ST
A

i




THE ABCC TECHNICAL REPORT SERIES
ABCCX®isdsE

The ABCC Techniecal Reports provide a focal reference for the work of the Atomic Bomb
Casual ty Commission. They provide the authorized bilingual statements required to
meet the needs of both Japanese and American components of the staff, consultants,
advisory councils, and affiliated governmental and private organizations. The reports
are designed to facilitate discussion of work in progress preparatory to publication,
to record the results of studies of limited interest unsuitable for publication, to
furnish data of general reference value, and to register the finished work of the
Commission. As they are not for bibliographic reference, copies of Technical Reports
are numbered and distribution is limited to the staff of the Commission and to allied
scientific groups.

TORMEREEDE, ABCCOSHROFBI M LTHEANOESARLHELLIILT280TH - T,
ABCCHEE - R/ - s BUERUEMoMEERESEoER Y2t nil@Ths s, Ihix, #H
W TREEOMEO RN LRI e, FHACREEARE S SN T THEINE L2 WP O CR & MR
L, S BEC 5L BRBAHEMEL, XABCCIS TR YL AEMELET S0 12HE
EREEOTHS. ANEXEE LTOjHEEME T3 E0TR 425, ZOERMBEEEMz &
HFRAFLTABCCRARUVMEFEFNIOARMT 5.




ABCC- NIH ADULT HEALTH STUDY HIROSHIMA 1959
ACHLORHYDRIA

ABCC —FifF HRAfREENRAE LB 1959
5 g

-

Jerome L. Knittle, M.D.

From the Department of Medicine

ATONIC BOME CASUALTY COMMISSION
Hiroshima - Nagasaki, Japan

A Research Agency of the
U, 5. NATIONAL ACADEMY OF SCIENCES - NATIONAL RESEARCH COUNCIL
under a grant from
U. 5. ATOMIC ENERGY COMMISSION
adpinistered in cooperation with the
JAPANESE NATIONAL INSTITUTE OF HWEALTH OF THE MINISTRY OF HEALTH & WELFARE

MO oW A O = oM =
Eow — B e
W o4 @& [@E i F B ol %k B RO
& oFe R E X
H[F Y B - 5 W S Moo fE BN o M

(RERF DT A ETHAMCNS)

TECHNICAL REPORT

11-60
¥ W W

A
=

=



ACKNOWLEDGHENT
BHOSE

The author wishes to thank Mr. Hideo Fujisawa, ABCC Department
of Statisties for statistical analyses.

FEHITZABCCHAMMRFTEREKMIT L - 2B FAER Iy LEBRH OB &
T 3.



TABLE OF CONTENTS

B X
Page

LIST OF TABLES
WALR—BE
INTRODUCTION 1
w3
MATERIAL AND METHODS 2
R & Fik
RESULTS 3
B
DISCUSSION 6
= %
SUMMARY 10
B O
REFERENCE S 11
£ & L

-

LIST OF TABLES
BAR—EEX

ALL DATA FOR ACHLORHYDRIA, ABCC-NIH Adult Health Study, FEBRUARY-JULY 1959
LFoEE 219594 2 A—7THOMESORARERE c b TEE L ERERRIZL S

Page
Test Results by Age at Examination, Sex, and Exposure Group 4
AR RS, 1, BOREED O RN
Prevalence by Age 4
S i 9 5 3
Prevalence in the Proximal Exposed Groups 1 and 2 by Age and
Distance from Hypocenter 5
B 15 UE 2RI OER - BRI R
Prevalence by Age and Blood Type 6

- MR R0 s



ABCC. NIH ADULT HEALTH STUDY HIROSHIMA 1959
ACHLORHYDRIA
ABCC—TH MAREH#AE LS 1959

=

INTRODUCTION

The highest reported frequency of cancer
of the stomach was found in Japan, where it
is the leading cause of death among all
malignant neoplasms.l Also, during the
past twenty years incidence of cancer of
the stomach has shown a significant
increase in Japan as compared with the
1-3  por
these reasons a study of the problem of

decline seen in Europe and America.

carcinoma of the stomach was undertaken .at
the Atomic Bomb Casualty Commission (ABCC)
in Hiroshima.

A great deal of work has been done in the
past to substantiate the existence of a
genetic background in cases of cancer of
the stomach, and many environmental factors
have also been studied, including irradi-
ation.2s 46

The present investigation was undertaken
within the Adult Health Study to determine:

The frequency of achlorhydria in the
Hiroshima Adult Health Study population
because of the well-known tendency for
achlorhydria to increase in cancer of the

stomach.7’8

The practicality of screening a large

out-patient sample for suspected cases
of carcinoma of the stomach.

Whether the increased frequency of
achlorhydria with age might provide a
useful physiological index of aging.

The relation between prevalence of
achlorhydria and exposure to radiation.
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Whether achlorhydria was more frequent
among subjects with type A blood since
this group has been reported to have a
somewhat higher rate of cancer of the
s tomach.

MATERIAL AND METHOD

At ABCC in Hiroshima a group of approxi-
mately 14,000 subjects receive detailed
physical and laboratory examinations at
two year intervals as part of the Adult
Health Study. The subjects, carefully
matched for age and sex, consist of
four groups: ;

GROUP 1 PROXIMAL JIocated 0-1999 meters
from the hypocenter; reported acute

radiation symptoms

GROUP 2 PROXIMAL Located 0-1999 meters
from the hypocenter; reported no acute
radiation symptoms

GROUP 3 DISTAL Located 3000-3499 meters
from the hypocenter in Hiroshima and
3000-3999 meters in Nagasaki

GROUP 4 NONEXPOSED Beyond 10,000 meters
from the hypocenter or not in the city at
the time of the bomb

During the interval February 24, 1959 to
July 24, 1959, a total of 1788 Adult Health
Study subjects were examined in the
out-patient e¢linic at ABCC. Of these
1251 or 70 per cent, were examined for
achlorhydria.* The remaining
were subjects who refused the
for various reasons,

30 per cent
examination
or who were found
to have renal insufficiency,

a history of gastrectomy.

or who had

Because of the small number of hospital
beds available at ABCC the procedure was
done at homej each subject received a
translation of the directions. Two bottles
labelled 1 and 2 were provided for the
collection of urine specimen. The instruc-
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tions were given orally by a Japanese
nurse, in addition to the printed copy.
From midnight the subject was to take
nothing by mouth until the completion of
the test.
was to discard the urine passed; then
ingest two 250 mgm tablets of caffeine
sodium benzoate with one glass of water.

On rising in the morning he

One hour afterward he was to urinate into
the bottle labelled 1 (control urine).
After collecting the control urine he was
to pour the granules of dye into 1/4 cup of
water and drink it, and two hours afterward
urinate into bottle 2 (test urine).

To insure greatest possible participation
each subject was asked to select the day
most convenient for him, and arrangements
were made to collect the urine samples on
the day of testing and process that
afternoon. For patients designating
Sunday or Monday (the two days the ABCC
laboratories were not operating) samples
were collected and stored at ABCC under
refrigeration for analysis the following
Tuesday. Therefore, no analysis was made
more than 48 hours after collection. The
relatively simple analysis was performed
according to the procedure outlined in the
descriptive literature.® Achlorhydria was
diagnosed when the test showed less than
0.3 mgm acid/300 cc of urine. Readings
of 0.3 mgm acid/300 cc of urine were
considered normal acid secretion.

RESULTS

The data were first analyzed by sex and
age within exposure groups.

The influence of age upon achlorhydria
was explored, by comparisons within the
four exposure groups and the two sexes to
provide eight independent comparisons
(Table 1).
increased with age, and for all eight
tests combined P 1s less than 0.001, a
most unlikely value under the assumption
of merely random variation. 1In Table 2
this increase with age is shown for the

In each instance the proportion

entire study sample.
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TABLE 1

AGE AT EXAMINATION, SEX, AND EXPOSURE GROUP

ACHLORHYDRIA ngHlRUSHIMA ADULT HEALTH STUDY FEBRUARY-JULY 1959,

TEST RESULTS

#£1 1994 2H—7TAOMEEOMAREREC SO TER L A BREFEIZDT S
MRS RS, 1E, BB o M e
GROUP 1  PROXIMAL GROUP 2 PROXIMAL GROUP 3 DISTAL GROUP 4 NONEXPOSED
18 T P RE 2 E I EE B3k R EE 4 RS
SEX| AGE 'acugunugpn|a ACHLORHYDR I A ACHLORHYDRIA ACHLORHYDRIA
el SUB{ENS NUM;"E:"“}E sur:stcTs "_M.i_?fﬂ_.__ SUB_{EFTS mﬁlﬁ” SUBJECTS AP
WAL e | ¥ B T | il B L o
14-23 i 1 9.1 12 3 25.0 g 2 25.0 14 2 14,3
24-33 17 1 41.2 3t 7 22.6 22 8 36. 4 25 8 32.0
BR | 34-43 12 4 33.3 13 4 30.8 ] 4 B6. 7 28 12 46. 2
w | 44-3523 14 2 14, 3| 15 14 40.0 18 | 50.0 32 15 46.9
‘_;' 54-53 24 13 54.2 36 20 55. 6 24 18 76.0 31 16 51.86
B4+ 15 8 53.3 19 12 §3.2 18 12 66.7 17 10 58. 8
TOTAL 3t 93 a5 37.6 146 80 41,1 96 53 55. 2 145 83 43. 4
14-23 7 3 42.9 25 8 24,0 12 4 33. 3 14 4 28.8
24-33 35 N 3l 4 43 18 372 21 4 19.0 22 6 27.3
F| 34-43 40 17 42.5 68 20 29. 4 35 14 40.0 17 13 38.2
w | 44-53 s 23 60. 5 65 29 44.6 47 24 LR a2 1 34. 4
i 54-63 44 28 63.6 53 27 50. 9 28 17 0.7 47 28 B1.7
2| pat 14 7 50.0 20 13 5.0 18 9 50. 0 9 7 71.8
TOTAL it 178 89 50.0 274 111 40. 5 161 72 44.7 158 70 44.3
TABLE 2 ACHLORHYDRIA IN HIROSHIMA ADULT HEALTH STUDY FEBRUARY-JULY 1959,
PREVALENCE BY AGE
£2 19502 A—T7TAOMESOMARBEMNE S TERL 2 MBIEHRIZ 51T 5
Bk L UEHEBEE G L ERMBIARE
VEE SUBlEnTS ACHLORHYDRIA  JEFH{E
iE @ [ NUMBER 7l % %
14-23 103 25 24.3
24-33 214 87 31. 0
34-43 234 88 37.6
44-53 281 127 452
54-63 287 168 58. 5
B4+ 130 78 0.0
TOTAL it 1251 553 44.2
Similarly, there were 24 independent
comparisons for sex with a combined
probability of approximately 0.40, indi= FIEE MRl 0240 a7 L - Tk, & FHHE
cating that the variation associated with L9040 T & - THBIIC & 2 81118 Wt
sex could easily be accounted for by .
chance alone. EHIBMEh) 5L EmLL.
Exposure to radiation was investigated by B AL 6D DEBED > —D |25
comparing the four exposure groups within
each of the six age groups with both sexes WT, 4D0HBRELEBRTIZLICE-T, K

combined. The combined probability was
0.9, well within the usual range of chance.
Since the analysis of exposure groups Was
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quite negative, a somewhat more sensitive
test for radiation effect was performed by
comparing those exposed 0-1499 meters
with those exposed 1500-1999 meters.
The data are summarized in Table 3. This
table provides six independent comparisons
of the two percentages: one for persons
exposed 0-1499 meters and the other for
those exposed 1500-1999 meters. In one
instance the result is suggestive. The
six tests combine to yield an overall
probability of 0.35. Any suggestion of
a relationship is quite small and confined
to ages 54 or above.

TABLE 3 ACHLORHYDRIA
IN THE PROXIMAL EXPOSED GRDIIPS 1
#£3 19594 2 A—7 A O MIES OB A REREH &

02 WO FR

IN HIROSHIMA ADULT HEALTH STUDY FEBRUARY-JULY 1859,

BRIPESBENTHES 20T, 0—149m D8
1BE%1500—1999m OB H L T 22 Lok
> T EDRIE D& VIRE Z O %
BINCEHTS, ZORICHFNT0—149m O#
M L 1500—1999m OB EIZO T 6 DO ML
LGaonHEk#Es R+, 1 >0 IERENER
xR+, 6O0MEE Gt hiE, BEHERD
0.35L % 5. st enMFIE2£L DL, MF
DEoE@mBECRESNTVS.

% 430k = e

PREVALENCE

AND 2 BY AGE AND DISTANCE FROM HYPOCENTER

CEWTEELAEBENRCFTIELFLT

T % P B ] A 95 28

0-1498 METERS FROM HYPOCENTER 1500 - 1999 METERS FROM HYPOCENTER
AGE O ED 0—1499m R kY 1500 —1999m SIGNIFICANCE
i ACHLORHYDRIA ACHLORHYDRI A TER
i frs TOTAL NORMAL 1 B AE . TOTAL NORMAL 15 & HigM#sE
it 1E# NUMBER 5 at iE NUMBER %
7l #% 17 %4
— 14-33 47 33 14 28,8 23 15 8 34.8 NS
o EH 34-53 76 41 35 46. 1 28 17 B 39.3 NS
Sol 54+ 74 27 47 63.5 23 14 9 39,1 *
we
o B0 TAL 3 197 101 95 48. 7 74 46 28 37.8 NS
s 14733 51 33 18 35.3 60 46 14 23.3 NS
=
ng 34-53 78 51 27 14.8 103 83 40 38. 8 NS
e
Egﬁ 54+ 55 20 35 63.6 73 38 37 50.7 NS
S EygTaL | 184 104 80 43. 5 236 145 g1 38. 6 NS
sejighly Significant P< 01 egignificant .01<P<.05 Suggestive .05<P<.10
LR HiE HEo[HEH:
Mot Significant . 10<P
BRETLL
Of the 1251 subjects examined for MR I L THESY T 5 21251809 b,
a rh a blood 1 n was e ot g st gl = E
chiliozhydria ABD bl grogping 8284 12D W T ABO MR #kE LA, 204D

determined for 828. Since the four blood
groups are homogeneous as to age, they
were first compared directly with respect
to achlorhydria (total line in Table 4),
and the observed variation was found to be
somewhat suggestive (P = .07). Since a
higher incidence of cancer is usually
reported for blood type A subjects, they
might be expected to manifest higher degree
of anacidity 1if the acid state does precede
malignant lesions. Accordingly, there is
particular interest in the Type A vs Type O
comparison (50.2 vs 39.8), which has a

probability of about 0.02.
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Since age is a major variable in the
the blood
groups were further compared within
specific age groups, as in Table 4. The
four groups differ by a suggestive amount
at ages 30-39 and to a significant extent
(P<.05) at ages 40-49. In both instances
the proportion with achlorhydria is high
for Type A subjects. If Type A vs Type 0
comparisons are made in the same way, the
discrepancies are even more striking. It
appears, therefore, that Types A and 0
differ as to achlorhydria and that Type
A subjects, aged 30-49, may have a higher
frequency of achlorhydria than those with

prevalence of achlorhydria,

other blood types.

TABLE 4 ACHLORHYDRIA

EE T ERBIEER RO IBELERHTHE 25,
FAIRTL, MR z> v THEFERENOD
Ria T -, 420 MEROLEIZ & T,
0—39F DEMBETIEIREMNERIHD, 40—49

FOEBBTIEEDE (BE .05) 755
ZOEEIIPOTEBEDLEITA MRS IS
v, B FiEcARMO Mo diTh 5 2

FaTA

i, OEBRIFIHECH- . BT, BR
FEizo>WTARBUVOROMIZZEZN S, 30—49
kwAwmﬁﬁFﬁ%mmmm&“mﬁ&%;h
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na.

IN HIROSHIMA ADULT HEALTH STUDY FEBRUARY-JULY 1938,

PREVALENCE BY AGE AND BLOOD TYPE

%4 mmmzﬂ—THmﬁﬁ-m&k&%%ﬁcﬁuf%ﬁLt%ﬁﬁﬁﬁ BIABAB LV
FPORTEE SR LRy - AR AR R
AGE TYPE A #I TYPE B4 TYPE AB % |TYPE 0 7 TOTAL &t SIENIFICANCE
e |NUMsER| . [NumeER| L NUMBER| , |NUMBER|  |NUMBER| . TESE
e {31 2 ks 51 2 kA R RE
10-18 18 |16.7 g |22.2 - - 8 [rz.o5] mE |13
20-29 TR 2 W | O R 1 & |a33.a| 3s |28.8| 88 [27.9 i
30-39 so |46.0| 32 |31.3| 13 |3e.5| B3 |23.8| 158 |33.5| SUGE
40- 41 g1 o N e T | et Ut L 3. 4| 194 |a3.8 *
50- 54 6 |s1.5 48 |sSs.2| 18 |B3.2| 54 |59.3| 189 |55.6| NS
60-689 5§ |69.0| 25 |[56.0[ 11 53.6| 40 |62.5( 134 |B4.2
70+ 15 |40.0 6..|33.3 3 |33.3 8 |s50.0] 32 |40.%6 e
ToTALZH| 323 |[s0.2| tes [41.7] 78 [47.4| 258 ([39.8| B28 |44.9] NS
DISCUSSION
As stated earlier, the occurrence of £ ix

achlorhydria in patients with carcinoma of
the stomach 1s significantly higher than
in the normal population.7’8 However,
the possible role of achlorhydria in the
development of cancer of the stomach
remains an unsettled point. If achlor-
hydria does precede cancer of the stomach
and in some way were associated with a
causative mechanism, it might be expected
that a Japanese population, whose incidence
of stomach cancer is five times that in the
United States, should display a higher
prevalence of achlorhydria.
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In order to test this hypothesis,
Grinspoon and Dunn studied first and second
generation Japanese in California for
achlorhydria using exchange ion-resins.
These results compared favorably with the
Caucasian population despite the three fold
higher ineidence of cancer of the stomach
found in the first generation population.
However, the number studied was quite
small,g’l0 especially in the older age
groups. The authors felt that this was
evidence against achlorhydria as a pre-
cursor of cancer of the stomach and that
the possibility of achlorhydria following
the development of cancer should be further
studied. Figures compiled in Japanll are
somewhat lower than those found at ABCC.
However, Japanese figures available at
present are based on hospital admissions
of noncancer patients and are not a true
population index. The data collected at
ABCC tend to suggest a higher prevalence
of achlorhydria in Japanese subjects, and
this observation seems consistent with the
hypothesis that achlorhydria precedes
subsequent cancer development.

The ability of the tubeless gastric
analysis to almost duplicate results of
intubation has been firmly establisheql® 14
and was confirmed on 15 cases in the
present study. However, various stimulants
of gastric secretory activity differ in
efficiency. This fact must be considered
when comparing results of caffeine stim-
ulation as used in the tubeless analysis
with those of the histamine stimulation
used in intubation procedures. In addition
the present tests required more effort by
the subjects without hospital supervision,
and may be subject to error. The mechaniecs
of the test were such that errors produced
false reports of achlorhydria.

In order to evaluate the prevalence of
false reports of achlorhydria in this
sample, tests were made in 75 subjects of
all age groups with an initial report of
achlorhydria. On the second examination
20 per cent had normal acid secretion.
Even after allowance for this degree of
'error' Japanese, aged 40 and over, still
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show a higher degree of achlorhydria than
that reported in the United States.'®
Furthermore, 39 hospltal cases (noncancer)
were studied at ABCC, and the results
compared favorably with those in the
out-patient population in ages 40 and over.
ﬁnfnrtunately, there are no comparable
figures on randomly selected individuals
in Japan, because most studies were
conducted in hospital situations on
noncancer patients. The fact remains that
in the present study a higher degree of
achlorhydria exists in a population where
incidence of cancer of the stomach 1is
five times that of the United States.

It is also evident that as an effective
screening agent used in the ABCC out-
patient department the test® used was not
sufficiently sensitive. However, it may
prove useful when used in conjunction with
serum pepsin levels and stool examinations
for occult blood.

-

The Hiroshima data do confirm again
the findings of significant increase of
10 the test could
conceivably be used with a battery of
other tests of aging in studies on popu-

achlorhydria with age.

lation groups.

Previous studies of radiation effects on
the gastrointestinal tract have attested to
the relative insensitivity of the stomach
as compared to the rest of the intestinal
tract. 19216  gowever, with radiation
doses of sufficient magnitude such changes
as delay in emptying time, ulceration
with perforation, decreased acid and
pepsin secretion, and in some rat experi-
ments, cancer-like lesions have been
15-20 1, most of these studies
large near-fatal doses of radiation were
required to produce lasting anacidity; in
other cases achlorhydria lasting from a
few days to eight years, depending upon
dose, were recorded. 18:20-23 15 addition,
there appeared to be no decrease in

reported.

secretion if other areas of the body were
irradiated without direct exposure of the
stomach mucosa. 18723  For these reasons it
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seemed unlikely that exposure to the atomic
bomb would result in physiological changes
lasting 15 years. The results found at
ABCC do support this hypothesis since no
significant difference in achlorhydria was
found between those who were exposed and
a control population matched for age and
sex. Also, it might be argued that any
effect of radiation in causing cancer of
the stomach probably is not mediated
through the production of achlorhydria.

Aird and his associates first pointed out
the relatively higher prevalence of cancer
in persons of Type A as compared with the
rest of the population, particularly
with blood Type 0 which was prone to
ulceration.>%* This difference could not
be explained by geographic distribution
or social stratification.~%25% A recent
article by Sievers=® reported that blood
Type A individuals were more anacid than
Type 0 individuals. This seemed  to
suggest that gastric atrophy, as reflected
by anacidity, was in some way etiologically
bound to cancer of the stomach. This
correlation also suggested that hereditary
mechanisms were involved. The figures at
ABCC seem to confirm Sievers' findings
with respect to blood Type A and Type 0
individuals since Type A subjects did show
a tendency to be more achlorhydric than
those of other blood Types, particularly
Type 0 and at ages 30-49. Speculation
along these lines is quite intriguing in
view of the known familial incidence of
carcinoma of the stomach. However,
whether achlorhydria, per se, is involved
in the etiology of gastrie cancer, or
merely reflects another underlying mecha-
nism, remains to be seen. The ABCC medical
program will allow continuing study of
this group of subjects and may eventually
help in resolving the problem. At present,
however, the coexistence of increased
prevalence of gastric anacidity and gastric
cancer in blood Type A subjects is only
suggestive of an etiological relationship.
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SUMMARY

In Hiroshima Adult Health Study 1251
subjects were examined* for achlorhydria
and the proportion with achlorhydria was
analyzed as to age, and

sex, blood type,

exposure to radiation.

Achlorhydria was found to be more
prevalent in subjects aged 40 and over,
than in similar United States populations,
and blood Type A subjects were found more
achlorhydrie than Type 0 subjects at
ages 30-49.

No differences were found between exposed
and nonexposed, nor between those exposed
at greater and lesser distances from

the hypocenter.

The data suggest that achlorhydria may
be related to the high ineidence of gastric
cancer in Japan and seem consistent with
the hypothesis that achlorhydria occurs
prior to gastrie cancer and may be related
to inherited factors.
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*Squibb tubeless gastric analysis (Diagnex Blue Test)
Squibb OERH VL WHH#ESH ( Diagnex Blue Hiit)
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