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SUMMARY

The results of pulmonary ventilatory function testing
performed in 1959 among 1132 subjects of the ABCC-
JNIH Adule Health Study sample are reported. Those
data may contribute to understanding natural aging
phenomena related to ventilatory functions among
Japanese people. The pulmonary ventilatory function
showed a trend of decreasing with age, but there
were no findings to indicate that such changes were
uniformly influenced by exposure to the A-bomb. The
youngest members of the high dose exposure group
had diminished ventilatory function, but this may
have been associated with shorter stature.

The rate of interval changes of pulmonary ventilatory
function on different age groups were assessed In
380 subjects who had a follow-up examination
12 years after initial testing. The rate of change
was less in those aged 30-49 at initial examination,
while significant changes were found after 60 years
of age.

The incidences of ventilatory impairment at different
ages over a 12-year interval are shown. Ventilatory
dysfunction increased with age. Noted as a charac-
teristic of this functional change was the trend of a
marked increase in obstructive disturbance in males
over GO.
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The relationship in the survival rate over 12 years
and pulmonary ventilatory impairment was studied.
This was well correlated with survival rate in the
age group of 40-59, while impaired ventilatory
function did not correlate with the survival rate in
those under 40 and over G0 years old.

INTRODUCTION

During the past 20 years the relation of pulmonary
function to age has been extensively studied by many
investigators.1-11  Both forced vital capacity and
timed vital capacity decrease with increasing age
beyond age 30, and there is a complementary increase
in the residual volume of the lung. Also, maximum
breathing capacity is lower in the older age group.
These findings were obtained from single observations
on populations composed of all age groups, and,
therefore, represent a cross-sectional description of
the tested groups.

However, an ideal study on aging phenomena should
be based on long-term observations on the same
individual under identical conditions. The authors,
however, were unable to find any reports where |:h15.
type of observarion had been made.

The purposes of the present smdy are twofold:
1) to analyze pulmonary wventilatory functions in
subjects in a fixed population who were tested in
1959, and to evaluate their relationship to age, sex,
A-bomb exposure dose,l2? subsequent mortality, and
development of diseases of the lung; and 2) to
reexamine pulmonary ventilatory functions of the same
subjects in 1971, in order to compare any alteration
in ventilatory function during the interval. This may
contribute to clarifying physiological aspects of
aging with respect to the respiratory system among
Japanese.

MATERIAL AND METHOD

A total of 1132 subjects, selected from among the
ABCC-JNIH Adult Health Study (AHS) examination
sample in Hiroshima, were tested spirographically
during May 1959 through August 1959. The AHS
population has undergone biennial health examinations
at ABCC since 1958 as part of a long-term study of
delayed effects of A-bomb exposure.l3 Subjects with
severe anemia, acute respiratory infection, specific
lung disease (e.g., advanced pulmonary tuberculosis),
lung carcinoma, advanced emphysema, or cor pulmonale
were eliminated from the group for spirogram testing.
Their ages ranged from 14 to 70 years and over at
time of examination. Nine hundred and seventy-nine
are still living, and 380 of these had routine AHS
examinations from 1 January 1971 to 30 December
1971. These subjects had complete physical evalu-

— L2 B 1T 2 R & i AR L O FRC
DWTHMELAEEZA, 0-59EOFEBBTCIEHED
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ation including posteroanterior and lateral chest
roentgenograms and hematological testing, biennially,
following the test in 1959. [t is important to
emphasize that no alterations in the clinic routine or
method of selection for return visits were made as a

result of the initial ventilatory tests.

The spirogram test is a simple procedure and was
included in the routine physical examination. The
spirograms recorded in 1959 were derived using a
13.5 liter Benedict-Roth

standard speed of 32mm per minute.

respirometer* 14 with a

The follow-up spirogram measurements were made by
a 9 liter Gaensler-Collins respirometer** modified by
Gaenslerl5 used at a speed of 10 mm per second.

The readings in the two types of apparatus were
compared in healthy employees and agreement in
forced vital capacity (FVC) and 1 second forced

X fthd, ML &2 80 EMemEZF 22 L
EfpahTws, FlOOHmELL2EHOBRTIZENT,
HEEMEHE, WMEOBNFEL VIIEEEMAT
WHWLWIZ LaMPALTHEL.

ANL TS ALHHAREETHLZOT, —HROERK
MEFICZEDHTEBLA. A LIB9F IERL 2 AN
0% % AlE, 13.51 Benediet-Roth B @I FH*1 & i,
FEEE 7 A % B = VR ORER 4513 32mm oy O 38 BETRCER L .

12 #BOBREIZEH VT IE, Gaensler ™ Aek R L A 91 &
Gaensler-Collins ®UIENREH**% By, 304312 10mm, B o
HETEBEN.

o, BELYHEERII>VT, EdHO 20
MR ERD & B MAMRA A L 2k 2 A, BAEMIGHE

FIGURE 1 THE SPIROGRAPHIC TRACINGS
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Tracing A was made with a Collins respirometer. Tracing B was made with a Benedict-Roth respirometer for the
same person. Calculated volumes from Tracing A: FVC, 3950ml; FEV,, 3640ml. Calculated volume for
Tracing B: FVC, 3974 ml (apparatus factor, 96 mm ) FEL’}_D, 3436 ml (apparatus factor, 83 mm)

i A 13 Collins MIRH TR NLELEOT,
5 4. lgA (4B ¢ FHEL AL : FVC, 3950 ml ;
(il 5E 3 FEV, ;. 3436ml (ifif i 3

965mm | ,

& B 1, Benedict-Roth 00 &)

BohitFl-AlZouwTd
¢ FVC, 3974 ml

* Bell factor 41.4, product of Ichikawa Shiseido, Inc., Tokyo

Bell lactor: 41.4, #Higt,

7 i S e

#* Product of Warren E. Collins, Inc., 555 Huntington Ave., Boston, Massachusetts

#:[#, Massachusetts #|, Boston i, Huntington fif,

555 # i, Warren E. Collins, Inc. W}



expiratory volume (FEVI.D) was within 1% when the
tracings were compared. Figure 1 is an example of
spirographic tracing obtained from the same subject
using each apparatus. The starting point of expi-
ration was determined as the point on the spirogram
where the major deflection occurs, and correction was
made for slow or hesitant starts,

For analysis, the highest total vital capacity after
two or three spirograms were chosen. All subjects
were tested in the standing position. The following
pulmonary ventilatory functons were derived for
analysis: 1) forced vital capacity (FVC); 2) forced
expiratory volume in 1 second (FEV{ g), and
FEV 1 0% derived from the ratio of 1) and 2).

For analysis of A-bomb radiation effects, subjects
were divided into the following dose groups: 0-9rad,
10-99rad, 100+rad, and those not in city (NIC) at the
time of the bomb (ATB). Since those with unknown
doses are few, this group was not analyzed for
radiation effect. More appropriately, the lowest dose
group (0-9rad) represents subjects with little exposure
to A-bomb radiation but who, at the same time,
probably experienced physical and psychological
stresses similar to more heavily exposed persons.

RESULTS

Evaluation of Pulmonary Ventilatory Function Tested
at the First Examination (1959)

Observed Vital Capacity. During 1959, spirogram
tests were administered to 1132 subjects. Age and
sex distributions and radiation exposure status are
shown in Table 1. The mean values of the FVC,
FEV] 0, and FEV].0% and standard deviations for
both sexes for each age decade are presented in
Table 2-A and by dose groups in Tables 2-B to
2-E. Tables 2-F and 2-G give an overall summary of
mean FVC and FEV) g by dose, sex, and age. There
is no systematic change in the standard deviations of
the means of the measurements with increasing age.
The mean valuesof FVC for irradiated and nonexposed
groups for both sexes are plotted in Figure 7. It was
of interest to note that the vital capacity of the
youngest group exposed to 100rad or more was
markedly lower. Also, height for these subjects was
more than 3 cm shorter in both sexes compared with
other dose groups. This will be discussed later.
However, no uniform statistically significant
differences* were found between the nonexposed and
the heavily exposed groups for both sexes. For
females <30 years old when tested in 1959, those
exposed to 100+rad had significantly lower FVC
(Tables 2-F, 2-G) or FEV] q.

(FVC) &5 U2 1 BE(FEV, ()12 1 %LAOET—H
TAZELEENMD TEW:, MEO—HT 52 L %6~
EMCFOTERBLAREOSHBEHLIZRLEEEY
TH A, MR IZ 0T, ARSI, iy s
CFBELECSZHAL L, FAMEFENZBEIZERE
&L ->TMEL -

HEIZS =30y AiLTiTebh, HEROKD
EARRES SRR % 7 B o Sl U P SVA T (i = B A N 4
TARTAMTERE s, Kok) aBAiEoillEs
Tk T42bb, NHBAMMER(FVC), 2) 18
BIFEV, () 26U 1) 5LU2 0Bl4a,»5 1%
(FE\II_U%) ?zJ‘vS_Ry) Bﬂf:‘

—HHEBROREL L SHMNT, BESRE - EEBSEC
ED DB L. F gn%, 0—9 rad & « 10—
9 rad B - 100 rad L) EBESH & OBIERE FIEETRMIC L0 %
ol HBEOWHIZS L. WREO D THESE YT
HofEMRIEEAL AP LD T, ZhoOHR Iz
T %.'»ﬁiﬁ}'-r&%ﬁ#t“ (SR AT et e - Sl L
—H0—9 rad & ) RS EMERNCIIHBEREY DL
€, Hra L _';‘.ii%ﬁ‘lﬁr &f)‘tﬁ?ﬁ‘-)f& K‘jf’l;
A, EAREL R L RIR PR B U S 2 R L
ARl Lo LEREh 5.
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NThah. &6 CHEBEEER - M - ERIZAZ FVC -
FEV, (@& —HLTE2-FEH2—GIZIRLT
Buz, WESQATFEEOREERE, EHoMns
EL—EOT b ERER o, BEBEE SRR EC
FIFAFVC OFHEIZ, MRS T2 IIRLAEE
DTH5. 100 rad DI LR E2¥EEBLZH0 O b, &
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*Test: Analysis of Variance i : 5 U8R



TABLE 1 AGE DISTRIBUTION BY RADIATION EXPOSURE
F1 BEHBHBREL L FERS

Radiation D i d
Age H# Subjects adistion Dose  BchimE (rac)

NIC Unknown
(1959)  HEHH e | A8 10.99 100+ ke
Male ¥
14-19 29 13 6 8 2 1]
20-29 T4 15 33 13 11 2
30-39 49 7 17 10 14 1
40-49 66 19 12 16 14 5
50-59 a3 23 29 23 17 T
60-69 73k 2 14 17 14 4
T0+ 14 5 2 5 2 0
Total &t 396 104 113 92 T4 13
Female %
14-19 46 17 8 13 8 1]
20-29 94 25 39 14 15
30-39 195 44 64 42 34 11
40-49 132 29 51 34 16 2
50-59 151 29 48 46 27 1
60-69 88 24 34 20 8 2
T0+ 30 6 12 10 2 [\
Total it 736 174 286 179 110 17
In all females and in males beyond age 30, a SRR % 5 130 Lo B IL BT, FVCULERH
decreased FVC is observed with increasing age for DM E & & 2T 5 G &R LA 2 @ WA
both sexes, but exposure to the A-bomb does not SHeATEA LI, ZOEBEHERCIMEShTE
alter this as seen in Figure 2. (kT 3 V3L BESLBDEIENTEL 1.
Predicted FVC for 1086 Subjects*. Vital capacity
is related to age, height, and disease enrities.16 WE108661* (CH B FVC FRIME. FhiERIE, FH6 -
Therefore, ventilatory function cannot be sufficiently BEFIUSERIBE b2 LM s TwE XD
evaluated on the basis of observed vital capacity iz, Mg nAIfEEOMO & TR L ZHRAUKIES +5

alone. The most convenient method for evaluarting S AT LR TR 2. HRSEE A S 31012,
ventilatory function is to determine the predicted

s ; BaecMT a8 MEBRE F A Fho TiHllEs kD, WE
value and express the function in terms of a ratio to e i i
ek DRERBLT, KECERT 2284, RLEMES
HETheaLERLE.
A number of reports have been made giving formulae
on predictions to be used as standards for the

evaluation of ventilatory function,1,6,7,17-20 but a MARMBOFMERE: LTE(OTHLTARAS B
single value to be used as the normal standard value BLO TN xhTn 3, FEBEMII—EOELE
is not available. It was felt to be of great importance PHEShTOUAVWEITHE. 2 2TEHFL L, FEE
to seek a predicted value in order to assess the HEBEOMBEAHET A CHAY, BABEEICHL THERE
effects of A-bomb exposure on ventilatory function 24 F 5 PHEA RO AL, EhOTHETH S &
and aging. 30

The authors used the widely accepted Baldwin’s!

method and calculated the predicted value based on gL L, ERLEVERASATVWS Baldwin 1 & H 1w,
the results obtained on our study population. KHEMREN BN RE AL 21 LT PRI E A E

* 46 subjects were eliminated from the analysis for ventilatory function because complete information was not available.
SEEGEHAEED S I EHNTE LD o LB E, RABREORITH > SERIL L.



FIGURE 2 FORCED VITAL CAPACITY (FVC) AND RADIATION EXPOSURE DOSE FOR 1132 SUBJECTS
2 HEARLOHEDMEMIER (FVC) & & 057 O KUk i 5t
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TABLE 2-A PULMONARY VENTILATORY FUNCTION MEASUREMENTS, MEAN VALUES AND STANDARD DEVIATIONS
(ALL SUBJECTS)

#2—A BlBGURRENDEM, Ty X CEERFE(LYRE)

Age IEf Height SD FVC(L) SD %VC SD FEV, (L) SD FEV,%  SD
(1959) &4 (em) {EHEE

Male £ (396 Cases)

14-19 161 7.5 3.5 664 84 9.133 3.1 636 88 9.5
20-29 161 6.0 3.7 LT 88 9.489 3.2 Y 26 8.5
30-39 161 5.9 3.6 693 86 8.475 3.1 596 85 7.5
40-49 161 6.1 3.4 (613 85 7.012 2.8 479 84 7.0
50-59 158 5.2 3.2 516 84 8.385 2.6 451 81 8.4
60-69 157 3.2 3.0 876 81 9.527 2.4 513 81 10.0
70+ 155 4.2 2.3 523 81 9,888 1.8 346 81 10.0
Total &t 159 6.0 3.3 674 82 9.027 2.8 642 84 9.3
Female # (736 Cases)
14-19 149 5.6 2.8 457 a7 9.098 2.4 ABT 87 9.0
20-29 151 5.0 2.8 432 B6 7.386 2.4 .432 86 7.4
30-39 150 5.4 2.7 428 86 7.162 2.3 428 B6 T
40-49 148 5.4 2.4 L38O 84 7.648 2.0 380 B4 7.7
50-59 147 5.7 2.2 393 85 9.024 1.8 393 45 9.0
B0-69 145 6.1 2.0 428 B2 . 2.837 1.6 A28 82 5.8
70+ 141 7.2 1.9 L3098 82 10,168 1.5 398 82 10,2
Total it 148 6.1

2.4 A97 85 8.258 2 497 85 5.3

Data from 1959 test only. 19504 @ RO 2.



TABLE 2-B PULMONARY VENTILATORY FUNCTION MEASUREMENTS, MEAN VALUES FOR NOTAINCITY GROUP
F2—B MmABRENEN HTHTEERIIOw oM

Age E Height SD SD SD SD SD
(1959) S (om) BHERZE FVC(L) %VC FEVLG(L) FEVI.ﬂ%
Male %
14-19 160.1 6.27 3.6 495 a6 10,611 3.2 293 an 6.49
20-29 162.6 6.31 3.7 866 92 20.043 3.1 .8B2 83 8.94
30-39 163.4 T7.67 3.5 .533 89 15.054 3.1 446 90 7.30
40.49 161.1 5.33 3.4 418 92 10.535 2t (415 82 8.74
50.59 157.7 3.87 3.3 (482 97 12.773 ] 412 82 7.43
60.69 156.5 5.50 3.0 656 92 18.858 2.4 575 23 7.42
TO+ 151.8 2.06 2.1 515 Tl 19,926 1 388 83 4.50
Total & at 159.2 6.02 3.2 674 91 15,839 2.7 623 84 8.08
Female %
14-19 151.1 5.91 2.9 438 95 13.161 2.6 371 89 4.81
20.29 151.0 4.99 2.9 378 99 13.019 2.4 .418 85 9.46
30.39 151.2 5.18 2.6 497 95 16,800 2.3 A37 85 6.55
40-49 146.9 5.48 2.4 543 96 20,141 2.0 462 84 6.70
50-549 147.5 5.94 2.2 432 92 17.341 1.8 L381 84 5,92
60-69 144.1 5.20 2.2 773 a7 356.318 1.6 636 84 T7.37
T+ 142.2 5.94 1.6 409 79 23.282 1.5 .258 83 11.65
Total & 148.5 5.91 2.5 .601 85 200377 5 | 537 85 7.20

Data from 1959 test only. 19594 0 i W # O &.

TABLE 2.C PULMONARY VENTILATORY FUNCTION MEASUREMENTS, MEAN VALUES FOR 0-9 RAD GROUP
#2—C MHMEAEREHEM, 0— 9 rad BEo FHl

Age[lglcl':f]% He;fi’:{cm] Pfdsﬁ?E?r_ BrCL L) o AVE iy FE\!I.U(L} 4 FEVl.o% 2
Male %
14-19 163.3 5.50 3.9 .695 94 16.676 3.3 813 85 14.91
20-29 159.9 6.39 3.7 534 95 10,979 3.2 487 86 773
30.39 162.0 515 3.7 406 96 10.736 3.2 407 B 5.69
40-49 159.8 8.66 3.3 944 91 22,933 27 595 84 9.08
50-59 157.3 5.35 3.1 516 92 14,715 2.4 498 79 12.84
60-69 156.9 4.80 3.0 T2 93 21.048 23 .HR3 it 13.79
TO+ 155.5 2.12 2 044 29 424 2 122 T 5.79
Total & it 159.3 6.18 3.4 671 94 15.004 2.8 645 83 10.80
Female +#
14-19 151.1 6.15 2.9 285 94 9.178 2.5 349 B8 9.01
20.29 151.6 4.90 2.9 482 99 16,706 &0 .432 87 6.05
30-39 149.4 6.39 2.7 497 97 15.671 2.3 446 84 7.96
40-49 148.5 5.78 2.4 390 92 14.743 2.0 360 24 8.30
50-59 147.3 6.44 2.3 454 93 18.651 1:9 .399 85 11.30
60-69 143.9 5.25 2.0 318 a0 12.694 1.6 337 80 11.81
TO+ 142.3 B.88 1.9 470 94 21.972 1.5 344 B0 6.53

Total & it 148.2 6.51 2.4 534 94 16.144 2.k 497 84 9.21

Data from 1959 test only. 19594 D MEEH O &.



TABLE 2.0 PULMONARY VENTILATORY FUNCTION MEASUREMENTS, MEAN VALUES FOR 10-99 RAD GROUP
#2—D il BREl E M, 10—99 rad o FEEE

Age fEfs  Height SD SD =) SD SD
(1959) SF (em) HEsgz FVC(L) %VC FEV, (L) FEV %
Male 3
14-19 160.5 11.16 3.4 834 81 16.254 3.0 925 87 10.37
2029 162.1 3.56 3.7 .72 93 17.309 3.3 810 89 10.13
3039 158.6 6.89 3.8 .821 104 21.478 3.2 .656 83 5,07
40-49 160.1 5.43 3.3 .521 92 13.510 2.8 .451 85 7,12
50-59 159.4 6.68 3.3 534 96 14.363 2.6 .445 81 7.21
60.69 155.1 5.80 2.9 525 92 16.065 2.4 434 80 7.49
70+ 158.3 3.50 24 518 83 16.363 2.0 .262 82 7.44
Total &7 159.1 6.57 3.3 .696 93 16.539 2.8 669 84 8.18
Female %«
14-19 149.5 4.77 2.9 364 96 11.292 2.5 343 88 8.34
20.29 153.1 5.50 26 .43 89 14.177 2.3 343 88 5.18
30.39 150.6 4.92 2.6 516 95 17.119 2.3 466 87 7.10
40-49 148.2 4.76 2.4 408 97 16.085 2.0 .370 84 7.84
5059 146.2 5.21 21 411 89 15.918 1.8 355 86 7.41
50-69 146.4 8.44 19 %4587 85 15.856 1.6 319 82 3.53
70+ 138.1 6.41 L9 499 93 21.955 1.5 439 80 9.47
Total 43  148.0 6.36 24 502 92 14.425 2.0 479 85 7.40

Data from 1959 test only. 1959 @ o &.

TABLE 2.E PULMONARY VENTILATORY FUNCTION MEASUREMENTS, MEAN VALUES FOR 100+ RAD GROUP
#2—E WA MEMENEHE, 100 rad Ll LB FIH

Age fF#s  Height SD SD SD = SD SD
(1959) g lom mwwEe FYCL) %VC FEV (L) FEV %
Male B
14-19 157.0 4.24 g9 awiid ki 17.748 2.8 504 89 5.86
2029 158.7 6.46 3.7 .84l 94 21,577 3.2 685 87 6.09
30-39 159.7 4.92 3.3 .853 85 22.092 2.8 768 85 8.99
40-49 161.0 6.08 3.6 .462 97 10.408 3.0 400 83 8.66
50-59 157.1 4.07 50 ap587 91 15.159 2.6 427 85 6.33
60-69 157.8 5.01 3.0 446 92 13.932 2.5 Al4 83 9.90
0+ 157.0 7.07 1.8 .504 60 19.091 1.4 .059 82 25.80
Total it 1587 5.25 3.3 708 90 17.726 2.7 614 85 8.44
Female #

14-19 143.6 6.94 2.3 404 79 15.813 1.9 508 81 14.99
20-29 149.5 4.99 2.5 345 85 11.912 2.0 403 83 8.09
30-39 149.4 4.12 2.7 421 98 14.645 2.3 344 88 5.28
40-49 1478 4.79 2.4 452 - 93 15.896 2.0 .326 85 7.74
5059 145.5 514 2.1 432 86 16.432 1.7 421 83 5.99
60-69 142.8 2.86 1.9 .155 88 6.162 1.5 106 81 7.18
70+ 144.0 .00 21 059 101 4.808 2.1 478 100 11.38
Total &at  147.3 5.16 2.4 468 91 15.225 2.0 450 85 8.97

Data from 1959 test only. 1959SEm#iFEH H O &,



TABLE 2-F MEAN VALUES OF FVC BY T65 DOSE GROUP, AGE AND SEX (1959 TEST)
#2—F SHEMiEROTFHMHE: TESHED - FMh - 5 (1959 ErF )

Radiation Dose M 4t#it  (rad)

Age EME Total NIC T Testt
1959 O 0-9 10-99 100+ ) e
(o3 3 T T HE

Male 3
14-19 3.5 3.6 3.9 3.4 3.1 = NS
20.29 3.7 3.7 3.7 3.7 3.7 3.4 NS
30-39 3.6 3.5 3.7 3.8 3.3 4.4 NS
4049 3.4 3.4 3.3 3.3 3.6 3.7 NS
5059 3.2 3.3 3.1 3.3 3.1 2.7 NS
60-69 3.0 3.0 3.0 2.9 3.0 2.9 NS
70+ 2.3 2.1 2.7 2.4 1.8 : NS
Total %t 3.3 3.3 3.4 3.3 3.3 3.4

Female %
14-19 2.8 2.9 2.9 2.9 2.3 - *
20-29 2.8 2.9 2.9 2.6 2.5 2.8 **
30-39 2.7 2.6 2.7 2.6 2.7 2.8 NS
4049 2.4 2.4 2.4 2.4 2.4 2.8 NS
50-59 2.2 2.2 2.3 2.1 2.1 3.3 NS
60-69 2.0 2.2 2.0 1.9 1.9 1.8 NS
70+ 1.9 1.6 19 . 19 2.1 : NS
Total 4 it 2.4 2.5 2.4 2.4 2.4 2.7

'I'_I_Jnknown dose group excluded. S hE T BEIEER AR L A

TABLE 2.G MEAN VALUES OF FEV, , BY T65 DOSE GROUP, AGE AND SEX (1959 TEST)
#2—G HhMrRo Pl TESHMER - Fie - P (195958 FE)

Age .‘-I.:-lkﬁ Total Radiation Dose B4 # it _lra_d,l Testt
(1959) it NIC #H T 09 10-99 100+ Unk #m g
Male 5
14.19 3.1 3.2 3.3 3.0 2.8 - NS
20-29 3.2 3.1 3.2 3.3 3.2 2.1 NS
30-39 3.1 3.1 3.2 32 2.8 3.5 NS
40-49 2.8 2.7 2.7 2.8 3.0 31 NS
50-59 2.6 2.9 2.4 2.6 2.6 2.7 NS
60-69 2.4 2.4 2.3 2.4 2.5 2.5 NS
T0+ 1.8 1.7 2.1 2.0 1.4 - NS
Total &t 2.8 2.7 2.8 2.8 2.1 2.8 NS
Female %
14-19 2.4 2.6 2.5 2.8 1.9 - 4
20.29 2.4 2.4 2.5 2.3 2.0 2.5 o
30-39 2.3 2.2 2.3 2.3 2.3 2.4 NS
40-49 2.0 2.0 2.0 2.0 2.0 2.3 NS
50-59 1.8 1.9 1.9 1.8 i 2.6 NS
60-69 1.6 1.8 1.6 1.6 1.5 1.6 NS
T0+ 1.5 1.3 1.5 1.5 2.1 - NS
Total & df 2.1 2.1 2.1 2.0 2.0 2.3 NS

‘f_Unknown dose group excluded BT EHIFLEEAL 2.



Comparative review was made of the values obtained
by the authors and those reported in the past.

Construction of regression formulae were accomplished
as follows: Predicted vital capacity (VC)=(A+B age)
% height (cm), where A and B were calculated by
a linear regression model: FVC (Liter)/Height (cm)
= A + BX, where X=age in years. This formula was
first reported by Baldwin,! and many investiga-
tors 17,18,21 used similar formulas to determine the
predicred vital capacity for Japanese.

Table 3 shows the comparison of regression coeffi-
cients (A and B) obtained from the present study
(using both 1959 and 1971 data) with those reported
The VC/height changes with age
are shown by the 1959 linear regression curves in
Figure 3.
in ventilatory function with age in both the exposed
and nonexposed groups, and no difference was noted
between the two groups forall age levels. Comparison
of the findings of Baldwin,l Nishimotol8 and ABCC
examinations of 1971 show that the results of the
1959 ABCC study group were slightly lower.

in the literature.

These indicate that there is a decrease

Next, the ratio between observed value and predicted
value was obtained as follows %VC = Observed VC/
Predicted VC x 100. Study was made of the effects
of A-bomb exposure and ventilatory function (Tables

2-A - 2-E).

It was of great interest to note that VC percentage
was markedly low in both males and females who had

L, Chomfie, ¥+ TIIHREEA TV SO L &1
MR L 2.

EF GREAIE RO LI IZL TES A, il s T8
(VC)=(A4+BEIXGLE(m) &L, 2035 A & Bt
TROMERRERNCHEL 2. $4bb, FVC(1)/
S (m)=A+BX, 22 LXITEH. cofRALE
#1 Baldwin ! |2 ‘; - ’(:Tfliié‘-#:h TEIE, L opgm-8.1
HiTcbh, wFh L AR sHYTHAEAL
Bt AMERO T(ﬁ”l_ﬁ‘rj\éﬁ ShTwa

EHE S OB AT (19594F 4 5 N 19TLIE D EREE ) & 6 5k
HLEREFEE(ASLIUB)OHEE, MOREEOHE L H
BMLT&E3IIZRL . 7 2 - TS 2 0HiE
‘b ik, 19594F A SR A L 2oL T,
ZTORAMERIICRLE. Zhsd ﬁkn’f\'i’, PEHETE & JE
HMHML.: FROBHCHWTE, - TS Htf?ﬁi
WLF a2 LeaRBLTAE LALE r;ﬁ* & A F ol
HoMIZIZWs»EZEB0ohbh o Bald\\-m =il
AR & K 1971 0 ABCC @ aliis 12 v 4 h 4 195 I D
WA IZ <2 & 2R Eladm L T,

HKiWFEROMEMBE 2O TH ORI RO LD %
MIck ke 5. % VC=iE 8B E Nk ET
HAE X 100, = o & Fvy, RSHe o B IE-F iR o 8
BUrowTHhIEME L (E2—A~2—Ezl).

19 A0 T 100 rad DL oo fidt & HEHR L 4= 9% - il BEic
BT, BVCHELCETFLTLAS, 2088H 56058

TABLE 3 REGRESSION COEFFICIENTS A AND B FOR PREDICTION OF VITAL CAPACITY
# 3 AR T A O R (A 5 X UB )

Investigator Position Male 5 Female 4
MEE P Age i N g Age iEf W
) (1959) (1959)

Baldwin ! Supine ! {if 16.69 27.63 —0.112 16-79 21.78 — 0.101
Nishimoto 14§ 4 Standing i 16-83 30.72 — 0.14 17-79 23.48 — 0.110
Ebinal2 &% " 20+ 31.77 — 0.180 18+ 21.66 — 0.091
ABCC (1959)

Not-in-eity i 4 Standing ¥ 14-70 + 24.57 — 0.088 14-70+ 21.43 - 0.114

0-9 rad " 14-70 + 26.53 —0.121 14-70 + 21.92 - 0.126

10-99 rad n 14-70 + 25.06 — 0.091 14-70 + 21.01 —0.114

100 -+ rad n 14-70 + 25.13 — 0.105 14-70 + 19.63 — 0.089

Total it 14-70 + 25.44 —0.102 14-70 + 21.28 —0.115
ABCC (2nd test, 1971)

Not-in-city iy 7 Standing (T 14-64 29.19 — 0.153 14-64 24.94 — 0.159

-9 rad n 26-76 28.77 — 0.153 26-86 21.08 — 0,131

10-99 rad " 26-76 30,15 —0.177 26-76 24.66 — 0.161

100 +rad " 42.76 25.18 — 0.096 42.76 21.40 —0.112

Total it 26-86 2891 —0.155 26-86 23.44 - 0 141
VC/Height =A — B Age .[,;% A—B gl

10



FIGURE 3 LINEAR REGRESSION FROM VARIOUS STUDIES

3

MALE
5+

FVC/HEIGHT

15

GECGRSURE SR e st 3 AL

FEMALE

Baldwin
Ebina
Nishimoto

ABCC 1959

L ABCC 1971

0 20 40 60

80 .0

20 40 60 80

AGE IN YEARS

been exposed rto radiation in excess of 100rad
(Table 2-E) at age under 19, while those between
20 to 60 showed values within the normal range.?,22
Those over 70 also showed a decrease, but an effect
of aging may be present.

Application was made of prediction formulas reported
The
calculated and observed values are shown in Table 4.
The values predicted by our formula decreased with

in the literature to the present study data.

increasing age and are lower than those predicted by
the formulas of Baldwin! and Nishimoto et al.18

FEV].0 and FEV].0%. FEVi.9 and FEV1 0% for
both sexes are shown in Table 2-A. The mean value
of FEVi.q decreased with increasing age for both
sexes. The youngest age group (15-29 years) showed
mean values for FEV] 0% of 88% in males and
87 % in females. This value decreased gradually
with age. It can be noted that the rate of change
with increasing age was larger for FEV] g than for
FVC. Exposure to A-bomb radiation does not affect
these age changes (Tables 2-B - 2-E).

Ventilatory Impairment. Ventilatory impairment is
classified by the relationship to FEV1 0% and %VC
accordingto Miller, 22,23as follows: normal (FEV g%
>70%, %VC>80%), (FEV1,0%>70%,

restrictive

Xl

ETOMTIE, BVCRERMAMNS? 2L LE-TE
D, ZOMMEIEEbhh TRIRRCER S, —HT0R
PlEo Tt FEC%VC VP REDT 5 Em &R 2,
ChitsF s MBI L 2BETHA ) LHEHl s Lz,

fERLOHEIRTLAETHIABRA2EFSS ONHILCH
TIHT, 2OHEHEL 6 IBEREAD L ELL
RLEEENTHE. Thbb, EELOFBRNILS
Tk s TR L, FREOBEMNE L& 128 L 2,
2 O L Baldwin ! HEUPE® R L HENCL-
TR RATEMHE D L EWEE2R L Tk,

FEV, 8L UFEV, ¢%. il & i FEV (& L UFEV)
Ik E2—ALITR LAY T L. FEV, (O Pz
BeguiFhoosnTh, EMOMME &b 12@D
TAMB AT L. RS (15—208 ) TIXFEV, (%
OB, BIET88% - &MET8I%THY, ZOFEV, 1%
HER OIS B ICL A VIZED L. EEOEIC
fh>THENLTOEGEHSE, FVC LD HFEV,
DIEIHNKTHEHEEERL 2 Lo LEEBREESZ A
5N I E A RIEL T B & v ) i
BHLohhhor (£2-B~2—E&M).

BEEE. Miller® ® 3fa5EEs, FEV, % & %VC
EOMEBEELLELCLTROLICHELTVS. T4b
5, EHM(FEV, (% >70% - %VC >80%), JuH



TABLE 4 PREDICTED VITAL CAPACITY AS APPLIED TO PRESENT STUDY DATA
24 AP ERIEA L 2 TS

ABCC Baldwi ishi i
Age a8 : : aldwin Nishimoto 4 # 3
fo50 Ohserved Predicted %VC* Mean Predicted %VC* Mean  Predicted %VC* Mean
fes) Mean  VCMean e oy  VCMean fiigm py  VC Mean  Biight
- B P Y ()T B Ry T80 R Bl i () 1801 2 Bl 1% it (1)
Male % (396 Cases)
14-19 3770 3806.3 99 4150 86 4551.0 23
20-29 3569 3650.6 98 3969 93 4337.7 82
30-39 3756 3555.8 106 3824 94 4206.3 89
40-49 3391 3360.2 101 3654 94 3939.3 26
50-59 3202 3128.6 102 3411 94 3633.9 88
60-69 2997 2970.5 101 3268 92 3422.4 HY
Female % (736 Cases)
14-19 2800 2R26.6 99 3011 93 3232.9 87
20-29 2800 2686.2 101 2947 95 3136.3 89
30-39 2700 24592 110 2619 a7 2950.8 92
40-49 2400 2220.5 Los 2553 94 2750.5 87
50-59 2400 2001.0 120 2637 91 2569.4 93
60-69 2200 1783.1 123 2444 90 2384.1 92
T0+4 2000 1536.7 130 2222 91 2168.0 92
*Ohbserved mean/Predicted mean x 100 Lﬂlﬂ%?ﬂi % 100 3
-2 7 il

%VC<80%), obstructive (FEV %<70%, %VC>80%)
and combined impairment(FEVl.(,%<?0 %o, %eVC<B0 %).
In our youngest age group, the proportion of normal
results was 79% for males and 83% for females as
shown in Figure 4.

Fewer '“normal’’ cases were found in the older age
group, in which restrictive impairment was found to
be more prevalent in females. Furthermore, obstruc-
tive impairment was more prominent in the older
group male.

Changes of Ventilatory Function on Follow-up
Study (1971)

In this section, review will be made of aging effects
based on changes in ventilatory function in 380 cases,
158 males and 222 females, who underwent follow-up
examination 12 years following their initial study.

As a method of assessing the degree of interval
change in the same individual, the difference between
the first mean value and that obtained as a result of
follow-up examination was divided by the mean value
of the first examination, the product being expressed
as percentage. In addition, linear regression analyses
were made of FVC/height on age for the original and
follow-up groups (Figure 5).

12

(FEV, 0% >70% - % VC <80%), B2l (FEV, (%<
0% - %VC >80%), AN (FEV, (%<70% - % VC <
80%). FPRORFEHEHIZHOTIE, M4 R T £
o, IEWMEECHEshAFORL, BETT9% - &MtT
83%Th - 7.

—HIEFHMEHES R ZETEEZFILLL, $HMHE
PEREE RS Solb i, PAZEMEPRE RN SE O Bt 2 v
mAES 5N

BHAECLIBEREOTL (197T15F)

19594 (< ML 2% L ME O MECHS, FALEFHO
12 I LM A < D AR L TRI 2 380 A (B
1580 - 4 222 i) 1= % L T 5 R 2 B 12 o v T el
T3,

Bl -t BH 123 2 BEMELORES LM T 24
HBELT, BINB B NAREO RS, BH
BEMA DT 0EERD, ZofdsE 1 BEHOFY
BTkl A2 ESECHRAL L. S5 2L S TS
B MRERICETAFVC M4 Bl & S c#E+ 2 H
B CHIE MR BT & FEHR L A~ (R 5).



PERCENT

FIGURE 4 DISTRIBUTION OF PULMONARY VENTILATORY FUNCTION FOR 1086 SUBJECTS
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FIGURE 5 LINEAR REGRESSIONS OF FVC/HEIGHT BY AGE FOR ORIGINAL AND FOLLOW-UP DATA
S a1 e W LB AR B0 2B NG R & B 0 MO F R R T R
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11: Spirogram test performed in 1971.

TABLE 5 CHANGES IN PULMONARY VENTILATORY FUNCTION IN 380 SUBJECTS OVER A 12-YEAR PERIOD (1959-71)
%5 12FMIzh k5 RE 380 Lo MR AR (L (1959—T714)

FVC(mean) gy
Age @b No. of

FEV, j{mean) iy

FEV, % (mean) 35

I: Spirogram test performed in 1959

1950 ¢F 1= b L A= 030k b &5 6 7
197145 (2 HE L A 0fokah e .

FVC (Observed). The rate of change in FVC over
the interval is shown by age group in Table 5.
In males, the changes in FVC were +15% for those
age 14-19 vyears initially, and +5% for the 20-29 year
old group. This remarkable difference may be due
to the fact that there was an increase in FVC
concomitant with increase in physical development.
Beginning at 30, the rates of change show a slight
tendency to decrease with age.

In females, FVC showed a 3.6% increase for the age
group 14-19 years.
were observed from age 20, there is no significant
further change to age 49.

While indications of decreases

However, a striking
decrease in initial FVC was seen for those in the
60 to (9 year age group, who showed a -11% change
over the years. On the other hand a linear regression
analysis (Figure 7) shows that aging changes for
FVC do not accelerate at older ages.

The differences in temporal changes berween males
and females may be due to the fact that the increase
in FVC which accompanies increase in physical
development occurs later in males. Therefore, after
reaching a maximum value during the vigor of early
adulthood there appears to be only insignificant
change with age in presumably healthy persons.

14

(1959 Subjects ” 5D 1) 5D Rate* - 5D SD Rate* 5D SD  Differ-
18 N, 1 %) I 1L(1) %) L 1y ence
HEBEH g % &) % (11D
Male B

14-19 8 3.8 72 4.3 .48 +15.0 3.4 .56 3.7 46 +11.2 g9 7.1 87 3.5 -2
20-29 10 3.6 .69 3.7 B4 +5.0 3.1 71 3.1 .61 +4.6 86 8.8 84 5.5 -2
30.39 12 3.8 .30 3.6 .33 —5.6 3.1 .33 2.8 28 —-8.6 23 4.5 80 6.3 -3
40-49 47 3.4 .65 3.2 .55 —4.8 2.9 48 2.5 .49 -11.7 85 8.3 77 1. -8
50-59 59 3.2 A7 3.0 .49 —5.7 2.6 .44 2.2 .45 —15.0 81 11.0 73 10.6 =9
60-69 22 3.0 .54 2.8 D7 -5.4 2.4 .56 1.9 .59 —-16.9 79 12.0 67 14.2 —12

Total & 158

Female =

14.19 11 2.9 A8 3.0 .50 +3.6 2.6 41 2.6 .34 +0.2 29 6.7 85 5.4 -4
20.29 12 2.8 .65 2.7 42 -3.2 2.4 Nl 2.3 43 =2.3 87 7.4 84 4.3 =3
30-39 61 27 47 2.6 .44 —-3.4 2.3 46 2.0 42 -10.9 86 7.6 78 7.4 -8
40-49 56 2.4 41 2.3 40 —3.4 2.0 .34 1.8 B —8.3 83 8.7 T 6.3 —8
50-59 63 22 43 2.0 40 —5.9 1.8 41 1.6 .32 —12.4 83 8.8 76 7.6 =7
60-69 19 2.2 .62 2.0 .33 —-11.0 1.8 .52 1.4 .26 —20.6 81 6.8 71 8.9 -10

Total  #at 222

‘Rate-nz;l change is averaged after determination of individual rates: I -1
HemELHRD S, TloBlgsEHL A~ % 100

The means in columns [ and II are not used in this calculation.
FlasrUrmalIMoFHEE oIz EHvLd o7k,

FVCHITIE. BemmMpiosta FVCoE(kFE L, F
welizbITHESIZARLE. T4bb, BELCIEITS
FVC @bz, BWl4—19E 0T +15%, 20—29:#
OBTHS%UTH--. 20X EEWLZEL, Sk
DEBIZE-TEFVC LML 2L 0T 2 LHEMEN S
FLTCORELEES 223 L LAVIITERT 2HHEMm
LT,

—F, ZMEIIBFTAFVCOEFEEZLSL L,
TR I.6%nElERL f@ni’fv,ZOJ&i':xét
Hiotatimésr LA, QT TIHEELELE

ot LAL, 60—69EOBIZE 3 &0 Af) T
FVCOZEW A E LA AN, ZOBTIRIZEOMIZ—11%
ELHIEIBHSHAL, LALHATIZRLEEED,
B BIRBHFIC W TS, FVCIZME izt 0B/
s hTwaEmeERL T E o2

?‘
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ZOLEIEBAMIIET ABIRHTROEL, GEEH
I2fE ) FVC oA, BiETEOLABCRISZEN)
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Using data on the follow-up cohort, linear regression
analysis showed that A-bomb exposure had no effect
on the age-related decrease in FVC (Figure 6).

FEV]1.0 and FEV],0%. The degree of change over
12 years in FEV1_ g and FEV1.0% by age group is
given in Table 5. In males 14-29 and females 14-19,
there was an increase in FEV] ¢ over the follow-up
period.
there occurred a decrease in
FEV1,0% that
increasing age.

In the other age groups, for both sexes,
both FEVi g and
generally progressive

was with

Table S also demonstrates that the rates of change
with increasing age were larger for FEV] g than for
vital capacity particularly in the older persons.

Ventilatory Impairment.
of progressive ventilatory

Figure 7 shows the incidence
impairment, as defined
above, in each age group. In those age S0 years and
older, 74%

ventilatory

of males and 78 % of females had normal
Sub-

SEXESs on

function at the first examination.
it decreased to 52% in both
follow-up testing of the same persons 12 years later.
Qver the same period,

sequently,

the rate of obstructive impair-
ment increased from 9% to 27 % in older males and
from 6% These are threefold
differences in prevalence compared with the first
those

to 20% in females.

examination. The percent of normals in

younger than 50 changed little.

Obstructive impairment appeared to be the dominant
factor which affected ventilatory changes with time
in those who were followed from age 50 and over.

Pulmonary Ventilatory Function and Disease

The incidences of specific diseases are shown in
Table 6-A. These conditions were diagnosed by
different clinic physicians over the 12-year period
among subjects rerurning for biennial examination.
These compared by
functional capacity for those tested in 1959 in Table
6-B. For
comparison,
those

diagnoses are ventilatory

the convenience of description and
subjects have been arbitrarily divided
into with normal function and those with
abnormal function in which restrictive and obstructive

are combined.

Table 6-A shows the age related increases normally
encountered with aging with respect to myocardial
infarction24  (MI), hypertensive cardiovascular
disease?5 (HCVD) and lung carcinoma, despite the
small numbers of cases., No striking differences
were seen in those with impaired function compared
with normals in Table 6-B. However, it is of interest
that in males who were 30-59 years old in 1959, more
diagnoses of MI were recorded over 12 years for
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FIGURE 6 LINEAR REGRESSIONS OF FVC/HEIGHT BY AGE FOR THE FOLLOW-UP COHORT FOR EXPOSURE GROUFS
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FIGURE 7

CHANGES IN DISTRIBUTION OF PULMONARY VENTILATORY FUNCTION OVER 12 YEARS

(1959-71) FOR 380 SUBJECTS
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AGE IN YEARS

20 Z
0 7,
14-39 40-49 50+
subjects with impaired wventilatory function. A

uniformly higher prevalence of HCVD was noted among
males over 50 years who had abnormal function
compared with normal subjects.

Smoking History and Ventilatory Impairment

A smoking history was obtained by questionnaire
from 1086 subjects in 1963, but adequate information
was obtained only from 261. The relationship of
smoking background data and categories of ventilatory
impairment are shown for males in Table 7. No
significant relationship was found.

Relation of Qccupational and Educational Factors to
Pulmonary Function

Adequate information was obtained on 851 subjects
on education and 423 subjects regarding occupation.
Table 8 shows that both higher educational attainment
and professional occupation harbored greater
proportions with normal ventilatory function compared
with lower achievement. However, information on
other environmental factors (type of housing, working
conditions, etc.) were not available, so that the
relation of these to ventilatory impairment could not

be judged.
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TABLE 6-A INCIDENCE OF DISEASE AFTER TESTING IN 1959
F6—A 1959 FEMG O EL O RERE

Age &M Total MI* ® ' HCVD** " Lung Ca. %
(1959) i i it
Male 5B
15-29 101 0 0.0 0 0.0 0 0.0
30-39 48 1 2.0 0 0.0 0 0.0
40-49 64 2 3.1 2 3.0 0 0.0
50.59 91 2 2.2 7 8.0 1 i
60-69 69 4 5.8 11 18.0 1 1.5
70+ 12 0 0.0 3 25.0 2 16.7
Total & it 385 9 2.3 23 6.0 1 1.0
Female *
1529 136 0 0.0 0 0.0 0 0.0
3039 185 1 05 2 1.1 0 0.0
4049 127 1 0.8 5 4.0 0 0.0
5059 140 5 4.0 14 10.0 3 2.1
6069 85 2 2.4 10 11.8 1 1.2
70+ 28 2 7.2 6 21.4 0 0.0
Total it 701 11 1.6 37 5.3 4 0.6
* MI - Myocardial infarction  ( fFH % fiE ”

** HCVD - Hypertensive cardiovascular disease & JL [T 2 -0 i IR 55 % o

TABLE 6-B DISTRIBUTION OF DISEASE IN RELATION TO PULMONARY VENTILATORY FUNCTION
#6—B IR TRREE £ IR O 7 A

R s Normal Ventilatory Function IF % 5 #HE Abnormal Ventilatory Function %4 G E
ge i ik :
(1959) Subjects MI % HCVD o Lung Ca. % Subjects MI % HCVD % Lung Ca. o
o8& Al 1)
Male 5
15-29 78 U] 0.0 0 0.0 0 0.0 23 ] 0.0 0 0.0 0 0.0
30-39 39 1] 0.0 1] 0.0 0 0.0 9 1 11.1 0 0.0 0 0.0
40-49 48 ] 0.0 2 4.2 0 0.0 16 2 12.5 0 0.0 0 0.0
50-59 70 1 1.4 3 4.3 0 0.0 21 1 4.8 4 19.0 1 4.8
60-69 49 3 6.1 6 12.2 0 0.0 20 1 5.0 (i1 25.0 1 5.0
TO+ 7 0 0.0 1 14.3 2 28.6 5 0 0.0 2 40.0 1] 0.0
Total it 291 4 L4 12 4.1 2 0.7 94 5 5.3 11 11.7 2 2.1
Female #

15-29 112 0 0.0 0 0.0 0 0.0 24 0 0.0 0 0.0 0 0.0
30-39 153 0 0.0 2 1.3 0 0.0 32 1 3.1 0 0.0 0 0.0
40-49 97 1 1.0 4 4.1 0 0.0 30 0 0.0 i 2.3 0 0.0
50-59 98 2 2.0 8 8.2 2 2.0 42 2 it | i 14.3 1 2.4
6069 55 2 3.6 8 14.5 0 0.0 30 0 0.0 2 6.7 1 3.3
T0+ 19 2 10.5 4 21 0 0.0 9 0 0.0 2 222 0 0.0
Total &l 534 i 1.3 286 4.9 2 0.4 167 4 2.4 11 6.6 2 1.2
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TABLE 7

DAILY USE OF CIGARETTES IN SUBJECTS WITH OR WITHOUT ABNORMAL PULMONARY

VENTILATORY FUNCTION

# T MR GBERERE O ML — o i
Pul Ventila- Average Smoking Hi ST ¥ it
Age IFfi utz:'[;'n%?nctronn] . Total Yerage. Sapking lilon: SHRHR Unknown* Test
(1959) - ] 0-1/2 Pack 1/2-1 Pack 1 Pack or More o o
Rifi 4 5 B E B I E 1 #ikLE
.39 Normal iE 3 98 (100%) 40 (40.8%) 48 (49.0%) 10 (10.2%) 284 e
Abnormal  #% 20 (100) 6 (30.0) 9 (45.0) 5 (25.0) 68
40-49 Normal 39 (100) 16 (41.0) 17 (44.0) 6 (15.0) 106 N
Abnormal 14 (100) & (57.1) 5 (35.8) I (71} 32 )
50+ Normal 66 (100) 30 (45.5) 32 (48.5) 4 (6.0) 232 =1
Abnormal 24 (100) 11 (46.0) 12 (50.0) 1 (4.0) 103
* Adequate smoking history not available. T % &MMEOAETE L0y 0.

TABLE § RELATION OF OCCUPATIONAL AND EDUCATIONAL FACTORS TO PULMONARY VENTILATORY FUNCTION

8 NP L ML L UHERE L OMF
Educati E
Classification Subjects . - S toanen i T =
[ 57 SRR T ow % Middle % ig % nknown 9
g : i i h 5 El
Normal L% 825 76.0 312 74.1 281 78.3 58 81.7 174 74.0
Abnormal #% 261 24.0 109 25.9 78 21.7 13 18.3 61 26.0
Total &t 1086 100:0 421 100.0 359 100.0 71 100.0 235 100.0
Ocecupation 53 =
Classification Subjects ol -
a3 % Labor 9% Clerical Professional Others % Unknown o
S HREH HE B 15 R P z 0 i
Normal L& 825 6.0 139 79.9 138 75 59 83.1 244 74.8 245 127
Abnormal 53 261 24.0 35 2001 410 22.5 12 16.9 82 25.2 92 27.3
Total et 1086 100.0 174 100.0 178 100.0 71 100.0 326 100.0 337 LO0.0
TR & UM IR M

Survival Rate and Abnormal Ventilatory Function

This aspect in
subjects with abnormal ventilatory function as this
Therefore,
ventilatory function in relation to survival may be
more

concerns primarily the prognosis

changes with age. the rate of change in
representative of natural aging phenomena.
The analyses were made on 396 males (average age
44.1 years in 1959) and 434 females (average age
43.4 vears in 1959).

The survival rate for the categories of ventilatory
function in the study group was calculated by a life
table method.26
with compared

The rate of survival for subjects

normal to those with abnormal
ventilatory function is illustrated in Figure 8 for
A slight decrease in survival is seen
among both males and

Figure 6-B shows that the 12-year survival

age groups.
for abnormals
(Table 9).

females
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SURVIVAL RATE (%)

FIGURE 8 SURVIVAL RATE (LIFE TABLE METHOD) OF 396 MALES AND 736 FEMALES BY AGE
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TABLE 9 DISTRIBUTION OF DEATH IN RELATION TO PULMONARY VENTILATORY FUNCTION BY SEX AND AGE

#9 MHRSERELEC OS5 M - Eaul
i Normal V.C. IE#Hbif it Abnormal V.C, RAWER t-test 55
(1959) Subjects Deaths Rate (%) Subjects Deaths Rate (%) e 10 Yrs 12 Yrs
T dRER O % HREH O ECH 4 B
Male %
<40 117 5 4.3 32 1 3.1 NS NS NS
40-49 48 0 0.0 16 3 18.8 . NS Sugg.
50-59 70 13 18.6 21 7 33.3 NS NS Sugg.
60-69 49 20 40.8 20 10 50.0 NS NS NS
70+ 7 6 85.7 5 3 60.0 NS NS Sugg.
Total &3t 291 44 15.1 94 24 25.5 i NS Sugg
Female 2z
<40 265 4 1:5 36 2 5.6 NS NS NS
40.49 a7 7 7.2 30 0 0.0 NS = =¥
50-59 98 8 8.2 42 3 19.1 NS NS NS
60-69 55 13 23.6 30 11 36.7 NS NS NS
70+ 19 12 63.2 9 8 28.9 NS NS NS
Total & it 5h34 44 8.2 167 29 17.4 *¥ ok e

Sugg AMEAT:

in subjects with abnormal ventilatory function who
were 50-59 vears at the start of the observation
was 34% in males and 75% in females.
Over the same period the survival rate in subjects
of the same age with normal ventilatory function was
77 % for males and 89% for Decreased
survival those with ventilatory
function was also noted among males age 40-49 and

period,

females.
rate in abnormal
The differences were not
statistically significant over all age groups (Table 9).

in females over age 60.

DISCUSSION

Other reports5.16 have shown that vital capacity
increases between the ages of 20 to 35 with the
maximum value being atrained at 25-35 years. Vital
capacity decreases thereafter. A decrease in vital
capacity of approximately 172ml has been estimared
for each successive 10 year age bracker..16

Using a height of 160cm for males and 150 cm for
females, the rate of decrease in vital capacity may
be calculated from the formulas shown in Table 3.
With Baldwin’s predicted values! the decrease per
decade is 178 ml in males and 160ml in females.
Using Nishimoto’s formulal8 the values are 224ml
for males and 165ml for females. Ebina’sl7 results
are 288ml and 138ml, while those of Yokoyama2l
are 112ml and 135ml, respectively, for males and
females. Thus, there is a decrease of approximately

200ml per each succeeding 10-year period. The

0.05<p<0.1, *: 0.05<p<0.01, **: 0,01<p=<0.001

-
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formulas used in the present study show the values
to be 163.2ml for males and 208ml for females.
These values are slightly lower than those obtained
by other methods, and do not differ significantly
between our dose groups. Thus, there appears to be
no effect on pulmonary function due to aging induced
by A-bomb radiation. Both cross-sectional (Figure 2)
and longitudinal cohort (Figure ) analyses demon-
strate the absence of a radiation relationship.

above

The

formulas. However, we studied changes in pulmonary

were values obtained by prediction
function due to aging based on actual measurements

of wventilatory function obtained from the same

individuals after an interval of 12 years.

As shown in Table 5, there is a difference in the rate
of change in pulmonary function over time only in
The vital capacity for younger
males (14 to 29 years old) showed an increase 12

younger persons.

A decrease was noted in males over 30
and females over 20.

years later.
These results suggest that
while changes in pulmonary function occur at all
ages, those due to deleterious effects of aging in
Japanese appear during the 4th decade in males and
during the 3rd decade in females. Thereafter, there
appears to be a linear decrease in funcrion with age.

As stated earlier, there was no uniform correlation
between changes in pulmonary function due to aging
and exposure to the A-bomb on the basis of prediction
However, Table 4, the
predicted values for FVC obtained by the authors
were lower when compared to those of others. Study

formulas. as shown in

was made of the reason for this finding.

As shown in Figure 2, mean vital capacity values
among males aged 14-19 increased during the next
decade and reached a maximum between 20-29 years,
while for females the maximum had been attained
during 14 to 19.
According to Hutchinson,16 differences in vital
capacity are related to height, age, and disease.
This investigator showed that a difference of 1 inch
in height corresponds to a difference of 131 ml in vital
The differences between predicted and

actual findings may be due to comparison of criteria

capacity.

in Caucasiansl6 with the present measurements in
Japanese. Moreover, nutritional and health differences
may be important, but data on this are not available.
Belsky and Blot27 have reported that the mean adult
height of those heavily exposed in childhood was
about 4cm less than lightly exposed survivors in
Based on

Hiroshima. these observations
s

adulrs who were heavily exposed could be expected to

young

show about 206ml less vital capacity than the non-
exposed group. This prediction is, in fact, partially
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supported by our findings, as estimated from Figure 2.
That is, those under age 20 at testing in 1959, who
correspond to the age group whose stature was most
affected by A-bomb radiation (100+rad) have a mean
FVC approximately 450ml less than that for the total
tested cohort.

Comparison of FEVj g of the group exposed to
100rad or more at ages under 20 showed the values
were markedly lower in both sexes than the NIC,
0-9, 10-99 rad groups. However, the FEV (% values
were normal22:26 in all age groups in both sexes.

Thus, it can be said that the effects of exposure
in the under 20 age group are more apparent in FVC
than FEV1 g. A direct relationship betrween A-bomb
exposure and lowered vital capacity is possible in
young persons, but it is more likely that diminished
stature and other factors are operative.

On the other hand, predicted wvital capacity for the
follow-up study group in 1971 are greater than the
levels predicted using the 1959 ABCC data, and
correspond more closely to predictions of others1,17,18
This is felt to be due to the fact that
those who were under 20 in 1959 had grown over the
As pointed out by Ebina, 17 Burglund,5 and
Stewart,28 it is felt that standard values for those

for Japanese.
interval.
under 19 should be determined separately.

A simple
presented by many

method employing expiratory effort is
investigators2,15,22,29 as a
means of defining the nature and extent of ventilatory

insufficiency.

Mead30 has shown that several factors determine the
expiratory flow rate, including the muscular force
brought to bear in expiration, the
air flow determined by such factors as bronchial

resistance to

spasm on air trapping, pulmonary compliance and
the position of mechanical advantage of the ventilatory
organs. Presumably, the timed vital capacity measures

the resultant of all these forces.

Gaenslerl? reported that measurement of the timed
vital capacity was especially valuable in the diagno-
sis of conditions causing obstructive wventilatory
deficiency, in particular emphysema and bronchial
spasm. This investigator also found thar the values
obtained correlated well
capacity measurements and with the ratio of residual
lung capacity. Greifenstein et al?
reported that the most important changes in the older
age group are reduction in vital capacity, increase in
residual volume,

with maximum breathing

air to total

with resulting smaller degree of

alveolar dilution breath, uneven intrapulmonary

distribution of inspired gas and a decrease in

maximum breathing capacity out of proportion to the

diminished vital capacity. Despite these changes,
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these subjects maintained normal arterial Q2 saru-
ration (SaQj), arterial PCO7 and pH and were able to
carty on moderate activity without dyspnea. These
alterations in function are believed to depend on
age-related changes properties of
lung tissue and in diffusion processes.? It is in
these properties that connective
tissue alterations and structural changes in pulmonary
vasculature most likely play significant roles.31

in mechanical

and processes

In our results,as shown in Figures 5 and 6, pulmonary
functions are definitely changed by aging, and the
most remarkable finding older groups is
impairment.  Although most functional
impairment in older persons was not so severe as to

in age

obstructive

restrict work tolerance, it is important to discover
this from the standpoint of management of the aged.
It is also important in view of the fact that such
abnormalities are progressive and often irreversible.

Air pollution may be a significant factor in changes
of ventilatory function.32 Qur result does not support
as striking an effect of smoking, as it does of aging,
However, this
conclusion must be considered preliminary since few

on abnormal ventilatory function.

-

adequate histories were available.

The
those who are 40 years and older, as reflected by

distribution of abnormal and normal results in

mortaliry,
phenomena. Qur

seem more representative of natural aging
study shows that those with abnormal
55% 12-year survival rate compared

subjects.

function have a
with B80% in
reported that mortality rate is affected by several

norm al Investigators 33

pulmonary factors: disturbance in gas exchange,
decrease in ventilatory capacity, the presence of cor
pulmonale, increasing severeness of dyspnea,

polycythemia and a chest roentgenogram suggestive
of emphy sema, and bronchitis. Qtherinvestigators34,35
have reported on the relation between fatality rate
and physiological of this syndrome
patients with obstructive pulmonary disease.36 The

features in
S5-year death rates reported by others for Caucasians
have ranged from about 20 to 48 %. In our study, the
S-year mortality is about 3 % for the normal group and
8% for abnormal group as estimated from survival
On the other hand, survival rates are

related

rates. not

uniformly to the magnitude of functional
impairment in the younger age group, or in those

60 years and over.

No obtained
and the available chest X-ray are not fully applicable
to the present study. However, in a prospective
study on Hall et al,37 found
that chronic respiratory symptoms and chest illness
less frequent in Hiroshima compared with
New York and London. These may reflect differences
and genetic

history of respiratory symptoms was

respiratory disease,
were

in environmental factors affecting

mortality.
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