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Among the possible late effects of ionizing 
radiation exposure are shortening of life span 
and a process resembling premature aging. In 
animals these effects are evidenced by such 
changes as graying of the hair (7), appearance 
of degenerative changes in tissues and organs 
(I. 2). and deaths associated with degenerative 
diseases and malignancies (6). Although evi­
dence for premature aging per se has not been 
observed in human beings, shortening of life 
span and increased incidence of malignancies 
have been reported in radiologists (10, 11). 
Japanese exposed to nuclear bombings have 
shO\vn an increased incidence of leukemia (9). 
Another human population which received sig­
nificant radiation exposure arc the people of 
Rongelap Atoll in the Marshall Islands, who 
were accidentally exposed to fallout in 1954. 
In view of possible effects of radiation in pro~ 
ducing premature aging, during the course of 
studies of these people it was desirable to de­
\'C'lop a method of measurement of aging. It 
seems pertinent first to briefly summarize the 
radiation effects in the Rongelap people. since 
they were the subject of this study. 

A group of 64 Rongelap people received an 
estimated 175 r of gamma radiation in addition 
to beta burns of the skin and some internal ab­
sorption of radionuclides. Also 18 other Ronge­
lapese who, by virtue of being away on a near­
by island, received only an estimated 69 r. Due 
to radioactive contamination of their home is­
land, the people of Rongelap were moved to 
Majuro Atoll where they lived for the following 
three vears. They returned to Rongelap in the 
summer of 1957 accompanied by some 100 un­
exposed Marshallesc relatives who had not been 
living on the island at the time of the accident. 
This group served as an excellent comparison 
population. Both groups have been carefully 
studied at intervals for signs of radiation effects. 
The acute damage (such as hemopoetic depres­
sion, and skin burns l which have been described 
in pre\·ious publications (3, 4, 5) has largely 
subsided, and greater emphasis is nm\· being 
placed on detection of late effects of radiation. 

•Thi.:; work was done under the ampiC'c<; of the l '. S. Atomic 
E nern C{;mmi~sion. 

Shortening of life span has not been apparent 
thus far. Four deaths have occurred: one in a 
46-year-old man during the second year after 
exposure from hypertensive heart disease, which 
had been present at the time of exposure; the 
second in a 76-year-old man at three years 
post-exposure of coronary heart disease compli­
cating diabetes of long standing; the third in a 
36-year-old man 4 years after exposure with 
acute varicella; and the fourth in a 61-year-old 
female at S years after exposure of O\'arian can­
cer. None of these deaths seemed to be directly 
related to radiation effect, and the incidence of 
mortality is about the same as for the Marshall 
Islands as a whole. No case of leukemia or 
cancer, except the one case of cancer referred to 
above, have occurred. The incidence of degen­
erative diseases seems to be about the same in 
the exposed as in the unexposed group, Repro­
ductive capacity does not seem to have been 
impaired in the exposed group. A slight in­
crease in the number of miscarriages and still­
births seems to have taken place in the exposed 
women but, due to lack of vital statistics, this 
cannot be properly evaluated. There also was 
suggestive evidence of a slight lag in growth and 
development of exposed children during the 
first few years post-exposure, but this is being 
re-evaluated based on better age data. No 
genetic effects have been observed in the chil­
dren born of exposed parents. 

Although there has been no outward evi­
dence by gross observation of any accelerated 
aging effect of radiation on the exposed group, 
it was believed that it would be desirable to 
ha\·e measured criteria of possible age changes 
that might occur on normal physical examina­
tion. Therefore the over-all objective of this 
study was to establish a series of tests to evalu­
ate any possible radiation-induced senescence 
in the exposed group compared with the un­
exposed population living on the same island. 
However, a study of the data to be presented 
that was collected during the past 5urvey 
(March, 1959) 5 years after exposure s~mved 
no apparent differences between the exposed 
and uncxposPd groups. Therefore the two 
groups have been pooled with the objective of 
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MEASUREMENT OF SOME AGING CRITERIA 359 

presenting the methodology of approach, the 
trend of changes for the various aging criteria 
chosen, and an attempt to determine a biolog­
ical age score for the individuals and different 
age groups. 

MA TER1'\LS AND METHODS 

This study was hampered by the small num­
ber of people involved and the lack of vital 
statistics on the Marshallese people. Another 
difficulty has been the uncertainty of exact ages 
in some cases, particularly in older people. 

The aging criteria to be presented were re­
corded only in adults. that is in those 20 years 
of age and over. Data were recorded on 126 
adults, 42 in the originally exposed group and 
84 in the larger comparison population. Table 
I shows age and sex distribution of the people 

TABLE I. RoNGELAP ADULT POPULATION AGE 

DISTRIBUTION (I 959). 

A~e Exposed Unexposed 

M F M F 

20 - 24 0 1 6 
25 - 29 2 12 6 
30 - 34 3 3 5 
35 - 39 1 4 4 4 
40 - 44 4 2 6 3 
45 - 49 0 3 
;jO - 54 1 0 5 5 
5.~ - 59 2 3 
60 - 64 0 5 3 
65 - 69 0 0 2 3 
70 - 7 4 0 0 
-;-:; - 79 0 0 

>80 0 

Total 

12 
21 
13 
13 
15 

6 
11 

7 
14 

5 
3 

5 

126 

examined. The ages were reasonably well dis­
tributed except for a smaller number of older 
people ( > 60 years of age). 

The age criteria chosen were based on 
changes generally believed to be associated with 
physiological senescence and represent only a 
small number of those that might have been 
considered. Thev were selected. however. \\·ith 
a view toward ~ase of assessment during rou­
tine physical examination under field condi­
tions. time limitations. and language barrier. 
Therefore. unfortunately, tests of vigor and 
functional capacity were necessarily limited.* 

There were 15 tests selected. 9 of which were 
measured directly and 6 of which were esti­
mated on a 0 through 4 - scale. There were 
5 tests invoking the integument: I) skin loose-

• Tfiere were <;cveral t~ts such as puJ"e-bloo<l pres.<:>ure resrome tn 
~ rwo-o;,?er te<;t and \·i1.1l capacity· that were tricJ out hut not uo;ed 
~ince tney pro\"ed unsafr.,i.1ct£·ry. 

Fig. I. Calipers used for measurement of skin loose­
ness and elasticity. 

ness, 2) skin elasticity (retraction time). 3) 
senile changes in the skin, 4) graying of the 
hair, and 5) baldness. There were four tests 
involving the special sense organs: 1) accom­
modation, 2) visual acuity, 3) arcus senilis, and 
4) hearing. The cardiovascular system was 
tested by: 1) systolic and diastolic blood pres­
sure recordings, 2) peripheral arteriosclerosis, 
and 3) retinal arteriosclerosis. There was one 
test of neuromuscular function. Vigor was 
measured by hand strength measurements. The 
methods used in carrying out these tests follow. 

Integument: A special skin caliper was de­
signed for measuring skin looseness and elastic­
it\·. (Sec fig. I.) The legs of the caliper can 
b~ opened to any desired degree to as much as 
5 cm. (on scale "A" by adjusting screw "B" in 
fig. 1). The spring tension ,,·hen the caliper is 
closed on a fold of skin rcsul ts in a pressure of 
about 500 Gm. The inner and outer surfaces 
of the legs of the calipers arc calibrated in milli­
meter markings ("C" in fig. I). 

l. Skin looseness.-Prcliminary investigation 
revealed that the skin fold at the junction of 
the chin and neck was the most satisfactory for J 
the measurement of skin looseness and seemed 
to be best correlated with age. The measure-
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ment of skin looseness was carried out by grasp­
ing the skin with the thumb and forefinger, 
pulling it gently outward, and applying the cal­
iper opened to 4 cm. so that each leg was firmly 
against the skin lateral to the fingers. The cal­
iper was then allowed to close by its own spring 
tension and the height of the fold of skin im­
pinged was measured in millimeters on the scale 
"C" of the caliper. The elongated ends of the 
legs impinge on 1 cm.~ surface of skin and ex­
ert a pressure of 500 Gm. There is little vari­
ation in spring tension in the last 2 cm. clos­
ing range of the caliper. The height of the fold 
represented the degree of skin looseness. The 
presence of excess fat in the skin probably made 
the readings err on the low side, but it was not 
bclie\'ed this resulted in serious error. 

2. Skin retraction time.-The state of elas­
ticitv of the skin was found to be best measured 
on the back of the hand. The hand and fore­
arm were placed at rest on the table. The cali­
per was opened to 2 cm. (as measured on the 
crossarm scale) and allowed to close on a fold 
of skin several centimeters proximal to the 
knuckles near the middle of the hand so that 
the long axis of the fold was diagonal ( 45°) to 
the longitudinal axis of the hand. (This was 
done to arnid natural folds of skin.) The cali­
per was allowed to remain closed for exactly 
60 seconds, then remo\'ed and the time for the 
skin fold to retract back to the normal skin 
contour was measured in seconds. The exact 
endpoint was sometimes difficult to measure in 
older people. and if the fold had not retracted 
completely in 90 seconds, this time measure­
ment was used. 

A reliabilitv test of the skin looseness and 
skin retraction time was run on 20 hospital pa­
tients of various ages. Measurements taken with 
the skin calipers were recorded by two exam­
iners. The following mean values with their 
standard de\'iations were obtained: for skin 
looseness in millimeters. 20.85:::: 0.71 and 
20.90 = 0.70; for skin retraction time in sec­
onds. 58.2 ± 8.13 and 58.75:::: 8.18. There was 
no significant difference between the means of 
the two examiners. Prior to the test, the two 
examiners ascertained that their techniques for 
using the calipers were alike. 

3. Senile changes in the skin.-Thc exposed 
skin of the hands and face were observed for 
the presence of senile changes such as kera­
toscs. nc,·i, and pi~mentation. The degree of 
such change was estimated on a 0 - 4...;... scale; 

c; 10 I I' ·11 1
. n v '"'- ' \.; 

only an occasional abnormality was scored as 
I +, more abnormalities were scored ranging 
up to 4+. · 

4. Graying of the hair.-The degree of gray­
ing of the hair was expressed on a 0 - 4+ 
scale as follows: 0, no graying; I+, slight "salt 
and pepper"; 2 +, moderate "salt and pepper"; 
3 +, nearly complete graying; and 4 +, com­
plete graying. 

5. Baldness.-The degree of baldness was ex­
pressed on a 0 - 4 + scale as follows: 0, no 
apparent balding; l +, slight receding of the 
hair at the temples; 2+, marked receding of the 
hair at the temples with some thinning; 3 +, 
marked thinning and baldness; and 4+, bald­
ness complete to a monk's cap type. 

6. Special senses.~(a) Eyes. 
( l) Accommodation. - Accommodation was 

measured in diopters by use of the Prince re­
fracting rule.* The average reading of the two 
eyes was used. 

(2) Visual acuity.-Visual acuity was mea­
sured by Snellen's test.* It was found that by 
taking the square root of the average visual acu­
ity (denominator) of the two eyes the scale 
was more compressed and more linear. Thus 
the best vision of 20/10 was represented at 3.2 
(the square root of IO), the worst reading of 
20 /200 was represented as 14. l (the square root 
of 200), and intermediate readings similarly 
recorded. 

(3) Arcus senilis was estimated in the 0 -
4 + scale. Only slight limbic clouding was con­
sidered I+ with increasing clouding to marked 
clouding as 4 +. 

(b) Hearing.* -Audiometric examination 
was carried out in a tent in a quiet location. A 
rugged screening type audiometer was used.t 
Impairment of hearing was averaged for the 
two ears as follows: the decibel loss for each of 
7 frequencies ( 200, 500, 1000, 2000, 3000, 4000, 
7000) in each car was averaged and a mean 
frequency loss in decibels for the two cars was 
obtained. 

Cardiovascular changes: 
I. Blond pressure. - Systolic and diastolic 

blood pressures were obtained with the stand-

• \\'ith rei!ard 10 the reliabilitv of determinations usin,; the Prince 
refracune; ruic, Snell('n's test, and hearin2' acuity .. 1t should he pointed 
out that the~e te...io;; \\ere carried out under s1endardizcd ron<litiuns, 
tmt in \"It"\\' r•t the necesslt\' rit u:.mv: an interpreter under field con­
dit1nm, it w;-i"' • nnt i<'a~ihle 1'> re-peat the t("'l;t hr more than one 
e~.1mmcr. It j,,, hclieved. howe\t·r .. that the data irnm rhesC' test~ wt:>re 
'-Uli1nl'n'1v repn•tlucihle to be nt relatl\e \·alue, ahhou1m r.ot ::io accu­
ra1c p1..'rhap\ a .... m11zh1 be otltame<l un<ltr more de~Hahle condn1011c;. 

~ Thr authrir i\ t!"rateful to the Anncd Sen'tC't'<; \1e<lical Procurement 
:\li!t'nc:,, .F•irt Tntte11. :'\. Y. fur Joan uf the audiometer. 
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ard aeronoid cuff type sphygmomanometer. 
Two readings were obtained and the average 
of the two was used. There was no basic or 
adjusted level of physical activity such as rest­
ing for a standard period prior to the readings. 
Pressures were taken from the left arm with the 
subject supine during the course of the phys­
ical examination. 

2. The degrees of peripheral arteriosclerosis 
and retinal arteriosclerosis were estimated on a 
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0 - 4 + scale. Peripheral arteriosclerosis was 
estimated by palpation of peripheral arteries, 
retinal arteriosclerosis by viewing the retina 
with an opthalmoscope. 

Neuromuscular function was measured by 
having the subject depress the key of a hand 
tally type of blood cell counter as many times 
as possible in the period of one minute. The 
total number of depressions represented the 
score. 

J 
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Hand strength was measured by a Smedly 
hand dynamomcter. * The spring tension of the 
hand grip was measured in kilograms. The 
maximum squeeze strength in the dominant 
hand in three tries was recorded. 

Due to sex differences, the following criteria 
described above were evaluated separately for 
the two sexes: baldness, neuromuscular func­
tion. and hand strength. 

• C. H. ~toclting Company, Chicago, Ill. 
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In order that the estimated and measured 
data could be compared and combined, both 
types of data were converted to a percentage 
scale. The estimated values of 0, 1 +, 2+, 3+, 
and 4 + were thus presented also as 0, 25. SO, 
75 and 1003, respectively. The measured data 
were similarly handled. Thus the values asso­
ciated with least aging were chosen as 03 
(sometimes the highest reading, as with hand 
strength; sometimes the lowest, as with hear-
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ing loss). and com·crscly the values showing 
most aging were chosen as l oor;. The data 
\\'ere examined on an indi,·idiual basis as \\·ell 
as on a population basis. A mean age score was 
obtained for each indi\idual by a\·crnging all 
the determinations in percentage for that indi­
\idual. In studying population trends for the 
\·arious criteria. mean points for 5-ycar age 
~roups (in most cases) of combined exposed 
and 'Jnexposcd populations were plotted and a 
best fit by eye cun·e drawn to show the trend 
of the data for the particular criterion. In the 
same way the average age scores \H•re plott eel 
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for the population. By combining scores from 
indi\·iduals in c·ach .'1-ycar age group, it was 
hclic\'l•d that possible errors due to uncertainty 
of exact ages in some indidduals were reduced 

RF.Sl'LTS 

The results nre plotted graphically in figures 
•J through 20. I ndi\ id ual readings arc plotted 
( oiwn circles. e\posecl people; closed circles. un­
exposed people) to show the spread of the data 
and the mean Yalues for each .1-ycar age group 
(squares l. The trend uf the Yarious criteria 
\\'itli increasing :igc ii; represented bv a best fit 
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by eye line. It can be seen that the criteria 
generally show either increasing or decreasing 
rnlues with increasing age. Many of the 
changes, such as graying of the hair, balding, 
arteriosclerosis - peripheral and retinal, skin 
looseness, and skin retraction, do not manifest 
themselves appreciably until after ages 35 to 
40 years in the Marshallese. There is a ten­
dency in many of the curves for criteria, such 
as blood pressure, graying of the hair, and loss 
(!f Yisual acuity and accommodation to level off, 
plateau. or even show slightly reduced values 
in the older age group. The number of people 
in the older age group is too small to make this 
obserYation certain. However, American statis­
tics on blood pressure (systolic and diastolic) 
do show a plateau effect beyond about 60 years 
of age and even a slight tendency to lowering 
of blood pressures beyond this age (8). By 
65-70 years of age. arcus senilis in all Marshall­
cse showed a 4 + change and so, of course, 
plateaued at a maximum. Some curves showed 
lower maximums than others. For example, 
baldness in women showed only 353 maxi­
mum. and arteriosclerosis of the retina showed 
only 45C:. maximum. It is likely that the dif­
ference in the maximums among the various 
criteria presented was due largely to differences 
in the degree of changes associated \\"ith the 
Yarious criteria, but also probably due to the 
arbitrary nature of the scoring. The sex differ­
ences in hand strength and baldness were ex­
pected. In the neuromuscular function test 
slight muscle fatigue may haYc been a factor 
in causing the females to score lower, ncccssi-

DISCUSSION 

The various changes generally associated 
with physiological senescence are known to 
show wide variability among individuals of the 
same age, and this was borne out by these data. 
However, some of the criteria seemed to be 
better indices of aging than others, based on the 
degree of change and the variability of the data 
observed.* Some of the better criteria seemed 
to be accommodation of the eyes. visual acuity, 
skin retraction, arcus senilis, graying of the 
hair, and hand strength. One would expect 
that the measured criteria would be more re­
liable than the estimated ones in view of the 
subjective element and less precise scoring of 
the latter. This seemed generally to be the 
case, although the estimated values for graying 
of the hair and arcus senilis were surprisingly 
well ·correlated with age. The amount of sub­
cutaneous fat probably influenced the skin 
looseness measurements, but since loss of sub­
cutaneous fat is somewhat age dependent, it 
probably influenced it in the right direction. In 
the future it is hoped that by statistical treat­
ment of the data a weighting factor may be 
assigned to each criterion based on the degree 
of age-associated change and the degree of vari­
ability of the data. Since it is not always pos­
sible to run the complete battery of tests on 
each individual, use of such weighting factors 
on those tests run would tend to minimize dis­
parity that might he related to the omission of 
tests that were not run. 

The data presented must be considered as 
preliminary in nature and represent only a 
small fraction of the many varied changes that 
have been incriminated in the aging process. 
Howe\'er, under the conditions of examinations 
of the Marshallesc the battery of tests employed 
is necessarily limited. As more experience is 
gained, some of the tests may be eliminated and 
new ones added. It is believed the tests of vigor 
arc extremely important in assessin?; aging and 
it is hoped that more tests of this nature may 
be added. At this time the data are presented 
to introduce a type of approach which might 
offer a feasible means of assaying biological 
age. Studies of the possible effects of radiation 
on the aging phenomenon in human beings 
may be aided by this method. In the case of 
the exposed Marshallese, results of further ag­
ing surYeys will be carefully evaluated, compar­
ing results in the exposed population with those 

rating separate treatment. • Stoiement is not based on statistical analysis. 
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In the unexposed comparison population for 
differences which might indicate possible pre­
mature aging effects of radiation exposure. As 
pointed out, such differences have not been ap­
parent thus far. 

SUMMARY 

In order to study possible premature aging 
effects of radiation in the people of Rongclap in 
the Marshall Islands, a series of measurable cri­
teria generally associated with aging were re­
corded during the 1959 annual medical survey 
(5 year post-exposure) on 42 people who had 
been exposed to radiation and 84 unexposed 
Marshallese. The criteria were chosen on the 
basis of ease of assessment under field condi­
tions considering time limitation and language 
barrier. Some criteria were assessed on obser­
vation by scoring on a 0 through 4 + and per­
centage basis (senile skin changes, graying of 
hair, baldness, arcus senilis, peripheral arterio­
sclerosis, retinal arteriosclerosis). The other 
criteria were measured directly and also ex­
pressed on a percentage basis (skin looseness, 
skin elasticity, accommodation of the eyes. 
visual acuity, hearing by audiometry, blood 
pressure. neuromuscular function, and hand 
strength). A skin caliper used for measuring 
skin looseness and elasticity was describ~d. 
Since no differences were rea.dily apparent be­
tween the exposed and unexposed people, the 
data were pooled and presented at this time to 
describe the methodo1ogy, trend of criteria 
changes with age. and attempt to assess biolog­
ical age. Curves of the plotted data drawn by 
eye showed varving degrees of age-associated 
change with different criteria. The measured 
criteria were generally best correlated with age, 
particularly accommodation of the eyes, visual 
acuity, skin elasticity, and hand strength, al­
though some of the obsen·ational criteria, such 
as arcus senilis and graying of the hair. seemed 
also to be fairly well correlated. A plot of the 
a\-crage percentage scores for individuals by age 
(biological age score) showed generally increas­
in~ scores \Vith ages anJ less scatter than was 
noted with individual criteria. It is hoped that 
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this approach may prove helpful in assessing 
aging in human beings and may offer a clue to 
possible radiation-induced aging. 

The author wishes to express his gratitude to Mr. \Villiam Scott for 
his a5sistance in compiling the data; to Col. Ausrin Lowrey tMC) 
USA of Walter Reed Armv Hospital, Dr.;. B. S. Blumberg of National 
Institutes of Health and W. H. Lewis of Memorial Hospital for their 
assistance in ta.king measurements on the Ro:igelap people. 
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