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SUMMARY

To ascertain serial changes on chest radiography
attributable to aging, 16 parameters for cardio-
vascular and pulmonary structures were assessed
at cach of three posteroanterior and lateral chest
radiographies; i.e., during clinical examinations
18.5 years previously, 10 years previously, and
currently. The subjects consisted of 51 men and
149 women, all of whom were carefully screened
healthy adults who ranged in age from 41 to 82
years at the latest examination. Four pulmonary
parenchymal findings were also observed and eval-
uated and their prevalences were determined. In
both sexes, the transverse cardiac diameter, trans-
verse thoracic diameter, cardiothoracic ratio, aortic
arch transverse diameter, thoracic aorta tortuosity,
transverse and sagittal diameters of the trachea,
transverse diameters of the right and left main-
stem bronchi, and the anteroposterior diameter of
the lung increased significantly from the initial
to the final examination. In women, right lung
height and right pulmonary artery width increased,
and the tracheal bifurcation angle decreased —all
significantly. The most marked interval change with
age was an increase in aortic arch diameter, from an
initial 28.0 to a final 32.6 mm in men, and from an
initial 27.6 to a final 31.6 mm in women. The aortic
arch diameters increased with age in 96% of the men
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and 90% of the women. These aging paramelers
which were detected in this study did not show any
significant differences by radiation dose categories
for either sex.

Initially, 13%, and finally 27%, of subjects had at
least one of the four selected pulmonary parenchy-
mal manifestations. Their prevalence did not differ
significantly between smokers and nonsmokers.

INTRODUCTION

The serial changes imaged by chest radiography
and caused by normal aging should be recognized,
and radiologists should utilize them in making
appropriate evaluations of examinees.!

Among several reported studies of the normal
aging process consisting of reviews of chest ra-
diographs, most were cross-sectional rather than
longitudinal.2~# Cross-sectional studies are more
commonly performed because they involve less time
and money. However, cross-sectional observations
and results derived from mean values may not
reflect the true aging process in individual subjects.
Longiludinal studies seem to be more informative
and more valuable.® Furthermore, except for the
study of Ensor et al,* in which 67 men were
followed for 16.9 years, those other investiga-
tions did not exclude latent diseases by means
of extensive clinical evaluations. Many of the
earlier observations involved only transverse mea-
surements of hearts and lungs and cardiothoracic
ratios (CTR), without systematic evaluations using
multiple parameters on chest radiographs. Ensor et
al* observed 40 parameters and found significant
increases with age in the transverse cardiac and
thoracic diameters, CTR, and aortic knob diameters.
Other parameters were not described, and no radio-
graphs of women were reviewed. The present study
consisted of a systemic evaluation of 16 parameters
on chest radiography to ascertain any changes with
age for 200 clinically normal men and women. The
follow-up period spanned 18.5 years.

MATERIALS AND METHODS

The Adult Health Study (AHS) conducted by RERF,
formerly ABCC, consists of a sample originally
numbering 20,000 persons drawn at random from
the A-bomb exposed and nonexposed members of
the Hiroshima and Nagasaki populations.® There is
a preponderance of women in the AHS by nearly
2:1. Biennially, all AHS subjects receive physical

2 TH L s H
I E SRR

T ode &8 B R LR
e L T o

Bk o RizonwTld, 4xH I 5100k
DR &5 L 22 H O3RN O13% 2 5 4k f% nl
27U AZHIINL 22, 25 O b 0D MR g & i
BTHOVEED T -

#® =

SECE QIR IZRE LT, H@fk%“b;u Mt h s
AW A E AN T AL BB ELZETH S,
FLTHHSEHFEEFAS 2B LT, #MH5D

WY R I AT b AT S At
Mg 5 X 5B A HT v C O I PR A R L A
WA RE SN T VI, ZOKRIT! J:wzl’m‘ﬁ’-J T
AWM MR TH S, 2 HIETMAER A £ <

ThhTwuaol, R &8 Lo CFL

EHTHAE. Lr2L, FHIEH»SG6 05 RN
BB RS S, (A Oxk F O LT O NI & B
LTwauwafEgfdsd s, 20/, HEE N
INEHRTHETHLIEEHNS. 5 B, 6TAD
B QFEMZH 2 D EEMBLEE L 72 Ensor 51 D
WFge &bk < &, NS HEREME 2T - CEMESL
BEA LR, s n. ZhETCOME
DELFEZHOEHIZ D TR XYL A BRI
A3 & w2 1AL, LU, Tikf4 R
Lol - B EE (CTR) &8l L T ThH o 12
Ensor &4 {400 22w TEE L, LOHEeE, b
AR, CTR, KBRS A, DG 2 ey 20
MATaZEa@OA MBEEIZ2WTIELHR N
<, TEOXHESITEMWT s Tl b, K
22 TIEEE R 124 H 2 200 A DB o w7, 163 H
oV T M XEE &R M L,
£k FEAL I THA L 22, BRI (218, 5 4F (2
B AL

HMERUHE

ABCC- BUMFTiIT b T = 2l A& (AHS)
i3, Bk - B o SRR & A O IR e 5 e fR
Sl s h 2Bkl ZzHRE LTS, ZOMEH
HIZUM2 HATH- 1.8 AHS MR LMD N H
£, BELMLIOEELE> TS, AHS R4



and laboratory examinations and any other diag-
nostic studies which are clinically indicated. They
routinely receive chest radiography with 14 x17
inch posteroanterior (PA) stercoscopic and lateral
projections.  All chest radiographs are exposed
at about 100 kVp and 5 mAs using a focus-film
distance of 1.83 m.

The present study, conducted from December 1985
to August 1986, involved reviews of 1) the oldest
available radiographs made more than 10 years pre-
viously, 2) radiographs made 10 years previously,
and 3) radiographs made during the current clinical
evaluations, of 200 AHS participants. The subjects
were clinically normal and, at most, had only
minimal or clinically insignificant abnormalities.
For selection, each subject met the following criteria
at each RERF visit:

1. Absence of systemic disease based on history
and physical examination, and routine labo-
ratory tests, including complete blood count,
serum chemistry, and urinalysis.

2. Normal resting electrocardiogram.

3. No prescribed medications for cardiovascular
or pulmonary abnormalities.

4. Blood pressure less than 140/90 mmHg.

During the study period, 593 men and 1,094 women
underwent chest radiography, and 51 men and 149
women met the above criteria.

On their chest radiographs, 16 different parameters
(Figure 1) were assessed:

A) transverse cardiac diameter, as the sum of the
greatest lransverse projections of the heart to
the right and left of midline;

B) transverse thoracic diameter, between the inner
margins of the ribs at the level of the top of the
dome of the right hemidiaphragm;

C) aortic arch transverse diameter, from the left
tracheal border to the left lateral margin of the
aorta;

D) thoracic aorta tortuosity, as the deviation of
the thoracic aorta from a baseline between the
left lateral margin of the aortic arch and the
intersection of the left margin of the thoracic
aorta and the diaphragm;

E) right interlobar artery transverse diameter, im-
mediately prior to its bifurcation;
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FIGURE 1 OBSERVATION POINTS FOR MEASUREMENTS MADE ON CHEST RADIOGRAPHS
K1 Ko XARE Sk TlE s h 2B O fi

(a)

Measurement methods are described in the text.
WA 4 A S b,
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F) left pulmonary artery fransverse diameter, im-
mediately below the left upper lobe bronchus;

G) azygos vein transverse diameter, at the right
tracheobronchial angle;

H) height of the right lung, as the distance from
the tubercle of the right first rib to the top of
the dome of the right hemidiaphragm;

I) transverse tracheal diameter, as the width of
the tracheal air column 2 cm above the superior
margin of the aortic arch;

J) and K) the right and left main-stem bronchi
transverse diameters, at the level of the carina;

L) tracheal bifurcation angle, between central axes
of the right and left main-stem bronchi;

M) anteroposterior (AP) diameter of the right lung,
at the level of the top of the right hemidi-
aphragm;

N) right hemidiaphragm height, from a line normal
to the curve at the apex of the right hemidi-
aphragm to a line drawn between the anterior
and posterior costophrenic sulci;

O) sagittal tracheal diameter, as the sagittal diam-
eter of the tracheal air column 2 ¢cm above the
superior margin of the aortic arch; and

P) posterior tracheal band, as the width of a thin
vertical linear opacity formed by the posterior
boundary of the tracheal air column.

The CTR was calculated as a parameter. Pulmonary
observations included increased lung markings, pul-
monary fibrosis, hyperaeration, and Kerley B lines.

Two radiologists (F.M. and T.F.) designated all
points for measurement, and measured the above
parameters. Radiographs made during the three
examinations of 10 subjects were evaluated, and
measurements of those parameters involving less
than 5% intraobserver and interobserver variations
were analyzed.

Body height, body weight, and systolic and diastolic
blood pressures were observed at each clinic visit.

Longimdinal interval changes were statistically an-
alyzed using the paired t-test for the initial and
final measurements. Radiation dose effects were
estimated and statistical significances were evalu-
ated using the Dosimetry System 1986 (DS86).7
The data were expressed as means, plus or minus
standard deviations (M = SD).
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RESULTS

The subjects’ mean age at the initial examinations
by sex is shown in Table 1. Most were in their
20s to 40s, and their ages ranged from 19 to 64
years at the initial examinations. Follow-up periods
were 18.7 years for men, and 18.4 years for women.
Distribution of subjects’ A-bomb doses using DS86
is shown in the Appendix.

The mean measurements of body heights, body
weights, systolic and diastolic blood pressures at
the initial examinations, and their changes during
the follow-up period by sex are shown in Table
2. Twenty-four of the 200 subjects had pulmonary
function tests; 23 had %VC greater than 80%
and the other had 78%, which are nearly normal.
Twenty-two subjects had FEV go; greater than
70%; and those of the other two had 66%, which
are essentially normal.

For measurements of the left pulmonary artery, azy-
gos vein, right hemidiaphragm height, and posterior
trachecal band, the intraobserver or interobserver
variations were more than 5%, so they were omitted
from the analysis. Regarding other parameters,
Tables 3a and 3b show the mean measurements
al the inital examinations and their subsequent
changes by sex during the follow-up period. The
change rate per year between the initial and second
examinations and that between the second and final
examinations did not differ in any of the parame-
ters and no acceleration by age was observed, so
the second measurements were omitted from the
tables. Several observation points which could
not be precisely measured on some radiographs
were omitted from the analysis. All parameters
showed significant longitudinal changes except for
the height of the right lung, the right interlobar
artery, and the tracheal bifurcation angle in men.

Because of a very strong correlation with aging, and
due to practical importance, especially in the elderly
relative to cause of death,! further longitudinal
changes in the transverse cardiac diameters, CTRs,
and aortic arch transverse diameters were addition-
ally evaluated according to birth year groups (Tables
4a and 4b). Significant longitudinal increases in
these three parameters occurred in all groups in
both sexes except for the CTRs in the youngest
male group (Figures 2-4). For men and women, the
transverse cardiac diameter increased in 77% and
68%, the CTR increased by 0.01 in 63% and 63%,
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and the aortic arch transverse diameter increased in HH6% E90% 7.
96% and 90%, respectively.

As for radiation dose, no significant effects were g M U TE, ARRFgE TBlEE L i H
confirmed relative to the aging parameters observed

N CoWwWTHARERRERDh L d o /2.
in this study.

TABLE 1 DISTRIBUTION OF SUBJECTS’ MEAN AGES AT INITIAL EXAMINATION BY SEX
#1 WO 5 E 0T R o 54, N

Age Category at Mean Age at Mean Follow-up
Final Examination® Number Initial Examination® (Years)
(Years) M F M F M F
40-49 14 33 24.8 27.9 19.3 18.1
50-59 27 T2 38.2 37.1 18.0 18.5
60+ 10 44 49.6 45.1 19.4 18.6
Total 51 149 36.7 374 18.7 18.4

Subjects are Hiroshima AHS sample.
A% E LR O AHS o B

9Final examinations were conducted from 1985 to 1986.
I AR A 151985 ~ 86 EE 12T b 2z,

bInitial examinations were conducted from 1964 to 1968.
(0] M7 131964 ~ 68 4 14T b Ao,

TABLE 2 PHYSICAL MEASUREMENTS AT INITIAL EXAMINATIONS AND SUBSEQUENT
CHANGES BY SEX

£ 2 flElHR AR O SR IE T & £ 0Bz, PR

Male Female
Item Initial Change® Initial Change
Body Height (cm) 16234520  —0.0941.01 1523456 —0.62+0.94
Body Weight (kg) 530455 4.1+5.4 49.0+7.5 19449
Systolic BP (mmllg) 1114£9.0 10.0£103 107 4 10.0 10.6 4+ 12.5
Diastolic BP (mmHg) 71490 84+94 68+ 89 7.8+£9.7

“Difference between initial (1964-68) and final (1985-86) examinations.
e e 75 (1964 —68 ) & du ¥ He 7% (1985~ 86 1) o0 fll i filf o> 2%.

bNumbers indicate mean+1 standard deviation. BP=blood pressure.
B Pt | i 2 4 4. BP L ILE &5
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TABLE 3a CHEST X-RAY MEASUREMENTS AT INITIAL EXAMINATIONS AND
SUBSEQUENT CHANGES, MALE
#3a POl AR OB XSO ME M & # O %o, Bk

Parameter Initial Change® t-value
Transverse Cardiac Diameter (cm) 11.8+1.0° 0.70+ 0.68 7325
Transverse Thoracic Diameter (cm) 279+15 0.5441.07 3.61%*
Aortic Arch Transverse Diameter (mm) 28.01+04 4.55+230 T4, 125
Thoracic Aorta Tortuosity (mm)® —3.2+33 290+ 4.19 4.95 7%
Right Interlobar Artery (mm) 131+ 14 033+ 1.18 1.88
Height of Right Lung (cm) 23.0+1.5 015+ 1.06 1.00
Transverse Tracheal Diameter (mm) 1694+ 1.8 0.4441.05 2.96*
Right Main-stem Bronchus (mm) 13.041.0 . 0474126 2.61*
Left Main-stem Bronchus (mm) 123409 0.33+£0.97 237"
Tracheal Bifurcation Angle (°) 58.8+4.7 —1.04+5.05 —1.46
AP Diameter of Right Lung (cm) 175412 0.854+0.76 7.99%**
Sagittal Tracheal Diameter (mm) 195+1.8 0.6741.02 A b
Cardiothoracic Ratio 0.43£0.03 0.0240.02 4.99***

“Difference between initial (1964-68) and final (1985-86) examinations.
T (1964 ~ 6815 ) & ik #%H f (1985~ 86 ) &l E fii ) 2%,

®Numbers indicate mean =1 standard deviation.
B Pt 1 B 2 o,

¢Minus means the deviation to the right from the baseline; plus means that to the left.
YA S AR S HANOEL, TIABEAOEREE®RT 5,

AP=anteroposterior.  *p<0.03, **p<0.01, ***p<0.001.
% 3% .

TABLE 3b CHEST X-RAY MEASUREMENTS AT INITIAL EXAMINATIONS AND
SUBSEQUENT CHANGES, FEMALE

#3b @ik AEIEO RS X S OWEM L £ okoeft, Lk

Parameter Initial Change® t-value

Transverse Cardiac Diameter (cm) 1124 1.0 0.56 +0.71 9.63***
Transverse Thoracic Diameter (cm) 255+ 1.6 0.16 £0.82 2.36*

Aortic Arch Transverse Diameter (mm) 276+32 4.01+2.66 18.39%**
Thoracic Aorta Tortuosity (mm)®© —26+37 2.05+4.69 B
Right Interlobar Artery (mm) 122+ 1.5 0.27+1.29 2.46*

Height of Right Lung (cm) 208+ 16 0364112 3.86%**
Transverse Tracheal Diameter (mm) 148+ 14 0.50+1.00 6.00%**
Right Main-stem Bronchus (mm) 116411 0.40+£1.23 3.92%%*
Left Main-stem Bronchus (mm) 11.0+12 0484 1.14 5.04%**
Tracheal Bifurcation Angle (°) 623450 —2.3444.06 —6.13%**
AP Diameter of Right Lung (cm) 162412 0.534+0.71 8.99***
Sagittal Tracheal Diameter (mm) 152416 0.64 £1.07 6,77
Cardiothoracic Ratio 0.4440.03 0.024+0.03 giG7ErE

See footnote in Table 3a.
#3a OMEBR,
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TABLE 4a MEAN AGE AND MEAN LONGITUDINAL MEASUREMENTS AT INITIAL
AND FINAL EXAMINATIONS BY BIRTH YEAR, MALE

Hod o N SE 00 0 O] R R & AR AT I 00 o R e & AMEIT I I Q0 1R, B
Birth Year
Parameter 1937-1945 1927-1936 -1926
Age (year)
Initial® 24.8 382 49.6
Final® 44.1 56.2 69.0
Transverse Cardiac Diameter (cm)
Initial 1134114 12.041.0 11.9+1.0
Change® 0.89+0.63 0.614+0.71 0.65+0.67
t-value (Paired) 5.34*** 4.46%*" 3.07**
Cardiothoracic Ratio
Initial 0.416+£0.029 0.425+0.036 0.4274+0.030
Change 0.013+0.027 0.016£0.021 0.0234:0.026
t-value (Paired) 1.78 391%** 2.81**
Aortic Arch Transverse Diameter (mm)
Initial 259428 28.242.8 30.6+4.0
Change 42425 4.5+23 524201
t-value (Paired) 6.26%** 10.23*** 76554

%Initial examinations conducted from 1964 to 1968.

#1[0] B 7 131964 ~ 68 4 12 4T b sz,

bFinal examinations conducted from 1985 to 1986, i #% 4 # (3 1985 ~ 86 £ (= {7 b1 /2.

¢Difference between initial and final examinations.
dNumbers indicate mean =1 standard deviation.

*+*5<0,001

**p<0.01,

10000 5 TR E & ds R B TERY O M 00 25

B Pt 1 B s R T

TABLE 4b MEAN AGE AND MEAN LONGITUDINAL MEASUREMENTS AT INITIAL
AND FINAL EXAMINATIONS BY BIRTH YEAR, FEMALE

F4b  VEER ORI & AR TR O P RS & HERTAYIE o0 R E, Aok
Birth Year
Parameter 1937-1945 1927-1936 -1926
Age (year)
Initial® 27.9 37.1 45.1
Final® 46.0 55.6 63.7
Transverse Cardiac Diameter (cm)
Initial 10.94:0.8¢ 112409 11.541.1
Change*® 0.6140.74 0.624:0.67 0.4440.76
t-value (Paired) % it o ke T36""E 3.89***
Cardiothoracic Ratio
Initial 0.42640.029 0.4374+0.033 0.45640.034
Change 0.0160.028 0.02210.027 0.0174:0.029
t-value (Paired) 3.29** 707> 3.95%**
Aortic Arch Transverse Diameter (mm)
Initial 258428 274431 29.2429
Change 33427 4.0+23 4.543.1
t-value (Paired) b o e 14.92%** 9.63***

See footnote in Table 4a.

£ 4 a OBE B,
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FIGURE 2 TRANSVERSE CARDIAC DIAMETER BY SEX AND BIRTI YEAR COIIORT
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FIGURE 3 CARDIOTHORACIC RATIO BY SEX AND BIRTH YEAR COHORT
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FFIGURE 4 AORTIC ARCH TRANSVERSE DIAMETER BY SEX AND BIRTH YEAR COHORT
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The prevalence of all four pulmonary parenchymal
findings more than doubled in frequency during
the observation period (Table 5). Similarly, the
percentage of persons demonstrating at least one
of the four [indings increased; 13% initially and
27% finally. None of these findings correlated with
smoking status.

TS T S e S S W W= AR s - T R S
B EIZh -7 (&5). AR, 4HHD I 5 -2
THITR &R T HEOE AL,
DA WAL 72, ZhadDiriiz, Shompieo
NS IERE N G Aol

I 013 % A & di #% 0]

TABLE 5 PULMONARY OBSERVATIONS ON CHEST RADIOGRAPHY
AT THREE EXAMINATIONS

#5 3 OMANEO XSO0 TONom R
Observations Initial® (%) Second” (%) Final® (%)
Increased Lung Markings 12.6 16.2 26.0
Pulmonary Fibrosis 0.5 2.0 2.0
Hyperaeration 0 0 1.0
Kerley B Lines 0 0 0.5

“Initial examinations conducted from 1964 to 1968.

] 121964 ~ 68 4E 1217 bk 2=,

bSecond examinations conducted from 1975 to 1976.

2WH OB IZ1975~76 F 24T b /.

®Final examinations conducted from 1985 to 1986.

I R T 131985 ~ 86 FE 12 f7 b A,
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DISCUSSION

Our observation that cardiac size increased with
advancing age agrecs with results of earlier longi-
tudinal studies.?~* The increase in heart size per
year in men in our sample averaged 0.37 mm, and
this agrees closely with the 0.43 mm calculated
from the results of Ensor et al.? The average
increase in heart size per year in women in our
sample was 0.31 mm and this differed markedly
from the 0.56 mm, calculated from the results of
Lauder and Milne,? who for five years followed
148 elderly women who were randomly sampled
from a community. One reason for the difference
may be that Lauder and Milne? did not exclude
heart disease or hypertension, and these may have
influenced heart size.

When assessments by age-groups were made ac-
cording to birth year, transverse cardiac size in-
creased significantly longitudinally in all age-groups
in both sexes. This means that the transverse cardiac
diameter consistently increased, from the 20s to
the 60s. These results agree with those of earlier
reported studies.®4

The CTR paralleled the change in heart size
throughout the follow-up period because the change
in transverse thoracic diameter was relatively small.
The tendency for an increase in CTR by age-group
was similar to that of heart size. This consistent
increase agrees with results of earlier longitudinal
studies.

The most consistent longitudinal cardiovascular
finding was enlargement of the aortic arch, which
occurred in 96% of men and 90% of women. The
aortic arch increased 0.24 mm per year in men in
the present study, which is nearly the same value as
the 0.22 mm of Ensor et al.4 The aortic arch size
increased significantly in each age-group in both
sexes. The aortic arch is therefore said to increase
in size consistent with age.

The thoracic aorta shifted toward the left, as a part
of the aging process. This may be a reflection of
arteriosclerosis.®?

The transverse thoracic diameter increased with age
from the 20s to the 60s. This agrees with the results
of earlier longitudinal studies.®*** The AP diameter
of the lung also increased in both sexes. The height
of the right lung increased in women, but remained
unchanged in men.
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The right interlobar artery increased in size longitu-
dinally in both sexes, but this was significant only
for women. According to Chang,!® who studied
1,085 subjects cross-sectionally, the mean width of
the interlobar artery in men was 13.9 mm from the
ages of 18 to 40 years, and 14.3 mm from ages
41 to 70 years. In women it was 12.4 mm from
ages 18 to 40 years and 13.1 mm [rom ages 41 to
72 years. The increasing tendency with age in the
present study is consistent with their results.?

No reports of studies of longitudinal changes in
transverse and sagittal tracheal sizes are available
in the literature. In cross-sectional studies, both
transverse and sagittal diameters increased with
age,’1''? and our longitudinal results are in agree-
ment. The diameters of the right and left main-stem
bronchi also increased longitudinally, similar to the
results for the trachea. Our tracheal and bronchial
diameters were slightly less, but nearly the same,
as those of earlier reported cross-sectional study
results, 11—13

The measurements of the tracheal bifurcation angle
in the present study closely resembled those of
earlier studies.!®1® The tracheal bifurcation angle
decreased in both sexes, but this was significant
only for women.

Four pulmonary parenchymal changes; namely,
increased lung markings, pulmonary fibrosis, hy-
peraeration, and Kerley B lines, were observed
and documented. Initially, 13% and finally, 27%
of the subjects had at least one of these four
findings. These rates were less than those reported
by Ensor et al,* who observed similar pulmonary
findings in 30% initially and in 63% finally. The
figures in these studies are difficult to compare
with others because the selection standards and the
diagnostic standards may have differed. However,
the tendencies of increasing prevalence with age
were in agreement. We observed no definite
correlations between the chest radiographic findings
and smoking status. This was not unexpected,
considering the fact that the subjects in the present
study were carefully selected as being clinically
healthy.
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APPENDIX DISTRIBUTION OF SUBIECTS BY RADIATION DOSE
(DS86) AND SEX
Tl ek Rb % o Bt Lt (DS86 ) A TR R 4 A

Total DS86 Exposure Kerma in Gray

Sex 0 0.01-049 0.50-0.99 1.00- Unknown
Male 14 15 a 10 7
Female 54 39 17 14 25
Total 68 54 22 24 32
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