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NEUROMUSCULAR TESTS OF AGING
HESAROMERE

HIROSHIMA
E B
INTRODUCTION # B

At ABCC in Hiroshima and Nagasaki, studies are under
way to determine whether there are perceptible differences
in the aging of atomic bomb survivors exposed to widely
differing amounts of radiation. Studies on irradiated
animals have suggested that accelerated aging may be a
consequence of irradiation,’ perhaps through the mechanism
of somatic mutation.

The subtle aging that occurs in the neuromuscular system
is difficult to measure, and standardized aging tests suitahle
for large-scale studies have not been devised and evaluated.
Tests that can be performed easily and quickly by the
subjects, and that require no specially trained personnel
or complex equipment, can be most easily integrated into
a large-scale clinical survey. The ABCC-JNIH Adult
Health Study,? providing clinical examinations of large
numbers of subjects, presents an ideal situation to study
simple physiologic tests.

Three tests were selected as indicators of neuromuscular
function. Strength of hand grip was used as one test since
studies have shown that maximum strength of grip is
attained at age 30 and then gradually declines with
advancing years. 7 Bellis, Birren, and others have shown
that voluntary responses become increasingly slow in later
life. 811 A simple task (light extinction) was devised by
one of us (SB) to measure the rapidity of voluntary
response to a stimulus. Since vibratory acuity has also
been reported to decrease with age, the threshold of
perception of vibratory sensation was used as a third
index, 1413

METHODS AND SAMPLE SELECTION

The Sample The ABCC medical clinic in Hiroshima is
engaged in the systematic examination of selected groups
of A-bomb survivors and a comparison group (all study
subjects were alive on 1 October 1950):

Group 1 consists of 3428 persons who were within
2000 m from the hypocenter at the time of the bomb(ATB)
and who had major acute symptoms of radiation (purpura,
epilation, or sore throat suggestive of agranulocytic
angina of the oropharynx);
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Group 2 consists of 3427 persons who were within
2000 m but who did not have acute radiation symptoms;

Group 3 is composed of 3431 persons who were 3000-
3500 m from the hypocenter (At this distance, the bomb
caused physical destruction but direct radiation was
nil '*); and

Group 4 is a control group of 3433 persons who were
not in the city ATB.

The groups are matched as to age and sex and total 13,719
subjects who are examined in representative subgroups
that are approximately balanced as to age, sex, and
exposure to radiation.

Hand Grip Test A standard Japanese dynamometer was
used and subjects performed the test in the standing
position with the right arm extended and the palm facing
upward. A nurse, trained in the procedure, placed the
dynamometer in the subject’s upturned palm and instructed
him to squeeze the instrument as firmly as possible. Tlle
nurse then recorded the grip strength registered on ‘the
kilogram scale of the instrument. The left hand was tested
and recorded in similar fashion. The distribution of the
970 males and 1597 females tested during July 1958 -
June 1959 is shown by age and exposure group in Table 1.

Light Extinction Test The testing instrument(Figure 1)
consists of a row of 10 neon pilot lights mounted on a
rectangular board. Under each light is a special switch
requiring very low force to move it. The test is done with
the subject sitting in a chair facing the panel of lights.
One light is already illuminated and the subject is carefully
instructed that when he presses the switch beneath the
light, turning it out, the test begins and another light will
light up. The lights are lit in an arbitrary order 3-8-9-5-
6-7-2-4-10-1 and the subject must extinguish each light as
it becomes illuminated by pressing the switch beneath it.
When the subject extinguishes the first neon light a
standard electric timer with a sweep second hand reading
to one-hundredth of a second is activated. The clock
continues to turn until the last lamp is shut off, and the
reading at this time indicates the length of time from the
beginning to the end of the test.

Each subject performed the test once after practicing
with a separately mounted switch to get the feel of its
operation. The test was then repeated and the time
recorded for the second trial. This test was performed
by 296 males and 531 females (Table 2) during March and
April, 1960,
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TABLE 1 AGE AT EXAMINATION OF SUBJECTS IN HAND GRIP STUDY BY SEX AND EXPOSURE GROUP
#1 BABREIZET S HREORERFR: 1% - BIEHEE

Age in Years Total = Group HMEE 1 2 3 4
e it No. 2 % No. #l# % No. il # % No. {1 %
Male 9
Total Gt 970 237 100.0 207 100.0 202 100.0 324 100.0
30-39 210 64 27.0 29 14.0 22 10.9 95 29.3
40-49 241 49 20.7 47 22.7 46 22.8 99 30.6
50-59 293 64 27.0 78 370 74 36.6 77 23.8
60+ 226 60 25.3 53 25.6 60 29.7 53 16.4
Female %
Total # 1597 409 100.0 443 100.0 418 100.0 327 100.0
30-39 424 124 30.3 121 213 05 22.7 84 25.7
40-49 458 109 26.7 130 29.3 130 31.1 39 272
5059 453 147 28.6 119 26.9 116 27.8 101 30.9
60+ 262 59 14.4 73 16.5 T 18.4 53 16.2
IBM 865

TABLE 2 AGE AT EXAMINATION OF SUBJECTS IN LIGHT EXTINCTION STUDY
BY SEX AND EXPOSURE GROUP

F#2 PIETAMCHEITAMREOMREREER 1F - BEERER

Age in Years Total Group HiMEHE 1 2 : 3 : 4
S it No. fil £ % No. 1 % No. 7 # % No. {7l & %
Male %5
Total it 296 77 100.0 82 100.0 83 100.0 54 100.0
15-29 41 15 19.5 7 8.5 12 14.5 7 13.0
30-39 77 20 26.0 19 23.2 24 28.9 14 25.9
40-49 36 12 15.6 13.4 12 14.5 1 1.9
50-59 69 15 19.5 22 26.8 21 25.3 11 20.4
60+ 73 15 19.5 23 28.0 14 16.9 21 38.9
Female %«
Total & 531 128 100.0 119 100.0 139 100.0 145 100.0
15-29 71 21 16.4 19 16.0 16 1in 15 10.3
30-39 187 36 28.1 47 39.5 44 31.7 60 41.4
40-49 B6 26 20.3 15 12.6 24 17.3 21 14.5
50.59 112 23 18.0 20 16.8 35 25.2 34 234
60+ 75 o2 17.2 18 15.1 20 14.4 15 10.3
IBM 963



FIGURE 1 LIGHT EXTINCTION TESTING INSTRUMENT
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Vibrometry Test Vibratory sensation was tested in 297
males and 534 females(Table 3)during March and April,
1960. A commercially available instrument(Bio-Thesiomer,
Model PVD, Manufactured by Bio-Medical Instrument
Company, Newbury, Ohio) was used for the test. The
subject was tested lying comfortably on an examining table.
A nurse carefully explained that vibratory sensation wgs~
being tested. A vibrating tuning fork was placed on the
subject’s forehead to illustrate the sensation. The instru-
ment was then turned to 20 volts and the vibrator button
placed on the subject’s left great toe to demonstrate the
vibratory sensation. The subject was then instructed that
the button would be held lightly on the left internal malleo-
lus and he was requested to say “yes” at the instant he
perceived a vibratory sensation. The amplitude of the
vibrator button was very slowly increased from zero to the
point at which vibration was just perceptible. This point
was recorded fromthe scale on the machine in volts. The
test was repeated a second time and only the result of
the second trial recorded.

RESULTS

Hand Grip Figure 2 shows the mean hand grip strength
for men and women for four age groups. The greater
strength of men is obvious, of course, as is the greater
power of the right hand over the left. The general decline
in grip strength with age is also evident. The mean values
for men and women by decades of age and by radiation
exposure are shown in Table 4.

Linear regression equations expressing right hand grip
strength as a function of age were computed by least
squares for each exposure group by sex (Figure 3).
Visual examination of the two sets of four lines reveals no
striking exposure group differences. When the equations
were tested for exposure group differences by analysis of

REVEIE 1960FE3 A5 4 HETORMIZH 297 A, %«
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FHizw., HREIZBESICHMAL THRE2 2 .
FHmAIRNEROBREF TN 22 EFEERH
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MARE OB IR s, SRRV FOMEIZED
L, IBBEREzTT-0BDHORs v 4 HBREOER
OFIFIZE V. ZOFRY v ELEAMBE R ESS
, MHRE SRR AR USRI EE25ED
ALz, RWHEOHY - OBEH, 0» 5 R
ENLLIAETRHRAICHBELOLA, Z0 L) IZIEW
PREHME LR, SWAERLERLVFEEGLE. B
HEx2BEDEBELITE, 2EEOMMO & 04 L 2.
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TABLE 3 AGE AT EXAMINATION OF SUBJECTS IN VIBROMETER STUDY BY SEX AND EXPOSURE GROUP

3 ROMERBRECSTI0REORTIEER: 4 - BRI
Age in Years Total Group #H# 5 1 2 - 3
Ea Eid No. il & % Na, 7l % No. ff & % No. fill # %
Male 0
Total & 297 T8 100.0 82 100.0 84 100.0 53 100.0
15-29 42 15 19.2 T 8.5 13 15.5 T 13.2
30.39 75 20 25.6 18 22.0 24 28.6 13 24.5
40-49 36 12 15.4 11 13.4 12 14.3 15 1.9
50-59 69 15 19.2 22 26.8 21 25.0 11 20.8
60+ 75 16 20.5 24 29.3 14 16.7 21 39.6
Female 4
Total it 534 128 100.0 120 100.0 141 100.0 145 100.0
15-29 71 21 16.4 19 15.8 16 11.3 15 10.3
30-39 188 36 28.1 47 39.2 45 31.9 60 41.4
40-49 86 26 20,3 15 12.5 24 17.0 21 14.5
50-59 113 23 18.0 20 16.7 36 25.5 34 23.4
60+ 76 22 17.2 19 15.8 20 14.2 15 10.3
- IBM 963

TABLE 4 MEAN GRIP STRENGTH BY AGE AT EXAMINATION, SEX, AND EXPOSURE GROUP

A4 CFHED . BT - M - PR
Sex Age Exposure Group # M8
e i Total i 1 2 3 4
Right Hand &+

Male 30-39 42,04 kg 40,14 kg 41.03 kg 40,00 kg 44.09kg
40-44 38.10 36.31 37.36 36.70 39.98
50.59 35.15 32.92 35.83 35.34 36.12
60+ 29.60 30.75 28.74 28.43 30.47

Female % 30-39 22.58 21.65 23.65 22.33 22.67
40-49 20.91 19.75 20,54 20.89 22,88
5059 17.38 16.51 18.27 17.34 17.38
60+ 15.49 14.56 16.37 14.51 16,75

Left Hand % %

Male % 30-39 37.03 34.28 40,00 35.77 38.26
40-49 33.84 32.20 32.81 34.22 34.97
50-59 30.06 29.62 31.41 28.91 30.18
60+ 25.61 26.35 24,91 24,98 26.19

Female % 30-39 19.06 17.74 20.62 18.69 19.17
4049 17.55 16.52 17.32 17.33 19.45
50-59 14.37 13.20 14.87 14.58 14.86
60+ 12,88 12,29 13.78 12.22 13.26
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variance, significant variation was found both for males
and females. In neither instance, however, was there
evidence that the rate of change of strength with increasing
age differed, while the constant terms varied significantly
for each sex suggesting that each exposure group is charac-
terized by a general increase or decrease in strength at
all ages. However, for each sex, subjects in Group 1,
exposed within 2000 m with acute symptoms of radiation,

had the weakest hand grip.

While the exposure groups differ significantly, no definite
biological pattern stands out. When the hand grip score
for each subject was transformed to a deviation from the
mean by sex and decade of age, the results shown in
Table 5 were ohtained. The mean deviations shown are
the average increases or decreases of strength in kilogram
units associated These

differences are small compared with the variability of

with each exposure group.

measurements represented by the standard deviations.

EHAHBEILERDA. LAL, O ThoBEICL i/
OEMZEIEIOELOB G RE S LI ERIT L
ofh, Bt EHEIFL (ELL, SHEE
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EEREBT A, LZAT, 2000mEKiETHEL, MK
HEERA S LS I BOoMEE L, BaliiBhrin
LEg A
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TABLE 5 RIGHT-HAND GRIP STRENGTH KILOGRAM DEVIATIONS FROM SEX AND AGE
SPECIFIC MEANS FOR COMBINED EXPOSURE GROUPS BY SEX AND EXPOSURE GROUP

#5 WHEBESHIAT ARG EWAICEHE, S A LG FIENRE (ke) ¢ M- BT
Exposure Group Male: 5 2 l‘.'.a.mﬂf: %
e Mean Deviation 5D Mean Deviation SD
L EHEE B HE {22 o 1 w22 tE (R 22
1 —1.19 8.25 =0.97 6.49
2 —0.27 8.69 +0.57 6.15
3 —0.82 9.65 —0.25 6.33
4 +1.55 8.47 +0.76 6.19
Total 0.00 8.79 0.00 6.32

Estimates of the amount of radiation to which the subjects
were exposed, based upon distance from hypocenter and
the attenuation of air dose with increasing distance from
the hypocenter with correction for shielding, 1* were
obtained for 885 of the 1296 subjects within 2000 m
from the hypocenter. Multiple regression analysis of grip
strength on sex, (male =0, female =1)age and dose (10-rad
units) for subjects within 2000 m from the hypocenter
confirmed the previously noted sex and age differences,
but failed to demonstrate a significant relationship between
dose and grip strength.

Bt A 5 2000m A g 12 v A 2R 1296 A5 885 A2
W, ML A 5 O IRHE, LA S ORI E U2
SAAREL O NG & MERE M BT IR S 1B o Ao R E AR A
BonTWwa, BLirs2000m i v gHiE otk
Bl (H=0, ®=1), FWHHLUHE(H{T10rad ) Iz
PRTTE-LBACERRBFINO/R, EICEDHLHN
rMELUTFRICEAEREMRLLY, BELENL
DHMIEFSLMEFEIERTE L 5 2

Grip (kg) =65.93 -16.23 sex -0.284 age -0.028 (rad dose/10)

2 h i

Hand grip showed an average decline of 0.03 kg for each
10-rad increase in dose; dose having a mean of 91 rad
and a standard deviation of 156 rad.

i i

MEA10rad BINT 5 T & T AL FEE0.03ke D TR %

AL BEROFEHEILI rad T, EHEFZE 156 rad
Taar.,



Light Extinction The mean values and the calculated
linear regression scores are shown in Figure 4 for both
sexes. Although the mean values change little in the
20-30 decade, and do not provide a close fit to a regression-
line function at older ages, there is no apparent consistency
to these deviations from linearity when the data are sub-
divided by sex and exposure group. The assumption of
linearity is therefore made for analytic purposes. Males
were somewhat faster than females in performing the
light extinction, although age is a much more important
variable than sex in this test. Analysis of the regression
lines by exposure groups revealed no significant differ-
ences (Figure 5).

Vibrometry The ability to detect vibrations by the method
used did not vary directly with age throughout the
age-range of examinees. Visual inspection of the vibrometer
scores by sex and age (Figure 6) suggested that beyond
age 40 years the threshold for detection increased
linearly with age. Under age 40 the variation in mean
scores made it difficult to identify the nature of the variation
with age, particularly in females. When tested by analysis
of variance, regressions of voltage on age for each stx do
indeed differ for the two age groups(0.01>P>0.001) with
the slopes almost four times greater for the 40 and over
group. Therefore, this test as performed was much more
discriminating in the older groups. Females were signifi-
cantly more sensitive than males in detecting vibration
(0.01>P>0.001 for the group age 40 and over); no
significant radiation exposure group differences were
detected (Figure 7).

Comparison of the Three Neuromuscular Aging Tests
A common index of the amount of agreement in paired
measurements, when the relationship between the two
measurements appears to be linear, is the coefficient of
correlation. This coefficient is useful for a comparison
of the three tests of aging because it is an index of the
closeness of fit of the data to the fitted least-squares
regression line, and it is completely independent of the
The correlation
coefficients ( r ), showing the kind and amount of agreement
between the various aging test scores and chronological
age, are shown in Table 6.

units of measurement of the data.

Looking at the ‘7" values from Table 6, several points are
worthy of emphasis. The linear relationship between
dynamometer score and chronological age seems to be
closer for men than for women, although this difference
is not statistically significant. The vibrometer score, as
was indicated earlier, is poorly correlated with chrono-
logical age in subjects under 40 years, but in subjects 40
years of age and over the linear association between
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FIGURE 4 MEAN LIGHT TEST SCORE BY AGE AT EXAMINATION AND SEX
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FIGURE 5 REGRESSION OF LIGHT TEST SCORE ON AGE AT EXAMINATION BY SEX AND EXPOSURE GROUP
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FIGURE 6 MEAN VIBROMETER SCORE BY AGE AT EXAMINATION AND SEX
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FIGURE 7 REGRESSION OF VIBROMETER TEST SCORE ON AGE AT EXAMINATION BY SEX AND EXPOSURE GROUP
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TABLE 6 CORRELATION COEFFICIENTS OF NEUROLOGIC TEST SCORES ON AGE

F# 6 MERTABRERSO FR T 5 MR
Correlation 2
Sex Hand Age Group Coefficient T
< s £ It e 4‘9“\‘?5{:3&
(r

Dynamometer i Jj it
Male % right %7 all & is —.439 .193
left # all & F# —.436 .190
Female % right # all % —.382 146
left 72 all % s —. 369 136

Light Test M A7 2 k
Male % . all % & +.526 277
Female % all & & +.520 270

Vibrometer 1 @ &% 4
Male 7 <40 +.161 026
=40 +.434 188
Female <40 +.130 017
=40 +.505 .255

test score and chronological age becomes much stronger.
The closest linear relationship between test scores and
chronological age is seen for the light extinction test.
The light test score appears to be a useful measure of
physiologic age over a wide range of chronologic ages
and it is equally sensitive to increasing chronological
age in men and women.

DISCUSSION

Three tests of neuromuscular aging were included during
routine survey examinations of A-bomb survivors and
other subjects in Hiroshima. The tests were performed,
in part, to explore the possibility that the 1945 atomic
irradiation caused a general acceleration of aging. The
most important aspect of the survey, however, was to
determine the suitability of the three tests for a continuing
or intermittent study of the same subjects in Hiroshima,
Each of the tests,
although testing neuromuscular phenomena, probably
measures different aspects of aging. Strength of hand
grip almost certainly measures little more than muscle

or as epidemiologic tools in general.

strength, perhaps with some aspects of articular function
in the very elderly. The light extinction test, measuring
the total time required to turn off a sequence of flashing
light bulbs, is more complex; there are elements of central
reaction time as well as manual dexterity. Decrease with
age in the ability to perceive a vibratory stimulus applied
to the malleolus undoubtedly measures mostly peripheral
nerve or spinal cord function. The three tests employed,
therefore, are relatively independent and could not be
used interchangeably or as tests of the same physiologic
function,
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With the three tests employed, only one, the grip strength,
indicated any unusual distribution of measurements in
relation to exposure group. The data in Table 4 and the
linear regression lines in Figure 3 seem devoid of pattern.
No evidence of a relationship between grip strength and
radiation dose received by subjects within 2000 m from
the hypocenter was established, although a reduction of
0.03 kilogram per 10-rad increase in dose was observed.
Thus, if radiation exposure were to accelerate the effect
of increasing age on hand grip, the cumulative effects of
a 100-rad dose during the 15 years since exposure was a
loss equivalent to a l-year increase in chronologic age,
one quarter of a kilogram. Furthermore, the exposure
groups were defined in terms of location of the subjects
ATB, and include, in addition to actual exposure differ-
ences, all of the various socioeconomic and occupational
differences which distinguish the residents of one area
from another. Certainly both nutrition and familiarity with
physical labor influence the strength of an individual.
The small average grip strength differences seen between
groups may well be explained on this basis.

The tests themselves all seem generally applicabl’e‘tu
epidemiologic studies of neuromuscular aging. They are
easy to perform and definitely age-associated. Many tests
of age that have been studied in Hiroshima have been very
poorly correlated with age below 40, '® and detection of
vibration is one of those tests. Above age 40 the corre-
lation coefficients (7) for the three tests with age range
from .37 to .53 (Table 6). The square of ‘r’,'% gives the
proportion of the total variation in the dependent variable
(aging test) that can be explained by the independent
variable (age). An 7’ of 0.5, squared, indicates that 25%
of the variation in test results is associated with age, so
that only about 15%-25% of the variation in these tests
can be explained by age alone. Similar coefficients
characterize most of the better tests available for use in
large-scale surveys of aging.!® The low specificity of
these and other physiologic tests of aging suggests that a
battery of different tests might be useful in assessing

total biologic age.

SUMMARY

Three tests of neuromuscular function were administered
to members of the ABCC-JNIH Adult Health Study sample
attending the ABCC clinic in
- strength of hand grip, reaction time in a light
extinction test, and the voltage required to detect vibration—
clearly varied with the age of the subjects. No changes
definitely related to radiation were detected. Only for
hand grip strength was there evidence that the relation-

Hiroshima all three

readings
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ship between age and test score varied significantly
between exposure groups, but no significant association
between grip strength and estimated rad-dose was found
in subjects within 2000 m from the hypocenter. The
differences between exposure groups are more likely to
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have resulted from socioeconomic variation by geographic HRIBSTREOEL ) ZOLAMHOR R - RFHE
area than from variation in the level of radiation. BIZERTIAFOFIKE O,
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