 52 10.48:1.16 8.37 95 9.60+0.76 7.52
40-Above 88 7.06+0.45 4.24 75 6.91+0.55 4.83
Total | 707 | s.930.26 | 7.02 ! |
Plasma ProteinValue, | 0- 9 136 | 7.46+£0.04 | 0.48 |
Gm/100 cc. 10-14 187 7.4940.04 0.50 |
15-19 118 7.6440.04 | 0.46 157 7.6940. 04 0.48
20-39 51 7.5040.08 0.57 96 7.7840.05 0.48
40-Above 90 7.57+£0.05 | 0.48 77 7.70£0.06 | 0.53
Total ‘ 912 ‘ 7.59+0.02 ‘ 0.50 | |
Reticulocyte Count 0-9 7 (0.8440.14 0.37
per cent 10-14 11 0.85+0.09 0.31
15-19 25 0.73:4£0.06 0.28 28 1.10+ 0. 05 0.29
20-39 [ 15 1.1140.10 0.40 14 0.9240.11 0.41
40-Above | 16 0.75+0.08 0.32 17 0.72+0.07 0.28
Total | 133 ‘ 0.89+0.03 ‘ 0.38 ‘ ‘
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PRESENTATION OF DATA

An analysis of this control group of Japanese is
presented in table 1, giving the means, standard
error of the means, and standard deviations of
the hematologic findings in relation to the various
age groups of the two sexes. Data on individuals
of both sexes below the age of 14 have been
combined, Rather wide ranges of certain age groups
have been employed to reduce sampling variation.
The data are graphically portraved in figures 2
and 3.

1. Erythrocytes. The mean number of erythro-
cytes, quantity of hemoglobin, and hematocrit for
the age groups up to puberty are quite comparable
to our Caucasian normals,”*"!! but certain differ-

ences appear in the age groups above puberty.
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FIG.2 The changes in the erythrocyte count, hemoglobin, hematocrit, and cell
characteristics with age. The “vertical lines indicate the standard
error of the means, M and F signify the sex. The age groups are

shown on the abscissa,
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FIG.3 The changes in the leucocyle count, plasma protein, reticulocyte count,
and relative differential count with age. The vertical lines indicate
the standard error of the means, M and F signify the sex. The age
groups are shown on the abscissa,
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In the adult males the mean number of erythro-
cytes is lower than that reported in the Caucasian
literature™'** and shows only a slight rise over
the prepuberty levels, A maximum of 4.882M/cu.
mm. is reached in the group 15-19 years of age,
followed by a decline with advancing age to 4.562
M/cu., mm, in those 40 and above. The hemoglobin
and hematocrit show similar changes with age,
exhibiting a somewhat greater rise after puberty
and less decline in the elder individual, in relation
to the erythrocyte number, The interrelationships
of these three hematologic determinations relating
to the erythrocyte is illustrated by changes in the
cell characteristics, MCV, MCH and MCHC, It is
noted that the MCV gradually increases with age
paralleling the Caucasian changes from early
childhood to early adulthood, but surpassing the
accepted adult normal of 87.0 cubic microns™’ in

the age groups above 20. The eldest group shows
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a MCV of 93.2 cubic microns. Likewise, the MCH
shows similar changes, a gradual increase with
age as expected in childhood and early adulthood,
but surpassing the Caucasian adult mean of 29.0
micromicrograms™® in the elder adults to reach a
value of 30.7 micromicrograms in those 40 and
above, The MCHC shows values relatively constant
with age declining slightly in the elder groups, but
all values are significantly lower than the Caucasian

mean of 34.0 per cent.”™*®

In the females it is observed that there is no
rise in erythrocyte number after puberty, but
rather after the age of 20 there is a gradual de-
cline to a minimum of 4. 188M/cu. mm. in the eldest
group, and all means are below Caucasian stand-
ards, T 181810,18, 2, 42 The hemoglobin and hematocrit
show a less marked decline, and in fact the hemato-

crit shows a slight rise in the young middle age

adults followed by a slight decline in the eldest”

group. Again the interrelationships of these deter-
minations is manifest in the cell characteristics.
The MCV and MCH show changes similar to that
observed in the male. The MCHC shows a decline

with increasnz age,

Both quantitative and qualitative differences of
the erythrocyte are noted in the two sexes. The
female has fewer and smaller erythrocytes with
less hemoglobin per cell, and less total hemoglobin.
The hemoglobin per cell occurs in a lower concen-
tration except in the eldest group where it is equal

in the two sexes.

The reticulocyte counts are shown in table 1 and
figure 3. There are several age groups which
exhibit significant increase above the general
average, and there appears to be a slight decline

with age in the female,

2. Leukocytes. The total leukocyte counts as
seen in table 1 and in figure 3 show a gradual
decline with age, the greatest drop occurring
before puberty. It is noted however, that all the
mean values are greater than the usually accepted
normal means,” There is no significant difference

in the mean counts of the two sexes. The differ-
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ential counts indicate that there is a gradual rise
in the relative polymorphonuclear neutrophil count
with age; the females, age 15-19, show a dispro-
portionate rise. The relative lymphocyte count on
the other hand, shows a gradual fall with age to
middle age followed by a slight rise in the eldest
groups. The relative monocyte count is maintained
at a constant level with age. The eosinophile counts,
with all means well above normal show a slight

decline with age.

3. Plasma Protein. The mean plasma protein
levels show a tendency for a slight increase with
advancing age, irregularly in the male and more
marked in female. A significant sex difference is
present in those of 20-39 years of age, the females
being slightly higher, All of the means are some-

what higher than reported Caucasian normal levels,

6,58,59

DISCUSSION

It is apparent from the foregoing data that
there are a number of hematologic findings among
this series of Japanese that are divergent from
Caucasian standards. Although a further consider-
ation of some of the related factors will probably
throw some understandable light on these differ-
ences, it will also emphasize the complexity of the

problem and the difficulties in drawing conclusions,

It has been stated in the foregoing that this
sample of “control” Japanese does not in entirety
represent normal Japanese. It does, rather, represent
randomly selected individuals from various age
groups, who were engaged in their usual daily
activities, It would appear that the series harbored
a considerable amount of disease, {In.fortunately no
parallel stool examinations could be conducted in
this investigation, but as has been previously noted
it has been estimated that 80-90 per cent of the
general population harbors the ascaris, and anky-
lostomiasis occurs in approximately 50-60 per cent,
The relative frequency of marked eosinophilia and
the abnormally high mean eosinophile counts herein
observed undoubtedly are a reflection of the high
morbidity of parasitic infestation. Degenerative
diseases associated with advancing age were of
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rather common occurrence in this group. The
relatively high morbidity of tuberculosis cannot be
overlooked, as well as the frequency of other
chronic infections such as sinusitis and the der-

matoses.

A second consideration of importance is that
relating to the dietary habits of the Japanese.
Their staple product is rice, supplemented by wheat
and other grains. Seasonal vegetables are eaten
in considerable abundance, but animal products,
except fish, are notably deficient, In a survey
made by the Japanese Government for the Public
Health and Welfare Section, General Headquarters,
SCAP,! it was learned that the average dietary
composition consisted of about 400 grams of
carbohydrate per day, 60 grams of protein, and 12

grams of fat. The protein component was said to

consist of 90 per cent vegetable protein and the”

remaining fish and animal. Also it was reported
that the average diet contained about 55 mg. of
iron per day, but the assimilable proportion of this

is unknown,

Finally, a consideration of the validity of the
reported findings would be of value, The frequently
reported difference in normal hematologic means
probably not too infrequently can be accounted for
by wariations in technic from one investigator to
another,” and, as has been pointed out elsewhere
the hematologic procedures are possessed with
appreciable inherent error.! The findings on the 25
U.5. Army personnel studied in our control labora-
tory do, however, indicate that our technics are
comparable. An exception to this may lie in the
use of the copper sulfate specific gravity method
for the determination of hemoglobin and plasma

pretein in the Japanese,

The effect of certain intestinal parasites upon
the blood elements is well appreciated,” * The
development of an anemia appears to be predomi-
nantly related Lo the associated chronic blood
loss,” ! and in such cases the anemia is generally
speaking of a microcytic hypochromic character, **-3?
However, notably with certain types of infestation,

a macrocytic picture is occasionally observed.®":®
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On the other hand, the effect of diet upon the
erythrocyte has received considerable attention,
Haymen® pointed out in 1899 that meat eaters
tend to have higher erythrocyte counts than do
vegetarians. Whipple and Robscheit-Robbins®*
have studied extensively the efficiencies of the
various foods in relation to hemoglobin regenera-
tion, and have indicated the relative ineffectiveness
of vegetable and fish protein. Keefer et al.”® have
stressed the importance of nutrition in the devel-
opment of anemias, The role of the liver factor in
the formation of the erythrocyte is now well
appreciated. Sprue and other macrocytic anemias
appear to be related to a deficiency of the extrinsic
factor.**® It is of interest to note that the Puerto
Rican diet, which is apparently relatively deficient
in this factor,** is not unlike the Japanese. If such
is the case, long continued dietary intakes such as
encountered here may conceivably lead to the
development of a macrocytic picture, especially in
the presence of adequate dietary iron. The final
hematologic picture in certain instances presumably
would be a reflection of a relative predominance
of influences resulting in a microcytic picture over
influences resulting in a macrocytic picture, or vice
versa, In the case of adult females who physiolog-
ically are subjected to a greater chronic blood
loss, the f{inding of mean erythrocyte counts,
hemoglobins, hematocrits, MCV’s, MCH's and
MCHC’s lower than males of similar age appears

consequent,

Although it is denied by some authors,” appreci-
able changes of the erythrocyte may be of normal
physiologic occurrence with advancing age., Leich-
tenstein'® in 1878 found a large drop in hemoglobin
values in the age group 55-60 with a subsequent
rise in older age. Williamson!’ found that hemo-
globin levels remained relatively constant from 16-
60 but that there was a small decline from 60-75
years of age. Rud" and Millet and Balle-Helaers**
felt that hemoglobin and erythrocyte counts were
depressed in the aged, but Bing® found relatively
high values. Miller’s®* reported values in the aged
would appear to indicate that there is a fall in
hemoglobin and erythrocyte count with advancing

years. Price-Jones®® reports an increase in cell
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diameter in the aged, but states that it is usually
associated with some degree of emphysema. Aside
from variations in technic with different investi-
gators, the problem resolves itself into a question
as to what associated pathologic states should be
considered as a normal process of aging, and thus

at the present time conclusions are difficult.

A final comment is necessary in regard to the
hemoglobin values and MCHC’s observed in this
study. The calculation of hemoglobin from specific
gravity measurements of whole blood and plasma
as carried out in this study involves the use of
certain “constants” which have been derived from
studies on normal Americans. The calibration of
these “constanis” on the Japanese remains yet to
be done. Our data indicates for instance, that the
mean erythrocyte specific gravity is 1.0044%
-nstead of the 1.0977 as utilized in the actual
calculation. The correction factor would neverthelegs~
be slight for there is undoubtedly a true reduction
in the MCHC in this series, and thus the two re-
ductions would tend to cancel each other in the final
calculation. In spite of this defect it is quite likely
that within this series the observed changes are
relatively valid.

It may appear somewhat ambiguous to speak in
terms of the low conditions of nutrition prevalent
in Japan and yet to observe the adequate and even
elevated plasma proteins, Here again, adequate
studies necessary to establish the wvalidity of
applying Caucasian “constants” of the linear regres-
sion equation used in computing the protein levels
from plasma specific gravities to the Japanese have
not been accomplished, The not inconsiderable
differences in nutrition may have some influence
upon the relation. Nugent and Towle®® have shown
that alterations in A/G ratios tend to have no
significant influence on the specific gravity and,

consequently, it is not likely that alterations in the
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character of proteins themselves are responsible
for the observed values, Perhaps more significance
can be attributed to the relative deficiency of fat
intake. It would appear that such a deficient intake
as exists in this series may lead to reduced blood
lipid levels,**® which, in view of their own rela-
tively low specific gravity would tend to give a
falsely high plasma protein level if this is measured
by plasma specific gravity. However, this factor
cannot be assumed to be very great in view of the
minute quantities of lipids in the serum in compar-

ison to the protein component.

Weech and his associates’” have stated that
although a low plasma protein value generally
denotes malnutrition (in the absence of other
accountahble reasons) the reverse is not always true,
that is, malnutrition does not necessarily result in
a low plasma protein, Whipple** has shown that in
plasma depleted dogs small amounts of dietary

protein, whether of animal or vegetable origin, are,

efficiently utilized in the production of plasma

proteins,

It can be said with some degree of certainty
that if the plasma protein values observed in
this study are valid, the relatively high values are
due to an increase in the globulin fraction. This
could very conceivably be due to, and taken as an
indication of, the frequency of chronic infections
occurring in this series, Indeed, an analysis of the
protein level with respect to eosinophilia, did show
that the highest mean value occurred in the group
with the greatest eosinophilia, The 203 individuals
having less than 5 per cent eosinophiles had a
mean plasma protein of 7.6540.03 while the 60
individuals having 20 per cent or greater eosino-
philes averaged 7,86 +0.08; the difference is statis-
tically significant at a fiducial limit of 0. 95. Milam®®
studying population protein levels in North Carolina
found that the Negroes exhibited higher mean total
proteins than did the whites, and that this increase
lay entirely in the globulin fraction, in fact, the
albumin averaged somewhat lower in the Negroes.
Youmans,®® survey exhibited similar trends. The
Negroes in their more modest environment and
less hygienic conditions would tend to be more
comparable to the groups herein studied.
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An entirely plausible explanation of the slight
sex difference in the plasma protein levels as well

as the changes with age is lacking.

The elevated mean leukocyte counts are undoubt-
edly the result of the inclusion of disease in the

series,

SUMMARY

Hematologic studies have been made on 935
randomly selected “control” (nonirradiated) Japan-
ese residing in Kure, Japan, as part of an investi-
gation on the irradiated survivors of the Hiroshima
atomic bomb. An analysis of the findings with
respect to age and sex indicated that there were
a number of divergences from the usual Caucasian
expectancies. Associated with a slight anemia in
those over puberty there is a progressive increase
in the mean size and hemoglobin content of the
erythrocyte with increasing age, more pronounced
in the male, The hemoglobin concentration in the
cells is apparently reduced, The leukocyle counts
decrease with increasing age and all mean values
are somewhat elevated. Plasma protein levels as
determined by the copper sulfate specific gravity
method are higher than Caucasian normals, Reticu-

locyte counts are not unusual,

It has been emphasized that this “control” series
does not consist entirely of normal healthy indivi-
duals, but that a considerable amount of disease is
represented especially in regard to parasitic infes-
tation, Also there is an appreciable nutritional
imbalance present in the population. These two
factors are probably of greatest significance in the
interpretation of the observed divergences from
Caucasian expectancies, but in view of the com-
plexity of influences and inadequate data relative to
each individual studied interpretations must be
guarded.
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