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INTRODUCTION

Osteoporosis is perhaps the commonest bone
disorder and is characterized by loss of bone mass
with normal mineral content, possibly due to
increased bone resorption or decreased formation
of new bone. As studies with radioactive calcium
have indicated normal accretion rates for osteo-
porotic bone,' increased bone resorption is generally
considered to be responsible for the diminution
in bone mass.%?

Osteoporosis is one of the many diseases attributed
to aging. The designations of senile or post-
menopausal osteoporosis are popular because of its
occurrence predominantly in older people, particu-
larly post-menopausal females. No detection studies
of this disease are recorded for randomly selected
populations although a study of vertebral osteo-
porosis on unselected hospital outpatients indicated
a prevalence of 29% in females aged 45-79.%

Recently calcium deficiency has received con-
siderable support as an important etiologic factor in
osteoporosis. Dietary histories in the West have
shown lower calcium intake for osteoporotic subjects
compared to subjects without osteoporosis.*?
Also, balance studies on osteoporotic individuals
have indicated an increased avidity for calcium
when large supplements are given." Because of
the possible relationship of dietary calcium to
osteoporosis, it was considered worthwhile to
determine the prevalence of osteoporosis for a
sample population in Japan, where average daily
dietary calcium intake is 300 mg” whereas 800 mg
are recommended by the National Research Council
of the U.S.A. and the British Medical Association
Committee on Nutrition.® It was also deemed
important to determine whether calcium intake
differs between normal and osteoporotic individuals
with low average daily calcium intake.
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Another consideration was a possible relationship
between the frequency of osteoporosis and the
aging process in atomic bomb survivors compared
with persons not in Hiroshima or Nagasaki Cities
at the time of the bombing (ATB).
showed a relationship between some types of

Experiments

irradiation and bone changes in laboratory animals
receiving doses far in excess of those calculated
for survivors of the atomic bombs.™*

The investigation was conducted November 1961-
June 1962 at the Atomic Bomb Casualty Commission
(ABCC) in Hiroshima and Nagasaki.

SUBJECTS AND METHODS

Subjects over age 30 were randomly selected
from the ABCC-JNIH Adult Health Study population
in Hiroshima.!" Osteoporosis assessments and
dietary histories were obtained on 264 subjects(&f
males and 180 females). Also, 88 patients over
age 50 were randomly selected from the ABCC-JNIH
Adult Health Study
Osteoporosis measurements alone were obtained
from the Nagasaki subjects and these data used
in Table 3 only.

population in Nagasaki.

The Adult Health Study population included 4
comparison groups, matched by age and sex.

GROUP 1 Located 0-1999 m from the hypocenter;
reported acute symptoms of irradiation

GROUP 2 Located 0-1999 m from the hypocenter;
Matched

reported no symptoms of irradiation.
by age and sex to Group 1

GROUP 3 Located 3000-3999m from the hypo-
center in Nagasaki or 3000-3499 m in Hiroshima.
Matched by age and sex to Group 1

GROUP 4 Located 10,000+ m or not in either
city at the time of the bombings. Matched by age
and sex to Group 1

Osteoporosis was radiologically assessed by the
Barnett and Nordin method'' which employed an

osteoporosis score consisting of the sum of a
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femoral, hand, and spine score. The combined
femoral and hand score is the total peripheral
osteoporosis score. The femoral score is the sum
of the thicknesses of the medical and lateral
cortices of the shaft at the thickest point divided
by the total diameter of the shaft at that point.
This decimal is then multiplied by 100. The hand
score is obtained similarly, using the midpoint of
the shaft of the second metacarpal. Because of
technical difficulties with the spine score on early
subjects, only peripheral osteoporosis was evaluated.

X-rays included an anteroposterior view of the
left femur centered at the midshaft and a postero-
anterior view of the left hand. The measurements
and calculations were made by 2 members of the
ABCC Department of Radiology. Hiroshima scores
were determined in duplicate by 2 observers and
were averaged. In Nagasaki the scores were
determined by one observer.

A trained dietician obtained dietary histories .

covering the past 20 years. Any changes in
diet were weighted according to their duration.
However, these histories are only gross approxi-
mations of the diet during this period.

The original protocol planned for 24-hour urine
calcium tests but the creatinines in the initial
studies indicated that complete 24-hour urine
collections were not achieved.

RESULTS

Prevalence of Osteoporosis by Age and Sex

Figure 1 shows the percentage of subjects in
each decade with osteoporosis scores in 3 divisions.
The lowest designation, <89, is that which was
chosen by Barnett and Nordin" as indicating
peripheral osteoporesis. Since the number of
persons in that class is small, particularly males,
the percentage of persons with scores below the
arbitrarily selected score of 105 is also presented,
The percentage of subjects with scores in the 2
lowest divisions (<89 and <105) showed a pro-
gressive increase with age as expected.
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The same data are presented for each sex in
Figure 2. Although the percentage of females
with low scores increased with age, the same is
not true for men. The percentage of males aged
40-49 with scores < 105 was quite high, suggesting
that 89 may be a more appropriate dividing point
for peripheral osteoporosis.

The most impressive finding was that 32.6 % of
the females over age 60 had peripheral osteoporosis,
as determined by scores <8Y9. Had spinal osteo-
porosis also been assessed, the percentage of
osteoporotic subjects in this age and sex group
undoubtedly would have been much higher. The
proportion of females with scores <89 is 3.8 times
greater than that of males, when the sex distri-
butions are adjusted for age. This sex ratio is
similar to that found for Western osteoporotic
patients (4 : 1) by Lutwak and Whedon in a review
of 976 published cases.”? Because of differences
in the 2 studies, probably no more can be inferred
from this comparison than that females show a
clear excess several times greater than males in
both groups.

The overall prevalence of osteoporosis in Japan
and the West cannot be precisely compared. The
only study using similar criteria for diagnosis of
osteoporosis was that of Barnett and Nordin !
who determined osteoporosis scores on 104
outpatients over age 30 but excluded subjects with
skeletal symptoms. They gave the age and sex
distribution of their patients and an age and sex
adjusted prevalence rate was calculated for this
sample of the Adult Health Study population.
Peripheral osteoporosis scores < 89 were observed
in 5.8% of their subjects whereas in the present
study 9.1% of the subjects of the same age and
sex had similar scores. Had persons with skeletal
symptoms been excluded from study, lower preva-
lence might have been observed. Although there
are obvious objections to comparing results in a
detection program to those in a hospital outpatient
clinic, the above figures suggest that the prevalence
of peripheral osteoporosis in Japan and the West
is of comparable magnitude.
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FIGURE 1 OSTEOPOROSIS SCORE BY AGE, BOTH SEXES . HIROSHIMA
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Dietary Calcium

In Western countries where dietary calcium is
approximately twice as abundant as in Japan,
differences in daily intake of calcium have been
observed between osteoporotic and nonosteoporotic
subjects. (Only 1 of the 264 Adult Health Study
subjects had daily calcium intake over 800 mg
which is considered the minimal basic requirement
in the West.) Although in this study the frequency
of low peripheral scores did not differ greatly
from that in the West, it was of interest to
determine whether a relationship existed between
peripheral osteoporosis score and calcium intake
in Adult Health Study subjects.

Mean calcium intake (mg per kg of body weight)
for subjects according to osteoporosis scores, by
sex and age, are shown in Table 1. Because the
number of persons who had peripheral scores <89
was small and the range of dietary calcium values
was low no impressive dietary differences were
noted. However, in the older females the mean
calcium intake was slightly lower for the 18
osteoporotic cases (score <89). Although the
difference was small and not statistically signifi-
cant, a contributory role of calcium deficiency in the
expression of osteoporosis cannot be eliminated.
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TABLE 1 MEAN DAILY CALCIUM INTAKE* BY OSTEOPOROSIS SCORE, AGE AND SEX

1 PFHELIHA LYy LR

o W EILE - Em - )

Age £
= <50 50+
Score —
# 2 Intake FEH Rt Intake fE 4L
Number —- Number
e Mean Standard Error 2 Mean Standard Error
b T EHnE Ty A
Male &
< BY 1 6.2 +2.4 2 11.1 +1.7
H29-104 14 7.4 +0.7 11 6.3 +0.8
105+ 23 6.9 0.5 33 75 0.4
Female %
<89 3 5.1 +1.4 18 7.2 +0.6
89-104 14 6.8 .7 32 8.1 +0.4
105+ H3 7.0 +0.3 28 8.0 .5

* mpe/kg body weight (500 1 ke 1 og



Radiation and Osteoporosis

Table 2 tabulates the percentage of subjects
with low osteoporosis scores in comparison groups
by age and sex. A radiation effect may be
suggested by the greater number of scores <89
for females over 50 in Groups 1 and 2 (located
0-1999m from the hypocenter) compared with
Groups 3 and 4 (located 3000-3499m from the
hypocenter, and, those not in the city ATB). At
this low score level, there are too few males or

younger females to make a comparison among groups.

MEHR & B ZHLIE

HEBcsIsB2MokuREoas®s
Fgb L UMERIcR2ZIZRT. B3P LUTE4R
(HELHEE V3000 —3499m o H A 12w A H, &k
EHRREICTHT I o ) DT 1B S
STE(BLHED 0 —199m OS2 W A FE D0
UEnEFIZBEIMH<BIERTEN EH 5 010,
MBHBOREN, A EERTEOAE LATL.
HEAZ0L) 2EKETCERTEAEH VL TO
ALEnOTEBMOLELITEY 2 ixto s L,

TABLE 2 OSTEOPOROSIS SCORE BY COMPARISON GROUF, AGE, AND SEX

HIROSHIMA
#£2 HEILM: MR- FE - EH-EE
Qm'iparis:}n Age F B
Score (;roup. <50 50+
i e BE - .
Number % % Number £ %
Male % -
< &Y 148 - - 1 4.0
3+4 1 6.7 1 4.8
29-104 1+2 11 45.8 11 44.0
3+4 3 20.0 - -
<105 1+2 11 45.8 12 48.0
3+4 4 26.7 1 4.8
Number of subjects 1+2 24 100 25 100
HEREN 3+4 15 100 21 100
Female %
<89 1+2 2 4.5 14 32.6
3+4 1 1.8 4 16 fa|
89-104 1+2 6 13.6 15 348
3+4 8 14.0 17 47.2
<105 Ly 8 18.2 29 67.4
3+4 9 15.8 21 58.3
Number of subjects 1+2 44 100 43 100
af BB 3+4 57 100 36

100

The percentages of individuals with scores 89-104
are also given in Table 2. In the females, where
an aging correlation at this score level does
exist, a larger proportion of older females in
Groups 3 and 4 have low scores compared to
Groups 1 and 2. This reversed trend of scores at
this level in the comparison groups is still com-
patible with a radiation effect as it is conceivable
that radiation might only cause osteoporosis in
those persons predisposed to the disease, thereby
decreasing the number of subjects with border-

line scores.
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Further steps were taken to evaluate the possi-
bility of a radiation effect on the prevalence of
All
previous radiation effects observed at ABCC have
been dose related within 2000 m of the hypocenter.
As distance from the hypocenter correlates well

osteoporosis, especially in older females.

with the estimated rad dosage, a greater frequency
of scores <89 in persons within 1400 m from the
hypocenter compared to those at 1400-2000m
would be expected if a radiation effect were
present. Because of the small number of scores
<89, detailed comparisons by distance were not
feasible except in females above age 50(14 subjects
Of these

older females who were within 1400 m of the

in Groups 1 and 2 with scores <89).

hypocenter, 35% had low scores compared to
30 % at 1400-2000 m. This finding of approximately
equal proportions of older females with scores <89
at both distance ranges from the hypocenter makes
the possibility of a radiation effect unlikely. The
data could also be interpreted as indicating an
influence of the bombing on the socioeconomic
well-being of persons in comparison Groups 1 and
2. Such an influence would not necessarily have
to be correlated with the exact distance from
the hypocenter.

A similar study in Nagasaki was deemed advisable
to examine further the higher frequency of scores
<89 in older females in Groups 1 and 2 compared
to Groups 3 and 4. Similar techniques were used
to study 88 males and females over age 50 at
Nagasaki ABCC, The results are shown in Table 3.
The females in comparison Groups 1 and 2 do not
have lower scores than those in Groups 3 and 4.
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TABLE 3 OSTEOPOROSIS SCORE IN PERSONS AGED 50+ YEARS BY COMPARISON GROUP
AND SEX NAGASAKI

SOFLL Eo#HOE

& 71

BILM: HWBE 5 & O - S
Score fif B
Group Tuotal <89 <105
B it N Fas
Number % Mumber £ %
Male 8
1+2 18 2 11.1 6 33.3
3+ 4 21 38.1
Female &
1+2 32 3 9.4 16 50.0
3+ 4 17 17.6 9 52.9




Osteoporosis and Body Habitus

The clinical observation that osteoporosis is
more frequent in ‘small’ people has received no
attention in the medical literature and has not
been adequately documented. Table 4 shows the
weight percentiles for females in the Hiroshima
study group according to osteoporosis scores.
The percentiles were determined from a table of
standards specific for age, and height.”?
The majority of osteoporotic subjects (scores < 89)
were below the 50th percentile of weight for their
age, sex, and height.

sex,

In addition, osteoporotie

B % FLIE L RE

BEILE RN O ADIZ I A 20 &3 BE
MBEIREZE T ERERERII2E S
T, BEZEHL V. RLAPEBOLFORER
Gz EEIMENIIRLALDOTHS, s,
BLUSGENOBEERE, SH T ETEL L0
BEERE (B <80 LSS, sl s
REAGEOBEOE ML FTho 2. Bz, B4
fEAED ST AOFECESM.1)IH 25UED

p TmohidshEkFDHE(TFH48.4 0L A
females were shorter (mean height 44.1) than 0 R
nonosteoporotic females (mean height 48.4). = .
TABLE 4 SUBJECTS IN THE VARIOUS WEIGHT PERCENTILES BY OSTEOPOROSIS SCORE,
HIROSHIMA FEMALES
4 BEAEMNCAMNREOERBAF IR -RBLT
B 5
Weight core
Percentile * <89 89-104 <105 . 105+
HEETTH Number % Number ¥ % Number # % Number £ %
<5 2 9.5 4.3 4 6.0 6 5.3
5.25 7 33.3 7 15.2 14 20.9 25 22.1
25.50 6 28.6 16 34.8 22 32.8 21 18.6
50-75 5 23.8 13 28.3 18 26.9 25 22.1
75-95 1 4.8 6 13.0 7 10.4 21 18.6
95 + ; : 2 1.3 2 3.0 15 13.3
* Seigel 12 . .
The association of peripheral osteoporosis and KHEHELIAEF R LML L T s h 5 2
lean body build suggests that dietary deficiencies L, EELSLREOTRBIIIOBEE 52 &%
have caused both. However, this was not confirmed TET 5. L l, BHESOET, HE<89E T

by the dietary studies which indicated slightly
greater caloric and protein intake per kg of body
These

findings leave several questions unanswered. Is

weight for women with scores (<89).

osteoporosis responsible for the lighter body
weight or is the reverse true? More likely, both
are caused by a common factor such as the manner
in which foodstuffs are metabolized, increased

catabolism, or decreased anabolism.

Previous studies have shown that tuberculosis

also occurs more frequently
13

in underweight
persons.'® Investigation of tuberculosis in relation

to osteoporosis scores showed that men with
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FHEEZRZLDTHS .
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scores <105 had significantly more tuberculosis
than men with scores >105. Of 24 male subjects
with tuberculosis, 14 or 58.3% had scores <105,
whereas 28 or 28.3% of 99 male subjects without
tuberculosis had scores <105, Age adjustment
did not alter greatly the figures (54.3% to 28.9%
in the 2 groups respectively had scores <105),
and statistical analysis revealed that the difference
was significant (0.01<P<0.05).
was not observed in females.

This association
Since peripheral
osteoporosis is best correlated with scores <89, no
statement concerning the relationship of peripheral
osteoporosis and tuberculosis can be made. However,
since an association of tuberculosis and scores <105
is seen in males the question remains unsettled as
to whether tuberculosis is responsible for lower
scores or whether ‘thin bones” are another aspect
of the constitution prone to tuberculosis.

SUMMARY

The prevalence of peripheral osteoporosis was
assessed in a portion of the ABCC-JNIH Adult
Health Study group in Hiroshima and Nagasaki,
Japan. As in the West, osteoporosis is seen most
commonly in post-menopausal women occurring in
32.6% of females over age 60.

Dietary calcium was only slightly lower in
osteoporotic compared to nonosteoporotic subjects.

This difference was not statistically significant.

lonizing radiation from the atomic bombsin 1945
had no apparent influence on the prevalence of
peripheral osteoporosis.

Osteoporotic women weighed less than non-
osteoporotic women.
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