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SUMMARY

Immunoglobulin levels (I1gG, IgA and IgM) were

determined on 2043 individuals in the ABCC-JNIH
Adult Health Study population, and levels were
compared to disease states and the dose of radiation
ATB. Mean levels for both cities and sexes combined

were [gG 1577 mg%, IgA = 312 mg%, and IgM
= 127 mg%. Differences between these mean levels

and those reported in other studies are thought
secondary to racial and environmental factors, and
technical differences with the methods used for
quantitation. Females had higher IgM levels that
tended to go down with advancing age. Of the diseases
evaluated, rheumaroid archricis, cirthosis and
pulmonary  tuberculosis affected immunoglobulin
levels the greatest. There was no apparent relation-
ship between radiation dose from the atomic bomb
and immunoglobulin levels determined more than 25

years after exposure.

INTRODUCTION

The determination of serum immunoglobulin levels is
now becoming a routine procedure in the complete
evaluation of the patient, necessitating the establish-
ment of normal levels for proper evaluation of results.
Published reports show a considerable degree of
variation in normal levels in different population sl-14
Some of this variation comes from the different

techniques used. Much more seems to come from
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environmental, age, sex, and disease characteristics
of each individual study population. It thus seems
important that normal levels be established within
each population for evaluation and comparison.

In 1958, a detailed clinical study of a segment of
the ABCC-JNIH Adult Health Study (AHS) sample,
population of Hiroshima and Nagasaki, was begun
in an attempt to ascertain late effects of the atomic
bombs. 15,16 The study population, composed of
exposed and age- and sex- matched nonexposed
individuals, is followed with biennial physical and
laboratory examinations. The study is so designed
that for any consecutive period of 2 months or more a
representative cross-section of the entire study
population is obtained. At present there are
approximately 13,000 people undergoing examination.

The present study reports the results of immuno-
globulin IgG, IgA, and IgM quanttation on 2043
individuals in the AHS. The normal ranges of
immunoglobulin levels are defined, and relationship
with specific disease categories and with radiation
dose from the A-bombs is evaluared.

METHODS

Sample. Serum was obtained from all AHS parients
coming to the clinic for routine biennial examination
from 2 November 1970, to 6 April 1971, in Hiroshima,
and from 2 November 1970, to 29 January 1971, in
Nagasaki. The total number for study was 2043, with
555 males and 970 females in Hiroshima, and 205
males and 313 females in Nagasaki. A tentative
dose of radiation received from the bomb has been
assigned to all exposed individuals in the AHS.17
For a small group, dose estimates are not available
because of insufficient shielding data. Controls for
the study are individuals with an assigned dose of
less than 1rad, and people who were not in the city
at the time of the bomb (ATB), but who moved into
the city at a later date.

Serum. For each patient, 0,5cc of serum was
separated from the routine serology blood sample,
placed in a small glass tube and frozen ar —20C.
These samples were thawed only once, on the day
of immunoglobulin detemmination. Quantitation was
usually done within 3 weeks from the date the serum
was obrained.

Immunoglobulin Quantitation. Immunoglobulin levels
were determined in mg/100ml by single radial
diffusion using commercially available plates and
standards (Hyland Laboratories).18 On any given
test day, plates from the same lot were used, and for
each of the immunoglobulins, 1gG, IgA and IgM,
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three standards were placed in the first plate with
A low,
medium and high standard was used for each immuno-
globulin. Precipitin ring diameters were measured
with a 7X magnifier calibrated in tenths of a
millimeter.

one standard in each subsequent plate.

Analysis. Most patients in this study had had five
or six previous routine biennial clinical wvisits.
Laboratory data, including hemoglobin, sedimentation
rates, white blood cell counts with differential,
bacteriology for sputum culture and sputum and
urine mycobacterium cultures were available on
computer tapes for six exams, including the present
exam on which the immunoglobulin detemination was
made. For each of the clinic visits, including the last
visit when immunoglobulin levels were determined,
disease diagnosed at ABCC was available on tape,
coded by the first three digits ‘of the Intemational
Classification of Diseases (ICD), Eighth Revision
(see Appendix A).

Tolerance intervals were derived to describe the
range of Ig levels. 19,20 Age, sex, laboratory data
and past or present diagnoses were examined for
possible relation to immunoglobulin level,

RESULTS

Non-parametric tolerance
constructed so that under repeated

Immunoglobulin  Levels.
intervals,
sampling they will with 95% certainty include 90%
of the population, are given as follows:
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F emale
IgG (mg %) 880-2500 1000-2420
IgA (mg %) 145-550 150-520
1gM (mg%) 44-205 53-270

Intervals based on log-transformed data and Gaussian
theory are similar.

Sex and Age Differences.
butions of the study sample for the two cities are
shown in Figure 1 separately by sex, and by cities
separately and combined. The range in age for
Hiroshima was 26-85 for males (average age 53.4
years) and 25-89 for females (average age was
53.4 years), and for Nagasaki was 26-80 for males
(average age 49.9 years) and 25-82 for females
(average age 47.7 years). The mean Nagasaki age
is about 4 years less than for Hiroshima, but when

The current age distri-

the data for the two cities are combined, the males
and females have the same mean age (52,5 vs 52.0).

As seen in Table 1, the mean [gG level for females
is higher than for males; this difference is significant
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FIGURE 1 DISTRIBUTION OF STUDY SAMPLE BY CITY & SEX
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Cities Combined

0 10 20 30 40

% OF PERSONS IN EACH 10-YEAR AGE GROUP

MALE FEMALE
MEAN AGE NO. MEAN AGE NO.
HIROSHIMA 534 555 534 970
NAGASAKI 49.9 205 41.7 313
COMBINED 52.5 760 52.0 1283

(P<.001). Females also have significantly higher
mean [gM values than males in both cities (P <.001).
Mean IgA values are higher in males in both cities
but the difference is not significant. Figure 2
shows the frequency distribution by sex, 10-year
age groups and also age groups together, for IgG,
IgA and IgM, cities combined.

Regression analysis of immunoglobulin level vs age
was performed separately by sex for each immuno-
globulin (Figure 3). For IgM, the slope of the
regression for females was different from males
(P <.001); female IgM levels declined with increasing
age (P<.001). The difference between the male
and female IgG regression slope is significant
(P <.005); male IgG levels rose with increasing age
(P <.005). IgA levels in males also rose with
increasing age (P <.005).

LEEERL, Z2OZ2RHFERTHZ (P <.001). IgMF
BiEd, mifebicaErBgLsvtEE LGP
L001) . IgA M, Wit BEIFSHEE RT D,
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IgA LU MG H e R L .
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ER AT & R iT - 2 (K 3 ). [gM TIE, EREHRO
R BLMTRE->TWA(P<.001); ZHEIZETS
IgM 1%, FEOHEME L LIZFREERLAL (P <.001).
IgG OB HELBEMTEELZKH -7 (P <.005);
Btk oG fE1z, EWHoMMELLIZERFE2ELA(PC
L005). BB 2 gAfES, THOMMNEELIZER
LA (P<.005).



TABLE 1 ARITHMETIC MEAN IMMUNOGLOBULIN LEVELS, BY CITY AND SEX
#1 WEZ G T R i - R

Arithmetic Mean and SD

Male Female Total
IgG Hiroshima X 1510 1586 1559
SD 461 449 455
Nagasaki X 1586 1662 1632
SD 503 455 475
Total T 1531 1605 1577
SD 474 451 461
IgA Hiroshima 7 316 311 313
SD 126 113 118
Nagasaki X 323 300 309
sD 138 103 118
Total X 318 308 312
SD 129 111 118
IgM Hiroshima X 107 141 129
SD 48 66 62
Nagasaki X 100 138 123
SD 15 62 59
Total X 106 140 127
SD * U7 65 62
Low, Normal and High Ig Levels. When the tolerance eEFOTYLATCET3EE, EEES L USE

fncervals were used o define the expected range, = WEMRMCETV CMIENEEERL L. FRIRT &
total of 489 immunoglobulin levels outside the

3 e 3 3 horh iz i ; o7y vE
expected range were found in the 2043 individuals ) 12, BHRE 2043 AR 12 IRFEE PR b ) R 1% 2
in the study population, as follows; HEEt 489k b - 2

Males Females

Low Expected High Low Expected High

1gG 29 703 28 49 1178 56

TgA 29 701 30 54 1178 51

IgM 27 703 30 51 1177 55

85 88 154 162
Relationship to Radiation Dose. The study population MEEEEORFE., #HEAsERLILE - TROSHL
was divided into five dose categories: unknown SELL - RO E, BB CHN WSS,

dose, not in thE.Cit_y J,\\.-l‘!:’;, 0-9 rad, 10-99 rad, and 0 =& i c")-"ﬁ‘, 10 =99 rad O & £ 0° 100 rad 1) Lo
100 +rad. The distribution by sex was the same

= ¥ il /-) rl} - o . A% i "J 154
for each dose group except for the 10-99rad group BT H 5. SHEEEC &1 3 BHE O MER 54 (31 U
where there were more females than males (23,9% g le: da ff L, 10-99rad 8T, &iEaBELY
of the females and 19.9% of the males were in this 20 (LEm23.9% EBIEM19. 9% 13 Z oM R I8 L

2
T/ ?ﬁcf? HERESa 7Y RN, ERES LU
low, normal and high Ig wvalues, there was no i

b : : - Th- 2 HITHL ’(nf"_‘fJ‘, RO T Sl
significant relation between immunoglobulin level ¢
and dose group. HRiE & ORI 'ff EaMEREOS NG

3

dose group). With subjects classified according to
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FIGURE 2 IMMUNOGLOBULIN DISTRIBUTION, BY 10-YEAR AGE GROUPS AND SEX
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FIGURE 2 Continued
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FIGURE 3 REGRESSION LINES FOR Ig LEVELS, BY SEX, WITH 95% CONFIDENCE LIMITS
MEAN lg LEVELS BY 10-YEAR AGE GROUP INDICATED BY a: MALES, o: FEMALES
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Relationship with Disease. Diagnoses from all
routine biennial clinic exams, including the seventh
exam on which immunoglobulins were quantitrated,
were tabulated by disease categories I-XIII and
XVI of the ICD, omitting categories V and XI
(see Appendix A). A diagnosis on any of the
clinic visits was tabulated, even if present on only
one visit.
were divided by low, normal or high immunoglobulin
level.

For each disease category, individuals

As seen in Table 2A and 2B, there were several
assocjations suggested between ICD diagnosis and
immunoglobulin level. However, because of the
lack of specificity in this method of analysis, no
conclusive trends can be determined.
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TABLE 2 FREQUENCY OF DIAGNOSIS, BY ICD CATEGORY, WHERE RELATION TO IMMUNOGLOBULIN
LEVEL IS SIGNIFICANT

2 GEruUT) CiicHELMEERL L& ICDERTHIZS T 22TOMRE

A. PERCENT WITH AT LEAST ONE DIAGNOSIS IN A PREVIOUS EXAMINATION (FIRST 6 CYCLES)

Male Female Significance level
ICD — e e
Category Low Ig  Normal Ig High Ig Low Ig Normal Ig High Tg Male Female
IgG I 55 46 57 27 48 48 05
11 7 7 11 2 12 11 10
111 3 20 36 18 25 21 01
VII 38 45 61 41 42 57 .10
IX* 35 23 25 25 18 29 10
X 7 5 21 22 27 30 10
XvIs 17 14 29 16 11 13 10
Igh I 17 20 27 11 25 37 01
IX 31 23 40 19 19 14 10
X111 7 17 27 13 22 33 .05
XVI 17 14 27 13 11 22 10
IgM 1 30 47 47 45 48 31 .05
VII* 41 45 53 Lo~ 99 42 38 .05
IX 19 23 43 26 19 15 .05
X 15 5 17 24 28 16 01

X1 22 16 17 31 22 13 .10

B. PERCENT WITH DIAGNOSIS CONCURRENT WITH IMMUNOGLOBULIN DETERMINATION (7"TH CYCLE)

€D Male Female Significan},—c level
Category Low Ig  Normal Ig High Ig Low g Normal Ig High Ig Male Female
1G I 38 24 39 16 21 16 .05
VI 21 18 39 12 15 14 05
IX* 21 21 21 16 13 32 .0
XII 10 2 4 4 3 5 .05
; XVI* 3 0 4 0 1 2 05
' IgA i 14 26 37 7 21 16 05
IgM v 7 2 ¥ 12 10 11 .10
VI 19 19 i g 26 15 11 .10
VII* 22 37 30 53 32 24 .01
XVI 7 0 0 e 1 0 .01

Relations significant and with same trend in both Tables 4A and 4B are marked with an asterisk (*).




TABLE 3 MEAN IMMUNOGLOBULIN LEVELS BY Ig GROUP
(LOW, NORMAL, HIGH)

#£3 BRETOTY CBERSE A, Exil, &L 000
IEWARIETT T
Low Normal High
1gG a) Mean 825 1514 2865
N 18 391 11
bj Mean 781 1564 2841
N 60 1490 73
IeA a] Mean 118 300 631
N 23 383 14
b) Mean 120 309 646
N 60 1496 67
IgM a) Mean 39 129 302
N 15 390 15
b} Mean 41 122 297
N 63 1490 70

a) Persons with no diagnosis concurrent with Ig determination

b} Persons with at least one diagnosis

There were 121 individuals who had had no diagnased
disease the six clinic visits and 420
individuals free of disease in the current examination.
Table 3 gives for the current examination the mean
low, normal and high level for those with no diagnosed
diseases,
disease.

in first

and for those with at least one diagnosed
There is no difference in mean value at the
low, normal or high level between those with no
disease and those with disease. Also, the mean
levels for those in the expected range are essentially
the same as those for the whole study population
(Table 1). Similar results are obtained when the six
previous examination cycles are analyzed in the
Same manner.

Forty-nine specific disease diagnoses were tabulated
by the first three digits of the ICD for all 2043
individuals in the study population. Diagnoses that
had been made on 10 or more individuals are listed
in Tables 4 and SA and 5B with their distribution by
sex and immunoglobulin level. There were no cases
of multiple myeloma, leukemia, or systemic lupus
erythematous. Few of the diseases showed a
significant or consistent correlation with high or low
immunoglobulin levels, but the significant relation-
ships observed were generally found to hold for both
diagnoses in
examinations. Both sexes with rheumatoid arthritis
showed a positive correlation with high IgA levels.
With respect to respiratory tuberculosis, males with
high and low IgG levels were significantly increased
in number, whereas females with abnormal IgA levels
It

current and diagnoses previous

and high [gM levels were significantly reduced.
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TABLE 4 DISTRIBUTION OF SELECTED DIAGNOSES BY SEX, IMMUNOGLOBULIN LEVEL, AND PRIOR OR

#4

LI & 12 5 Blo b

S~

RZ =

PRESENT EXAMINATION

B AEREOSR: R - RE ST T N

Number of persons diagnosed at least once
in up to six previous examinations

Number of persons diagnosed in examination
concurrent to Ig determination

Female

Male Female Male
Ig Low Normal High Low Normal High Low MNormal High Low Normal High
Cancer - Stomach G 5 7 1 1 ] 3 1 4
A T 1 T 3 5
M T 1 T 2 1 5
Cancer - Thyroid G 1 1 8 1 7
A L 6 2 1 3 2
M 2 4 1 1 7
Rheumatoid Arthritis G 1 12 39 2 11 19 3
A 11 2 Sugg 1 35 5+ 10 1 17 5xs
M 1 12 1 39 1 11 it 21
Eczema and Dermatitis G 1 26 5 61 3 3 8 1 1 12 1
A 26 1 3 62 4 11 2 11 1
M 1 25 1 2 64 3 11 1 2 12
Chronic Bronchitis G 3 11 e ~20 12 i0
A 1 12 1 20 12 10
M 1 12 1 2 18 11 1 il 9
Sinusitis G 3 32 2 1 86 3 ] 1 18
A 2 33 2 4 82 4 7 2 1 15 2
M 1 32 4 85 4 9 17 1
Pyelitis G 4 40 3 1 7
A 3 1 3 37 3 1 7
M 3 1 1 41 1 1 6 i
Tuberculosis-respiratory G 14 182 13 3 254 10 11 128 9 Sugg 2 167 &
A 6 197 6 7 253 7 4 136 8 2 170 3
M 5 197 i 20 243 ~ L) 3 137 8 13 157 5 Sugg
Tuberculosis-other G 6 1 13 1 1 5 1
A 6 1 12 2 1 4 I
M 1 (i 1 13 1 5
Cirrhosis G 1 27 5** 16 2 1 21 3 1 10 2
A 3 23 i 1 15 2 1 19 5+ il 9 ]
M 30 3 1 16 1 21 4 11 1
Significance level of X* test: Total number of persons in each group
ey PRS0l
* 01<P<.05 Male Female
Sugg .05<P<.10 Low Normal High Low MNormal High
1zG 29 703 28 49 1178 56
IgA 29 701 30 54 1178 &1
IgM 27 703 30 51 1177 55
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TABLE 5 MEAN IMMUNOGLOBULIN LEVEL FOR INDIVIDUALS WITH AND WITHOUT SELECTED DIAGNOSES,
BY SEX, FOR PRIOR AND PRESENT EXAMINATIONS

#5 Ll sRom2tHERERA2HTAHELALZ B CHITA0ES D7) v OFEEIE: ET

Male Female

With dx W/0 dx P-value With dx W/0 dx P-value

A, DIAGNOSIS IN FROM ONE TO SIX PRIOR EXAMINATIONS

Chronic sinusitis N= 37 723 a0 1193
IgGG 1597 1528 1598 1605
lgA 364 316 .05 317 308
TgM 114 105 152 139 10
Cirrhosis of liver N= 33 727 18 1265
IgG 1873 1516 001 1677 1604
IegA 403 314 0ot 349 308
IgM 131 104 01 163 140
Infections of kidney N= 4 756 43 1240
1gG 1900 1529 1795 1598 L0l
IgA 480 317 05 d11 308
IeM 127 105 139 140
Rheumatoid arthritis N= 13 747 41 1242
IG 1511 1531 1747 1600 05
IgA 439 L3446 L001 340 307 .10
IgM 105 106 144 140
Tuberculosis N= 186 574 250 1033
leG 1597 1510 .05 1613 1603
Igh 329 3156 313 307
IgM 103 106 129 143 .01

B. DIAGNOSIS IN EXAMINATION CONCURRENT WITH Ig DETERMINATION

Chronic sinusitis N = 9 723 18 1265
IgG 1931 1526 .01 1489 1606
IgA 390 317 10 318 308
[gM 108 105 137 140
Cirrhosis of liver N= 25 735 13 1270
IgG 1844 1520 A0 1716 1604
IgA 393 315 .01 410 307 .001
IgM 128 105 05 165 140
Infections of kidney N= 1 759 7 1276
IgG 1880 1531 1644 16056
IgA 660 318 240 309
IgM 210 105 158 140
Rheumatoid arthritis N= 11 749 22 1261
gl 1392 1533 1782 1602 .10
TgA 365 v 405 307 001
IgM 111 105 152 140
Tuberculosis N = 149 611 179 1104
1gG 1566 1522 1608 1604
TgA 340 313 .05 310 308
TgM 110 104 131 142 10
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was not possible to determine current degree of

Those indi-
viduals with a positive sputum and X-ray evidence

activity for pulmonary tuberculosis.

of active disease (few) could not be separated from
those with only X-ray evidence of past disease
(most). Males with cirrhosis had a positive corre-

lation with high IgG, IgA and IgM levels, as did

females with high IgA.

Relationship to
Laboratory

Hematology Laboratory Results.
data available from the current clinic
visit were compared to the immunoglobulin levels,
grouped as low, normal and high. Significant results
are summarized in Table 6. For females high IgG
was associated with a neutrophil differential of
less than 50 % (P =.001), and high [gA was associated
with a neutrophil differential of 50 %
(P=.01) and a lymphocyte differential of more than
50% (P=.01) of the white blood cell count. These
relationships were not present in males.

less than

WECHEMEERET S22 WETEEI. Tabb,
AR A B TIE MR BROXEN AT 28 (D
) SMIBEO XS A AT HE (KEH) 2O
ErlAcE iz, WHELEMRNCIE, B G, IgA
FLU MO EE S EOMBEERL, LfhidIgh o &
LHHMERL .

MARERBEOMER. SHOBRETERD S W&
ARSI, ERESETEEOEETIom T 2 R
so7) Aok EIT Ao, FEIRBEELEL
ERILA, BMERESEREAH S L, T, GCO&
MBERTHI U PESOSLL FORIZ£{ (P =.001),
IgA @Ol & 75 3 & A ERSO% LI FO B (P = 01) &
EU 0% L LD (P= .01)Igh 7. B
Tk, ZOMOBMFEILEL L h -,

TABLE 6 SIGNIFICANT RELATIONS BETWEEN IMMUNOGLOBULIN LEVEL AND VARIOUS
HEMATOLOGY TESTS, BY SEX

#6 WEFOTY AHEEELMESRL MEHmE: N
Test Sex lg level 'Srgni[icancc level Relation
Hemoglobin M IgA High 05 Excess in 100-119 group
decrease in 150+ group
F IgA High and Low .10 Excess in 100-119 group
Neutrophils F TG High 001 Excess in <50 group
F IgA High 01 Excess in <50 group
Lymphocytes F lgA High 01 Excess in 50+ group
Monoeytes M TgG High 0 Excess in 10+ group
Eosinophils F IgG High .10 Excess in 9+ group
Basophils F I[gM Low .05 Excess in 3+ group

Classification categories used are:
Hemoglobin

White blood cell count =40, 40-49,
Neutrophils <50, 50.69,
Lymphocytes <25, 25-49,
Monocytes <10, 10+
Eosinophils <5h, 5.8, 9+
Basophils <3, 34

DISCUSSION

This study was designed to define the baseline
I1gG, IgA and IgM levels in the AHS population,
and to investigate the relationship between these
To this end
approximately 15% of the current study population
was the population
determined.  For both cities and

the overall levels are
IgA=312mg% 1eM=127 mg%
These values, especially for IgG and
are generally greater than those reported as

levels and the presence of disease.
screened and range of each
immunoglobulin
sexes combined,
1gG=1577 mg%,

(Table 1).
IgA

mean
and
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<100, 100-119, 120-149, 150+
50-99, 100+

70+
20+

£ =

ASEOWER, KARBERAEEMIZST S G, 1gM
FEUIgA o & E L, ME L ERE:OMFEE
KHT A LaBRTI3LDTH--.
WHEMORB%D A7) — = v T &,
FUHAEGE IO T ORI E RS .

FOlbiz, IO
Z O AER
el 4 & O
Bdr e Gt L A0S TEE L 1gG =157Tmg %, IgA =
emg%, HEUFIgM=12Tmg% TH -/ (#1).
5O, HizleG B XU gA i, fholETHREEN
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“*normal’’ values in other studies.1,3-5,10,11,21
Kalff! reviewed 45 separate series of normal values
for immunoglobulin levels published berween 1960-69,
a total of 2576 individuals. Four of these series
had mean IgG levels comparable to that found in
this study, while 34 had mean IgG levels between
900-1250mg%; 11 had mean IgA levels above 280 mg%
with a range of 112-530mg%; 19 had mean IgM levels
above 114mg% with a range of 60-292mg%. Because
the above published series mostly involved Caucasian
populations, the possibility of racial wvariation
being the basis of the higher mean immunoglobulin
levels in the Hiroshima-Nagasaki population needs to
be considered.

Blacks studied in the United States,4,6,22 South
Africa,2 Nigeria9 and West Africa8 have higher
mean IgG levels than whites from the same
areas,2,4,6,22 or from Britain.8,9 Mean IgA levels
also tended to be higher in the black populations,
though to a lesser degree.
inconsistent between the black and white populations.

IgM differences were

McFarlane et all? studied 150 Jamaicans and 65
Nigerians with the following results: for Jamaicans,
the mean [gG=1318mg%, mean [gA=266mg%, and
mean [gM=102mg%; for Nigerians the mean
1gG=3657mg%, mean IgA =237mg% and mean
IgM=121mg%. It is suggested that the higher IgG
in the Nigerians may be the result of endemic
malaria, but no data is included to support this.

Whether these group differences are racial or
environmental in origin cannot be determined. In most
cases the socioeconomic status of the black swmdy
population is different from that of the white
popularion, suggesting that environmental factors
such as endemic diseases may be contributing to
the differences in the immunoglobulin levels. Yer
when steps are taken to minimize this bias, a
difference persists that could represent the basic
genetc make-up of the population. Several lines of
evidence point to some degree of genetic control
over immunoglobulin production. Twin studies have
shown a definite hereditary influence on the
immunoglobulin levels.23-25 Recent work with
reaginic antibody (IgE) suggests the presence of a
human Immune Response (Ir) gene linked to and
partially controlling the activity of the IgE gene, 26,27
similar to the Ir gene in the mouse.28 As suggested
by Buckley and Dorsey,6.7 it is possible that there
are Ir genes for the other immunoglobulins, that
these genes may segregate differently in various
racial groups, and that this may lead to true racial
differences in quantities of immunoglobulins.

Mean immunoglobulin levels in Japanese are
abailable from five series plus the current series:
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i, 196069 Iz EZ & N 40RO, & ite5TefE
T pE a7 /U)J};,ﬁi,'ﬂﬁ["JL‘ THESEIT- 2.
IgGFHEzA 2L, aBORET ;L/Alrla),#jﬂré‘ﬁﬂ,t
LEMBARSENATWVES, UBOMETIE 000% L
L1250mg% T & - /= ; IgA F¥fE1:, 1124h 6 530mg%
DEHIZHY, NRFORETIE 280mg% L ETH - 7 ;
IgM EHE 15, 604 6 292mg % OEEZH 1, 195 o8
BT 14mgB bl EToh -7, LRDFRET, FELT
HALMAENREFTEZEDTH 70T, LS BEBHD
HmEOGIE o 7Y o F i‘:l[ui#""" ZEDEREELT
ATERIZEROATHEME 2 FE L 41T E % 5 .

H Nzt e, 482 Fmopa V) gl b sl
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ENTWVZL,

MeFarlane 6 93, Vo= # ALV 2
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Number IgG IgA IgM

Yamakido et al ! 1097 -M 1193 221 56
75-F 1151 266 108

Suzuki et al'? 37 1504 504 .
Miyoshi 1# 40 1273 228 118
Onodera 14 20 1850 360 130
Hall et al%? 380-M 1676 278 87
423 -F 1678 277 121

Present report 760 - M 1531 318 106
1283 -F 1605 308 140

The report by Yamakido et al,
Japanese in Hawaii.

was a study of
The other four were of Japanese
in Japan. The Hall study included 803 members of
the AHS population in Hiroshima evaluated in 1968-69,
and used techniques identical to the present srudy.
As can be seen from these studies, there is consider-
able variation in the mean levels among Japanese
that cannot be ascribed to a racial difference and
These
individuals were listed as normal or were part of the

may represent the effect of environment.

AHS population and no obvious endemic disease
was present. The series by Hashimoto et al,
Miyoshi and Onodera are small and might not be a
true representation of the local population. The
Yamakido series is large but represents Japanese in
a different environment (Hawaii). The Hall series,
being from the same population as the present study,
lessens gross differences in environmental factors,
but reports mean levels of immunoglobulin significantly
different from the present study.

One factor yet to be mentioned is the experimental
procedure of radial
diffusion for quantitation of immunoglobulin. It is
generally accepted that there is a 5%-10% error on
repeat testing of serum samples with this method.18,30

variation with the single

Furthermore, the precision of the technique depends,
to a considerable degree, on the purity of the
standards used for comparison. Over the years the
monospecificity of the standards has greatly increased
with a resultant general trend toward lower, more
a trend seen in the review
This is most apparent with IgG, where

narrow nommal levels,
by Kalff.1
the largest variability of results on repeat testing is
observed. Besides purity, the actual standard used
and the method of reporting results are extremely
important if data from different studies are to be

compared. The World Health Organization, in a
statement in 1971,31 suggested thar all immuno-
globulin results be expressed in International
Units/ml following direct comparison of each
individual working standard to an International

Reference Preparation. The need for this was
apparent Wwhen multiple

quantitated IgG, IgA and IgM in the International

immunology laboratories
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Reference results in

the
mg/ml based on their own purified immunoglobulin

standards,

Preparation, expressed
and found the ratio of the highest to the
lowest detemnined values for IgG=2,2, for IgA=3.2,
and for IgM=5.0. When results of quantitation of a
single serum sample were expressed in terms of the
Preparation (IU/ml), the
1.17 and 1,31. No International
Reference Preparation was used in the present study,
thus making comparisons with other srudies as a
means of

Reference
ratios were 1,30,

International

showing environmental
the data should be

means of

genetic  or
influence difficult. At best
interpreced internally as a

trends

examining
the study
test procedures as

in immunoglobulin levels within
population under the specific
outlined above.

In the AHS population the mean IgM level is higher
in females as seen in Table 1. This is consistent
with most previous studies, 6,11,21,29 and has led to
the suggestion that the X chromosome carries genes
(possibly Ir genes) that influence the IgM level, an
idea that is supported by intrafamily [gM correlation
analysis22 and IgM level determinations inindividuals
with the normal or an abnormal number of X chromo-
somes.32 In the present study the IgG level is higher
This was not present in the Hall sctudy

infrequently

in females.
and in other reports.
Stoop et al33 found higher female IgG levels in
children and adults (small study of 30 adults) and
Buckley and Dorsey 0 found higher IgG levels in black

is only seen

women but not in white women.

An effect of age is also seen on immunoglobulin
level (Figure 3). IgG and IgA rose with advancing
age in males, whereas IgM in females declined with
age. Haferkamp et al34 and Kalffl report
positive correlation between age and IgG and IgA
levels, sexes mixed, whereas Lichtman et al4 and
Rowe et al8 report only a positive correlation
berween age and IgA levels. Buckley and Dorsey 6,7
found decreasing IgM and IgG levels in blacks and
whites, both sexes, For IgA
they found little change with advancing age. When
these investigators used least squares eighth-order

a similar

with advancing age.

polynomial regression to analyze their data, the same
general trends held; however, the curves now took
on a bimodal-type configuration with a rise and
subsequent fall in immunoglobulin level between the
ages of 50-80 for IgG and IgM in blacks and whites
and for IgA in blacks.

In the group of individuals studied by Hall, et al,
there was also an increase in IgG and IgA in males
with advancing age, along with a decrease in IgM
in females. just how age influences the immuno-
globulins is not known. The decline of IgM in

females could be related to changes in hormone
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status, menopause, and the activity of X chromosome
factors, as suggested by Johansson et al.21 Further
study is needed to determine the change in the
immunologic system with age.

A major thrust of this study was to define a relation-
ship between immunoglobulin level and the health of
the population. Individuals were divided into high,
normal or low for each immunoglobulin, and analysis
of past and present disease was carried out. First,
diagnosis made on each clinic visit, grouped by
general system categories of the Intemartional
Classification of Disease (see Appendix A) were
compared to immunoglobulin levels on the present
clinic visit.

As seen in Table 2A, for previous clinic visits,

various significant associations between diagnoses
and immunoglobulin level were found, but with no
constant pattern. The same was true of diagnoses
made on the clinic visit on which the immuno-
globulins were quantitated (Table 2B). No obvious

pattern is present. Further analysis of this type of
comparison is not indicated, for the disease caregories
seem too general.

The second approach to analysis was to compare
the immunoglobulin levels to 49 specific diagnoses
the 49
effects

made on past or the present clinic visit,
chosen because of known on
immunoglobulins.  Of rtheumatoid arthritis,
cirrhosis, pulmonary tuberculosis, chronic bronchitis
and chronic sinusitis showed significant associations

conditions
these,

with high or low immunoglobulin levels (Tables 4,
5A, 5B).

Rheumatoid arthritis was found to be associated

with elevated levels of IgA in males and females,
while females also had elevated I1gG. IgA elevations
alone, 35 IgG elevations alone36 or both37 have been
reported with rheumatoid arthritis and are thought
secondary to the active immunologic process of this
disease. IgA tends to be elevared more than IgG
and perhaps is related to a different immunologic
mechanism than is the elevation of IgG, for high
IgA is found in rheumaroid arthritis with or without
antigammaglobulin (rheumatoid factor)

elevated IgG is found in rheumatoid
arthritis only when antigammaglobulins are found. 37
The presence of rheumatoid factors was not tabulated
in the present study.

factors
whereas

Cirrhosis of the liver is another chronic disease
known to affect the immunoglobulin system. Males
were found to have elevated IgG, IgA and IgM,
whereas females had elevated IgA with suggested
elevations of IgG and IgM.
agreement with published reports of immunoglobulins

These findings are in
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Mamont and Eberharde3® studied 15
cirthotics, 5 with alcoholic cirrhosis, and found
elevated IgG, IgA and IgM. Hermans3? found elevated
IgG and IgA in alcoholic (Laennec’s) cirrhosis and
elevated IgM in biliary cirthosis. Wilson et al4?
found elevared IgG, IgA IgM in alcoholic
cirrhosis, with [gA the most elevated, and with the
degree of elevation directly related to the severity
of the liver disease.

in cirrhosis.

and

Pulmonary tuberculosis was found associated with
low mean [gM levels in females and increased numbers
of males classified as having **high’’ levels of IgG.
Elevations of all three immunoglobulins have been
reported with pulmonary tuberculosis. Rowinska4l
found significant elevations of IgG in 47 patients
with active pulmonary tuberculosis (positive sputum
culture). When separated by had
significantly increased IgM levels. Faulkner et al42
studied 32 patients with positive sputums and found
increased IgG and IgA levels, the IgA increase being
Tamblym et al43 found an elevated IgA

sex, females

gl’f.’ﬂtt‘[.
level in patients classified as having moderately or
far increase in
those with chronic or minimal tuberculosis. Anti-
tuberculosis therapy led to a reduction in IgA level,
a persistantly high IgA correlating with therapeutic
resistance. Buckley and Dorsey#44
increased IgG level in tuberculosis with no significant
increase in [gA or IgM.

advanced twberculosis, with no

reported an

IgM was significantly lower
in blacks with tuberculosis as compared with healthy
black the present study
consistent finding was the low IgM in females with
tuberculosis. that
the degree of activity of disease was not determined
and so individuals with active disease cannot be
separated from individuals with only X-ray evidence
of past disease. Without this information, the
comparison of the present data with that from studies
of individuals with active disease is difficule and
should be drawn

controls. In the most

It is impertant to note, however,

no conclusions from such a

compari son.

The
between immunoglobulin level and disease was to
immunoglobulin hematologic
laboratory test results. High [gG was associated
with reduced numbers of neutrophils and increased
numbers of lymphocytes.
significant.
high IgG - low neutrophil, and could represent the

third approach to evaluating the relationship

compare levels to

Other changes were not
The most significant association is

effect of wviral illness on the white cells and
immunologic system, for systemic viral illnesses
can markedly reduce the total white blood cell

count and the percent of neutrophils.

The effect of radiation was evaluated by comparing

immunoglobulin levels (high, normal, low) to dose
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received ATB (unknown, not in city, 0-9rad, 10-99rad, TR, NI o, 0-9 rad, 10-99rad,
100+ rad). No association was found, and this is in Worad DL F) ot air- AW s oMM S s R

agreement with the Hall data.29 Lo t, Zhig, Hall @&

w
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APPENDIX A Disease Categories
ft 43 e oy H

ICD-I Infective and Parasitic Diseases
ICD-I1 Neoplasms
ICD-III Endocrine, Nutritional and Metabolic Diseases
Icp1v Diseases of Blood and Blood-forming Organs
1ch-v Mental Disorders
ICD-VI Diseases of the Nervous System and Sense Organs
ICD-VII Diseases of the Circulatory System
ICD-VIIL Diseases of the Respiratory System
ICD-IX Diseases of the Digestive System
1CD-X Diseases of the Genito-urinary System
ICD-XI Complications of Pregnancy, Childbirth and Puerperium
ICD-XII Diseases of the Skin and Subcutaneous Tissue
ICD-XIII Diseases of the Musculoskeletal System and Connective Tissue
ICD-XVI Symptoms and Ill-defined Conditions
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