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SKIN AGING AND HAIR GRAYING IN HIROSHIMA
LEREBENRECLSIIEREILLBEORE

INTRODUCTION

Changes inherent in skin aging provide
the major indices by which chronologic age
is commonly estimated, although hair
graying and postural changes enter into the
total impression of age. Pathologically,
loss of subcutaneous fat accompanied by
decrease in skin elasticity provides most
of the basis for skin change with age.l
More subtle changes in vascularity and skin
color contribute to the loss of the fresh
appearance of the very young.

At the Atomic Bomb Casualty Commission
(ABCC), studying the delayed consequences
of the 1945 atomic bombing of Hiroshima and
Nagasakl, investigators have a particular
interest in aging. In many experiments in
rodents, irradiation has produced life
shortening, and it has been thought that
such life shortening resulted not only from
the induction of specific diseases by
irradiation but also from a nonspecific
aging acceleration.®*3 warren? pos tula ted
a 1life shortening effect in American
radiologists, but subsequent more refined
statistical analysis of his data negates
this finding.® The possibility that
irradiation accelerates aging deserves
further investigation, especially in the
survivors of the atomic bombings of Japan,
since this population is by far the largest
group of humans who have received large
quantities of essentially total body
irradiation. Therefore, a number of
physiologic investigations of aging have
been undertaken and a life span study has
been initiated.

Hair graying is of particular interest as
a late radiation sequela because of the
sensitivity of the melanin-producing cells
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of the hair follicles in irradiated
rodents,6 although this has not been noted
in humans receiving therapeutic irradiation
to the head. Many of the most severely
irradiated survivors of the atomiec bombings
experienced various degrees of temporary
epilation because of damage to the hair
follicle cells. A subtile permanent damage
to the hair is a reasonable postulation,
and such damage might be manifested by
accelerated hair graying unrelated to
general aging acceleration, or even by
increase in age at onset of hailr graying
since increased hair pigmentation sometimes
has been noted in therapeutic irradiation

in humans.6

Both skin aging and halr graylng are
amenable to certain simple semiquantitative
estimates that can be carried out during
the course of a clinical examination.
Several tests have been performed on a
sample of irradiated and nonirradiated
subjects undergoing examination at AECC
in Hiroshima, and the findings analysed 1in
relation to radiation exposure.

METHODS

COMPOSITION OF THE SAMPLE. The measure-
ments were carried out during standard
clinical examinations on radiation exposed
~ and nonexposed subjects who are voluntarily
participating in the continuing Adult
Health Study at ABCC in Hiroshima. The
sample consists of individuals of four

different exposure categories:

GROUP 1. Inner proximal exposed - under
2000 meters from the hypocenter at the time
of bombing (ATB) who experienced acute
major radiation damage in 1945 manifes ted
by epilation, purpura, or oropharyngeal
complaints suggestive of agranulocytosis.

GROUP 2. Inner proximal exposed - under
2000 meters from the hypocenter ATB who did
not experience symptoms indicative of major
radiation damage.
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GROUP 3. Distal exposed - between 3000
and 3499 meters from the hypocenter ATB
beyond the area of radiation but within the
area of blast and other damage from the
bomb.

GROUP 4. Nonexposed - not in the city or
10,000 or more meters from the hypocenter
ATB. In essence, then, the four groups
represent the most heavily irradiated,
moderately irradiated, intrinsie controls,
and extrinsiec controls, respectively.

The four groups are carefully matched as
to age and sex composition. Subsamples of
the total are brought to the elinie monthly
over a 24-month cycle. Figure 1 represents
the age and sex composition of the entire
Adult Health Study sample in Hiroshima.
Unusual features of its composition reflect
the fact that many children had been
evacuated from the city at the time of
the bombing, and that many young men were
away from the city serving in the armed
forces.

The various tests were performed on
elements of this sample, comprising
hundreds of consecutive subjects who were
examined over a period of several months.
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ESTIMATE OF AGE. One nurse, by simple
inspection of the subjects as they entered
the eliniec, recorded her estimated age of
each subject for comparison with actual
chronological age.

SKIN RETRACTILITY, SKIN FOLD SIZE, AND
SKIN LOOSENESS. These estimates were made,
in most instances by the same nurse, using
a simple multipurpose spring pincer-
caliper designed by Dr. R. A. Conard and
used in studies of aging on a group of
Marshall Island natives exposed to fallout
from a Bikini bomb test in 1954. 738
The device is illustrated in Figure 2.
Observations were made on 609 patients
with the age, sex, and exposure group
distribution shown in Table 1.

The skin retractility test simply
measures the time required for a standard
'pineh' to retract. Skin at the base of
the right thumb, just lateral to the
anatomie snuff box, was caught in a
one-centimeter opening of the pincer for a
period of one minute. The time in seconds
required for the skin to retract fully
after release of the pincer was recorded.

The skin fold under the chin was meas-
ured, The patient sat erect, the pincer
was opened to two centimeters, and the two
hands of the pincer were fitted firmly to
the undersurface of the mandible. The
pincer was allowed to close, and the
length of the skin fold caught in the
pincer was recorded from the calibrations
on the side of the pincer arms.*

Skin looseness was determined on the skin
of the forearm. The pincer was opened
to two centimeters and the two hands of
the pincer were placed with moderate
firmness on the undersurface of the right
forearm at right angle to the longitudinal
axis of the arm, five centimeters below the
elbow. The pincer hands were allowed to
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FIGURE 2 MULTIPURPOSE SPRING PINCER-CALIPER USED FOR SKIN RETRACTILITY,
SKIN FOLD SI1ZE, AND SKIN LOOSENESS TESTS
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spring shut, and the nurse recorded whether
a fold of skin was caught by the maneuver.
This was simply a negative or positive
test, without gquantitation of the size of
the skin fold caught.

HAIR GRAYING.
area was estimated by a simple scoring
system utilizing a 0 to 3+ scale. The
nurse inspected the temple area for gray
hairs while the subject was lying down for
The choice
of site and the scoring method was based on
the findings of Ter'a,d.a,.!:J who studied hair
graying in Japanese subjects very carefully
with more quantitative methods. In the
scoring system 0 = no gray hair; + = few
gray hairs;

Hair graying in the temple

his routine electrocardiogram.

++ = moderate gray hairs;
+4++ = almost completely gray.¥*

RESULTS

AGE ESTIMATE. This observation simply
provided an estimated age of the subject
hased on physical appearance for comparison
with his actual chronological age. The
subjects came through the elinic, of
course, without the observer knowing their
exposure history.

Age estimates were made on 1304 subjects.
The sample size by exposure group, and the
mean differences between estimated and
actual age, are shown in Table 2. It can
be seen that the nurse systematically
overestimated the age of male subjects, and
only slightly underestimated the age of the
females. The estimates were more exact for
females; 95 per cent confidence limits on
the difference (actual - estimated) are
-4.7 to +5.1 years for females and -7.2 to
+5.8 for males. These differences do not
affect the validity of the comparisons of
the radiation exposure groups.

The relationship to exposure status was
studied by comparing the mean differences
for exposure groups, as well as by &
regression analysis of the age difference
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TABLE 2
#2 B & IR

DIFFERENCE* BETWEEN ESTIMATED AND ACTUAL CHRONOLOGICAL AGE BY SEX AND EXPOSURE GROUP
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noted in both analyses were well within the
usual range of chance variation, so that it
could not be concluded from these data that
irradiated subjects look any older than
nonirradiated. -

SKIN RETRACTILITY. This determination
was performed on 196 males and 413 females,
609 in all. The test measured the time
in seconds for a standard 'pineh' to
flatten completely. The test showed
good correlation with age, but differences
were more marked in the older age group.
The correlation ratio was .66 for the total
indicating that about 43 per cent
of the total variation is accounted for by

sample,
age alone.

Since no sex differences were detected,
both sexes were combined for exposure group
comparisons. Figure 3 shows the mean
retractility time of the four exposure
groups. It is evident that the exposure
groups are quite homogeneous, and an
analysis of variance failed to suggest any
relationship between skin retractility and

irradiation.

SKIN LOOSENESS. This test proved of
relatively little value except in the
younger age groups, since the ability of
pincers to catch a skin fold on the forearm
during spring-release closure was virtually
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FIGURE 3 MEAN TIME FOR SKIN TO FLATTEN COMPLETELY, BY AGE AND EXPOSURE GROUP
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thirty.
age and exposure group for both sexes

Table 3 shows the percentages by
combined. Again, no relationship to
radiation exposure was detected in this
technically unsatisfactory test.

SKIN FOLD LENGTH. The length of the skin
fold expressed between the two arms of the
pincers was estimated in millimeters. This

‘estimate is related to skin elasticity as

well as to the subcutaneous fat 1in the
submental region, in that the fat supports
the skin. Therefore, the length of the
skin fold increases as the subcutaneous fat
decreases with age and as skin elasticity
decreases. This phenomenon is manifested
by the 'turkey gobbler' appearance of some

very old individuals.

The test was performed on 609 individ-
Rather surprisingly, no differences
were found by sex. The data were clearly
age-related, with age accounting for about
50 per cent of the total variation. The
data were somewhat more variable in the
younger age groups. Table 4 shows the
mean length of the skin fold of the total
sample in relationship to age and sex, and
the standard deviation of each age group
(sex and exposure combined).
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TABLE 3 PERCENTAGE OF PATIENTS WHOSE SKIN FOLDS WERE CAUGHT
BY AGE AND EXPOSURE GROUP
#3 KESMHISNALFOERN L UKBYERN G =
AGE AT | EXPOSURE GROUP  fLiB5 IRRE
EXAMINATION ] ) 4 = TO TAL
Hi: TR OF g it
10-1g B1.5 57.0 50,0 44. 0 55. 0
20-29 T 64.0 | 76.8 84. 6 B3.5 78.5
30-39 96. 5 98. 0 100.0 87.0 7.5
40-48 100.0 100.0 100.0 100.0 100, 0
50- 59 100.0 100.0 100.0 100. 0 100.0
0-60 100.0 | 100.0 | 100.0 100.0 100.0
70-789 100.0 100.0 100.0 100.0 100.0
80-89 100.0 100.0 100.0 100.0 100.0

TABLE 4 MEAN LENGTH OF NECK FOLD IN CENTIMETERS BY AGE, SEX, AND EXPOSURE GROUP
WITH STANDARD DEVIATION BY AGE

Fd4 EHEEOmBAIOR S OEEN, MR & U ERER o TSR O mal R E
EXPOSURE BROUP M4y fHiEE
AGE AT 1 2 3 4 TOTAL STANDARD
EXAMINATION " r T M F T M F T M F T M F T DEVIA_‘!_'II]N
MERED | 5 | & | 2t |8 | % |# |8 | x| # |8 «| @3« || REGE
10-19 3.0| 3.2| 3.2| a.7| 5.0| 4.4 8.0| 6.0| 8,0| 1.2| 4.0| 2.8| 2.8| 4.0 3.8 2.49
20-29 4.3| 5,3| 4.8| 5.a| 6.0| 5.9 5.8 5.4| 5.6| 5.9| 6.0| §5.9| 5.5/ 5.6| 5.6 1.13
30-39 6.7| 6.4| 6.5| 5.6| 6.2| 6.1| 6.0| 6.5 6.4| 5.9| 6.5 6.3| 6.0| 6.4| 6.3| 0.95
40-40 7.4 .7 6.9 71 6.9 7.0 6.7 6.9 G. 8 6.5 G. B G. 8 6.9 B. 8 6.9 0.84
50- 59 7 8 sl gl T Ge ) Bab| 7m0 pedl| 23| g T Fam| wesll - e
§0-89 g.o| 7.8| 7.9| 8.3| 7.8 8.0 7.8| 7.6| 7.8 7.9| 7.8| 7.8| 8.1 7.7| 7.8| 1.00
70-79 9.0| 8.0| 8.5| 9.0| 6.3| 8.5| 0.5 s.8| 9.1[10.0] 98.0| 0.3| 98.4| 8.5| 8.8] 1.10
80-89 - | 50| 0| - |to.olte.o] - - - t1t.o|1o.5|10.7|11.0| 9.8| 9.8 1.76
TOTAL it .7| 6.8 6.7

The data were subjected
similar to those used in the
tility test,
regards radiation.

to analyses
skin retrac-

with negative findings as

HAIR GRAYING.
are considerably more complex,

The data on hair graying
because
they represent not only incidence of gray
hair but also a crude estimate of degree
of graying. A truly quantitative gray hair
count of the sort done by Terada? would be
highly desirable for statistical analysis,
but was not practical.
from 0 to 3+ added considerably more

The crude grading

information than a simple observation of

presence or absence of gray hair, but

ZoERIZOWTHERWERETCITZ - &
EJARR AT R AT 2y, 7 OFE, Bt E oM
Fixad s,

HEODRE FE2D 34 Iz > wToE EHE 82
DEMAEPNRLZOLHLE THSRORBEIZODVTO®
KIEDOHELETLHIEDTHAN L, P h O
LAOThHE. FH XEELL LI AR
WA EMNEE AT h 2, HEEEavET Iz 29k E
IR ETH 2 A ETAHRETH 72, 04 53+
FTCOHEMIZES b A LEB AN AE
FHESTALIL, FVEL0ERERSZLLC
AN, EirtoBMEEZzELS.

124241220 T
OB FESIZEMIFELTHY, ZHICEDZ

>
A




presented problems in analysis. The data
on 1242 subjects are presented in detail in
Table 5
detected progressive graying with advancing
years, The relative deficit in younger
female subjects graded as +

and show that the grading system

(few gray
hairs) may be an artifact of collection or
may represent plucking of a few gray hairs.
The latter is a relati'vely common practice
among Japanese women, and the fact that
this defieit is noted mostly in the female

DEBRIRNITESTH

ot i ohTtasoiE

T h s 2R LTVwAE. + (KA
B) LLTEMO S hTwa HiELRE N

FAAEIC AR LT WD Z ETHE Eo A4 ks

RA, B VELHOBARFSNEEhERNT

WBEZ EERLTVAONERNS V., BEITH
FiFAOMTIRENEY AN ABETAY,
OFHEOFTREIEE LT L8

HERND E WV

R
b s

groups suggests hair plucking as the cause. IHEEL, ARERS LA ZORRETH S LR
; M EN5.
TABLE 5 HAIR GRAYING BY AGE AT EXAMINATION, SEX, AND EXPOSURE GROUP
£5 BBOEBN, M b L OCREE R OE2EE
AGE AT EXPOSURE GROUP MM % M &
EXAM. 1 > 4 . .
i —

31:( *‘%ﬁgr 0% | + |++ [+ m-ﬁIrM 0 | 4 |4+ [ T“‘_;_Tf“ 0 | + |44 [+ Tﬁ_é.”" 0 |+ |+ [+ wl%“‘
15-19| 2 2 13 13 4 4 | 13 13
20-24 5 g 9 . ™ g 7 7 ] 3
25-29 | 8 8 17 17 11 11 8 1 8
30-34 |11 2 13 | 12 12 9 9 12 12
35-39| 8 B 4 4 2 1 3 ] 4

M| 40-44| 4 4 B .- 1 7 5| 3 & |11 2 13
5 45-49 4 ] 2 11 4 3 1 8 5 2 7 B 6 11
50-54 | 3 | 2 1 g 2| 10| B 1 19 5| 4| 2 11 1 B 2 g
55-58| 1 3| 4 8 | ] L [ 18 3 5| 4 12 1 1 ] 8
60-64 | 1 7| 8 1 17 6| 4 al 13 3 5 2| 1o 1 <1 M 12
§5-69 1 5| 7 3| 4 1 8 W E B 1 il & i 7
70-74 Z| 1 3 1 5| 2 B 1 3 4 1 1 2
754+ 1 1 2 3 1 4 1 3 4 1 1
T%&“L 45 | 27| 23| 4| 98 | 87| 32| 31| 10| 140 51| 21| 21 5| 88 | 61| 28| 12| 7| 108
15-19| 8 8 | 18 16 | 1D 10 8 8
20-24 | 5 g | 18 18 | 18 18 B . 8
25-28 (18 16 12 12 8 8 8 8
30-34 |33 33 28 28 10 1 11 20 1 21
35-39 |18 1 19 | 28 28 | 15 15 | 11 1 12
F| 40-44 (14 2| 1 17 | 28 5 34 | 14| 7 1 22. | 10 1 B
4| 45-48 13 8| 2 21 230 71| 3 as | 12| 8| 2 22 g| 8| 1 16
50-54 | 8 8| B 1 22 18| 10| 9 37 B 5| 8 19 4| 3| 3 1 1
55-50 | 4 6| 13 1 24 g 1 gl 2| a1 2| 3| 8 11 1 2| 4 21
60-84 | 1 5| @ 14 12| 10| 3| 28 2] 10| 4| 18 70 7 1 15
B5-69 | 1 2| 7 1 11 2| 3| s 11 4 8| 2 14 1 2 1 4
70-74| 1 5| 2 B 3| 4| 3 10 4 1 g 1 1 1 3
75+ 1 1 2 1 2 3 1 1 2 3 1 4
TOTAL ioal 27| 44| s 200 [164| 51| 42 10| 287 | 85| 30| 39| 7| 171 |84 | 25| 27] 5| 14
®0 - No gray hair 4+ - Few gray hairs 4+ - Moderate gray halirs 4++ = Almost completely gray

BETLZV R SRR

RO RN=R *
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Analysis of simple incidence of gray hair
in the population reveals a sigmoid curve
characteristic of a normally distributed
variable. By means of probit analysisln
the mean and standard deviation for age at
onset of gray hair in the population was
estimated (Table 6). It can be seen that
females begin to gray somewhat later than
males. This difference might be related to
the common practice of hair dyeing among
but the hair roots were
closely inspected during data collection
and this probably represents a true sex
difference.
the four exposure groups was generally
negative except that the means for males

Japanese females,

Comparison of the means for

differed by a suggestive amount (P between
.05 and .10), largely because of the high
mean age of onset of the distal exposed
(group 3). Comparison of the heavily
exposed (group ‘1) with the extrinsic
controls (group 4) revealed no significant
difference in mean age at onset of gray
hair (P = .2).

ZORERIC BT 5 E 8O MEYE 0 RE
T, EHOLRSHE 7S EWRRE2 A -
7OV, MEF YT 2o ERTAREORE S
FAFHERE JUBEMRELHEE L (£6).
THETEBEEVEASROEENETEB N A
bhhd, COERUEAEXEOMTHY SNE
BrebsistfnsZ t2EE LTV > 8
NAEVH, EEIED - OBE TERLT S RE

WO TINREL L EROENEREZ R
LOTHHERPNA. 40 WBSEEDFY
MQRﬁ?w,ﬁa’fﬂ%%M%ﬁ(%Sﬁ)
THROBEE G 5 FHERIGVOT, Bk
DIz H a@&ubhééﬁ (P& .05k
A0 oM) 2R iRy T—HBNIZIEE
Riuphho, ZEOMSHERE & 2T 228 (8
1#) COMERMURT BB (A BE) okl Tidnge
DIREFRTZ 2 FHEWMIIARLEN RO oI L
gt (P=:2) .

TABLE 6 AGE AT ONSET OF GRAY HAIR, ESTIMATED MEAN AND STANDARD DEVIATION
BY SEX AND EXPOSURE GROUP

F6 ABNOREHIGEFAFHOMD &5 Ry BN EEYE & & UTREFEE
EXPOSURE GROUP MALE 5 FEMALE &
LR o T MEAN |[STANDARD DEVIATION|MEAN|STANDARD []EV'!"”UN
BEABE  leuy 650 8 i {2
1 45,5 10.6 50.0 8.5
2 48. 4 6. 2 51.0 BE. 0
3 48.8 8.0 49.5 8.0
4 47.0 11.1 8053 7.0

Regression analysis of the gradations of
hair graying was undertaken, the ratings
0 to 3+ being replaced by the numbers
0o, 1, 2, and 3. The fit was reasonably
satisfactory for most age groups, and the
regression coefficients did not differ
significantly. The regression coefficients
and the corresponding correlation coeffi-
clents are shown in Table 7. Al though the
regression coefficients are similar in
males and females, the age for females is
shifted to the right, indicating again that
Japanese females gray somewhat later than
males.

11

HE8e Szt + 5 R BT T¢I, 0 2 63+
TTOEREZ0, 1, 2, 5LUIOHFTES
Prl. RESTOEBBTEAE I LY RFT
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TABLE 7 ARBITRARY GRAYING SCORE IN RELATION TO AGE, REGRESSION AND CORRELATION COEFFICIENTS
BY SEX AND EXPOSURE GROUP :

£ 7T HBEOMEETMEEOEFN, (E0 & & ORISR SN o 1R R 50E OF 12 ER T RS B
REGRESSION COEFFICIENTS|CORRELATION COEFFICIENTS
Hiit 1% # FHES 5
EXPOSURE GROUP ﬁﬂhﬂ%}i iy
B oy HE R MALE FEMALE MALE FEMALE
i i 5 s
1 . 235 . 284 . 738 . 120
2 . 273 317 . 785 .BTB
3 . 290 Ry E] .788 . 135
4 . 270 . 240 . 718 .689

To study the radiation effect more
effectively with these data measures of
radiation dose and hair graying that may be
applied to the individual case were used.
Distance from the hypocenter was used as an
approximation for radiation exposure,
and for hair graying the departure of
individual score from the regression value
typical of age and sex was used. )

The method in this analysis was to use
the regression estimate to define an age-
specific measure of grayness as

Y' - Y

where Y' is the regression estimate
for specified age and sex based on the
nonexposed, Y the numerical value for
individual (0, 1, 2 or 3), and Z the
measure of the individual's departure from
expectation for his age-sex group.

Mean values of Z were tested for depar-
ture from zero.
group,
gray than expected from the regression
estimates, the mean value of Z for that
exposure group will depart from zero and
the departure may be tested by Student's
t-test.

If, for any sex-exposure

individuals are more, or less,

If high exposure (short distance) is
accompanied by large negative values of Z,
and low exposure (long distance) by values
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of Z near zero, the relationship may be
tested on the correlation coefficients or
on the slopes of regression lines fitted to
Z and distance.
provided evidence that hair graying is

None of these analyses

related to distance from hypocenter.

DISCUSSION

In this study several simple tests were
utilized in an attempt to detect skin
changes in irradiated survivors of the
Hiroshima bombing that would be indicative
of generalized aging acceleration as a late
radiation sequela. The most direet test
was guessing the age of clinic subjects,
without knowledge of their irradiation
s tatus. This very simple observation may
have been the most important, since it
established the fact that irradiated
individuals do not appear older than their
nonirradiated cohorts. Appearance, after
all, is the common way that individuals
judge one another's age.

The pathologic components of skin aging
are mostly related to degeneration of skin
elastic fibers and to loss of subcutaneous
fat. S8kin retractility was measured as a
direct reflection of elastic tissue in
the skin, and a skin fold measurement
(essentially wrinkling) was more directly
related to loss of subcutaneous fat
although loss of elasticity plays a role.
The methods of skin measurement employed
are not so elaborate and perhaps less
sensitive than those employed by othersll
but lend themselves better to large
population surveys.
large samples used in this study, no
relationship to radiation exposure and

In spite of moderately

skin aging was noted.

Hair graying is of particular interest
not only as a manifestation of aging but
also in relationship to the epilation
experienced in 1945 by heavily irradiated
subjects. Data on the age-incidence of
gray hair, as well as semigquantitative
grading of degree of graying, failed to
reveal differences between exposed and
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nonexposed, even though epilation was a
common symptom following the bombing in
the most closely exposed group in the

sample.

The concept of a decreased longevity
following irradiation not related to
life shortening diseases specifically
induced by irradiation is based primarily
In these
experiments specific metabolie or endocrine

on experiments in rodents.

disturbances have not been searched for,
and in many experiments the pathologic
findings have not been carefully enumer-
ated.
validity of the concept of nonspecifiec
life shortening.12’13

Recent studies have questioned the

There are no data on humans that support
the concept of nonspecific aging acceler-
ation as a late consequence of irradiation.
The studies reported here on certain
aspects of aging of skin and hair in a
Hiroshima population fail to show any
evidence of a generalized aging acceler-
ation related to the 1945 atomic bombing.
The validity of the concept of aging
acceleration as a late conseqguence of
irradiation in humans 1s of obvious
importance in this burgeoning atomic era,
and at ABCC investigators are studying
many different age-dependent physiologic
processes in an effort to gain more
information in this largest group of
heavily irradiated people.

SUMMARY

Age estimation by appearance, skin
elastielty, and hair
graying has been studied in the irradiated
and nonirradiated population of Hiroshima.

skin looseness,

No differences in these several measure-
ments were detected between the radiation
exposed and nonexposed components of the
sample. Although the samples studied are
not large and thus by no means definitive,
they provide no support for the concept of
a general, nonspecific aging acceleration
as a late radiation sequela in humans as
exemplified by aging of skin and hair.
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