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Abstract

nce in cardiovascular mortality in the very old, but the
of this paper is to reveal whether the atherosclerosis

Introduction: Epidemiological surveys show decrease or reversal of male predd
actual condition of atherosclerosis in the very old is largely unknown. T}
continues to progress, or the gender-related difference exists in the very
Methods: The subjects were 1074 consecutive autopsy cases of in-ho
80 years. Macroscopic evaluation was performed on the degree of athe;
artery, aorta, coronary artery, and femoral artery.

Results: The severity of atherosclerosis differed greatly among artcnes The age-related increase of the atherosclerotic degree was evident,
even after 80 years of age. The atherosclerosis was more severe i an in females in their 60s, but this male predominance decreased
with ageing and finally disappeared in their 90s. :
Conclusion: The sustained progression of atherosclerosis and logs of the gender-related difference probably account for the increase of
cardiovascular mortality in very old females. They also suggest that the prevention of the atherosclerotic progression is still important in the
seventh and eighth decade of life.

© 2005 Published by Elsevier Ireland Ltd.

. The male:female ratio was 1.1:1 and the average age was
lerosis in 10 arteries including the infracranial arteries, carotid

Keywords: Aging; Atherosclerosis; Pathology; Autopsy; Gender-difference

1. Introduction

Abbreviations: CHD, coronary heart disease; CS stenotic

index; CT, computer tomography; ICAI, mtracramal ‘ath Jsclerotic index; . Atherosclerosis causes a large. number of complica-
JG-SNP, the Japanese SNP database for geriatric résearch; MRI, magnetic tl_ons’ SUf:h as -cerebrovasc':ular disease, coronary heart
resonance imaging; PAT, pathological atheroscleroti mdex.} disease, ischemic bowel disease, renovascular hyperten-
* Corresponding author. Tel.: +81 3 3964 1141 +81.3 3964 1982. sion, Leriche syndrome, peripheral arterial disease, and
. ’}‘;‘"""l “‘:fir:“’ SI‘;Wﬂbe@tmlgg-th 0;4‘ s aneurysms. Chronic disseminated intravascular coagulation
Hospir;slcgta?tam:ssj'ap:ﬁmmem of Fathiologs, and elevated inflammatory markers, such as highly sensitive
2 Present address: Medical Division, Nagasaki Mi;dical Center, Omura, C-reactive pmte_m’ are reported '.30 be other manifestations
of atherosclerosis. Atherosclerosis, however, is also a sub-
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clinical entity because it does not always result in these
complications even in cases with severe atherosclerosis. It is,
therefore, difficult to speculate on the severity of atheroscle-
rosis only from the presence of these complications. The
clinical assessment of atherosclerosis is a challenging sub-
ject and the pathological study by autopsy is still the most
reliable assessment method of systemic atherosclerosis.

Although several pathological studies have been reported
regarding the severity of atherosclerosis [1-8], very little
information was available about atherosclerosis in the elderly,
especially in people of more than 80 years of age. It is still
unknown whether atherosclerosis continues to progress in the
very old, or whether the gender-related difference exists in
the elderly because decades have passed since the menopanse
in female subjects. Recent epidemiological surveys showed
decrease or reversal of the male predominance in cardiovas-
cular mortality in the very old both in Japan and the U.S.
{9,101, but the exact cause was unspecified. To address these
issues, we performed a comprehensive pathological study in
more than 1000 consecutive autopsy cases. This is the first
pathological report analyzing the gender-specific, age-related
changes of atherosclerosis in the very elderly.

2. Subjects and methods
2.1. Subjects

The subjects were 1074 consecutive elderly autopsy
cases performed at Tokyo Metropolitan Geriatric Hospital,
Tokyo, Japan from 1995 to 2000. The details of the sub-
jects including major clinical diagnosis and direct causes
of death examined by autopsy are summarized in Table 1.
We have been presenting our autopsy cases on an Interne
based database on the web since April 2003, which was

named “The Japanese SNP database for geriatric researchs

5

(JG-SNP)” located at http://www.tmgh.metro.tokyo.jp/js-
snp/english/E_top html, as was previously reported
JG-SNP included all the subjects used in this stud
jects did not include any medicolegal cases.

Tokyo Metropolitan Geriatric Hospital is a, commumty—
based general hospital for the aged and hag all m;:d1cal
departments except Obstetrics and Pediatrics. Oyer, 90% of
the outpatients come from the neighboring: wards or cities
of Tokyo. The average day of hospitalization had decreased
during the observation period from 45.6 days in’ 1995 t0 24.3
days in 2000. The average autopsy ra s¥period was
40% in whom the brain was available in-

2.2. Pathological assessment of atherosclerosis

The method of the pathological assessment of atheroscle-
rosis was recently reported [12]. Bneﬂy,{he varying degree of
atherosclerosis in eight large arterie§Wwas evaluated by macro-
scopic examination of the minal“surface in the formalin-

fixed arteries. The eight largé:arteriés included the common

Table 1
Clinical summary of the patients
Gender Males Females
Number of cases 565 509
Age at death (year)
45-59 5 7
60-69 63 41
70-79 220 144
80-89 217 203
90-104 60 114
Mean age? 79.2+8.1 818495
(52-102) (47-104)
Body mass index (kg/m?)? 169134 172440
(10.7-28.4) (8.4-37.9)
History of smoking 382/519 98/445
(73.6%) (22.0%)
Clinical diagnoses (%)
Cerebrovascular disease® 187 (33.1%) 157 (30.8%)
Coronary heart disease® 96 (17.0%) 77 (15.1%)
27 (4.8%) 17 (3.3%)
24 (4.2%) 17 (3:3%)
131 (23.2%) 134 (26.3%)
78 (13.8%) 63 (12.4%)
11 (1.9%) 6(1.2%)
cular events 70 (15.3%) 76 (18.3%)
infarctions or 14 (3.1%) 24 (5.8%)
hages
ial infarction 43 (9.4%) 37 (8.9%)
vents® 13 (2.8%) 15 (3.6%)
141 (30.8%) 71 (17.1%)
‘Malignancy 160 (34.9%) 138 (33.3%)

The figures are the averages & S.D. and ranges in parentheses.
The clinical diagnosis of cerebrovascular disease was based on neu-
bgical signs and symptoms usually with radiological evidences, which
includes transient ischemic attack, reversible ischemic neurological deficit,
subarachnoid hemorrhage, cerebral hemorrhage, and cerebral infarction.

¢ The coronary heart disease includes angina pectoris and myocardial

’ infarction.

d The direct canses of death are determined by autopsy findings of 872
cases (458 males and 414 females) among the subjects.

¢ The other cardiovascular events include aneurysmal rupture, intestinal
infarction, and severe peripheral arterial disease.

carotid artery, subclavian artery, aorta, splenic artery, superior
mesenteric artery, common iliac artery, external iliac artery,
and left femoral artery. The atherosclerotic degree was scored
according to the ratio of the occupying atheroma to the entire
intimal area; from O (absent, less than 1/20 of the intimal
areas occupied by the atheroma), 2 (minimal, 1/20-1/6), 4
(mild, 1/6-1/3), 6 (moderate, 1/3-2/3) to 8 (severe, 2/3-1). A
comparison was made to the standard grading method pro-
posed by the American Heart Association in 1968 [13]. The
grading panel of AHA and corresponding scores in our scale
are shown in Fig. 1.

The pathological atherosclerotic index (PAI) was defined
as the average atherosclerotic degree of these eight arteries.
The coronary stenotic index (CSI) was studied according to
the previous report [14]. Examination of the coronary scle-
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Wiodified None- Miriimal,
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Moderate ‘Moderate to
(8) “Severe (7) (8)

Fig. 1. Grading panel for atherosclerotic lesions, issued by the Committee on grading lesion, Council of Atherosclerosis, American Heart Association. The
photographs show the aorta with different grades of atherosclerosis. Corresponding modified scores of our scale are shown beneath the original scores from 0

to 8. Reprint from the article by McGill et al. [9] with permission.

rosis was made by transverse section at 5 mm intervals. The
degree of coronary stenosis was scored from 0 to 5: 0 in no
sclerosis, 1 in slight stenosis, 2 in 25% stenosis, 3 in 50%, 4 in
75%, and 5 in 100% obstruction. The CSI was the sum of the
stenotic scores of the three branches; left anterior descend-
ing branch, left circumflex branch, and right coronary artery.
The intracranial atherosclerotic index (ICAJT) was examined
as previously reported [15]. The cut sections of the intracra-
nial arteries were observed and the degree of stenosis was
scored from O to 3: 0 in no stenosis, 0.5 in the cases only
with fatty streaks, 1 in less than 50% stenosis, 2 in 50% to

90% stenosis, and 3 in 90% stenosis to occlusion. The ICAT
was the sum of the stenotic scores of the left and right Imddle

cerebral arteries and basilar artery.

2.3. Interobserver and intraobserver variations

The Bland~Altman analysis was performed for' statisti-
cal analysis of interobserver and intraobserver vanatlons as

Interobserver difference

shown in Fig. [16] The assessment was performed by two
of the authors on 180 arteries derived from 15 cases. The
mean differenceé was 0.5 (95% confidence interval; 0.3-0.7),

ge:from zero to eight of the atherosclerotic degree,
robserver and intraobserver variations seemed accept-

247 Statistical analysis

A Mann-Whitney test was performed to compare the
atherosclerotic degrees in the individual arteries between
genders. The interobserver and intraobserver variations were
assessed by the Bland and Altman plot analysis [16]. The dif-
ference between the atherosclerotic degrees assessed by the
different observer against their mean was plotted to exam-
ine the interobserver variation. Repeatability was similarly

Interobserver difference

+1.5x8.D.

Mean

-1.5x8.D.

Difference of scores

Mean of scores by
different observers

Mean of scores by
the same observers

Fig. 2. Bland-Altman plot for statistical analysxs of interobserver and intraobserver differences. The assessment was performed on 180 arteries derived from

15 cases. The areas of the circles represem the number of the cases.
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assessed by plotting the difference between the atheroscle- 8 n=1,074 "P<0.05
rotic degrees assessed by the same observer against their
mean. The statistical significance level was set at 0.05. The o 7]
SAS system for Windows (Version 8.1) and JMP (Version @7 6
5.1) (SAS Institute Inc., NC) were used for the statistical £ 54
analyses. % 4-
25
2.5. Ethical considerations g )
= 2
Written informed consent was obtained from the bereaved 1
family of each of the patients prior to the autopsy examina- 0 : [ .
tion. The use of autopsy materials for medical education and 60-69 70-79 80-89 90-99
research is generally permitted by the Act of Postmortem Age of patients (yr.)
Examinations of Japan. ~f—~ Aorta, male —de— Carotid A., male
~E— Aorta, female —A— Carotid A., female
—@— Femoral A., male —g— S.M.A., male

3. Results
=8=—Femoral A., female - S.M.A., female

3.1. Distribution of the atherosclerotic degrees . .
Fig. 4. Gender-specific, age-related changes of the degree of atherosclerosis

ig.3 w istributi the ath ic in the individual arteries. S.M.A.; superior mesenteric artery. (B) Aorta,
Fig shows the dis tion of th erosclerotic degrees male; () a ﬁa female, (®) fermnoral A., male; (O) femoral A., female;

of the eight large arteries, PAI, CSI, and ICAI. The medi- (&) carotid A% male; (A) carotid A., female; (¢) S.M.A., male; (0) SM.A..,
ans were high in the common iliac artery and aorta, while female. &

they were low in the splenic and superior mesenteric arteries.
Variations in the degree of atherosclerosis were large in the b .
external iliac and femoral arteries. The average (£S.D.) of by the, femofal artery, common carotid artery, and supe-
the PAI, CSI, and ICAI were 3.9 (41.5), 8.2 (£3.5), and 2.8 rior mesenteric artery. For subjects in their 60s and 70s, the
(£2.1), respectively. The atherosclerotic degree of the sub- degree of atheroscleros1s is stat1st1cally h1gher in males than
clavian artery, PAI, and CSI followed a Normal distribution
(Gaussian).

3.2. Gender-specific, age-related changes of the i ﬁnally isappeared in their 90s. The changing rate of the age-
atherosclerotic degrees related increase in the degree of atherosclerosis, namely the

slope of the line graphs, was especially high in the femoral
artery.

The average CSI was statistically higher in males than in
females in their 60s and 70s, as shown in Fig. 5. The age-

The age-related increase in the degree of atherosclerg
sis was evident in both genders, as shown in Fig. 4. ;Ifhe
atherosclerotic degree is the highest in the aorta, followed

Lt | FTEE

Atherosclerotic degree
O=2NWAhIO~N®

PAl CSl ICAl

8 15 9
g 12 7
3 Mo 2 Mog
3 6 3 n=1,074

3 2

M

] 0 ] n=893 (ICAl)

in"the ind vxdual arteries. Ao, aorta; CC, common carotid artery; Cl, common iliac artery; CSI, coronary stenotic index;
ICAI intracranial atherosclerotic index; M, median of the atherosclerotic degrees or indices; PAT, patholog:cal
SM, superior mesenteric artery; SPL, splenic artery.

Fig. 3. Severity of atherosclerosi
El, external iliac artery; F, femor :
atherosclerotic index; SC, subcla
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*P<0.05
10 6
94 =3
* 5 &
5 8 °8
b= »
£ 74 2.
L * r4 15X
B 67 o
g 5 38
@ o
2 4 173
g . N
8 34 =]
o o=
O 24 Ly ‘5’
1 &
x
0
60-69 70-79 80-89 90-99
Age of patients (yr.)
—&— CSI, male —§&— ICAI, male n=1,053 (CSI)
—O— C8l, female —fF~ ICAl female  N=876 (ICAI)

Fig. 5. Gender-specific, age-related changes of the coronary stenotic index
(CSI) and intracranial atherosclerotic index (ICAI). (@) CSI, male; () ICAI,
male; n= 1053 CSI; () CSI, female; (O) ICAI, female; n=1053 ICAI.

related increase of ICAI was larger in females than in males.
In their 80s, the ICATI was statistically even higher in females
than in males.

4. Discussion
4.1. Distribution of the atherosclerotic degrees

The present study revealed the severity of atherosclerosis
differed by the arterial segments. The aorta and arteries of the
lower extremities were severely affected, while the abdom-
inal arteries, such as the splenic and superior mesenteric
arteries, were mildly affected. These results were consistent
with previous reports stating the abdominal aorta and com-
mon iliac arteries were the most severe sites of atherosclerotic
involvement [1,2,4].

4.2. Gender-specific, age-related changes of the
atherosclerotic degrees

Atherosclerosis continued to progress in the elderl in
most arteries except for the coronary artery in males. Males

mesenteric artery, atherosclerosis was even: &’§evere in
females than in males in their 80s or 9 6ss of the
gender difference of atherosclerosis in the Very old seems to

influence the mortality. In Japan, the mo: from heart
diseases and cerebrovascular diseases_areé higher in males
than in females in all age groups [9] nd the gender differ-
ences in mortality increase with ageing, peak at 85-89 years
and decrease thereafter in both dlseases ‘A similar trend is
present in the death rates from heart dlseases inthe U.S.[10].

The death rates from cerebrovascular dlseases inthe U.S. are
almost even in each age group exc,evpt“for that of 85 years and

over, in whom female predominance is evident. The loss of
the gender-related difference in atherosclerosis in the very old
seems responsible for the decrease or reversal of male pre-
dominance in cardiovascular mortality in the very old. Qur
results also suggest that the prevention of the atherosclerotic
progression is still necessary in the very old, especially in
females.

4.3. Limitations of the study

The subjects of this study were autopsy cases of the
patients in a geriatric hospital. Therefore, we need to evalu-
ate whether the subjects represent a hospitalized population
or the demographics in Japan. The general prevalence of
the major underlying diseases over 70 years of age was as
follows: 29.5% in males versus 28.5% in females in hyper-
tension (systolic blood pressure >160 Torr or diastolic blood
pressure >95 Torr), 11.6% versus 21.3% in diabetes mellitus
(under diabetic control or HbAlc > 6.1%), and 15.8% ver-
sus 385% i hyperhplderma (total cholesterol > 220 mg/dl)
[17]. The ﬁgur were similar to those of our resnlts except
for hyperhpld mia; Consxdermg the low average BMI of the

subjects comprised entirely of the Japanese race except
for one Korean and the pational health insurance covers
the Whole population in Japan, the selection bias from the

w.yacial and socioeconomic differences of the subjects seems

minimal. Altogether our subjects may represent the general
opulation in Japan.

4.4. Perspectives

Atherosclerosis is a multifactorial disease and 30-66%
of the variation of the atherosclerosis could be explained by
the genetic factors [18-20]. In this context, the roles of the
genetic polymorphism have been extensively studied to iden-
tify the most responsible genes for atherosclerosis. Since the
postmortem pathological evaluation of the atherosclerosis is
more accurate than other clinical methods, a few autopsy
studies have been conducted for the genetic studies, including
Helsinki Sudden Death Study [21,22] and Pathological Deter-
minants of Atherosclerosis in Youth Study [23,24]. Both
studies examined the aortic and coronary atherosclerosis in
large numbers of forensic autopsy cases of sudden death and
analyzed the correlations between the genetic polymorphism
and the pathologically verified atherosclerosis. We also have
been engaged in the researches of the genetic polymorphism
of atherosclerosis, based on the autopsy cases used in this
study. In the course of our study, we have obtained several
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interesting results, including those appeared in this paper.
‘We hope to identify relevant genetic polymorphic sites of the
candidate genes for atherosclerosis.
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Original Article
Standard organ weights among elderly Japanese who

died in hospital, including 50 centenarians

Motoji Sawabe,' Mari Saito,? Makiko Naka,? ichiro Kasahara,' Yuko Saito,’ Tomio Arai,' Akihiko

Hamamatsu' and Takuji Shirasawa®

' Department of Pathology, Tokyo Metropolitan Geriatric Hospital, 2Department of Biostatistics/Epidemiology and
Preventive Health Sciences, School of Health Sciences and Nursing, University of Tokyo and *Research Team for
Molecular Biomarkers, Tokyo Metropolitan Institute of Gerontology, Tokyo, Japan

The present study was conducted to determine standard organ weights among the elderly, because little has
been reported on this subject. To analyze the human aging process in terms of organ weights, age-associated
changes and correlations among organ weights and the contributions of age and nutrition to organ weights
were also examined. The subjects included 1615 consecutive autopsy cases of patients aged 60-99 years who
died between 1995 and 2003, and cases of 50 centenarians who died between 1973 and 2005. The weights of
nine organs were measured before formalin fixation. If affected by serious diseases, such as cancer, the
organs were excluded from the study. Values beyond 99% of the bilateral measurement limits were also
excluded. In this manner the standard organ weights were obtained. The organ weights decreased
significantly according to age in all organs except for the heart in men and the lungs in both genders.
Undernutrition strongly contributed to organ weight except for the hypophysis, and was especially apparent in
the heart and liver. In conclusion, the standard organ weights of eiderly patients who died while hospitalized
were determined. Undernutrition contributed significantly to a reduction in organ weights.

Key words: aging, autopsy, elderly, organ weight, undernutrition

Few reports are available on normal organ weights in the elderly.” Inoue and Otsu examined 1000 consecutive
autopsy cases (of patients between the ages of 60 and 99 years) performed at the Tokyo Metropolitan Geriatric
Hospital between 1972 and 1977 and published an article in this journal in 1987." Because no subsequent reports
have been published, to the best of our knowledge the Inoue and Otsu report seemed to be the de facto standard for
organ weights in the elderly. The present report partially revises their report, based on data for 1615 consecutive
autopsy cases performed between 1995 and 2003. Because no data are available on organ weight in centenarians,
data from 50 centenarians were also added to the present report.

Organs in the elderly generally show marked atrophy with loss of weight, and the small brown heart and liver
frequently seen in the very elderly are described as ‘brown atrophy’. The major causes of atrophy are listed in
textbooks as decreased workload (disuse), loss of innervation, diminished blood supply, inadequate nutrition,
reductions in endocrine stimulation, and aging. The mechanism of senile atrophy is not clear, and all of the
aforementioned factors seem to work simultaneously in the elderly. In the present paper, age-associated changes,
correlations among organ weights, and the contribution of malnutrition to the loss of organ weight were studied to
analyze the process of senile atrophy in terms of organ weight.

MATERIALS AND METHOD

Study subjects

The subjects consisted of two groups: () 1615 consecutive autopsy cases performed at the Tokyo Metropolitan
Geriatric Hospital, Tokyo, Japan, between January 1995 and November 2003; and (i) 50 centenarian autopsy cases
performed at the same hospital between January 1973 and March 2005. No medicolegal autopsy cases were included.
The average autopsy rate for in-hospital deaths was 35.7% between 1995 and 2003, and the brain was available in
82.2% of the cases. The 1665 cases were composed of 896 men and 769 women.

The autopsy cases in group (i) are registered in the Japanese SNP database for Geriatric Research, which is
available on the web at hitp://www.tmgh.metro.tokyo.jp/jg-snp/english/E_top.html.* This database was developed by



the Prime Ministers Millennium Project and the Database Development Program of the Japan Science and
Technology Agency in collaboration with Tokyo Metropolitan Geriatric Hospital. The original data of organ weights and
a brief summary will be given on the web site.

Measurement of organ weights and exclusion criteria

The bodyweight and height were measured at the time of autopsy, and the body mass index (BMI, bodyweight
(kg)/height(m?) was calculated. The weights of nine organs (brain, heart, lungs, liver, kidneys, spleen, hypophysis,
thyroid, and adrenals) were measured before formalin fixation. The weights of the brain, heart, lungs, liver, kidneys,
and spleen were measured by an electric balance in grams, while those of the hypophysis, thyroid, and adrenals were
measured in milligrams. The heart weight was measured after removing blood clots within the cardiac chambers, and
the liver weight was measured after emptying the bile from the gallbladder.

When the organs were affected by serious diseases, such as cancer, these abnormal organ weights were excluded
from the study. Namely, the weights of any organs with malignant tumors, either primary or metastatic, were excluded.
The weights of the following organs with specified diseases were also excluded: lungs with pneumonia, diffuse
alveolar damage or aspergillosis; kidneys with pyelonephritis; adrenals with hyperplasia or adenomas; and thyroid with
hyperplasia, thyroiditis or adenomas. After these primary exclusions, organs with off-limit values beyond 99% of the
bilateral limits were secondarily excluded.

Statistical analysis

The summary statistics of the body indices (bodyweight, body height and BMI) and organ weights were calculated
according to gender-specific age groups. A regression analysis was done to compare age-related changes in the
measured values between genders, using age and gender as independent variables and each measurement as a
dependent variable. The Pearson correlation coefficients were calculated for the body indices and organ weights.
Another regression analysis was done to clarify the contributions of standardized age and nutrition (bodyweight) to the
organ weights, employing age and bodyweight as independent variables and each organ weight as a dependent
variable. The standardized age and bodyweight were calculated by (measurement-mean)/SD. The sAs system for
Windows (ver. 8.1) and JMP (ver. 5.1; SAS Institute Japan, Tokyo, Japan) were used for the statistical analyses, and
the significance level was set at 0.05.

Ethical considerations

Written informed consent was obtained from the bereaved family of each of the patients prior to the autopsy
examination. The use of autopsy materials for medical education and research is generally permitted by the Act of
Postmortem Examinations of Japan.

RESULTS

Age-related changes of the body indices and organ weights

Table 1 shows the summary statistics of the body indices (body height, weight, and BMI) and organ weights. The
number of lung weight measurements was relatively small because many autopsy cases with pneumonia were
excluded from the study. The body indices and organ weights followed normal distributions. The means of the body
indices and organ weights were significantly higher in men than in women, except for the BMI. The coefficient of
variation (CV), standard deviation divided by mean, was calculated to compare the relative variation among the
measurements. The spleen weight varied greatly with a CV >0.6, while the body height and brain weight varied little,
with a GV <0.1.

Tables 2 and 3 show the gender- and age-specific standard values of the body indices and organ weights. The
means of all measurements significantly decreased with advancing age both in men and in women, except for the
heart in men and the lungs in both genders (P <0.05). Figure 1 shows the age-related changes of the relative means
of the measurements when the values for patients aged 60-69 years were set to 1. The body heights decreased by 6—
9% between the 7th and 11th decades in both genders. The bodyweights of women showed a marked linear decrease
by 35% among the centenarians, while the decrease was milder (26%) among male centenarians. The decrease in
BMI was milder than that of bodyweight because of the concomitant decrease in body height. The brain weights
showed a mild decrease by 9-15% in the centenarians. The age-related changes in heart weight were inconsistent,
but a 12% decrease was noted in female centenarians. The organ weights of the liver, kidneys and spleen decreased
by more than 30% and in a strong linear fashion. The decrease in the splenic weight of women was the most severe,
with a mean of 39 g among centenarians; this corresponds to 43% of the weight in the 7th decade. The age-related
decreases in body height, bodyweight, BMI, heart weight, and pituitary weight were significantly more severe in women
than in men (P <0.05).



Correlations among body indices and organ weights

Table 4 shows the Pearson correlation coefficients and P under a null hypothesis of zero among the measurements.
The correlation between bodyweight and each organ weight was stronger than that between body height (or BMI) and
each organ weight, except for the brain. The correlation between body height and brain weight was stronger than that
between bodyweight (or BMI) and brain weight. The organ weights of the heart, liver, kidneys and spleen had high
correlation coefficients (r = 0.4) for bodyweight in both genders. The correlations between organ weighis were high
(r=0.4) for the heart and liver, the liver and kidneys, and the liver and spleen in both genders and between the kidney
and spleen in women. The correlations were generally low between the thyroid (or adrenals) and other organs. The
lowest correlations were observed between the hypophysis and other organs (r = 0.21).

Regression analysis of the organ weights

The regression coefficients for standardized age and bodyweight to the organ weights are shown in Table 5. Age
negatively affected the organ weights, except for the heart and hypophysis. The regression coefficients between
bodyweight and organ weight were high for most organs except for the hypophysis, and were highest in the heart and
liver.

DISCUSSION

Previous reports on normal organ weights in the elderly

The standard organ weights of elderly Japanese who died while hospitalized were determined in the present study.
There have been several reports on the normal values of organ weights among Japanese autopsy patients who died
from external causes.”® In these reports, however, the age of the subjects ranged from neonates to the elderly, and
the analyses usually focused on changes in the organ weighis during the developmental period. The number of
subjects over the age of 90 years was also small. None of these reports focused on senescent changes in organ
weights. Meanwhile, a few papers have been published on organ weights in the elderly based on autopsies of patients
who died while hospitalized."'>"* The present report is the second study to examine this topic after the Inoue and
Otsu report, and both reports analyzed consecutive autopsy cases performed at the same hospital. The subjects of the
Inoue and Otsu report were autopsied between 1972 and 1977, while the present subjects were autopsied between
1995 and 2003; thus, the interval between these reporis is approximately 25 years. The body height and weight in
women, the heart weight in men, and the splenic weights in both genders significantly increased in the present study,
compared with those in the Inoue and Otsu report, as shown in Table 6. These increases may be ascribed to
nutritional improvements during the past 25 years. The reason for the decrease in renal weights is unclear. The
standard organ weights of the lungs, hypophysis, thyroid and adrenals, which were not described in the Inoue and
Otsu report, are given in the present report.

Nutrition and organ weights

Although the precise mechanism of senile atrophy is unclear, the decrease in organ weights in the elderly can be
simply ascribed to aging. Many factors, such as disuse, undernutrition, arteriosclerosis, or reductions in endocrine
activity, may cause the loss of organ weights in the elderly. The present report shows that undernutrition was a
significant cause of senile atrophy. In undernourished patients, the glycogen and neutral fat contents decrease in the
parenchymal cells of the liver, heart and kidneys, and the volume of adipose tissue diminishes in the interstitium of the
organs. Tanaka et al. conducted a unique study comparing organ weights between the years of starvation immediately
after World War Il and the years of improved nutrition from 1970 to 1980.° The organ weights of the heart, kidneys,
spleen and adrenals increased by 156—20%, and the liver weight increased by 8%. These organs seem to be strongly
affected by nutritional state.

Individual organ weights

Age-related physiological and pathological conditions (geriatric diseases) may contribute to the loss of organ weight.

Age-related reductions in brain weight were mild, and the brain was the sole organ in which the correlation with
body height was stronger than that with bodyweight.'>'® Undernutrition in the elderly had a relatively small effect on
brain weight, probably because the brain contains only very small amounts of glycogen and neutral fat. Neuronal death
typically seen in Alzheimer disease may also have contributed to the loss of brain weight in some cases. Longitudinal
CT studies showed significantly larger reduction of brain volume in patients with Alzheimer disease than controls.’”"® A
report from Tokyo Metropolitan Geriatric Hospital also indicated accelerated brain atrophy and ventricular dilatation in
pathologically verified autopsy cases of Alzheimer disease.'®

The heart was an exceptional organ in that the heart weight was almost constant or even increased with age. This
phenomenon is also observed during middle age and has aftracted the attention of researchers."?*?' Systolic



hypertension is frequently seen in the middle-aged and elderly, mainly accounting for the increase in heart weight.
Although hypertension was frequent in the present subjects (833% of the cases), undernutrition seemed to suppress the
increase in heart weight.

The organ weights of the liver, spleen and kidneys decreased prominently with age. Tauchi et al. reporied that in
livers with senile atrophy, both the number and volume of the individual hepatocytes decreased.?® In benign
nephrosclerosis, the alteration of vascular structures, such as atherosclerosis, hyaline arteriosclerosis, and glomerular
sclerosis may lead to renal weight loss.?*2®

The hypophysis, an upstream endocrine organ of the thyroid and adrenals, did not show any age-related changes
but did exhibit a gender-related difference. Because the significant figure for pituitary weight was two digits and the
specimens often contained a small piece of adjacent structures, such as the diaphragm, pituitary weight seemed to be
less reliable than those of the other organs. Nevertheless, another study in which male hypophysis was carefully
prepared and weighed in milligrams revealed that pituitary weight increased with age in cases with prostatic
hypertrophy and decreased in cases. with a normal prostate; therefore, the pituitary weight was almost constant up to
80 years of age.”® Because of this, the serum concentration (level) of pituitary hormones such as growth hormone or
gonadotropins does not change significantly throughout adulthood or in the elderly.

Limitations of the present study

The National Nutritional Survey in Japan (1995) showed the mean BMI in the 7th decade and in subjects over 70 years
of age to be 23.1 and 22.0 in men and 23.6 and 22.9 in women, respectively.?” Considering the average BMI of 17.8 in
men and 19.0 in women in their 7th decade, the present subjects were apparently undernourished. The nutritional
state was proved to contribute significantly to organ weight. Thus, the present results may not represent the normal
organ weights of healthy elderly people. But the very elderly are often frail; 52.3% of people aged 85-89 years and
72.1% of people over 90 years are eligible to receive Elderly Health Insurance in Japan (2005).**° Even if they are
neither covered by health care, nor attend a hospital, they frequently suffer from chronic diseases. Therefore, the
present results could probably be used as the normal values for the 10th and 11th decades of life, for which data on
organ weights are scarce. ‘
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Figure 1 Ratio of body indices and organ weights to those for subjects aged 60-69 years. The weights of the left lung,
kidney and adrenal are used for the analysis. Age-related decreases in body height, weight, body mass index (BMI), and
heart and pituitary weights are significantly more severe in women than in men (*P < 0.05). (a) body height (BH; B, men; O,
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men; O, women) and lung (s, men; &utri;, women); (c) liver (&, men; [I, women), kidney (®, men; O, women) and spleen (s,
men; &utri;, women); (d) hypophysis (8, men; O, women), thyroid (®, men; O, women) and adrenal (s, men; &utri;, women).



Table 1 Body indices and organ weights

<ts3>Men <ts3>Women

n Mean % SD cv n Mean + SD Ccv
Body height (cm) 890 161.1 6.9 0.04 764 1474 £7.2 0.05
Bodyweight (kg) 891 44399 0.22 764 38.0£10.0 0.26
BMi (kg/m?‘) 891 17.0+ 3.4 0.20 764 17.4£3.9 0.22
Brain (g) 673 1275.5 £ 116.1 0.09 597 1140.7 £ 113.7 0.10
Heart (@) 880 342.0 £89.9 0.26 753 312.3 +83.0 0.27
Lung, left (g) 225 404.2 + 159.6 0.39 312 284.8 +106.3 0.37
Lung, right (g) 227 474.2 +179.6 0.38 313 351.9 +134.0 0.38
Liver (@) 668 920.3 + 283 0.31 589 794.7 £ 251.7 0.32
Kidney, left (g) 871 120.8 + 36 0.30 740 98.9 = 31.1 0.31
Kidney, right (g) 873 113.6 £ 34.2 0.30 745 94.3 +29.6 0.31
Spleen (g) 779 80.7 £51.8 0.64 694 62.8+41.5 0.66
Hypophysis () 718 0.55 +0.13 0.24 608 0.65 £ 0.16 0.25
Thyroid (g) 807 13.5 5.1 0.38 626 11.6 £5.1 0.44
Adrenal, left (g) 780 56=x1.7" 0.30 676 4915 0.31
Adrenal, right (g) 780 51x1.5 0.29 686 46+1.3 0.28

BMI, body mass index; CV, coefficient of variation (SD/mean).



Table 2 Standard body indices and organ weights in men (n = 896)

Age (years) n Mean £ SD cv Range
Body height (cm) 60-69 .- 96 164.1 £5.9 0.036 145-180
70-79 369 162,5 + 6.3 0.039 146-180
80-89 317 159.9 +7.0 0.044 137176
90-99 97 158.0 + 6.8 0.043 139-170
100— 11 153.9 £ 8.0 0.052 138-165
Bodyweight (kg) 60-69 96 48.1 +10.3 0.215 28.5-75.5
70-79 370 44.8 £10.1 0.226 26.5-83.0
80-89 317 43.2+9.4 0.217 23.0-79.5
90-99 97 429 +£8.7 0.203 25.0-67.5
100— 11 35.7+7.0 0.195 23.0-47.0
BMI (kg/m®) 6069 96 17.8 £3.4 0.193 11.2-27.7
70-79 370 17.0 £3.6 0.212 10.6-28.4
80-89 317 16.9 £3.4 0.200 10.8-27.8
90-99 97 17.1 £ 3.1 0.180 11.8-24.5
100- 11 149 £2.0 0.135 12.1-19.3
Brain (g) 60-69 68 1339.2 £ 123.1 0.092 1060-1600
70-79 267 1289.7 £ 118.9 0.092 920-1690
80-89 250 1263.2 + 104.6 0.083 920-1570
90-99 77 1219.3 £ 104.8 0.086 970-1550
100—- 11 1212.3 + 83.6 0.069 1080-1350
Heart (g) 60-69 91 351.7 £+ 92.4 0.263 210-607
70-79 368 336.5+91.8 0.273 175-628
80-89 313 343.2£87.2 0.254 171-650
90-99 97 350.5 + 90.8 0.259 205-627
100 11 338.3 + 76.1 0.225 240470
Lung, left (g) 60-69 26 479.9 + 205.2 0.428 235-1030
70-79 100 397.3 £ 156.7 0.394 170-930
80-89 65 375.7 £ 139.0 0.370 165-875
90-99 32 410.8 £ 151.6 0.369 147-787
100— 2 350.0 + 56.6 0.162 310-390
Lung, right (g) 60-69 27 546.8 £ 231.7 0.424 230-1100
70-79 101 472.1 £170.0 0.360 200-980
80-89 66 435.0 £ 157.2 0.361 185-890
90-9¢9 31 499.5 £211.0 0.422 182-1025
100- 2 395.0 £35.4 0.090 370-420
Liver (g) 6069 58 1158.4 + 309.6 0.267 620—-1850
70-79 269 972.3 £ 294.9 0.303 4502055
80-89 243 865.0 + 245.3 0.284 430-2000
90-99 87 781.3 £188.5 0.241 412-1355
100- 11 716.4 £ 110.1 0.154 550-970
Kidney, left (g) 6069 89 150.5 + 38.7 0.257 76-240
70-79 365 125.1 £37.2 0.297 35-246
80-89 311 113.3 £28.7 0.253 41-204
90-99 95 103.9+31.8 0.306 40-200
100- 11 97.2+27.3 0.281 55-140
Kidney, right (g) 60-69 N 140.6 £35.5 0.252 70-220
70-79 364 119.3+35.5 0.297 35-232
80-89 310 105.4 +27.4 0.260 45-200
90-99 97 96.6 £ 28.4 0.294 35-180
100— 11 83.4 +25.6 0.308 40-110
Spleen (g) 60-69 82 99.9 +59.9 0.599 10-319
70-79 313 87.8 +55.4 0.631 10-430
80-89 279 73.7 £47.4 0.643 10-335
90-99 94 64.0 £ 35.0 0.548 15-200
100- 11 56.8 +27.3 0.481 25-100



Hypophysis (g) 60-69
70-79
80-89
90-99
100—-

Thyroid (g) 60-69
' 70-79
80-89
90-99

100-

Adrenal, left (g) 60-69
70-79
8089
90-99
100—

Adrenal, right (g) 60-69
70-79
80-89
90-99
100-

71
294
263
79
11

87
340
281
88
11

77
318
286
88
11

76
321
286
86
11

05=%0.1
0.5+0.1
0.6 0.1
0.6 £0.2
0.6=x0.1

15.0 +5.3
13.6 £5.1
13.3x5.4
12.0 3.9
11.82+4.7

65+1.9
56+1.6
55%1.7
5017
4313

57x15
51+1.4
5016
45%1.4
3.9+0.9

0.221
0.249
0.237
0.261
0.145

0.353
0.372
0.403
0.326
0.400

0.296
0.279
0.311
0.346
0.309

0.257
0.278
0.311
0.314
0.237

0.3-1.0
0.3-1.0
0.3-1.0
0.3-1.0
0.5-0.8

6.2-31
5.3-38
5.5-35
6.2-25
7.1-21

2.6-12.8
2.4-12.3
2.0-11.7
2.0-13.5
1.9-6.5

3.4-9.4
2.3-10.2
2.0-11.3
2.4-8.8
2.0-5.0

BMI, body mass index; CV, coefficient of variation (SD/mean).



Table 3 _Standard body indices and organ weights in women (n = 769)

Age (years) n Mean = SD cv Range
Body height (cm) 60-69 53 1521 7.1 0.047 126162
70-79 220 150.0 6.1 0.041 129-164
80-89 297 147.2+7.2 0.049 120-165
90-99 155 145.0 5.7 0.039 129-162
100— 39 138.6 £7.0 0.050 115-152
Bodyweight (kg) 60—69 53 44.2 £12.1 0.274 24.5-74
70-79 220 41.3+10.4 0.252 20.5-82
80-89 297 37.6+£95 0.252 20.5-91
9099 155 34.0+6.8 0.199 21-60
, 100- 39 28.9+5.6 0.192 17.5-41
BMI (kg/m?) 6069 53 19.0 £ 4.7 0.246 11.5-30.8
70-79 220 18.3+4.2 0.229 8.4-32.2
80-89 297 173+ 3.8 0.217 9.8-37.9
90-99 155 16.2+29 0.179 10.7-24.7
100~ 39 15024 0.159 10.4-20.6
Brain (g) 6069 31 1239.4 £ 112.7 0.091 10751470
70-79 155 1171.1 £108.4 0.093 800-1490
80-89 234 1136.3 £ 106.5 0.094 880-1470
9099 139 1116.0 £ 112.5 0.101 890-1550
100— 38 1054.0 £ 91.4 0.087 850-1260
Heart (g) 60-69 53 3155+ 93.6 0.297 160-530
70-79 216 320.9 + 89.1 0.278 157-598
80-89 290 315.1 £84.3 0.268 165-600
90-99 155 303.1 £ 69.7 0.230 155-525
100 39 277.3 +59.6 0.215 160415
Lung, left (g) 6069 16 311.6 +101.0 0.324 215-655
70-79 92 307.7 £ 125.1 0.407 125-670
80-89 126 293.9 + 106.8 0.363 135-660
9099 64 251.3x77.4 0.308 120460
100- 14 205.7 £ 47.8 0.361 120-280
Lung, right (g) 60-69 16 389.1 +139.5 0.358 250-730
70-79 92 378.5 £150.3 0.397 160-830
80-89 127 362.2 +132.5 0.366 147-830
90-99 64 307.3 £115.7 0.376 160-825
100-—- 14 2754713 0.259 130-370
Liver (g) 6069 35 1006.6 + 295.2 0.293 5001960
70-79 152 912.9 £ 251.2 0.275 360-1600
80-89 227 799.4 +231.8 0.290 380-1760
90-99 140 664.5 +173.3 0.261 350-1340
100— 35 571.2+141.3 0.251 340-920
Kidney, left (g) 60-69 52 125.3 £ 34.9 0.279 45-210
70-79 21 107.0+28.5 0.284 30-188
80-89 289 98.4 +28.6 0.291 40-207
90-99 153 80.0+21.2 0.265 38-210
100- 35 77.3+£23.3 0.306 45-140
Kidney, right (g) 60-69 51 119.4 + 314 0.263 44177
70-79 213 110.6 = 30.4 0.275 50-213
80-89 293 93.1 £27.7 0.297 23-178
90-99 153 76.9 +19.6 0.255 23-136
100— 35 70.3 £20.2 0.288 35-115
Spleen (g) 60-69 46 89.8 + 59.1 0.658 27-262
70-79 183 743 +£44.5 0.600 14-220
80-89 280 63.1 £40.9 0.649 13-259
90-99 147 457 +223 0.488 12-117
100— 38 39.0 £20.2 0.512 10-110



Hypophysis (g} 60-69
70-79
80-89
90-99
100~

Thyroid (g) 6069
70~79
8089
90-99
100-

Adrenal, left (g) 60-69
70-79
80-89
90-99
100—

Adrenal, right (g) 6069
70-79
80-89
90-99
100-

35
161
236
137
39

37
182
249
131
27

48
186
266
139
37

46
191
270
142
37

0.7 £ 0.1
0.7£0.2
0.6x0.2
06%0.2
06=+0.2

143 £55
12.0£4.7
121 £53
10.0 4.2
9.2+5.0

5418
54+15
49+1.5
4513
3.6x08

4815
50%1.5
4613
4.2 1.1
3.6x0.8

0.204
0.249
0.245
0.234
0.258

0.386
0.395
0.438
0.416
0.633

0.327
0.270
0.308
0.299
0.237

0.305
0.224
0.276
0.255
0.226

0.4-1.0
0.2-1.1
0.2-1.1
0.3-1.0
0.2-0.8

6.9-31.3
3.7-31.0
4.0-38.0
3.7-34.0
3.7-24.0

2.5-9.9
2.3-9.3
2.0-11.0
2.2-95
2.0-5.0

2.5-8.5
2.1-10.0
2.1-9.7
2.3-8.5
1.7-5.7

BMI, body mass index; CV, coefficient of variation (SD/mean).



Table 4 Correlations among body indices and organ weights in men (upper right) and women (lower left)

BH BW  BMI Brain Heart Lung Liver Kidney Spleen Hypophysis Thyroid Adrenal

BH 1 0.41* 0.01 0.23** 0.20% 0.20* 031 0.29* 0.19** 0.09* 0.18%*  0.25**
BW 0.52*%* 1 0.91** 0.227* 0.55* 0.35* 0.61** 0.45* 0.41** 0.11* 0.31**  0.37**
BMI 0.19** 0.93** 1 0.15* 0.52** 0.29"* 0.53* 0.36* 0.36** 0.07* 0.25%*  0.30**
Brain 0.36** 0.2 0.19* 1 0.11* 0.03 0.18** 0.27** 0.09* 0.09* 0.19**  0.18**
Heart 0.29% 0.53** 0.49** 0.17~* 1 - 0.25* 051 0.257 0.28* 0.12* 0.32%*  0.31**
Lung 0.25% 0.32** 0.28%* 0.23* 0.147* 1 0.31** 0.15* 0.20* 0.03 0.17* 0.12
Liver 0.49** 0.68** 0.56** 0.37** 0.53** 0.30~ 1 0.53* 0.51** 0.08 0.35%*  0.41%*
Kidney 0.43** 0.49%* 0.39** 0.36™ 0.27** 0.28* 059~ 1 0.35%* 0.05 0.22%*  0.34**
Spleen 0.32%*  0.49** 0.43** 0.15* 0.36* 0.29* 0.57* 0.48~ 1 0.09* 0.17%  0.25%*
Hypophysis 0.11*  0.14* 0.11* 0.17** 0.14* 0.19* 0.21%* 0.16* 0.14* 1 0.05 0.07
Thyroid 0.20* 0.36* 0.33* 0.17** 0.33** 0.15%* 0.36* 0.21* 0.27* 0.13* 1 0.27**
Adrenal 0.34** 0.39%* 0.31* 030 0.18%* 0.17* 0.39"* 0.38** 0.23** 0.17* 0.27=* 1

BH, body height; BMI, body mass index; BW, bodyweight.
The weights of the left lung, kidney and adrenal were used for the analysis.

Bold, correlation coefficient >0.4.

*P < 0.05; *P < 0.0001.



Table 5 Regression coefficients of standardized age and bodyweight on organ weight

<is3>Standardized age <ts3>Standardized bodyweight

Estimates SE P Estimates SE P

Brain -0.278 0.026 <0.0001* 0.281 0.026 <0.0001*
Heart 0.112 0.021 <0.0001* 0.601 0.022 <0.0001*
Lung, left -0.045 0.037 0.2225 0.412 0.041 <0.0001*
Liver -0.266 0.020 <0.0001* 0.602 0.021 <0.0001*
Kidney, left —0.307 0.021 <0.0001* 0.421 0.021 <0.0001*
Spleen —0.164 0.024 <0.0001* 0.411 0.024 <0.0001*
Hypophysis 0.063 0.029 0.0267* 0.023 0.029 0.4158

Thyroid —0.089 0.026 0.0006* 0.319 0.027 <0.0001*
Adrenal, left -0.165 0.025 <0.0001* 0.364 0.025 <0,0001*

*P < 0.05.



Table 6 Comparison of body indices and organ weights between the Inoue and Otsu study and the present study

Age <«is4>Men <is4>Women

(vears) Present Inoue & Relative P Present Inoue & Relative P
study:  Otsu'  increase study  Otsu'  increase
(Mean 1) (Mean 2) (%) (Mean 1) (Mean 2) (%)
Body height 70-79 162.5 159.3 2.0 <0.0001* 150.0 146.5 2.4 <0.0001*
80-89 159.9 157.5 1.5 0.001* 147.2 144.5 1.8 <0.0001*
Bodyweight 70-79 44.8 44.3 1.1 0.540 41.3 38.8 6.4 0.013*
8089 43.2 42.5 1.6 0.433 37.6 36.0 4.6 0.049*
Brain 70-79 1290 1295 -0.4 0.640 1171 1170 0.1 0.925
80-89 1263 1250 1.1 0.238 1136 1145 -0.8 0.400
Heart 70-79 336.5 332.0 1.4 0.524 320.9 317.0 1.2 0.680
80-89 343.2 323.0 6.2 0.011* 315.1 303.5 3.8 0.116
Liver 70-79 972 1015 —4.2 0.091 913 900 1.4 0.597
80-89 865 870 0.6 0.835 799 775 3.2 0.273
Kidney, left  70-79 125.1 137.2 -8.8 <0.0001* 110.6 113.2 -2.3 0.363
80-89 113.3 125.2 -9.5 <0.0001* 98.4 101.6 -3.1 0.226
Spleen - 70-79 87.8 72.0 21.9 <0.0001* 74.3 64.6 14.9 0.009*
80-89 73.7 69.2 6.5 0.299 63.1 56.6 11.4 0.069

Relative increase (%) = (mean 1 —mean 2)/mean 2.
'Student’s t-test.
*P < 0.05.
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