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SUMMARY. An analysis of serum protein electrophoretic values has been performed in order to define
more clearly “normal values” and the association, if any, between selected diseases and serum proteins in
members of the ABCC-JNIH Adult Health Study. The influences of age, sex, and radiation were also
evaluated. It was found that the tolerance limits obtained for the protein variables had much overlap as
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between the diagnostic groups.
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INTRODUCTION

Since the serum proteins(albumin, | -globulin, & » -globulin,
/8 -globulin, and ¥-globulin) have been reported to be
abnormal in various disease states,"” clinicians have
regarded the measurements of these proteins by electro-
phoresis as a potential aid in diagnosis. However, the
utility of this procedure has yet to be evaluated, primarily
due to a lack of quantification of the variability of the
serum proteins within and between the general population
and specific disease groups.

Of primary importance in assessing whether serum pro-
teins are of diagnostic use is the establishment of a range
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of “normal values” in a healthy population. The ABCC.-
JNIH Adult Health Study examinations® present an
opportunity to assess the extent of this range in a control
population, because serum protein electrophoretic exami-
nations have been done on a routine basis for a large
ambulatory population as part of routine biennial physical
examinations.

It is also possible at ABCC to study the association of a
large number of diseases and the serum proteins. In order
to narrow the scope of the study to a manageable size it
was expedient to study only the following diseases: pul-
monary tuberculosis, renal tuberculosis, rheumatoid
arthritis, nonspecific hepatitis, and diabetes mellitus.
These diseases, with the exception of diabetes mellitus,
were chosen because of prior knowledge of reported
abnormalities of the serum proteins."® Diabetes melljtus
was chosen in the hope of being able to discriminate
between diabetics with and without various complications
on the basis of their serum protein values.

SAMPLE SELECTION -
Eight different groups were subsequently selected in order
to evaluate the effects of disease on the serum proteins.
For an individual to be included in any of the groups
several general criteria had to be met. First, the subject
had to be a member of the Adult Health Study sample and
have a T65 rad dose estimate.” Second, any given
diagnosis by which a subject was included in a specific
group had to be current at the time the electrophoresis
was performed. Third, the electrophoretic technique of
Briere and Mull® must have been used. In addition the
method of selection for each of the eight groups was as
follows:

Control I. The basic population from which this sample
was drawn consisted of the 1831 subjects in the Adult
Health Study population in Hiroshima who had their serum
protein levels evaluated during the period 19 May 1965 —
30 September 1966 and who were diagnosed as having
no disease. To insure, with a high probability, that an
individual in the Control I sample was also free from
subelinical disease the following criteria were used:

Blood. Hematoerit level within 2SD of the mean
(39.5 £8.8) and white blood cell count within 25D of
the mean (6500 £3800)."

Urine. WBC (0-2/HPF), RBC (0-2/HPF), protein trace

or less, and glucose negative.
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Serumglutamic pyruvic transaminase. Less than 30 /ml.

Alkaline phosphatase. Less than nine Shinowara-Jones-
Rinehart units.

Cephalin cholesterol flocculation. < 2.

Latex fixation. No reaction.

Cardiolipin microflocculation. No reaction.

Stool. Negative for occult blood, ova, and parasites.
Urine culture. No growth.

Chest Roentgenograms. Negative chest, no calcifications,
pleural thickening, or evidence of cardiac enlargement.

Electrocardiogram. Noncodeable by Minnesota Code
Criteria.

Only 185 of the 1831 subjects were free of disease based
on all of the above criteria.

Control II. The 369 subjects in this group met the same
criteria as in Control I group except for X-ray chest
roentgenograms which showed only parenchymal calcifi-
cations and/or pleural thickening.

Pulmonary Tuberculosis. All 33 subjects who had a

sputum culture positive for tubercle bacilli from 19 May
1965 — April 1967.

Renal Tuberculosis. All 17 subjects who had a urine
culture positive for tubercle bacilli from 19 May 1965 to
30 April 1967,

Hepatitis. All 29 subjects who were classified as having
hepatitis in a recent ABCC study® at or near the time
when the serum electrophoresis test was performed.

Rheumatoid Arthritis. All 36 subjects found to have
definite rheumatoid arthritis based on radiological and
clinical evidence.

Diabetes Mellitus I. All 76 subjects with a Wilkerson
score’ of 2 or more points on the glucose tolerance test
and free of diabetic complications.

Diabetes Mellitus II. The 12 subjects in this group met
the same criteria as in the Diabetes Mellitus I group and
had one or more of the following complications: nephro-
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pathy, neuropathy, retinopathy, myocardial disease, or
cerebral vascular disease.

METHOD

The results from serum protein electrophoresis exami-
nations have been expressed as a variety of different
variables. In the absence of any prior information as to
which variable is the most sensitive in diseriminating
between various diseases, it was decided to evaluate all
the usual variables considered in the literature. The
variables included albumin, « i -globulin, « , -globulin,
f3-globulin, ¥ -globulin expressed in terms of g/100 ml and
as a fraction of the total proteins. Other variables evalu-
ated which are functions of the preceding variables are
the total protein, total globulin, albumin-globulin ratio, and
the entropy.'’

The approach used was to establish “normal tolerance
"' for each of the 14 variables within each of
the eight selected groups, in order to determine the
probable overlap of observations between the control and
diseased populations. What is meant by a “normal toleriince
interval” is an interval which will cover a fixed portion
of a normally distributed population with a specified con-
fidence.

intervals

In order for a “normal tolerance interval” to be as accurate
and meaningful as possible the assumptions that the
population is homogenous and also normally distributed
must be met. The serum proteins have been thought to
be influenced by such factors as sex and age.” In addi-
tion, radiation in relatively high doses causes acute changes
in the serum protein fractions in the rat on a dose-specific
basis’* and in man.'® Since the study groups include
members of both sexes, of different ages, and of different
levels of radiation exposure, these factors should be
evaluated as to whether they are causing changes in the
serum protein variables resulting in heterogeneity within
the groups.

The groups were too small to analyze the effects of sex,
age, and radiation simultaneously by subdividing the groups

by the three factors. Therefore multiple linear regres-

sion'* was used to evaluate the effects of the three factors.

Each of the 14 electrophoretic values cited were consid-
ered to be dependent variables and were regressed one
at a time against the factors: radiation exposure in rad,
age, and sex (where a male was given a value of one,
and a female a value of zero). The analysis was performed
within groups to allow for possible interactions between
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the diseases and radiation, age, or sex. The regression
estimates were then tested to see if they differed signifi-
cantly from zero. If an estimate did differ significantly
from zero this implied that for the given population the
stated factor was probably not distributed randomly for
the variables concerned. In addition, an approximate test
for r10rrnalit}f”J was performed for each of the variables
within each of the samples.

A lack of influence of the factors age, sex, and radiation,
and normality would go a long way towards insuring that
the tolerance intervals represented the true situation.

RESULTS

The 13 regression coefficients which were significantly
different from zero at the .05 level are listed in Table 1
by group variable, and factor. Tests were performed for
each variable-group-factor combination, resulting in a total
of 14 x8x 3 =336 tests, 112 for each of the three factors
being studied. The expected number of regression
coefficients that would be called significantly different
from zero if they were truly equal to zero is 112 x.05
=5.6 for each of the three factors, or 16.8 in total.
If the tests were independent (actually, they are not) then
the probability that, as was observed, 10 of the age tests
would be significant, is about .06. On the other hand,
for the factor radiation only a single significant regression
was found, and the chance of observing so few is only
about .02. These probability values must be taken
conservatively since, as remarked above, these tests do
not actually satisfy the assumption of mutual independence,
but the general picture seems clear enough: There is no
evidence whatever for either sex or radiation effects on
the electrophoretic variables, but there is at least a
suggestion that age effects may be present.

In the approximate test of normality no deviation was
found except for the albumin-globulin ratio and the entropy.
could be obtained
for these variables. However, since a “normal tolerance
interval” would always be shorter than a “nonparametric

; S 16
“Nonparametric tolerance intervals”

tolerance interval” it was decided to treat these variables
as if they were normal and only make adjustments if in
the latter analysis they appeared to be sensitive in
discriminating between groups.

The mean values and standard deviations are shown in
Table 2 and the 14 x8 =112 “normal tolerance intervals”
in Table 3 by population and variable. The extensive
overlap of the intervals for the diseased populations and
for the control populations for all variables is most striking.
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TABLE 1 REGRESSION COEFFICIENTS STATISTICALLY SIGNIFICANT AT THE .05 LEVEL
#1 .05 REEIZHCTHSMCFRELZL R L 2 ERFRHE

Population Variable Factor

A EH kS
Control 1 FEBUR TR s Gamma # ¥ 7 g/100 m] Sex #
Control I HEE T M aonmimissii st Gamma # ¥ % % Sex %
Diabetes II  #iFEMAS 08 .. Albumin 7073 » 2/100 ml Age £#
Diabetes II #EESE0#H . Alpha 2 717 le % Age i
Pulmonary Tuberculosis fb#s#s® Albumin 77 El‘x /100 ml Ape HER
Pulmonary Tuberculosis ME&EEBE . Beta N g/100 ml Age @
Pulmonary Tuberculosis M8 ... Total Protein $#& 8% Age s
Renal Tuberculosis ¥FH#EEE . wee Alpha 2 7r7 22 2/100 ml Age G
Renal Tuberculosis 5 B 5 7% 3 Albumin 7 W ¥ 3 ¥ % Age w
Renal Tuberculosis WM Beta Ay % Age ##
Renal Tuberculosis BT ..vievveeneenne. Albumin/Globulin Age i

ThFiv  #Fudyrh
Renal Tuberculosis T i &5 H B . Entropy > rov— Age
Hepatitis AT s BF Gamma # ¥~ g/100ml Radiation oG8

TABLE 2 MEAN & STANDARD DEVIATION OF ELECTROPHORETIC VALUES BY POPULATION
£2 BWIETZERRBEOTYEE L CEERE

[tem y Cantrol I Control II  Diabetes I Diabetes II Rheum Arth Pulmonary TB Renal TB Hepatitis

HH MEEIE MEHIE BRHEIE ERESIE o< SHRMEAR R B NP
Subjects HBREH .ol 185 369 76 12 36 33 17 29
Albumin g/100ml Mean 12 4.255 4.179 4,300 4,143 3.948 3.857 4.106 4,279
TRT I SD  mufgz 504 517 441 .304 427 525 465 530
Alpha 1 g/100ml Mean ‘%2 296 306 .304 321 308 .320 262 264
FLT 1 SD  m#EE 091 .093 .091 .053 .081 082 081 081
Alpha 2 g/100ml Mean T .623 632 684 709 671 719 693 675
FNT 52 SD mwEE 112 118 157 124 .188 .165 158 L1150
Beta g/100ml Mean T4 672 658 693 663 703 655 702 718
Sy SD  gma@x 108 117 116 130 .143 108 141 L160
Gamma g/100ml Mean 7i 1.421 1.435 1.432 1.446 1.708 1.832 1.466 1.586
it SD mw@z 255 249 296 .299 422 505 .357 .342
Total Protein Mean i 7.267 7.210 7.414 7.281 7.339 7.382 7.230 7.521
ok dSh SD  mwmgz 533 530 556 674 680 AT 658 671
Total Globulin Mean F# 3.012 3.031 3.112 3.138 3.391 3.525 3.124 3.242
gBra7y SD A 413 A17 472 A72 548 622 606 .500
Albumin % Mean g3y 585 579 581 AT1 .539 523 AT0 569
AT D mwgxe 051 058 050 038 050 067 059 053
Alpha 1 % Mean gy 041 042 041 .045 042 044 036 036
AT 51 SD  pwmgz 012 014 010 006 012 012 010 011
Alpha 2 % Mean iy 086 088 092 098 091 098 096 089
THRT 2 SD  mamx 015 017 020 016 .025 020 017 017
Beta % Mean iy 092 .092 094 091 .095 089 096 095
= 5D @@z 015 014 014 014 018 015 017 018
Gamma % Mean T4y 196 .200 193 L198 231 247 202 201
A SD m#E®E 032 036 034 032 .043 058 .040 045
Alb./Globulin Mean ¥ 1.450 1.415 1.420 1.342 1.193 1.138 1.364 1.356
TRTIV A ART) ol SD  m#iEE 329 317 289 202 232 290 327 .308
Entropy Mean F# 1.710 1.722 1.724 1.755 1.783 1.799 1.734 1.725
Ly RO SD  m#EE 124 120 113 071 094 109 122 101




TABLE 3 TOLERANCE INTERVALS CONTAINING 95 % OF THE POPULATION VALUES WITH 95% CONFIDENCE

#3 ARERCHTIHMEROD% Y, BHOEEETEELSFEKME

Item Control I Control IT Diabetes I  Diabetes II Bheum Arth Pulmonary TB Renal TB  Hepatitis

AH M wERE R HESE IR MRSELE ) RMETRR SRR W I s at
Subjects #H®FH ... 185 369 76 10 36 33 17 29
Albumin 7 0 > 2 » g/100ml  3.171-5.338 3.093-5.265 3.287-5.314 2.896-5.389 2.889.5.008 2.538-5.175 2.776-5.435 2.921-5.636
Alpha 1 707 + 1 g/100ml  0.102-0.491 0.111-0.501 0.094-0.513 0.153-0.488 0.106-0.509 0.114-0.525 0.032-0.493 0.056-0.473
Alpha 2 7% 7 » 2 g/100ml 0.381-0.864 0.385-0.880 0.323-1.045 0.317-1.102 0.205-1.137 0.305-1.134 0.242.1.144 0,291.1.059
Beta T g/100m]l 0.440-0.905 0.411-0.904 0.426-0.960 0.250-1.075 0.348-1.059 0.384-0.925 0.300-1.105 0.309-1.126
Gamma # >~ g/100ml 0.873-1.969 0.912.1.957 0.751.2.113 0.500-2.391 0.662.2.756 0.562.3.102 0.446-2.487 0.708-2.463
Total Protein #  /5 fit 6.121-8.413 6.097-8.323 6.135-8.692 5.149-.9.413 5.652-9.025 5.933-8.831 5.3489.112 5.800-9.242
Total Globulin # v 7Y »  2,125-3.900 2.155-3.907 2.026-4.198 1.647-4.630 2.031-4.750 1.963-5.088 1.390-4.859 1.961-4.523
Albumin 773 » & 0.476-0.695 0.457.0.701 0.467-0.695 0.452-0.688 0.418.0.661 0.355-0.692 0.401.0.739 0.433-0.705
Alpha 1 v0v7 -1 % 0.010-0.071 (.013-0.072 0.018-0.064 0.012-0.076 0.017-0.067 0.018-0.069 0.007-0.065 0.010-0.061
Alpha 2 vnv -2 % 0.055-0.116 0.052-0.124 0.046-0.138 0.053-0.142 0.031-0.152 0.047-0.148 0.046-0.145 0.045-0.134
Beta N % 0.062-0.123 0.062.0.121 0.061-0.126 0.046-0.135 0.053-0.139 0.053-0.124 0.047.0.146 0.051.0.139
Gamma # » ~ % 0.127-0.264 0.124-0.275 0.114-0.272 0.098-0.298 0.126-0.337 0.100-0.393 0.088-0.316 0.097-0.326
Alb. /Globulin 0.742-2.158 0.749-2.081 0.755-2.084 0.703:1.981 0.617-1.769 0.409-1.868 0.429-2.301 0.569-2.145
Th7: oy 7009 1
Entropy = > Fo¥— 1.443-1.977 1.469-1.974 1.463-1.985 1.527-2.071 1.387-2.085 1,466-1.982

1.535-1.977 1.549-2.017

This indicates that given a serum protein electrophoretic
variable from an individual in an unknown population,
a given individual could not be assigned with any confi-
dence to one of the eight populations on the basis of any
one electrophoretic variable alone. However, the possibility
does exists that by using some discriminant analysis
technique” better diagnostic utility could be obtained.
This was not tried since a preliminary inspection of the
data did not seem to warrant such a detailed investigation.

DISCUSSION

The tolerance limits obtained for the protein variables
had so much overlap that it was not possible on the basis
of a single electrophoresis variable to distinguish unequivo-
cally between individuals in the groups studied. This
does not rule out the possibility that, in conjunction with
other evidence, data from serum protein electrophoresis
may be useful for diagnostic purposes.

It is interesting to compare the values in controls with
others given in the literature, even though it is possible
that any differences noted may be due simply to laboratory
variation. It appears that the meany -globulin levels are
elevated in Hiroshima compared to the results obtained
in similar studies in other countries.'® Possible expla-
nations for this elevation of the ¥ -globulin could be found
in the Japanese diet or in the presence of endemic and
subclinical liver disease.
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It has been shown that people, free of disease subsisting
on normal diets supplemented by large quantities of carbo-
hydrates, will demonstrate elevated ¥ -globulin levels
accompanied by a slight diminution of the serum albumin
fraction.'® Since the diet of the Japanese population is
approximately 50% richer on a per gram basis than the
American diet in carbohydrates, 1% it would be reasonable
to expect some elevation of the 7y -globulin on this basis
alone.

The elevation of the y.-globulin fraction could also be due
to hepatitis,20 infectious or serum, which is endemic in
the Hiroshima area.® Although attempts were made to
screen out those with hepatitis, it is possible that some

subelinical cases may have been included.

Age has been reported to be associated with changes in
the albumin, « -globulin, and 3-globulin.’ At ABCC,
the study group consists of ambulatory and, for the most
part, working people. In contrast, the studies previously
cited utilized inpatients as study material, and this
difference could explain our inability to obtain more than
weakly suggestive evidence for age relationships.

Winkler and Paschke '* have demonstrated a dose-specific
change in the serum proteins of rats exposed to total
body irradiation. Of further interest, these investigators
found that the time until changes in the serum proteins
occured, was inversely proportional to the dose in rad
received.

Kyker, ' studying eight patients who received total body
irradiation during a nuclear reactor accident, noted the
presence of increased total proteins 4 days later. The
total proteins then gradually fell to normal levels until
approximately 8 weeks later when they again rose, then
fell to normal levels. At present, further follow up of
these patients is not available. However, the study suggests
that in those who survived whole body irradiation, the
serum proteins, though initially disturbed, will gradually
return to normal. The present study supports this conclu-
sion since a subject’s radiation dose did not appear to
alter significantly any of the protein variables. Further-
more s the serum electrophoreses of the fishermen aboard
the “Lucky Dragon” who were estimated to be exposed
to 170-700 rad, are reported as being normal.*’
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