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CORRELATIONS BETWEEN TESTS OF AGING IN HIROSHIMA SUBJECTS
AN ATTEMPT TO DEFINE “PHYSIOLOGIC AGE”
LEOAEHgE LSt 283BNMBREMOMEEA
TEHEFNER OEERIORH

INTRODUCTION

It seems remarkable that a process so universal as aging
should be so little understood. The chronological age of
an organism can be measured with some precision and
much is known about the changes in particular physio-
logical variables that accompany increasing age, but it is
not yet known how to measure the biologic age of an indi-
vidual, or even exactly what is meant by the term. This

has not, however, prevented the formulation of hypothe-

ses about the mechanics of biological aging.

Experimentally irradiated animals have seemed to die
earlier than controls even when specific radiation sequelae
such as cancer are excluded. This nonspecific life
shortening effect of radiation has been seriously question-
ed by radiation biologists in recent years, but the contro-
versy remains. Biologists and gerontologists have further-
ed the relationship by suggesting that aging is simply the
progressive accumulation of somatic mutations, a process
that should be accelerated by irradiation as induced mu-
tations are added to naturally occurring ones.'?

The Atomic Bomb Casualty Commission (ABCC) in
Hiroshima and Nagasaki, Japan, has conducted studies
to define appropriate tests for physiologically monitoring
aging.*” The medical survey of atomic bomb survivors
and appropriate nonirradiated comparison subjects entails
regular complete medical evaluation of about 20,000
members of the continuing Adult Health Study. Simple

tests for aging can be included in the general examination.

During March 1960, all subjects entering the ABCC
clinic for their periodic examination participated in a
series of physiologic tests of aging. The tests used had
been previously evaluated at ABCC and elsewhere for
their variation with age. An attempt was made to select
those tests that were simply performed, correlated well
with age, and reflected changes with age in different
organ systems.
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The purpose of the study was to provide multiple aging
tests on the same subjects, allowing statistical evaluation
of the independence or interdependence of the selected
tests, and the concept of biologic age whether certain
physiologic tests might be combined so as to yield a bio-
logically meaningful aging score that could be contrasted
with the actual chronological age of an individual subject.
The concept of measuring age biologically rather than
chronologically is of enormous general interest, of im-
portance in industry, and indeed in all areas of human
endeavor, but has received relatively little attention from
medical scientists. The study was not designed to at-
tempt to define differences in bhiologic age between irradi-
ated and nonirradiated subjects; many more subjects and
probably sequential examinations would be required.

METHODS

The Population The Adult Health Study population in
Hiroshima is described in detail elsewhere.®® The sample
centers on those who suffered from acute radiation
symptoms in 1945; these were matched from census data
with subjects less heavily irradiated and two nonirradiated
comparison groups. Subjects from each of these groups
are examined in such a manner that all ages, sexes, and
radiation groups are approximately equally represented in
a short time-interval.

During March 1960, a series of 17 potentially useful
aging tests was administered to a sample of 437 subjects.
The age and sex composition of the sample is shown in
Table 1; the radiation exposure status is not given since
this variable was not studied extensively in this analysis.
The correlations between each of the 17 tests and chrono-
logical age of the subject are shown in Table 2. Nine of
the 17 were selected for further analysis. Tests were
dropped in some instances where information was lacking
for many subjects (heart size, thorax size, total serum
albumin), or the test seemed poorly related to age (one-
second expiratory volume, tidal volume), or because, al-
though the test was intrinsically useful, it was highly
correlated with one of the other tests and provided no
independent information as to physiologic age (diastolic
blood pressure, represented by systolic; and audiometry
at 200 cps, represented by audiometry at 4000 cps).
Ocular accommodation, known to change with age, was
inadequately tested and was replaced in the analysis by
One additional test,
hair graying score, was eliminated because, although well

simple visual acuity measurement.

correlated with age, the observation was not well quanti-
tated; the common practice of hair dyveing also decreases
the validity of this test.
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TABLE 1 AGE AND SEX COMPOSITION OF THE SAMPLE
# 1 A SE i 2 U R R

Age Total - Male Female
il i # S
10-19 T 3 4
20-29 57 23 34
30-39 135 45 90
40-49 62 19 43
50-59 99 40 59
60-69 56 30 26
70+ 21 9 12
Total #t 437 169 268

TABLE 2 CORRELATION COEFFICIENTS BETWEEN AGE AND EACH OF SEVENTEEN TESTS
AND THE NINE SELECTED TESTS

2 VUHo#MES FCBEAL ITBoOME & F8 L 0N FRE

Selection Test Sample size Correlation with age
&5 i # B R i & o FH I

1 Skin elasticity )

E A e 433 +.604
2 Systolic blood pressure

. 1 437 +.519
3 Total vital capacity

o e e 2t vt e e e 429 —.402
4 Hand grip strength

DU N A N LE 437 —.323
5 Light extinction time

AT MR o 4356 +.488
6 Vibrometer ;

BRIEMAE oo 437 +.537
7 Visual acuity

PR o A 433 —.423
8 Audiometry 4000 cps

BhHEHE ... R 436 +.596
] Serum cholesterol

iz Lzro—LEgHE ... 426 +.234

Hair graying score

e R 442 +.717

Diastolic blood pressure

AR MR s cinn i anisia 437 409

Heart size

LR o B s maa s 380 +.294

Thorax size

L Rt O — 380 —.124

Tidal volume

20 N Y | Kol [ 428

One-second expiratory volume

R T TR oot 429 —126

Audiometry 200 cps

LTl - S S M 437 +.445

Total serum albumin

BHT T 3B R, waunaminns 169 —.267




The Aging Tests The nine tests employed in the analysis
were all simple measurements that were performed satis-
factorily in almost all the subjects; the number completed
ranging from 426 to 437. The tests used were:

Skin elasticity. The method consists of the time
required for a standard pinch to flatten.*

Systolic blood pressure.

Pulmonary vital capacity, measured with a Collins
respirometer.

Hand grip strength measured by a dynamometer.”

Light extinction time. A battery of lights were con-
nected in random series, and the subject was to cut
the switch as soon as a light appears. The total time
This test

represents a complex task involving manual dexterity
6

to extinguish the light was measured.

and mental reaction time.

Vibratory perception in the ankle was measured sy
an electric vibrometer, the instrument set at a
standard frequency of 120 per second at 20 volts.
The voltage intensity required for perception of vi-
bration was the end-point.®

Visual acuity was estimated from a standard Snellen
chart, and the results recorded as decimal notations.

Auditory function was tested in the right ear, using
an electric audiometer at 4000 cps, with decibel in-
tensity as the variable measured.

Serum cholesterol, determined by the method of
Abell et al.
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Nature of the Approach Although it is usual to think of MBRAEDEME HA2ETOBRERRXLEBER 0
the relation between a particular test result X and chrono- MG EROME F4bb
logic age t in terms of the result being a function of age:

X = f{t),
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it is possible to invert the relationship: ER2ED WTHZY, TORKeBETIIL
TEHTEDE,
t =g(X),

that is, to express (mean) age as a function of e.g. systolic

blood pressure rather than expressing (mean) systolic
pressure as a function of age. It is not implied here that

blood pressure determines age, but that, knowing blood
pressure, an estimate of age may be made.
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If the values of the nine physiologic variables are re-
presented by X;, X, ... Xg, then there will correspond
nine different estimates of age:

ty =g (X)) ta = go(X2),

It would seem natural, then, to attempt to combine the
different estimates into a single estimate by a linear
formula:

T= agt altl + asts ...

where the coefficients are determined by the method of
least squares. In other words, the combined estimate T
is determined as a multiple linear regression function of
the individual estimators ty, .... tg.

The question remains how to determine the individual
estimating functions g; through g¢. It is exceptional for
the relation of age to a physiologic variable to be linear
over the whole range of adult ages, so that simple linear
regression is inappropriate. Since the present study is of
exploratory nature, conducted on too small a sample to
provide very precise delineation of the nature of the
functional relationships involved, a polynomial regression
of the third degree was used:
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t =hy +b;X+b2X2 +b3X3

because such cubic curves should usually provide reason-
able approximations to the actual functional relationship
over the range of values of interest.

The analyses were performed separately for each sex.
For each variable, a cubic curve was fitted by least
squares, and the coefficient of the cubic term evaluated
for statistical significance at the 5% level. If the cubic
coefficient was significant, the cubic equation was adopted
as the estimator; if not significant, a second degree curve
was refitted, and the quadratic coefficient similarly tested.
In this way, the final 18 estimates (nine for each sex) are
some of the first, some of the second and others of the
third degree.

RESULTS

Figures 1 and 2, and Table 3, show the values for the
nine individual tests used in the final analyses. Some of
the problems involved in statistical treatment are exempli-

fied.
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FIGURE 1 AGING TEST RESULTS BY TEST (t,~t,), AGE AND SEX
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FIGURE 2
B 2

AGING TEST RESULTS BY TEST (t;—tg), AGE AND SEX
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Loss of skin elasticity, for example, began to show age-
related changes only at ages 40 and over, and the sharp
changes thereafter were accompanied by large deviations
among individual subjects. Several other tests, such as
vital capacity and systolic blood pressure, showed changes
at similar ages, but less individual deviation. Serum cho-
lesteral, on the other hand, rose steadily until old age but
the changes in mean values were small; however, the
standard deviations were quite constant for all age groups.
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TABLE 3 MEAN AND STANDARD DEVIATION FOR THE NINE SELECTED TESTS BY AGE AND SEX

#3 MENAIHMOBEOREME S £ UEERDE - £k - 16
Test 1019 20.29 30-39 40-49 50-59 é})-GQ 70+
es = e e LT S e e e "
BE Mean SD Mean SD Mean SD Mean 5D Mean SD Mean SD Mean 5D
T 1 fif i 1 Tl R aliy Rl Beealiid
Male 3
1 Skin elasticity
R sec B 0 . 0 0.02 +.1 1.2 +£1.0 3.9 453 19.9 +20.8 43.1 £28.4
2 Systolic blood pressure
3 11 mmHg 117 %156 0 B B R ) T o 7 119- 422 136  +32 149 $27 154  +25
3 Vital capacity
Bt B ml 3760 £170 4090 +560 4030 4710 3490 £390 3220 590 3070 +£410 2830 +480
4 Hand grip strength
i--f7) RN SN | " 342 £5.9 399 86 427 8.2 37.0 £10.8 325 477 29.9 483 220 +485
5 Light extinction time
HITRERE. . sec®y  5.59 +0.29  6.14 +£0.94  5.94 +£1.04  6.59 +0.88  6.79 £1.17  7.92 1+3.14 11.42 £7.61
6 Vibrometer
AN R v 13.5 3.0 15.0 7.2 20.1 £16.6 21.3 H8.3 24.9 +9.3 30.9 *12.5 46.5 47.8
7 Visual acuity decimal
HMOBRE s A¥sliE 0.83 +0.63 1.13 £0.55 1.23 0.53 0.80 +0.48 0.72 +0.34 0.54 +0.36  0.41 +0.32
8 Audiometry decibel
BABRE v TN 65 158 8.5 +4.8 7.0 45.0 6.5 =55 11.5 £11.7 18.0 £13.6 21.5 #£11.2
9 Serum cholesterol
M= AFo0—Lmg/100ml 130 +2 137 +2 154 +4 156 +3 160 4 168 +3 166 +3
Female %
1 Skin elasticity
B 50 B 0 - ] 0.2 0.5 1.9 2.4 L. +15.7 21.6 £23.8 57.3 +31.6
2 Systolic blood pressure
BEIE ...oonviiienens mmHg 108 +5 114 %10 113 +£14 118 £17 135 +27 147 +26 1656 28
3 Vital capacity
LRIy SRt RS ml 2500 +£390 2980 =480 2830 560 2560 380 2290 +£380 2050 £360 1660 £520
4 Hand grip strength
"h L R 21.2 X255 21.8 +9.6 22,4  45.0 18.1 46.4 17.5 8.6 13.2 4.6 1.7 £3.6
5 Light extinction time
THATR e dE ... 6.75 .71 6.02 +0.61 6.29 +£1.51 6.76 +£0.97 8.38 £7.74 7.54 £1.14 10.21 £3.64
6 Vibrometer
EREERE ..o v 12.9 £3.0 129 45 162 £6.3 189 475 240 8.7 273 953 33.9 9.9
7 Visual acuity decimal
MOBE LD ESE 112 2024 1.00 £0.45 0.91 +0.45 0.74 x0.47 0.54 +0.37 0.49 £0.35 0.41 £0.30
& Audiometry decibel
Bh8&E . ... F¥AL 125 126 9.0 £5.7 13.0 +8.9 18.0 £17.2 25.0 £14.4 38.5 %22.2 51.0 £19.3
9 Serum cholesterol
M= L2720 — L mg/l00ml 170 +4 162 +3 161 +4 174 +3 191 +4 186 | 176 +2




The degree of each regression polynomial for age is
shown in Table 4. In five instances the curves for males
and females were of different degree. Table 5 shows the
correlation between age and the polynomial estimators,
and the inter-correlations of the latter among themselves.
Despite the rather small sample size, the correlation coef-
ficients for the two sexes were surprisingly close. Each
estimator correlated well with age, although the age-
estimate based on serum cholesterol was conspicuously
poorer than the others. The best estimator, in hoth sexes,
was skin elasticity.
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TABLE 4 DEGREE OF REGRESSION POLYNOMIALS FOR AGE ON PHYSIOLOGICAL VARIABLES

i 4

ERERIELOCZ B 5 d o [BUE 2 HR 0 K

Variable %% Male # Female &
Skin elasticity
BEMHME .oeeeeecreeeessssiiieiinenn.. Cubie 3K Cubic 3K
Systolic blood pressure
BemE ... Cubic 3k Cubic 3k
Vital capacit e
LITLE: © o L D Cubic 3K Quadratic 2 &
Hand grip strength
o csmsssimansiisnrpvo dbasvs i atians Cubic a0 Quadratic 2 XK
Light extinction time
AR BEE sl Quadratic 2 Cubie 3K
Vibrometer
BMETERELE ... Quadratic 2K Linear 1%k
Visual acuity
AN o s e o T e 105 Linear 1R
Audiometry 4000 cps
e, s S | I - Linear 13k Quadratic 2 K
Serum cholesterol
10 D A R i PN R i L 1T 1K Linear 1%

The final estimates of physiologic age are shown in Table 6,
as functions of age, together with the individual esti-
mators. The correlation between T, the physiologic esti-
mate of age based on all nine observations, and the actual
age, was +.895 in males and +.898 in females. Express-
ed in another way, the standard deviation of ages was
15.3 vears in the male sample and 13.6 vears in the
female, while the root mean square difference hetween
the estimated physiologic age T and actual age was 6.8 vears
for males and 5.9 vears for females.

Figure 3 shows the estimated physiologic age as a
function of actual age for males and females. Generally,
physiologic age exceeds actual age below actual age 40,
and varies little. Above 40, physiologic age varies lin-
early with age but remains somewhat below actual age.
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TABLE 5 CORRELATION BETWEEN AGE AND POLYNOMIAL ESTIMATES OF AGE, AND INTERCORRELATION
OF POLYNOMIAL ESTIMATES

#5 s & Gl O & HAHEE L & oM A 6 U Z A HEE (AL R o0 R

Estimator %

[tem Chronologic
FiH Age ty ta Ly ty tg tg ty ty tg
iR
Male 2

Chronologic age
B R 1.0000 7810 5166 6161 5255 5221 6035 L4658 .6181 2177
t; Skin elasticity

B i 1.0000 4163 LABBT 5228 H3I6T 4160 .3559 5484 L1821
t; Systolic blood pressure

B R ULIE ..o 1.0000 .3434 2582 L2452 4171 2827 2421 2780
ts Vital capacity

i, S 1.0000 .4904 3415 .2521 .3678 .3531 .2083
ty Hand grip strength

510 SN Y 1.0000 L4440 .2929 3225 3125 0904
ts Light extinction time

HERARFRIVE e SO 1.0000 3257 3196 L4869 L1099
tg Vibrometer

AN - 1.0000 3256 LA240 L0590
t 7 Visual acuity

AR s 1.0000 4295 L0708
ta Audiometry 4000 eps

3B O e PR SR 1.0000 0398
tg Serum cholesterol

f#ILAFo—I ... 1.0000

Female =

Chronologic age
TR s snranvine 10000 7798 5976 6199 5594 5961 6082 4215 6306 .2780
t1 Skin elasticity

B 1.0000 L4095 5338 4784 B2TT 4507 3524 5346 L1294
t s Systolic blood pressure

dif 5 L 1.0000 L3861 3136 3454 4038 L2602 .4055 .2936
ty Vital capacity

IR St o [ LA O 1.0000 .h282 5037 .35694 L3177 .4293 2022
ty Hand grip strength

s ST 1.0000 5414 .3224 3022 L3783 L1617
ts Light extinction time

BITEGHE .. 1.0000 L3725 2722 5178 L1051
tg Vibrometer

BRI R 1.0000 L3087 A268 1527
t7 Visual acuity

AR s, 1.0000 .2993 0590
ta Audiometry 4000 cps

L op - - R 1.0000 1007
ty Serum cholesterol

Mz LAFa—»n.... 1.0000
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TABLE 6 AVERAGE VALUES OF PHYSIOLOGIC AGE AND THE NINE AGE ESTIMATORS BY CHRONOLOGIC AGE
#6 FHMNEBBLIUI DOEREE FO T BT

Chronologic Estimator #: % ¥
Age F - =
7 g r 4 ta ty £y ts ty L5 ts ty
Male e
10-19 33.0 37.4 41.2 43.4 45.6 39.6 36.5 44.6 36.7 42.8
20-29 33.2 37.4 42.4 37.7 43.2 42.0 39.1 43.2 40.4 44.4
30-39 33.9 37.5 41.5 39.6 40.1 41.3 41.3 42.0 38.8 45.4
40-49 41.6 41.0 44.1 45.0 44.6 44.8 43.0 46.1 45.9 44.4
50-59 50.2 47.2 46.1 49.2 48.0 46.5 48.2 47.3 49.0 48.0
60-69 61.0 58.2 h3.8 52.0 50.7 51.2 610 49.7 53.3 46.6
TO+ 73.6 70.9 55.7 53.6 58.4 57.1 60.8 51.9 55.8 46.4
Female %
10-19 34.7 36.9 38.7 43.9 41.4 45.5 37.8 39.3 40.3 42.8
20-29 33.1 36.9 40.0 38.6 40.2 38.5 37.6 41.2 37.9 43.1
30-39 35.4 37.3 40.4 40.2 40.0 40.1 40.9 42.2 40.5 42.9
40-49 41.6 41.0 42.4 43.5 44.6 43.8 43.3 44.4 42.8 44.6
50-59 52.5 50.6 47.2 47.2 -45.? 48.5 47.9 46.6 47.6 46.2
60-69 61.6 58.6 51.9 51.6 51.6 49.6 50.9 47.5 53.2 45.6
TO+ 70.9 64.2 59.4 62.4 54.5 58.4 53.4 48.3 54.9 44.8

FIGURE 3 ESTIMATED PHYSIOLOGIC AGE BY ACTUAL AGE AND SEX
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Finally, despite the obvious weaknesses of the data, an
analysis of variance was performed on decade-sex specific
mean values of physiologic age in relation to the radiation
exposure groups with the following results. Beyond the
obvious association between physiologic age and actual
age, the only significant finding was the sex by radiation
interaction, which was barely significant at the 5% level.

Bz, BEEIMHo» IR+ THEd - 24, #B
BECo L CEBEMEBO @R E ok Tz iE
TAGEMO G AT -, EENEBEEBFOER L
OEIZIHS 22 MEIF B oM EE LMD
REvziE, MosBBEMOBETH =Y, 2hizsy%
DKETHE I LTHBLADONERETH - 72,

Degrees of
Source of variation freedom Mean square F
A H e AR 51 e
Apge B 5 1932.84 531.00 (p=.001)
(755 R o S S, S 1 .80 .22
Radiation exposure H S5 # @ 3 7.69 2.11
Age, by sex e TER 5 6.14 1.69
Age, by radiation & #EEH 15 4.18 1:1h
Sex, by radiation 1%: #HIBERH 3 12.08 3.32 (p<.05)
Error BB oasnnanan 15 1.64
DISCUSSION £ =

Since many of the physiologic observations on man vary
with age, it would seem possible to devise a procedare
which, on the average, could estimate actual age fairly
closely, given the values of a large number of physiologic
measures. Such an estimate could well be termed physi-
ologic age were it possible to demonstrate that this measure
was more closely related to subsequent, age-dependent
Thus, it might be
found that mortality rates over a subsequent period of time

changes than chronologic age itself.

were an even more sharply increasing function of the
combined physiologic measure than of chronologic age
itself. Validation of this kind would seem prerequisite
for any physiologically based measure to be entitled to
the name physiologic age. Plainly, the ABCC studies are
very far from arriving at this stage. The ABCC program
provides for periodic examination of a large sample of
persons® and includes determination of mcirtza.lit},',g and an
autopsy rate in excess of 50% for the members of the
Adult Health Study sample.!”
sary to the construction and validation of a measure of
physiologic age are, therefore, at hand.

All of the means neces-

The present
effort is but a first step, which is perhaps as instructive
with respect to its failures as its successes.

It is noteworthy that, below actual age 40, few of the
This is true also for
death rates for all natural causes. It is after age 40 that

observations vary much with age.

mortality rates begin to increase rapidly, blood pressure
readings increase, and visual and auditory acuity decrease.
In the data
analyzed, average systolic blood pressure, in males, for

In other words life begins to end at 40.
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example, varies only between values of 116 and 119 mmHg
in the age groups 10-19 through 40-49. Therefore, given
that a man has a systolic pressure of 118, the most that
can be said is that he is probably less than 50 years of
age. The predictor, tz, compelled to pick a number since
it is a single-valued function, chooses the number 41,
since this is about the average age of all males in the
sample who had systolic blood pressure readings in the
range 115-120. Tt is obvious, after the fact, that if the
physiologic measures are not themselves sensitive to age
below age 40, it is absolutely
over the whole range of age:

futile to attempt to predict
The results at ages below
40 are nonsense, and the results at ages above 40 have
been impaired by attempting the impossible (Figure 3).

Related to the first point is a second, technical point.
The method of least squares performs well if the data are
homoscedastic and the dispersion in the variable estimated
While
most of the physiologic variables may be considered near
enough homoscedastic functions of age, when the relation-
ship is inverted to express age as a function of the physi-

varies little with changes in the predictor variable.

ologic variable, the relationship becomes extremely hetero-
scedastic. This occurs because for average values of the
physiologic variable below age 40, the age variation is
enormously greater than at the values associated with

Thus,

nomial fits for the individual predictors were excessively

elderly persons. in the present study the poly-
influenced by the data for younger ages, where the fit was
bound to be poor. Similarly, the large diserepancies be-
tween the individual estimates and actual age at actual
age below 40 undoubtedly had inordinate influence in the

determination of the coefficients of the combined index T.

In the light of the problems mentioned above, the com-
bined index performed remarkably well: Correlation of
nearly 0.90 with actual age is higher than expected. It
seems clear, that to obtain substantial im-
provement in performance one of two things must be done:
Either restrict attention to persons over 4( years of age,
or find physiologic measures much more strongly age-

however,

dependent below age 40 than are those heretofore
considered.

Further studies at ABCC should include testing of a
larger sample to evaluate differences related to irradi-
With

a larger sample, the data can be correlated with the

ation suggested in the females of this small sample.

extent of irradiation by applying either distance from the
hypocenter or radiation dose estimates.!' In such analy-
ses it should be noted that certain tests (vital capacity,
hand grip strength, light extinction time) may be strongly
influenced by the motivation and cooperation of the

subject, while the subjective element in other tests is less
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marked. However, only three of the tests (skin elasticity,
systolic blood pressure, and serum cholesterol) are truly
objective measurements.

Finally, only correlation with mortality can validate the
concept that a test or group of tests indeed has pertinence
to physiologic aging. Since blood pressure levels clearly
relate to mortality and, since hypertension may influence
organ function generally, this variable should be scruti-
nized carefully in any eventual correlation between aging
tests and mortality. Nevertheless, the ABCC program of
clinical examinations and mortality survey has the power
to study the problem, and it is hoped that the necessary
data can be collected in a systematic manner.

SUMMARY

Nine physiologic functions which change with age were
measured in 437 subjects during their regular visits to
the Atomic Bomb Casualty Commission clinic in Hiroshima,
Japan. This pilot study was undertaken to determine the
feasibility of collecting such data in a population sample,
and to provide data for statistical formulation of a compined
physiologic age score. The study demonstrated that ade-
quate sample data could be obtained, and that statistical
treatment could construct aphysiologic age for individual
subjects.
age 40, and the validation of the concept of physiologic age
requires eventual correlation with mortality. Since the
ABCC program includes a highly accurate mortality survey,
it is hoped that data on physiologic aging can be collected
and eventually related to mortality.

However, the tests were of limited value helow

Approved 38 17 December 1964
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