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Two distinct subgroups of senile dementia of
Alzheimer type: Quantitative study of
neurofibrillary tangles
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The heterogeneity of senile dementia of Alzheimer type
(SDAT) has been suggested by some authors clinically and
neuropathologically. The heterogeneity of SDAT was
investigated based on quantification of NFT combining
Braak and Braak’s neuropathological staging and the den-
sity of NFT in various areas of the cerebral cortex. Brain
tissues were examined from 16 autopsy cases with clinically
late onset dementia (>age 65) and neuropathologically
diagnosed dementia of Alzheimer type (DAT). Gallyas—
Braak staining was used for the quantification of NFT. The
density of NFT was examined in the precentral gyrus, mid-
dle temporal gyrus (T2), parahippocampal gyrus and the
amygdaloid nucleus. The 16 cases studied were divided into
two groups depending on the number of NFT in the cortex
(cut—off score: 5/mm?): the AD-like group (NFT 2 5/mm?)
and the common group (NFT <5/mm?). The density of
NFT in the precentral gyrus (£(3.225) =-9.007, P =0.002)
and T2 (#(3.365) =-3.774, P = 0.027) in the AD-like group
was significantly higher than those in the common group.
However, no significant difference was observed in the
parahippocampal gyrus between the two groups (1(14) =—
0.318, NS). Moreover, there were no significant differences
between the two groups as regards age at onset and the
duration of the illness. The present study revealed the pos-
sible existence of two subgroups in SDAT having signifi-
cantly different NFT densities in various areas of the
cerebral cortex without any significant difference in their
duration of illness. This classification has no relationship to
Braak and Braak’s staging, which depends only on the dis-
tribution of NFT, irrespective of their density. Arai et al.
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revealed that the NFT density in AD was significantly
higher than in SDAT. We suggest that the neuropatholog-
ical findings of the AD-like group in SDAT resemble those
of presenile AD.

Key words: Braak and Braak neuropathological staging,
neurofibrillary tangle, quantitative study, senile dementia
of Alzheimer type, subgroup.

INTRODUCTION

Age at onset has been used for the differentiation of sub-
types in dementia of Alzheimer type (DAT), with 65 years
arbitrarily demarcating presenile from senile dementia.
The early onset (<age 65) subtype has been named AD in
the narrow sense, and the late onset subtype has been
called senile dementia of Alzheimer type (SDAT). The dif-
ference between the subtypes has been investigated clini-
cally,'? neuropathologically’*® and biochemically.® Some
authors have suggested the heterogeneity of SDAT both
clinically and neuropathologically”"' Braak and Braak’s
neuropathological staging has been accepted internation-
ally for the development of the NFT in the Alzheimer-
related changes."? The staging, however, does not include
the quantitative densities of NFT nor the time course of the
illness, which may vary from case to case.

In the present study we investigated the heterogeneity
of SDAT based on quantification of NFT using a combina-
tion of Braak and Braak’s neuropathological staging and
the densities of NFT in various areas of the cerebral cortex.
We also investigated the possible relation between the het-
erogeneity of lesions and the duration of illness.

METHODS

Brain tissues were examined from 16 autopsy cases with
clinically late onset dementia (>age 65). All patients were
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Table 1 Clinical data of every case studied

Case Sex  Ageat Age at  Duration  Brainweight
onset death of illness (g)
(years)  (years) (vears)
1 F 82 82 0.1 1145
2 F 86 86 0.5 1070
3 F 86 87 1 950
4 F 87 88 1 1100
5 F 84 86 3 1110
6 F 71 74 4 1115
7 M 78 82 4 1230
8 M 71 75 4 1165
9 F 75 80 5 1100
10 M 81 86 5 1300
11 M 87 94 7 1120
12 F 81 89 8 1055
13 M 70 80 10 1150
14 F 81 91 11 1070
15 F 71 84 13 1190
16 F 70 88 18 1170

Cases are arranged in order of their duration of illness. Clinical data
were provided by the Tokyo Metropolitan Matsuzawa Hospital.

neuropathologically diagnosed as DAT according to
Khachatourian’s criteria and conformed to Braak and
Braak’s staging for DAT™ Clinical information was
obtained from the clinical records of Tokyo Metropolitan
Matsuzawa Hospital (Table 1). No cases had additional
neuropathological findings of other dementias, and none
had a clinical history of other dementias. The brain tissues
were fixed in 10% formalin and cut in the coronal plane.
The 10-pum-thick paraffin-embedded hemisphere sections
were stained with HE and Kliiver-Barrera (KB) stain.
Methenamine-silver staining was used for estimation of the
density and distribution of SP, and Gallyas-Braak staining
was used for the quantification of NFT. The density of NFT
was examined in the precentral gyrus, middle temporal
gyrus (T2), parahippocampal gyrus and the amygdaloid
nucleus. The number of NFT in the parahippocampal gyrus
was counted at the same level in the amygdaloid nucleus.
The number of NFT in the precentral gyrus, T2 and para-
hippocampal gyrus were counted both in layers II-III and
V-VI because NFT are known to distribute laminarly in
these layers. The NFT in the amygdaloid nucleus were
counted both in the corticomedial and basolateral subnu-
cleus. These regions were selected for the following rea-
sons. The parahippocampal gyrus and T2 area are affected
in the early stage, and the precentral gyrus is spared until
the later stage.”’* The amygdaloid nucleus was selected to
investigate whether or not the heterogeneity in SDAT is
based on degeneration of the amygdaloid nucleus, which is
believed to be related to emotion.™

For the counting, an Olympus micrometer (Olympus,
Tokyo, Japan) was used. The NFT with Gallyas-Braak
stain were counted in the precentral gyrus, T2 and the
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amygdaloid nucleus at x100 magnification (field size:
1 mm?* with 100 subsquares). The number of NFT was
actually counted in 40 subsquares, which were randomly
chosen among 100 subsquares, and multiplied by 2.5 to
obtain the number of NFT/mm? in the precentral gyrus,
T2 and the amygdaloid nucleus. The NFT in the parahip-
pocampal gyrus were counted by the same method at
x200 magnification (field size: 0.25 mm?). When NFT
overlapped the boundary of subsquares, we counted the
NFT covering most of a given subsquare. Statistical anal-
ysis was performed using the t-test and Spss ver. 11
(SPSS, Tokyo, Japan). '

The degree of degeneration of the cerebral cortex was
assessed on HE staining of each case under the following
criteria®: negative (-), no degenerative change; mild (+1),
mild neuronal loss in II and III layers, well preserved lam-
ination; moderate (+2), moderate neuronal loss in II and
III layers and neuronal loss in layer V, with the lamination
still recognizable; severe (+3), severe neuronal loss of all
layers induces unclear lamination.

The degree of degeneration in the amygdaloid nucleus
was classified in three levels:* slight, slight neuronal loss
with gliosis; moderate, moderate neuronal loss with gliosis
and spongy change of the tissue; severe, severe neuronal
loss with marked gliosis and devastation of the tissue.

RESULTS

NFT/SP findings and morphometry

The NFT were densely observed in the hippocampus and
parahippocampal gyrus. In every case, the distribution of
NFT was beyond stage I1I or IV of Braak and Braak’s stag-
ing. The density of SP satisfied Kachatourian’s criteria for
DAT and the distribution of SP corresponded to stage C of
Braak and Braak’s criteria in all cases. Thus, the neuro-
pathological findings of the 16 cases agreed with that of
DAT. Argyrophilic grains could also be found in the hip-
pocampal region. However, there were discrepancies
between the large number of NFT and argyrophilic grains
within the normal limit. None of the 16 cases fulfilled the
pathological criteria for argyrophilic grain disease.””'®
Braak and Braak’s neuropathological staging of all cases is
shown in Table 2.

The abscissa in Fig.1 indicates the area of the cortex
studied, while the ordinate shows the number of NFI/mm?,
plotted for each patient. Based on the figure, we find two
groups of DAT cases, and set the cut-off score of the NFT
density at 5/mm?. The two groups were designated as the
AD-like group (NFT > = 5/mm? cases 8,10,12,14) and the
common group (NFT <5/mm? cases 1-7,9,11,13,15,16).
The number of NFT per mm? and the degree of neuronal
loss in each case are shown in Table 2.

—149—



284 Y Mizuno et al.
50 [
<> case 1
45 [ + case 2
O case3
40 [ .
>K case 4
35 = case5
case 6
30 X A ,
case
.
E o5 ® case8
Z . A A
X case 9
20 [
case 10
15 T case 11
- A case 12
10 [0
O B case 13
5 & case 14
& - & o)
. £ case 15
0 ' —— —o— x—
® case 18
pre li-lii pre V-V1 T2 -l T2V-Vi

Fig. 1 The abscissa indicates the area of the cortex studied, while the ordinate shows the number of NFT/mm?, plotted for each
patient. Based on the figure, we set the cut-off score at 5 mm’ and divided all cases into the following two groups, the AD-like group
(NFT > 5 mm? cases 8,10,12,14) and the common group (NFT <5 mm?; cases 1-7,9,11,13,15,16).

Clinical data

Clinical data of both groups were investigated as follows.
The age at onset in the AD-like group (two male and two
female subjects) ranged from 71 to 81 years (mean:
78.5 years); age at death: 75-91 years (mean: 85.3 years);
duration of illness: 4-11 years (mean: 7.0 years); and brain-
weight: 1055-1300 g (mean: 1147.5 g). In cases of the com-
mon group (three male and nine female subjects), the age
at onset ranged from 70 to 87 years (mean: 78.9 years), age
at death: 74-94 years (mean: 84.3 years), duration of illness:
0.1-18 years (mean: 5.6 years), and brainweight: 950-1230 g
(mean: 1120.8 g). There were no significant differences in
the age at onset, the age at death, duration of the illness and
the brainweight between the two groups (Table 3).

Macroscopic findings

Macroscopically, in the common group, atrophy of the iso-
cortical area was slight, although severe atrophy of the
medial portion of the temporal lobe and pronounced dila-
tation of the posterior portion of the lateral ventricle were
observed (Fig.2a). In contrast, the AD-like group had
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atrophy of the cortical area to a remarkable degree but the
changes in the medial temporal lobe were similar (Fig. 2b).

Microscopic findings

In the common group, less neuronal loss was observed in
the cortical lesions (Fig. 3a). According to the assessment
criteria used in the present study, the degree of neuronal
loss in the precentral gyrus was negative (—) except for case
4. Similarly, in the T2 area, the degree of neuronal loss
ranged from negative (~) to mild (1+) except for case 4. In
the AD-like group, neuronal loss in the isocortex was more
pronounced (Fig. 3b), and the degree of neuronal loss was
mild (1+) to moderate (2+). Also, in the AD-like group,
NFT were widespread and dense in layers II-1II and V-VI
even in the precentral gyrus (Fig. 3d), a region known to be
preserved as seen in the common group (Fig. 3c). The SP
were distributed densely and widely in the whole cortical
area, and the degree of SP corresponds to Braak and
Braak’s stage C.”? Their frequency and distribution were
not different between the AD-like group and the common
group (Fig. 3ef).
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Fig.2 In the common group, coronal sections of the cerebral
hemisphere exhibited severe atrophy of the medial portion of
the temporal lobe, especially the hippocampus. In contrast to
the pronounced dilatation of the posterior portion of the lat-
eral ventricle, atrophy of the other isocortical area was slight

(a). In addition to the pathological changes aforementioned,

the AD-like group had atrophy of the cortical area to a
remarkable degree (b). (a) case 7; (b) case 12. (a,b) Kliiver—

Barrera stain.
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Table 3 Comparison of clinical data of AD-like group and common group

AD-like group Common group Significance
Mean (SD) Mean (SD)
Age at onset (years) 78.5 (5.0) 78.9 (7.18) t (7.565) = ~0.128, NS
Age at death (years) 85.3 (7.14) 84.3 (5.12) t (4.085) = 0.259, NS
Duration of illness (years) 7.0 (3.2) 5.6 (5.6) 1 (9.600) = 0.643, NS

Brainweight (g) 1147.5 (112.7)

1120.8 (69.6) t (3.795) = 0.446, NS

There were no significant differences in age at onset, age at death duration of the illness and brainweight between the AD-like group and the

common group.

Statistical analysis

Quantitative investigation showed that the density of NFT
in the precentral gyrus (¢(3.225)=-9.007, P=0.002) and
T2 area (#(3.365) = -3.774, P = 0.027) in the AD-like group
was significantly higher than in the common group
(Fig. 4a). However, no significant difference was observed
in the parahippocampal gyrus between the two groups
(2(14) =-0.318, NS; Fig.4b). No significant difference
between the two subgroups was observed in the density of
NFT throughout the amygdaloid nucleus (#(3.369) =-1.993,
NS) and the corticomedial area (#(3.301)=-1.760, NS)
but the density in the basolateral area of the AD-like
group was significantly higher than in the common sub-
group (#(14) =-4.166, P=0.001; Fig.5). The density of
NFT was significantly higher in the corticomedial area
than in the basolateral area of the common subgroup
(¢(11) =3.811, P =0.003) or the entire SDAT group (AD-
like subgroup and common subgroup; #(15)=3.592,
P =0.003; Fig. 6).

DISCUSSION

The present study revealed the possible existence of two
SDAT subgroups: a common group and an AD-like group,
with significantly different NFT densities in various areas
of the cerebral cortex but no significant difference in the
duration of their illness. The neuropathological character-
istics of the two subgroups are as follows. Cases belonging
to the common group have unremarkable neuronal loss
and fewer NFT in the neocortex, and have abundant NFT
in the hippocampus, parahippocampal gyrus and entorhi-
nal cortex. In addition to similar neuropathological
changes in the medial temporal region of the common
group, cases belonging to the AD-like group, in contrast,
have prominent neuronal loss and abundant NFT through-
out the neocortex. Despite the marked differences in the
isocortex mentioned earlier, the reason for the lack of sig-
nificant difference in brainweight remains obscure. In the
clinical condition, the common group evidenced memory
impairment, whereas the AD-like group had problematic
behavior or were restless to a remarkable degree.

=152 -

The heterogeneity of SDAT has been already discussed
by Yamada et al, who classified SDAT into three sub-
groups, a diffuse severe type, a diffuse mild type and a
localized type, based on the average number of NFT in the
cerebral cortex.” However, they found no statistically sig-
nificant difference in the duration of illness among these
three groups and revealed a negative correlation between
the age at onset and the severity of neocortical degenera-
tion. This means that the older-onset dementia is linked
with milder or slower neuronal degeneration in the neo-
cortex. Although the same authors counted the number of
NFT in various areas of the cerebral cortex, they used the
average number of NFT throughout the cerebral cortex to
classify subgroups and did not take into consideration
regional differences in the number of NFT and neuronal
loss.

We therefore have stressed the following points in the
present study. First, from examining the relationship
between the density of NFT and the neuronal loss, the
density was found to be higher in the AD-like group in the
precentral gyrus and T2 area than in the common group.
Upon observation with HE staining, marked neuronal loss
was noted in the neocortex in the AD-like group, while
laminar structures of the same region were comparatively
spared in the common group. This indicated a close rela-
tion between the density of NFT and the degree of neu-
ronal loss. The results support the previous reports that
neocortical NFT correlate well with severity of demen-
tia."* Braak and Braak’s staging for NFT does not take
into account the quantitative densities of NFT, which, as
mentioned here, were closely related to neuronal loss, and
therefore to the severity of the dementia. For instance,
NFT in case 5 and 6 (common group) were widespread yet
scarce in the neocortex, whereas those in case 8, 10,12 and
14 (AD-like group) were widespread but numerous in the
neocortex. and yet these six cases would usually be classi-
fied into the same V or VI stage according to Braak and
Braak’s stage. Thus, we argue for the possibility that there
are indeed two distinct subgroups, one with a higher NFT
density and the other with a lower density in various areas
of the cortex regardless of Braak and Braak’s neuropatho-
logical staging.
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Fig.3 Observation with HE revealed that, although the laminar structures in the neocortex were comparatively spared in the
common group (a), a marked neuronal loss was noted in the AD-like group (b). As for the senile changes, widespread SP and fewer
NFT were seen in the common group (c.e) On the contrary, NFT were widespread and dense in layers II-11I and V-VI in the AD-
like group (d). The SP were also distributed densely and widely in the whole cortical area in the AD-like group (f). (a,b) HE; (c,d)
Gallyas-Braak; (e,f) methenamine-silver. (a,c.e) case 7; (b.d,f) case 12.

Second, the remarkable neocortical degeneration of the
AD-like group cannot be explained only by the difference
in duration of illness. There was no significant difference
between the two subgroups in terms of the duration of ill-
ness, age at onset and age at death. This is another reason
for arguing that there are two distinct subgroups in SDAT.

There was no statistical difference between the two groups
in the number of NFT in the parahippocampal gyrus despite
different degrees of degeneration in the neocortex. Because
the duration of illness did not differ in the subgroups, it
would be only logical that the process of degeneration in
each of the two subgroups in SDAT would be different.
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Fig.4 The density of NFT in the precentral gyrus and middle
temporal gyrus (T2) in the (M) AD-like group was signifl-
cantly higher than in the ((J) common group (a). In the para-
hippocampal gyrus, however, no significant difference was
noted in the density of NFT between the two groups (b).
*P < 0.05, **P < 0.01.
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Fig.5 No significant differences were seen in the density of
NFT in the whole amygdaloid nuclei and the corticomedial
group between two groups but the density of NFT in the baso-
lateral group in the (M) AD-like group was significantly higher
than in the ([J) common group. AMY, amygdaloid nucleus;
ACM, corticomedial group of amygdaloid nucleus; ABL,
basolateral group of amygdaloid nucleus; **P < 0.01.

The boundary between the AD-like group and the com-
mon group must be discussed because we set the cut-off
score at 5 NFT/mm? according to the quantification data.
In case 4, NFT were distributed in the T2 and insular cor-
tex, which agreed with Braak and Braak’s stage V. This
case, however, was classified into the common group
because the densities of NFT in the cortex remained under
5/mm?, although the distribution and densities differed
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Fig.6 The density of NFT was significantly higher in the cor-
ticomedial group than in the basolateral group in the common
group and the whole SDAT group (AD-like group and
common group). (@) ACM, corticomedial group of amygdal-
oid nucleus; (H) ABL, basolateral group of amygdaloid
nucleus; **P < 0.01.

from other common cases. This fact suggests that the bor-
derline between the two subgroups is not precise.

Arai and Ikeda counted and compared the densities of
NFT in 14 selected areas in the cerebral cortex between
AD and SDAT? They revealed that the NFT density in AD
was significantly higher than in SDAT, a result quite similar
to ours. We suggest that the neuropathological findings of
the AD-like group in SDAT resemble those of presenile
AD. In other words, a state resembling the pathological
state of AD and hidden by the outbreak of the ordinary
common subgroup, may also occur in the senile period.
Substantiation of our proposal requires further investiga-
tion of the clinical symptoms of both groups and clarifica-
tion of the clinicopathologic relationship.
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Aging society and the adult
guardianship system

Yutaka Mizuno' and Yoshio Nanba?
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of Geriatric Medicine, Graduate School of Medicine, The University of Tokyo, Tokyo, Japan

Prior to recent revisions, civil law in Japan had established a system of interdict and quasi-
incompetency. This system was begun in 1898 and, up until the revisions of April 2000, it
had spanned more than 100 years without undergoing any major changes. Statistically,
there has been a steady increase in the number of pronouncements and retractions of
incompetency in recent years. A 1980 survey showed that these cases most commonly
involved people aged between 20 years and 40 years, and that the proportions of psychi-
atric disorder, mental retardation, and dementia in these eases were of nearly the same
level. A 1996 survey, in contrast, showed a greater proportion of elderly, with about half
these cases relating to dementia or a vegetative state. The new adult guardianship system
was revised for the purpose of harmonizing the conventional idea of protection and new
ideas including respect for self-determination, practical use of remaining abilities, and nor-
malization. The new adult guardianship system currently in place, as well as a voluntary
guardianship system, was established together with the change from the interdict/quasi-
incompetency system to create a system of assistance, curatorship, and guardianship. The
voluntary guardianship system is defined as follows. Users themselves, during the period
in which they maintain sound judgment ability, can entrust receivers with some or all of
their affairs related to care and management of property. The system becomes valid when
the superintendent of the voluntary guardian is appointed. The care insurance system that
was put into effect at the same time shifted from the earlier enforcement system to a con-
tract system, so the judgment ability of a person to enter a contract at the time of a decision
has become an issue. Finally, in dealing with people with dementia, especially mild demen-
tia, problems arise as to the best method of informed consent, including notifying people
of their specific disease, and determining who should decide the treatment for incompetent
people with dementia.

Keywords: adult guardianship system, elderly with dementia, informed consent, juristic
judgment ability, long-term care insurance system.

Introduction

As the aging of society accelerates, the population of the
elderly who require support not only physically but also
mentally is increasing. In earlier years, Japan depended
on a strict system of family, or “ie’, in which elderly people
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were supported physically and mentally by family mem-
bers who shared the same household. However, the
smaller number of family members available to provide
care due to the increasing shift to nuclear families,
changing social rules, and an increasing number of
households composed of the elderly, has weakened this
family care function, so that greater social support for the
elderly has become necessary. To respond to these social
needs, a long-term care insurance system was established
for dementia care and physical care at the same time as
the renewal of the adult guardianship system for the
management of property and finances in April 2000. In
the following, ‘civil law’ refers to civil law after the revi-
sion in 1999 unless the authors state otherwise.
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Previous and new guardianship systems

Previous guardianship system

Previous civil law regarding the legal capacity of indi-
viduals instituted a system of interdict and quasi-incom-
petency. This system was set up from the protective
point of view so that guardians supported individuals
who had difficulty carrying out juristic acts due to insuf-
ficient judgment ability. In the minority guardianship
system, this was called the adult guardianship system.’
This system was begun in 1898 and, up until the revi-
sions of April 2000, it had continued more than
100 years without undergoing any major changes. The
reasons for enactment were explained in the previous
civil law as follows: ‘An individual who is incompetent
most of time may be prohibited from managing his
property even if there are frequent periods when he
recovers his mental abilities’; and ‘A partially incompe-
tent, deaf, dumb, or blind individual and spendthrift
could be pronounced quasi-incompetent’. The meaning
of ‘most of the time’ was explained by Maeda, quoting
from a commentary book on the previous civil law:*®
‘Among incompetent individuals, some often recover
their faculties whereas others never do. Interdiction
should be pronounced for the former rather than the lat-
ter. This is because an unscrupulous person may enter
into a contract with an incompetent individual, and later
insist that the contract was valid because it was entered
into when the participant was temporarily competent. A
lawyer would have to accede to this insistence unless he
could demonstrate that the participant was incompetent
at the time the contract was concluded.” ‘Incompetence
most of time’ means that even if a person is occasionally
able to recover his juristic judgment ability, he is incom-
petent most of the time. Following German civil law,
incompetence roughly equates to a mental ability below
that of a 7-year-old child.* An interdicted person is an
individual for whom interdiction was pronounced.
Additionally, anyone who is incompetent most of the
time is not a legally incompetent person until interdic-
tion is pronounced. A guardian is appointed to manage
the property of an interdicted person and execute juristic
acts on that property. Moreover, a guardian has official
authority to nurse an interdicted person (former articles
858, 859). Any juristic act by an interdicted person, even
with the agreement of the guardian, can always be can-
celed. Interdiction is announced publicly, and in addi-
tion it is recorded in the family register (article 28,
former family court judgment rules).” A family court can
pass a judgment of quasi-incompetence on a mentally
incapable person or a spendthrift following a procedure
of interdiction (former articles 13, 7, 10). The old civil
law provided a quasi-incompetence judgment for ‘deaf,
mute, and blind persons’, but the regulation was elim-
inated when civil law was revised in 1979.
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A curator supports a quasi-incompetent (former arti-
cle 11). A curator does not have authority to manage
the property of a quasi-incompetent person or to act for
him, but controls the acts of a quasi-incompetent
through an exclusive agreement right.”

The present state of the system of
interdiction and quasi-incompetence
from a statistical point of view

In the following section of the present paper, the
authors present statistics regarding how interdiction
and the quasi-incompetence systems have been used.

Trends in the number of pronouncements and
retractions of interdiction/quasi-incompetence

Figure 1 shows the trends in the number of pronoun-
cements and retractions of interdiction and quasi-
incompetence nation-wide in the 51 years from 1948 to
1999. This figure was drawn by the authors on the basis
of previously published data.>®

The number of pronouncements and retractions of
interdiction and quasi-incompetence showed little
change from the 1960s through to the 1970s. Although
the number of cases of quasi-incompetence increased
only slightly thereafter, the number of pronouncements
and retractions of interdiction increased more than 4-
fold, to 2960 cases in 1999 from 716 cases in 1981 when
signs of increase were seen.

Change in age and underlying disorder

Next, we shall look at the changes in the age composi-
tion of interdicted persons and the underlying disorders
500 -
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Figure 1 Trends in the number of pronouncements and
retractions of interdict and quasi-incompetency. There was a
steady increase in the number of pronouncements and
retractions of incompetency in recent years, with about 4-fold
increase over the 18 years from 1981 to 1999.
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Figure 2 Trends in the age of interdict and quasi-incompetency. In a 1980 survey in Fukuoka/Kumamoto, people in their 40s were
the most common. In a 1996 national survey, the elderly accounted for the highest proportion.
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Figure 3 Trends in the number of disorders that resulted in interdict and quasi-incompetency. In a 1980 survey in Fukuoka, the
numbers of people with psychiatric disorder, mental retardation, dementia, and those in a vegetative state were at the same level,
whereas in a 1996 nationwide survey people with dementia and in a vegetative state accounted for about half.

suffered by these people. There have been almost no
investigations of this fundamental data at the national
level, with only one report in 1996.° To our knowledge,
there are just two earlier reports, by Terashima’ and
Nishioka and Takemura® from studies at their respective
institutions. Graphs the authors drew based on the
modified data of previously published reports®® men-
tioned above are shown in Figs2 and 3. In a 1980
report, the highest proportion of interdicted persons
was aged in their 40s. However, in an investigation in
Tokyo in 1996 as well as in a national survey, the pop-
ulation of younger people was decreasing, and the per-
centage of the elderly people (aged 60 years or more)
was increasing. Factors that might influence these
results such as the areas in which the studies were per-
formed and the dynamics of these populations must be
considered, but the remarkable increase in the propor-
tion of elderly people cannot be denied.

Because the classification of the disorders suffered by
these patients differed in all reports, the present authors
used three categories based on the raw data. The three
categories are psychiatric disorder, mental retardation
and dementia/vegetative state (Fig. 3). A report in 19807
revealed that the percentages of subjects falling into
each category were almost the same, with the percentage
of subjects classified in the dementia/vegetative state
categories slightly lower than the other two. However,
the percentage of dementia and vegetative state cases
had become higher in an investigation in Tokyo in 1996
and a national survey.*® Using the national survey with
its many cases as an example, the number of dementia

and vegetative state cases seems to account for almost
half, as shown in the following detailed data: psychiatric
disorders 18.2%, mental retardation 25.0%, dementia
and vegetative state 48.5%, others 8.3%. These facts
suggest that the increase of elderly persons suffering
from dementia might be one of the reasons for the high
percentage of elderly in an age comparison of parties
concerned. Because this tendency was observed in
Terashima’s paper of 19807 it could be thought that
there has been no significant change in 20 years or more
since then. In that paper, Terashima pointed out that, of
the underlying disorders, the number of cases of persis-
tent vegetative state was strikingly higher than the num-
bers of mental retardation and chronic schizophrenia
cases.

Problems of the old interdict and quasi-incompetency
system and alterations in the reformed system

There were various criticisms of the system of interdict
and quasi-incompetency. The authors have arranged
the main complaints as well as the points of revision in
Table 1.9,'"" In addition, Arai has indicated the faults of
the old system'' as follows. Although, the old system
was established in principle for the legal protection of
people, it actually worked for the stabilization of busi-
ness with third persons and for the maintenance of fam-
ily property. As a result, it was nothing but a defensive
system of protection that functioned to deprive/restrict
legal capacity of individuals. In addition to these criti-
cisms, considerations of adult guardianship systems that
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Table 1 Problems of the old interdict and quasi-
incompetency system and alterations made in the
reformed system

Problems in the system of interdict and quasi-
incompetency Revisions according to the new adult
guardianship system

The matter of incompetence and quasi-incompetence is
A new system of ‘assistance’ was established for people
with mild dementia, very serious, so the system is
difficult to use in cases of mild intellectual impairment,
or mental impairment. In this system rights to proxy or
consent dementia or intellectual/mental impairments
(retraction) are granted to the assistant only for ‘specific
legal actions’ selected according to the declaration of
the concerned person, in cases when the declaration or
consent of that person is required.

Since motion rights are limited to family members such
as The right of motion for the start of statutory
guardianship is granted to the spouse, the property
management of demented elderly, or municipal mayor
intellectually or mentally handicapped persons with no
family to depend on, suffers

The phrase ‘prohibits management of one’s property’
was Together with the elimination of the phrase
‘interdict and quasi-incompetency’, discriminatory as
well as being an article of disqualification, and the
number of articles of disqualification have been reduced
social bias was strong

Since pronouncements of interdict and quasi-
incompetency An adult guardianship registration
system has been established in place of recording
were announced publicly and recorded in the family
register, in the family register (guardianship registration
law) there was strong resistance.

In practice it was difficult to obtain an expert witness, so
expert testimony often required much time, and the
system was difficult to use because of the time and costs
involved. Guidelines for the preparation of expert
witness accounts were created with the aim of
improving the operational aspects of the system.

had been established according to the actual circum-
stances in various Western countries'?'® were taken into
account in revising civil law for the purpose of renewing
the adult guardianship system in Japan.’

The new adult guardianship system:
statutory guardianship and
voluntary guardianship

The new adult guardianship system was drafted with the
aim of harmonizing new and conventional ideas. The
new ideas are fundamentally the ‘autonomy and respect
of self-determination’ of each person. In other words,
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even if the judgment ability of an individual is insuffi-
cient, that ability should be respected and treated as
effective so long as it is not completely lost. This idea is
called ‘practical use of remaining abilities’. Based on this
idea is another concept called ‘normalization’ — the
belief that people with mental disabilities should have
lives as near as possible to those of ‘ordinary’ people.’*
In addition, Hoshino, who is deeply involved in the
making of legislation, explains that although the ideas
about ‘from protection to autonomy/self-determination’
are global, the main idea is ‘harmony with protection
and autonomy/self-determination’ because conven-
tional ‘protection’ is still necessary.’* As mentioned
above, the new adult guardianship system was revised
with the purpose of harmonizing new ideas, which
include respect of self-determination, practical use of
remaining abilities and normalization, and the conven-
tional idea of protection. The new adult guardianship
system currently in place and the voluntary guardian-
ship system were established together with the change
from the former interdict/quasi-incompetency system
to a system of assistance, curatorship, and guardianship.
The new adult guardianship system consists of statutory
guardianship and voluntary guardianship systems.’®

The new statutory guardianship

Subjects of the new statutory guardianship are people
whose judgment ability is insufficient due to a mental
disorder; for example, people suffering from dementia,
mental retardation or psychiatric disorders. Therefore,
the system excludes people who have sufficient judg-
ment abilities but cannot sufficiently carry out juristic
acts related to property because of physical disabil-
ities.'®” This guardianship is equivalent to the interdic-
tion of the earlier system. Subjects are ‘persons who
most of the time lack abilities to understand juristic acts
due to their mental disorders’ (article 7 of civil law). This
term was revised from the term ‘people who are incom-
petent most of time'.'® It indicates persons whose judg-
ment ability is so lacking that they can not manage and
dispose of their property; in other words, a person who
requires another to act on their behalf, because they are
unable to buy daily necessaries themselves.'*"” A cura-
torship is equivalent to the earlier notion of quasi-
incompetency. Subjects are ‘persons whose abilities to
understand juristic acts are remarkably insufficient due
to their mental disorders’ (article 11 of civil law). This
term was revised from the term ‘partially incompetent
person’.'® This means a person who needs constant
support to manage/dispose his property because his
judgment abilities are remarkably insufficient. In other
words, he can buy daily necessaries by himself, but can
not manage important properties; for example, buying
and selling of real estate and cars, home enlargement
and borrowing and loaning.'*"” Assistance is a newly
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established classification, and its subjects are ‘persons
whose abilities to understand juristic acts are insuffi-
cient due to their mental disorders’ (article 14 of civil
law). This indicates persons who should be supported
often to manage and dispose of their property because
their judgment abilities are insufficient. That is, persons
whose impairment is of such a degree that, although
they may be able to perform acts related to important
property themselves, there is some uncertainty as to
this, so that it is thought to be better to have another
person act on their behalf.'*"

Voluntary guardianship

Even in the former civil law, it was possible to bestow
power of attorney to a mandatary by concluding a vol-
untary contract beforehand, to protect management of
property in situations where the subject had insufficient
ability to understand juristic acts.'”” However, even if
guardianship by a legal representative was begun, the
person concerned could not control the activities of the
representative or check the abuse of the authority held
by the representative. For these and other reasons, prop-
erty management agreements based on voluntary con-
tracts were not generally concluded following the
deterioration of a person’s ability to understand juristic
acts. In fact, even though an elderly property holder liv-
ing alone may draw up a letter of attorney while still in
possession of his or her ability to reason, and entrust an
attorney with ‘representation of property management,
daily living, and care following the loss of one’s ability to
reason’, the effect may still be insufficient. This is seen
in reported cases® of relatives or third parties acting
against the person’s true intentions after his or her judg-
ment ability has deteriorated. Thus, newly established
voluntary guardianship agreements are ‘voluntary
agreements in which the mandator entrusts the manda-
tary with some or all of the duties related to the man-
dator’s daily life, nursing and care, and property
management in situations when he has insufficient abil-
ity to understand juridical acts due to mental impair-
ments, grants power of attorney for duties related to
these entrusted activities, and agrees that the agreement
will be in effect from the time the supervisor for the
voluntary guardian is appointed’ (article 2, voluntary
guardianship agreement law)."” ‘Insufficient ability to
understand juridical acts due to mental impairments’ in
these cases expresses at minimum a situation in which
insufficient judgment ability beyond a certain level cor-
responds to a need for assistance.’” Granting power of
attorney covers not only legal acts related to property
management, but also includes legal acts (care agree-
ments, institutional residence agreements, medical care
agreements, etc.) associated with physical care (daily liv-
ing and medical care). The intent of the phrase ‘the
agreement will be in effect from the time the supervisor

for the voluntary guardian is appointed’ is to prevent
abuse of authority by the voluntary guardian, by making
it so that the voluntary guardian is able to exercise
power of attorney only under the supervision of the vol-
untary guardianship supervisor.”

Meaning of ‘ability to understand juristic acts’

What exactly is the meaning of the often used phrase
‘ability, owing to mental impairment, to understand
juristic acts” in terms of the letter of the revised law?
These words are very difficult for physicians to under-
stand clearly. According to Hara, there was a distinction
with regard to ‘mental impairment’ between those
whose insufficient judgment ability was due to the fact
that they were not yet of legal majority, and those whose
insufficient judgment ability was due to dementia, intel-
lectual impairments, or other psychiatric disorders. This
term was intended to express overall judgment ability
for the three concepts of ‘mental ability, ability to under-
stand juristic acts, and social adaptation ability” using
expert evidence in practices under the old law." ‘Juristic
acts’ indicate the advantages and disadvantages of legal
actions (tasks of guardianship, etc.) in terms of the char-
acter of the statutory guardianship system.”! Moreover,
as mentioned above, guardianship corresponds to inter-
diction, and ‘lack of ability to understand juristic acts’ is
interpreted to have the same meaning as incompetency.
Under the old law, incompetence was commonly
understood to be defined as lack of juristic judgment
ability; accordingly, ability to understand juristic acts is
thus considered to be juristic judgment ability. Accord-
ing to Wagatsuma,? ‘judgment ability is the mental abil-
ity to judge the results of one’s actions, including
normal abilities of cognition and anticipation.” Nish-
lyama wrote that ‘in performing some legal action, one
must be cognizant of what type of action it is, and must
judge or anticipate the advantages or disadvantages one
will incur as a result of that action’.*

Considering the above, the ‘ability to understand
Juristic acts’ is ‘overall judgment ability covering men-
tal ability, judgment ability including cognitive and
anticipation abilities with regard to legal actions, and
social adaptation ability.” The people indicated for
guardianship are ‘people in a permanent state of having
lost the ability to understand juristic acts due to mental
impairment’ (article 7, civil law), which applies to peo-
ple who are basically in a continuous state of having
lost these abilities due to dementia, intellectual disor-
ders, mental impairment, psychiatric disorders, or
other reasons. Since intellectual ability is just one fac-
tor in the makeup of ability to understand juristic acts
(juristic judgment ability), one can obviously not say
that a person lacks the ability to understand juristic
acts because that person has low intelligence on intel-
ligence tests and the like. The authors recently
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reported a case in which a motion for pronouncement
of incompetency was not declared because the person
in question had only moderate mental deterioration
and maintained the ability to handle her own financial
affairs.” Nishiyama has described the importance of
psychological as well as biological elements.**** Con-
sidered in the light of his ideas, medical diagnosis of
dementia, intellectual disorders, and psychiatric disor-
ders, assessments of intellectual ability would seem to
correspond to biological elements, and assessments of
judgment ability, including cognitive and anticipation
abilities in legal actions and social adaptation ability,
would seem to correspond to psychological elements.
Physicians and other specialists, when writing state-
ments of expert evidence or a medical certificate, will
have to struggle with assessments of these abilities in
addition to diagnoses and assessments of intellectual
ability.

Problems of notification

Among the various discussions accompanying the revi-
sion of the adult guardianship system, the problem of
notification has attracted little attention. However, the
authors consider this to be one of the most important
issues. The former family court judgment rules stipu-
lated the following with regard to notifications and
announcements.

Former family court judgment rules, article 26: the
court pronouncing incompetency must announce this
according to law to the person who should become
the guardian or to the person who is appointed as
guardian according to the stipulations of the preceding
article.

Former family court judgment rules, article 28: at the
time the court decides to pronounce incompetency,
the court secretary shall without delay make a public
announcement to that effect, and must announce this
decision to the person in charge of family registration in
the locality where the incompetent person’s family reg-
istry is kept.

As can be seen, completely missing from these stip-
ulations is any mention of notification to the main per-
son in the case: the person for whom incompetency
has been pronounced. At the time the court decides to
pronounce incompetency, despite the obligation for
public announcement and notification to the guardian
and locality where the person’s family register is kept,
there is no provision for obligatory direct notification
of the concerned person. Even before that, there is no
provision to inform the person in question that court is
being held for the start of guardianship. In article 27 of
the former family court judgment rules, there is a pro-
vision to the effect that an immediate appeal can be
made against a judgment. However, if there is no way
for the person in question to know his situation at the
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start of the case and the decision of the court, he will
not be able to make an appeal. More than 20 years ago,
Ishikawa harshly criticized this situation by saying a
judgment of incompetency without the person in ques-
tion in attendance is, as it were, a judgment by default,
and that even if an immediate appeal is possible the
concerned person is not likely to make such an appeal
if he or she has not even been informed that a court
hearing is taking place.”® In a 1980 article, Terashima
wrote of the current situation that ‘a judicial decision
was made to the effect that not notifying the person in
question would not interfere with the case, and in
practice notification of the person in charge is rarely
made’.” A person may be declared incompetent and a
judgment passed without him being aware of it, and
despite cases of people actually losing their assets' or
continuous reports of the attitudes of medical experts
who drafted written statements of expert medical opin-
jon in an extremely short time,* there were no key
studies after Terashima’s article. In a 1995 book,
Nishiyama* wrote, ‘Recently the appropriateness of
notifying not only the guarantor but also the plaintiff
and concerned person has come to be appreciated.” In
a 1997 work, the jurist Endo30 wrote that the situation
had improved in recent times: ‘the law indicates that
“pronouncements may be made” and pronouncements
have come to be seen as necessary.” However, a 1996
report by Nishioka, a judge in the Tokyo Family Court,
demonstrates the thinking of the former law in the
family court: ‘Article 25 of the family court judgment
rules indicates the necessity of informing the statutory
guardian and the appointed guardian of the pro-
nouncement of incompetency; however, since the con-
cerned person is from the start usually incapable of
understanding the purpose of the pronouncement,
notification is not generally obligatory.” It would seem
worth assessing, however, whether great improvements
have been made in these problems following the revi-
sion of the adult guardianship system. Specifically,
when a guardianship decree judgment is passed, notifi-
cation to that effect shall be made without delay to the
concerned person (article 234), the statement of the
concerned person must be heard in passing a judg-
ment for the start of guardianship (article 25), and,
moreover, when a judgment for the start of guardian-
ship is passed the concerned person must, without
delay, be notified to that effect (article 262). Further-
more, to make the revised adult guardianship system
an adaptable and flexible system that conforms to the
idea of respecting self-determination with regard to
assistance and curatorship, the system includes a wide
range of choices based on the will of the concerned
person, since a wide range of choices are recognized
according to the statements of the individual on such
matters as power of attorney at the requests and con-
sent of the concerned person."”
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Association with aging society

Long-term care insurance system and the adult
guardianship system

During the same period that the adult guardianship sys-
tem was being reformed, a care insurance system was
established. The previous welfare system was set up so
that the government was allowed to unilaterally provide
services (measures) to an individual regardless of his
will, for the stated reason that it was therefore possible
to provide services even if an individual lacked judgment
ability.®' However, the new system has shifted to a form
of direct contracts concluded between the user (individ-
ual requiring care) and the care provider, so the issue of
whether or not the user has judgment ability (capacity to
contract), or the extent of such ability, has become a
problem. The authors®** conducted a survey of insti-
tution residents under the care insurance system, and
found that a total of more than 86%, including both
demented and non-demented individuals, did not enter
the facility voluntarily, and that the proportion of such
people was significantly higher among the demented
than among the non-demented group (P =0.016).
Furthermore, when asked the reason they entered the
facility, a significantly lower proportion of demented
individuals than non-demented individuals reported to
know this reason (P < 0.001). In this study, there was a
high rate of impairment in not only the demented group
but the non-demented group as well in survey items
thought to reflect capacity to contract. Moreover, it was
shown that there was significantly greater impairment in
the demented group than in the non-demented group.
Therefore, it would be difficult to say that all people
have the capacity to contract, and that operation of the
system based on contracts is without difficulties.
According to the revised adult guardianship law, the
adult guardian performs duties related to the daily life,
medical care, and property management of the con-
cerned person (civil law, article 858). The legal actions
conducted by the guardian include those for the phys-
ical protection of the concerned person, such as nursing
care contracts and institutional residence contracts, as
well as actions related to property management includ-
ing management of savings and disposal of real estate
assets.”>**3¢ Therefore, if run strictly, in cases when
there is insufficient judgment capacity at the time of a
contract for care insurance (especially residence con-
tracts to a ward for people with dementia), petitions are
made for assistance, curatorship, and guardianship, a
diagnosis or expert testimony is given, and the contract-
ing of the assistant, curator, or guardian after the judg-
ment is passed. However, it may be far from practical to
follow this general line. Guidelines'®'” for medical cer-
tificates and expert witness accounts were created in the
revisions, and although it may be said that quicker pro-

cedures than before have become possible, there is a
strong likelihood that the use of welfare services by
these elderly or handicapped persons occurs too late, so
that the development of practical legislation is desired.

Community welfare rights organizations and the
adult guardianship system

Systems to support people with insufficient judgment
abilities, such as the elderly with senile dementia and
intellectually and mentally impaired persons, are not
limited to the adult guardianship system. Community
welfare rights organizations, which were started by pre-
tectural and city social welfare councils nationwide in
October 1999, are another of these. They target elderly
persons with dementia and other persons with intellec-
tual and mental disabilities who would have difficulty
making appropriate decisions themselves with regard to
the use of welfare services and payment for these ser-
vices, as well as persons recognized to have the ability to
make decisions with regard to contracts for assistance
decided in a support plan.*” The adult guardianship sys-
tem is meant to support legal actions such as contracts
for property management and physical custody, whereas
the community welfare rights organizations provide
support for day-to-day financial management such as
usage procedures for home welfare services and savings
deposits. The major difference is that since the usage
agreement for community welfare rights organizations
is a voluntary contract covered by civil law, it is limited
to users who retain sufficient judgment ability to under-
stand the content of the contract. However, to the
extent that this includes those targeted for curatorship
according to circumstances,® this is a very complicated
system as it requires users who might receive assistance
owing to an insufficient judgment ability but who have
sufficient judgment ability to understand the contract
contents. Moreover, as pointed out by Kobayashi,”
because there is an overlap between people targeted for
assistance in the adult guardianship system and those
targeted by the local welfare advocacy organizations, the
question of how the systems should be distinguished
also gives users the impression that these welfare rights
organizations are difficult to understand. However,
there are strong expectations that, with use, the two sys-
tems will come to complement each other.*

Assessment and determination of
capacity to contract and judgment ability

In recent years, with growing respect for the right to
self-determination in the field of welfare, more and
more agreements are taking the form of contracts. The
areas covered by community welfare rights groups with
voluntary contracts are discussed above. Moreover, in
the adult guardianship system it is possible — even for
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those with mild dementia, intellectual handicap, or a
psychiatric disorder - to conclude a voluntary contract
if, at the time the contract is concluded, they have suf-
ficlent juristic judgment ability."® The problem thus
becomes how to assess or judge juristic judgment abil-
ity. In community welfare rights organizations, determi-
nations of ability to judge the contents of a contract are
confirmed by specialist employees, and in case of doubt,
the decision is handled by a contract board of review.
However, these organizations have a welfare aspect, and
‘the range of assistance is limited in scope to that essen-
tial for daily life such as assistance for the use of welfare
services, and the contracts are arranged so that no prob-
lems arise as to their validity given that the user has a
judgment ability of a certain level needed for the con-
tract’.’” As expressed in this passage, strict judgment
would not seem necessary considering the main pur-
pose of these organizations.

In contrast, a voluntary guardianship contract is con-
nected directly to management of property, so a strict
judgment of mental capacity would seem essential. Nor-
mally, the opinion of a physician is requested, but there
are virtually no studies on assessing or judging deci-
sion-making capacity (juristic judgment ability) on the
occasion of concluding a contract for these physicians
to refer to. Therefore, further studies, especially in the
field of psychiatry, are needed.

Future issues: informed consent and
capacity to consent to medical treatment

In recent years the importance of informed consent has
come to be recognized, in which ‘the physician fully
explains the symptoms to the patient, provides sufficient
information on tests and treatments based on these
symptoms, and, following the full understanding and
consent of the patient, conducts treatment in line with
the tests and treatments selected by the patient’.*”
Informed consent practices are now commonly
implemented.*'

When the patient is an elderly person with dementia,
however, three problems arise in terms of informed con-
sent. The first is the problem of notification. Originally,
‘notification’ in law was taken as ‘the act of unilaterally
informing another of one’s intention with regard to
some fact.” Traditionally in Japan, patients with cancer
or dementia have not been informed of their correct
diagnosis and this raises issues of self-determination
and respect for their human rights.* The second prob-
lem is determining who should choose the medical
treatment for elderly who are suffer from dementia or
have insufficient judgment ability because of their
advanced age. The third problem involves the participa-
tion of elderly persons with dementia (with insufficient
judgment ability) in clinical trials and other research.
The first problem is regularly referred to, and while it is
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reported that doctors are now more likely to inform
their patients of a diagnosis of cancer,* strong resis-
tance remains with regard to dementia, and such noti-
fication is not likely to become widely accepted in the
near future. From the medical practitioners’ perspective,
it is relatively easy to make a diagnosis of typical
Alzheimer's disease, especially in the middle stage and
beyond. However, in the very early stages when few
signs of the disease have appeared in medical diagnostic
images, making the diagnosis is more difficult. Families,
for their part, in addition to wishing to avoid mental
oscillations in the person in question, may be unable to
find any positive meaning in notification since today
there is no definitive treatment for dementia. Even given
these considerations, however, informed consent of
the person in question would still seem essential to
protect their human rights and their right to self-
determination.®* The right to self-determination is
supposed to provide happiness and benefit to the
individual*' and for this reason it is thought that the
patient should know the truth so that they can secure
the best choices for themselves. This may not apply to
people with severe dementia, but today — when it is pos-
sible in all parts of the country to diagnose dementia in
the relatively early stages, such as by visiting a ‘forget-
fulness clinic’ - it is surely necessary to consider the
possibility of self-determination for patients with mild
dementia. Obviously, not all patients diagnosed with
dementia lack juristic judgment ability.** Physicians spe-
cializing in dementia are familiar with patients with mild
dementia lamenting their receding abilities and the sym-
pathy of their families. Accordingly, while juristic judg-
ment ability is retained, patients should retain their right
to decide who is to be entrusted with matters regarding
property and personal considerations, including the vol-
untary guardianship system. It is also believed that mis-
leading patients and families about the severity of
symptoms would merely delay economic and legal con-~
sequences.*” On the other hand, it is also true that phy-
sicians who diagnose patients with dementia or explain
their prognosis still tend to be criticized by the patients’
families.*

The present paper has already considered the notifi-
cation of the family and the concerned person, but some
people believe that this should be taken a step further,
and that the concerned person should be informed first.
Miyachi has written that American physicians consider
it unethical to provide information to the family without
talking to the patient first, based on the thinking that
the interests of the patient and family do not correspond
in all cases.”® This is not due only to a developed sense
of informed consent and the right to self-determination,
but is also largely due to differences in Japanese and
American culture.

Next, we shall look at selection of medical treatment
in the elderly with insufficient judgment ability owing to
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dementia or other conditions. In Japan, when an elderly
person with dementia suffers from a physical disease
with a poor prognosis, the selection of treatment is usu-
ally done by family proxy*****% or the judgment of the
physician. Someone must be the acting principal with
regard to medical treatment when the patient does not
have sufficient judgment ability. On the point of insuf-
ficient judgment ability, this is similar to the agency of
the person having parental rights for a minor. In the
case of elderly with dementia, however, it may be that
active treatment is frequently not selected if the physical
treatment involves a certain level of invasiveness. While
it is true that conservative treatment is selected because
of the patient’s advanced age, it cannot be denied that
the family and physician may have a feeling similar to
resignation since the patient ‘has dementia.” Ishii
pointed out that a problem exists with medical treat-
ment conducted according to the proxy of the family, in
that since the family bears the mental, social, and eco-
nomic burdens for the treatment of the patient, a con-
flict of interest may exist with the patient himself.>* Is it
possible, then, for the adult guardian to function in
such a situation? Until a person is pronounced incom-
petent in a competency judgment, he is considered to be
competent.’”* At what point is it necessary to make a
competency judgment? Moreover, what kind of judg-
ment criteria should be used in making such a judg-
ment? Other countries have abundant research on the
judgment ability of elderly patients with dementia at the
time of receiving medical treatment.’"* In the USA,
the assessment method is centered on mental diseases,
and the MacArthur Competence Assessment Tool-
Clinical Research Version®* ® is used. Its utility in the
elderly with dementia has also been investigated.*’ In
the United Kingdom, the Legal Standard (LS) is
used””" and continues to be investigated. According to
Oku, one period when a competency judgment should
be conducted is when a patient refuses necessary med-
ical treatment, in other words, makes a ‘decision not in
his own interest’.*” In other countries, when a physician
doubts a patient’s judgment ability, it is fairly common
for him to call in a psychiatrist to make such a judg-
ment;*” but in Japan this is very unlikely to happen.
Moreover, it is unfortunately still the case that there are
no set criteria for making a determination of juristic
judgment ability.?*** According to research council
reports on which the revisions of the adult guardianship
law were based, the role of the adult guardian ‘in con-
cluding the contract or paying the costs for medical
treatment, hospitalization, and the like, which are
actions concerning property itself or closely related acts,
the authority of the adult guardian is naturally recog-
nized’.**”*”* The adult guardian may conclude medical
contracts and have medical institutions provide services,
and may conduct legal actions of all kinds related to the
physical protection of the patient that do not involve

physical coercion.*® However, ‘it must be concluded that
it is still too early to introduce stipulations related to the
rights of decision-making and consent for invasive
medical treatments. This problem, in cases when there
is a question as to the decision-making capacity of the
patient with regard to medical actions, is related to the
overall decisions and consent of a third party. Therefore,
after full discussion by medical specialists and others on
issues such as the medical ethics involved, sufficient
time should be given in the future to making careful
judgments about the necessity or propriety of legislation
based on investigations’.**”® Such a decision will also
depend on general acceptance in society.

Finally, let us look briefly at the problem of informed
consent for participation in clinical trials and other
research. With the marked advances in recent years in
anti-dementia drugs and genetic research, new findings
are being reported continuously.”*”® However, together
with a rising ethical awareness, the problem of sub-
jects” capacity for consent has become a major one.
Compared with the various studies on this issue in
other countries®””’ the number of such studies in Japan
is meagre, and further studies are awaited. Human
rights in the medical treatment of elderly with demen-
tia (in whom judgment ability has deteriorated to the
point that they cannot understand the medical treat-
ment) is sure to be an issue in the future. Therefore,
now is the time when each person in society should
consider the problem of how to view informed consent
and the right to self-determination in elderly patients
with dementia.

In the present paper we have reviewed the system of
interdict and quasi-incompetency in the adult guardian-
ship system to date, and have attempted to provide a
current overview of the issues of informed consent and
selection of treatment in the medical setting as they
relate to the points of revision in the adult guardianship
law, the elderly care insurance system, and community
welfare rights organizations.
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There was a steady increase in the number of pro-
nouncements and retractions of incompetency in re-
cent years, with about 4-fold increase over the 18
years from 1981 to 1999.
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Fig.2 Trends in the age of interdict and quasi-
Incompetency
In a 1980 survey in Fukuoka/Kumamoto, people in
their 40s were the most common, In a 1996 national
survey, the elderly accounted for the highest propor-
tion.

Fig.3 Trends in the number of disorder that brought
interdict and quasi-incompetency
In a 1980 survey in Fukuoka, numbers of people with
psychiatric disorder, mental retardation, dementia,
and those in a vegetative state were at the same level,
whereas in a 1996 nationwide survey people with de-
mentia and in a vegetative state accounted for about
half.
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Abstract

Long-term care insurance system and adult guardianship system from the medical standpoint

Yutaka Mizuno

A long-term care insurance system went into effect in April 2000 in Japan. In the previous welfare system, the govern-

ment could provide services ("take due measures”) unilaterally regardless of the desires of the person receiving the care. In

this framework, therefore, services could be provided even if the person did not have the ability to make judgments. Under

the new system, however, the arrangement has changed so that the user (person requiring care) enters a contract directly
with the service provider. Thus, whether or not the user has the ability to judge (enter a contract), or the degree of that

ability, has become an issue.

However, medical research on this judgment ability has been lacking in Japan. in contrast to other countries, where there

have been intensive studies on the decisional capacity for informed consent, treatment, and participating research.

The development of the tools to assess such judgment abilities is proceeding in other nations. In Japan, assessment of the

judgment abilities of demented elderly persons should be similarly investigated. Based on such studies, we look forward to

the day when there will be appropriate respect for the right of self-determination and care.

Key words : Long-term care insurance system, Adult guardianship system, Self-determination, Judgment ability, Informed consent

(Jpn J Geriat 2003 ; 40 : 248—251)

Obu Dementia Care Research and Training Center
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Neuronal Degeneration from the Perspective of Abnormal Distribution
of Cellular Metallic Elements in Cases of Alzheimer’s Disease
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Tohru Takeuchi’ and Ari Ide-Ektessabi®

Y Dept. of Psychiatry Nagoya University Graduate School of Medicine
2 Graduate School of Engineering, Kyoto University
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Abstract There is evidence that an excessive accumulation and/or incorporation of metallic elements such as Ca,
Fe and Zn often play a critical role in the function of neurons. Knowledge of the disruption of metal elements in sin-
gle neurons is important to obtain greater understanding of metal-induced neuronal dysfunction.

Synchrotron Radiation X-ray (SRXRF) spectroscopy is a powerful non-destructive analytical technique that can be used
to image the distribution of metal elements at the cellular level, and obtain data with precise detection ability at the
0.01 ppm level of elements. A further advantage of this method is that the same sample can be used for histochemical exam-
inations after elemental analysis.

In this study, clear images of calcium (Ca), iron (Fe) and zinc (Zn) within certain single neurons in the brain tissues affect-
ing Alzheimer’ s disease (AD) were obtained using SRXRF spectroscopy. SRXRF spectra were obtained both inside
and outside of neurons and all detected elements were quantified. The relationship between the intracellular increase
of Ca and other trace elements was investigated. The cells were classified into three groups according to the Ca level,
and statistically analyzed. There were positive correlations between either Fe and Ca or Zn and Ca in the group of rel-
atively higher levels of Ca. The correlation tests, however, showed a striking difference in the values of Fe and Zn
against Ca in the group with the lower Ca level, in which there was a positive correlation between Zn and Ca, but not
between Fe and Ca.

These results demonstrate a possibility of neuronal degeneration due to the imbalance of cellular metal elements in
neurons of brain tissues affected by AD. Further investigation with larger numbers of neurons using SRXRF spectroscopy
may provide more knowledge of the mechanisms of metal-induced cell degeneration in human brain tissues, including
those affected by AD.
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SRXRF analysis, neuronal degeneration, Ca, Fe, Zn, Alzheimer’s disease
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Figure 1. (A) ~ (C) X-ray intensity maps (Ca, Fe and Zn)
of a neuron in the scanned area of the tissue
section from an AD brain. The scanning area
was 40 X 40 ,m and divided into 40 X 40 pix-
els of 1 xm. Each measurement point of the
sample was irradiated for 5 seconds. The scale
on the right shows the counts of x-ray inten-
sity. The range of mapping was 20-280 for Ca,
0-90 for Fe, and 0-120 for Zn. (D) Micrograph
of the scanned area of the frozen brain tissue
section stained with HE. The neuron corre-
sponds with the images of (A) ~ (C). (a ~ ¢)
show the measurement points.
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Figure 2. Fluorescence x-ray spectra inside the neuron
shown in Fig. 1(D). The measurement points
were (a) and (b) cytoplasm and (c) nucleus. The
x-ray energy was 14.9 keV. Ratios of the ele-
mental concentrations to Ar at the measure-
ment points are shown at the right side of the
graphs.
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Table 1. Mean values of relative contents of Ca at the measurement points (a.u)

___—...Ca Number of
Cell groups Mean + SD measurement points
A 592 £ 135 10
B 366 £ 6.0 49
C 169 + 6.3 11

Table 2. Correlation of the elemental contents in each group

A (n=10) B (n=49) C =11

Ca/Fe rs=-0.100, p>0.05 rs=0.547, p<0.0001 rs=0.246, p>0.05
Ca/Zn rs= 0273, p>0.05 1s=0.537, p<0.0001 rs=0.881, p<0.001
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Figure 3. Correlation graphs of Zn, Fe and Ca in group C. (a) No correlation between Fe and Ca (rs = 0.246, P >0.05).
(b) Prominent correlation between Zn and Ca (rs = 0.881, P< 0.001).
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A new approach was employed to investigate the interactions between cells and metal ions at the single
cell level. Mouse macrophages were cultured and exposed to solutions with different concentrations of
metals and exposure times. A focused beam from a synchrotron radiation source and an electron probe
microanalyzer were used for elemental imaging of the cells. It was found that the intensity and distribution
of the matrix elements in a single cell are closely related to the uptake of metals. Furthermore, the variation
of the density the matrix elements and their localization in the cell are influenced by the uptake of metals.

Copyright © 2003 John Wiley & Sons, Ltd.

INTRODUCTION

Responses of cells to foreign metal elements have been widely
investigated over the past few decades.!~® The interaction
between cells and metal ions or particles has been investi-
gated (in vivo and in vitro) in the case of wear debris and
corrosion in metal implants.*~? In several previous studies,
Ektessabi and co-workers*=¢ applied proton-induced x-ray
emission (PIXE) spectroscopy, microbeam PIXE and syn-
chrotron radiation x-ray fluorescence (SR-XRF) spectroscopy
to investigate human tissues around total hip replace-
ments made of stainless steel (SUS316L) and titanium alloy
(Ti-6A1-4V) to study the long-term effects of theses met-
als in the human body. They showed that iron, chromium,
nickel and titanium were released and distributed into the
tissues around the total hip replacement in the form of
mechanical friction and corrosion products from the implant.
When metal particles or corrosion products are released
from implants, the interactions between the metals and the
macrophage cells may influence the recovery of the tissues or
the inflammatory response of the cells. However, the mech-
anisms of phagocytosis of macrophages and the cytotoxicity
of metal ions or particles are extremely complex, and no
single model can fully account for the diverse structures and
outcomes associated with particle internalization.!0:!!
Although each individual response can be identified
and analyzed separately, this approach gives only an
analysis of a relatively small component of the many
factors controlling the overall host responses.!? The aim
of this study was to investigate variations in the intensity

*Correspondence to: Ryoko Ishihara, Department of Psychiatry,
Nagoya University Graduate School of Medicine, 65 Tsurumai-cho,
Showa-ku, Nagoya 466-8550, Japan.

E-mail: ishiryo@med.nagoya-u.ac.jp

and distributions of intracellular elements simultaneously
using microbeams of x-rays via SR-XRF and microbeams of
electrons of a transmission electron microscope equipped
with an energy-dispersive x-ray microanalyzer (TEM-EDX)
as imaging techniques to investigate macrophages that had
been cultured in a solution that contained dissolved metals
under various conditions.

EXPERIMENTAL

Cell culture and sample preparation

Interactions between cells and metal elements were inves-
tigated via the measurement of the density variation of
matrix elements and the localization of those elements
in macrophage cells that had been cultured in a solution
containing dissolved metals. Mouse macrophages (cell line
J774.1) were purchased from Riken Gene Bank (Tsukuba
Science City, Ibaraki, Japan). Macrophages (treated cells)
were cultured while being exposed to solutions contain-
ing different concentrations of chromium with different
exposure times. The dosing solutions were prepared by
dissolving chromium chloride (CrCls) in a culture medium
(RPMI-1640) supplemented with 10% fetal bovine serum; the
concentrations of chromium were set at 40, 2 and 0.1 mg 1.
Cells were placed under these culture conditions for 0.5,
4,12, 24 and 48 h, respectively. Control macrophages with-
out metal uptake (untreated cells) were cultured under the
standard culture conditions. For SR-XRF analysis, after cen-
trifugation, the cells were immersed in 70% ethanol for 4 h.
These procedures were repeated three times and then the
cells were immersed in 100% ethanol for 1 h. The ethanol
solution containing the cells was pipetted on to PET films
and dried at room temperature. Untreated cells were sub-
jected to the same manipulations, except for the treatment

Copyright © 2003 John Wiley & Sons, Ltd.
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with chromium chloride solution. For TEM-EDX analysis,
after centrifugation, the specimens were fixed in 2% glu-
taraldehyde, buffered by 0.1 M cacodylate, pH 7.4, and then
immersed in 1.5 ™ sucrose solution and, after placement on
a specimen holder, were frozen with slush liquid nitrogen.
Using an ultra-cryokit the frozen specimens were sliced inta
I_'I.:l;u;n thick sections at =110°C. These thin sections were
then mounted on copper grids with a carbon film and, after
the sucrose had been rinsed away with distilled water, they
were finally dried at room temperature.

Experimental set-up

The elemental distribution patterns within single cells using
SR-XRF were obtained at the High Energy Accelerator
Research Organization's Photon Factory (Beamline 4A) at
Tsukuba, Japan. The multilayer monochromator provided
s-rays of 14.2 keV photon energy. A platinume-coated plane
mirror was used to reduce higher harmonics to less than
10-*. An incident beam sht was used o limit vertical and
horizontal beam width to improve resolution, and a KB
(Kirkpartrick—Beaz optics) focusing mirror was located in
front of the sample, The final beam size was 5 pm in diameter,
The fluorescent x-rays emitted from the sample were detected
by solid state detector with silicon (lithium) in air. The
beam intensity in front of the sample was normalized to
account for variations of the incident beam intensity during
measurement.

The elemental images of single cells by electron beams
were measured using a TEM (JEOL-2010)-EDX (Noran Voy-
ager) system with a silicon (lithium) detector at the Graduate
School of Medicine, Equipment Center for Research and

e
2
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Education, Magoya University. The accelerating voltage was
200 kV with a beam current of 10 pA and the measurement
time was 8 h.

RESULTS AND DISCUSSION

X-ray microbeam imaging
Images of the elemental distributions chromium, calcium and
zinc within a cell cultured in a chromium solution (40 mg 17}
for 30 min, using SR-XRF, are shown in Fig. 1(b), (c) and (d},
respectively. The optical micrograph of the cell used for
imaging is shown in Fig. 1{a). The cell was not sliced. The
scanning area was 42 x 42 ym. These images were matrices
of 42 « 42 pixels of 1 pm resolution. The respective ranges
of fluorescent x-ray intensity from chromium, calcium, and
zinc were divided into 10 levels each. For each of the three
trace elements, the levels of the measured and interpolated
points were assigned to a corresponding shade and plotted,
In the images shown in Fig. 1(b), (c) and (d), the ranges
of the fluorescent x-ray intensities of chromium, calcium
and zinc were from 0 to 126, 0 to 986 and 0 to 155
counts, respectively. The signal intensity and the elemental
distribution patterns of calcium and zine showed differences
between treated and untreated cells (Fig. 2). The range of
the fluorescent x-ray intensities of calcium and zinc in Fig, 2
were from [ to 800 and 20 to 70 counts, respectively

Quantification for the intracellular elements

For the quantification of the concentrations of the intracel-
lular elements, the SR-XRF spectrum was obtained at the
point in each cell with the highest signal intensity of the

-
[
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Figure 1. SR-XRF images of a macraphage cell cultured in a chromium solution (40 mg =) for 30 min. (a) An optical micrograph of
the cell. (b)—(d) Elamental distribution pattemns within the cell for chromium, calcium and zing, respectively. The scanning area was
42 « 42 ym, Thase images wera matrices of 42 » 42 pixals of 1 um resolution. The ranges of intensity of fluorescent x-ray from
chromium, calcium and zinc were each divided into 10 levels. The scale at the right of the image shows the counts of the x-ray

intensity in monochrome gradation.

Copyright © 2003 John Wiley & Sons, Ltd
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Figure 2, SR-XRF imagas of an untreatad macrophage call,
{a) An optical micrograph of the macrophage cell.

b}, {ch Elemental distribution pattarn within the cell for calcium
and zinc, respectively. The scanning area was 42 = 42 um.
These images ware matrices of 42 = 42 pikels of 1 pm
resclution. The ranges of intensity of fluorescent x-ray from
calciwum and zinc were each divided into 10 levels. The scale at
tha right of the image shows the counts of the x-ray intansity in
monochrome gradation.

elements. The measurement time was 200's for each point.
The intracellular elements detected by SR-XRF analysis were
phosphorus, sulfur, chlorine, potassium, calcium, and zinc.
The concentrations of these elements within the cell changed
drastically according to the uptake of chromium into the cell
and according to the varying concentrations of the chromium
dose and exposure times. The concentration of elements
increased by approximately two orders of magnitude as
the exposure time and dose increased. The concentration of
phagocytosed chromium in the cells was low when the cells
were cultured under a low chromium dose for short periods
of time. The uptake of chromium by the cells was much
higher when they were cultured under a high chromium
dose for long periods of ime. Within the range of the expo-
sure times employed in this experiment, it can be concluded
that the concentration of chromium in the culture medium

Copyright © 2003 John Wiley & Sons, Lid

i= the most important factor in determining the degree of
chromium phagocytosed by the cell. However, because the
heam size of the incident x-rav was large compared with
the cell size, a cearly detailed distribution pattern of the
glements within the cell was notl possible. In this work we
fucused on phosphorus, zinc and calcium among all the

vliements detected in the colls,

Phospliorits

The chromium uptake into the cell was low in the case of
a low chromium dose for short periods of ime, hence the
influence of chromium on the concentration of phosphorus
was neghigible. When the concentration of the chromium
solution was higher, or the exposure time was increased, the
concentration of phosphorus in the cell decreased. However,
when the concentration of chromium in the soluton was very
high and the exposure time was very long, the concentration
of phosphorus in the cell was much higher than that
under standard conditions. Figure 3 shows the varialions
of elemental concentrations in cells exposed to a 40 mg 17!
CrCh solution from 0.5 to 48 h. Under these conditions, the
|':1|11'u11rr.1!im1uf|1h::a'-.|1huruhin-.'rl'.l:-n';l.1!Iu|‘l-l h of exposure
[Fig. 3(b)].

The results suggest that within cells that have been
cultured in a chromium solution, phosphorus was drawn
oul from inside the cell owing o the uptake of chromium
in the cell in the initial stage. A much higher uptake and
accumulation of chromium in the cell eccureed, however,
when the cell was cultured in a solution with a high
concentration af chromium for a long time. This subsequent
inflow of phosphorus into the cell most probahly occurs
because of an excessive accumulation of chromium within

the cell.

Jine

[he concentration of zinc within the cell when the cell was
cultured under a low chromium dose for short periods af time
showed a value in the range of fluorescent s-ray intensity
identical with that under standard conditions. Similarly to
the case of phosphorus, the concentration of zine within the
cell was lower than that under normal conditions when the
cell was cultured under a higher dose and for a longer time.
The concentration of zing in the treated cell was much higher
than in the untreated cell only when the cell was cultured
under a very high chromium dose for very long periods of
time [Fig. 3(d)]. Again, the inflow of zinc inlo the cell may
occur as a result of an excessive uptake and accumulation of
chromium within the cell.

Calcium

While the uptake of chromium exerts a similar influence
on phosphorus and zinc present in the cell, its influence on
calcium was different. A significant outflow of calcium was
observed according to the uptake of chromium; however,
in some cases a significant infllow of calgium was observed.
From these experiments, it is not possible to say whether the
decrease or excessive increase in the concentration of calcium
is a defensive action against the increase in concentration of

chromium within the cell.”

X-Fay Spectrom 2003; 32: 415 -422
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Figure 3. Variations of SR-XRF spectra of the call before and after uptake of metals with a 40 mg |-! CrClay dose and 0.5-48 h
exposures, (@) Chromium; (b) phosphorus: (6) calcium; {d} zing, The measurement time was 200 s for each point.
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Figure 4. TEM-EDX elemental images of macrophage cell culturad in a chromium solution (40 mg I=1) for 6 h. (=) An electron
micrograph of the freeze-dried ultra-thin section of the cell. Images {b) and (c) were matrces of 256 « 256 pixeals of 100 nm
resolution and show the elemental distrnbution pattern of phosphorus and chromium, respectively, within the cell. The ranges of the

fluorescent x-ray intensily of phospherus and chromium were each divided into 10 levels. The scale at the right of the image shows

the count of the x-ray intensity in monochrome gradation

TEM-EDX

A histomorphological image of a cell with chromium uptak
using TEM—EDX is shown in Fig. 4la). The thickness of
the sample was 250 nm. These macrophage cells were
cullured in a chromium solution (40mgl ') for 6 h The
main intracellular elements detected by TEM-EDN were
phosphorus and chromium

The elemental distributions of phosphorus and chromium
within the cells are shown in Fig. 4ib) and (c), respectively
These images were matrices of 256 x 256 pixels of 10 nm
resolution. The ranges of the fuorescent x-rav intensily of
phosphorus and chromium were from U Lo 6h and 0 to 179
counts, respectively, and the logarithms of each value were
divided into 10 levels. Each level of the measured points was
assigned to a corresponding shade of gray and plotted, as
shown in Fig. 4(b) and (). ]"h||_~.51|'|||rll':. and chromium i the
macraphage cell showed identical distribution patterns,

Mhe TEM=EDX magnification image of the phagocytosed
chromium is shown m Fig. 5 This image suggests that
when the chromium atoms are incorporated into the cell,
they aggrepate to macromolecules with a size of aboul

Copynght © 2003 John Wiley £ Sans, Lid

Figure 5. A high-magnification glectran micrograph of Fig. 4 of
the phagoocylosed chromiom within a macrophage ceil.

100 to 300 A, which consist of a cluster of about 10510
atoms of differing clemental constituents, such as carbon,
phosphorus, hydrogen and oxyvgen, in addition to chromium,
The agaregates of this size are mainly observed in the
cell body, outside the cell nucleus, The cells investigated
by TEM-EDX analvsis were living cells before fixing and
sheng, Some of our unpublished work showed that the
degeneration of cells progressed turther when the amount

K-Bariy Specinem, 2003 32: 418422
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of these aggregated particles increased and when these
aggregates were incorporated into the cell nucleus. Elemental
mapping showed an overlay of phosphorus and chromium
in the cell. This suggests that phosphorus combined with
chromium to form macromolecules in the cell.

CONCLUSIONS

We employed a new approach using both SR-XRF and
TEM-EDX imaging techniques for the investigation of the
cell uptake of metal elements. With this approach, we found
that the uptake of chromium ions or complexes causes
characteristic changes in the distribution of the intracellular
elements in macrophages.

The possibility that variations in the densities of the
elements in the cells are permitted within a certain range to
sustain normal conditions after the uptake of foreign bodies
should be considered. However, when density variations of
each element exceed this permitted range, the localization
and overload of elements that occur in the cell may be due
to the interaction between the excessive metal elements and
the matrix elements. The balance of the matrix elements of
the cell is disturbed owing to the exposure of the cell to
chromium.

The trace elements can be detected by SR-XRF analysis.
SR-XRF analysis is a powerful tool for the investigation of
the migration of the elements between the inside and outside
of cells because the whole cell, not just a sliced sample, can
be measured. However, when it is necessary to investigate
the translation of elements and detailed distribution patterns
of elements within a cell, the use of TEM-EDX analysis
is indispensable. By using a focused microbeam from a
synchrotron radiation source and TEM-EDX, new insights
can be obtained for the study of the elemental balance
in single cells and the density fluctuations of the matrix

Copyright © 2003 John Wiley & Sons, 1.td.
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elements which may be related to cell function or the process
of cell death.
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Abstract In the present study the occurrence and distri-
bution of glial fibrillary tangles (GFT) and their related
structures in diffuse neurofibrillary tangles with calcifica-
tion (DNTC) were investigated using Gallyas-Braak (GB)
stain. Six cases neuropathologically diagnosed as DNTC
were studied (two males and four females). The age at death
ranged from 56 to 73 years, with an average of 63.5%
7.5 years. GFT were classified morphologically, and their
immunoreactivites for tau and ubiquitin were examined.
Glial cells with GFT were identified with astrocytes and
oligodendrocytes by immunostain for glial fibrillary acidic
protein and transferrin, respectively. A small number of
coiled bodies detected within the oligodendrocytes in the
white matter of the cerebrum were positive for tau and
ubiquitin. Cell clusters of thorn-shaped astrocytes were
detected in the subcortical and subpial regions where glio-
sis occurred. Thorn-shaped astrocytes were positive for
tau, but negative for ubiquitin. A small number of tuft-
shaped astrocytes detected prominently in the temporal
cortex and amygdala with numerous neurofibrillary tan-
gles were positive for tau and ubiquitin. All three types of
GFT were detected, especially in the temporal and limbic
lobes, which were the most severely affected sites in
DNTC. Moreover, various-shaped neurofibrillary tangles,
aggregated rods and some argyrophilic threads were dif-
ferentiated from GFT. They were positive for GB, but not
detected within the glial cells.
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Introduction

For presenile dementia not diagnosed as either Alzheimer’s
disease (AD) or Pick’s disease (PD), Shibayama et al. [15]
proposed a disease entity with the name non-Alzheimer
non-Pick dementia with Fahr’s syndrome (NANPDF).
The neuropathological findings are temporal lobar atro-
phy, widespread neurofibrillary tangles (NFT) without se-
nile plaques (SP), and calcareous deposition in the brain.
This disease is also well known under the name diffuse
neurofibrillary tangles with calcification (DNTC) [12].
Moreover, a recent study from the viewpoint of tau pa-
thology revealed that NFT in DNTC have the same char-
acteristics biochemically and immunohistochemically as
those in AD [17]. However, aside from NFT, other argyr-
ophilic structures including so-called glial fibrillary tan-
gles (GFT) and their related structures have not received
much mention in the literature so far, GFT are thought to
include abnormally phosphorylated tau products as well
as NFT and are detected at high sensitivity particularly
with Gallyas-Braak’s (GB) silver stain. GFT have been
classified morphologically into three types: thorn-shaped
astrocytes, tuft-shaped astrocytes, and coiled bodies; and
their disease specificities have been studied in cases of
various cytoskeletal disorders [5]. In the present study we
investigated the occurrence and distribution of GFT and
their related structures in DNTC using GB stain and some
immunohistochemical stains, and we discuss the possible
relation of GFT to other neurodegenerative disorders.

Materials and methods

Table 1 shows the six cases examined (two males and four fe-
males) whose age at death ranged from 56 to 73 years (average
63.517.5 years). All cases were consistent with the neuropatholog-
ical criteria for DNTC [12, 15]: (1) circumscribed cerebral atrophy



Table 1 Summury of the sis cases of DNTC (ONTE dilfuse new-
rofibeillury tangles with calcification)

Case ! 2 4 4 3 f
Sy F I M M F M
Ape at death (years) 54 57 56 (i 72 13
Dharation (years) 8 g 4 n g 14

Bratin weight [z] Laacy 10500 12600 1IN 9700 1030

in the temporal andfor frontal lobes, (2) widespread presence of
numerous NFT throughout the neocortex, (3) absence of 5P, (4)
Fatir-type calcification, and (3} moderate or severe demyelination
and fibrous gliosis in the white maner of the atrophied areas,

Clinical symptoms of DNTC are early distarbance of memory,
disorientation, aprasia, agnosia, amnestic aphasia and persevern-
tion suggestive of AD as well as personality change. writability,
sarly signs of disinhibition, bizarre or antisocial hehaviors, repeti-
tive speech or actions, “Denkfautheit™ and an oml tendency sug-
gestive of PD I8, 12, 15]. The clinical courses and neuropatholog-
ical Nindings of all cases in this stwdy have been previously re-
ported in detail [15, 16],

The brains were fixed in 20% buffered formalin and then paraf-
fin-embedded. For routine neuropathological evaluation, 10-um
sections from multiple regions of the brain were stained with
Kliver-Barrera (KB), Holzer and GB stain. For immuonohisto-
chemical evaluation, anti-glial fibrillary acidic protein (GFAP),
anti-transferrin and anti-neuronal nuclei antibodies were used for
double stining with GB to identify astrocytes, oligodendrocytes
and neurons, respectively, and anti-tau and anti-ubiquitin antibod.
ics were used o examine the immunoreactivity of GB-positive
structures i the senial preparations. lmmunostain by end-specific
anti-amyloid B oprotein (AR amibody was used for GB-positive
plaque-like structures to differentiote them from SP.

The primary antibodies employed and their dilutions were as
follows: ann-GFAP, 1:400 (rabbit polyclonal, Dako); anti-transfer-
rim, 12300 (rabbit polyclonal, Dake); anti-neuronal nucles (NeuM),
1:200 (mouse monoclonal, Chemicon): anti-human tau recogniz-
ing the cpitopes of amino acid positions 6373 and 103-130 ac-
cording to the numbering system of human fetal g, 131,000 (rab-
bit polyclonal, provided by Dr. Thara [4]% anti-ubigquiting 1200
irat polyelonal, Dako) and end-specific anti- AR (MBC42y, 1:1.000
tmouse monoclonal, provided by Dr. Yamaguchi [24]).

Thee cerebrom, midbrain, pons and cerebellum were investi-
wated, and the occurrence of GFT in each distributed aren was
rated as: - not detected, + rare, + slight, ++ mild, +++ moderate,
and -+ severe,

Results

A small number of coiled bodies were scattered through-
out the white matter of the cerebrum, but were not de-
tected in either the gray matter or the cerebral basal gan-
glia (Table2). These bodies were GB-positive coil-like

Table2 Distriburion of coiled bodies (+ shight, ++ mild, +++ mod-
erale)

Case I 2 3 4 5 f
Fromtal white maer ++ o+ + 4+ 4
Parietal white matter + 4 &+ T € ek
Temporal white mattier 4 4 4+ +E O+
Insular white nrer + ¥ 4 T S X +F
Cingulate white matjer o + ++  F+ 4+ +
Purahippocampal white 4 = +H A+ b

matter
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Fig. 1 Cailed bodies in white matter of the temporal lobe. a GB-pos-
ive coil-like structure twisting around the pucleus s found
within the oligodendrocyte immunostained brows by anti-transfer-
rin anfibody, by, ¢ These structures are immunostained brown by
anti-tau (b and anti-ubiquitin (¢} antibodies. (GB Gallyas-Braok)
-t =0

structures wrapped around the nucleus. They were de-
tected in the oligodendroglial cytoplasm immunoreactive
to antibody against transferrin by double staining using
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Table3 Distribution of thom-shaped astrocytes (- not detected,
+ rare, + slight, ++ mild, +++ moderate, ++++ severe, NE not
examined)

Case 1 2 3 4 5 6
Frontal lobe * + + = o
Parietal lobe + : = EY + o+
Temporal lobe = e e e S S R
Insular lobe + R
Cingulate gyrus + + + ++ o
Parahippocampal gyrus  + Gdd bbb Add bR R
Hippocampus + ++  * s = = e
Amygdala # NE ++ 4+ NE  whit
Thalamus - - = = - #
Substantia nigra =+ 4 oy + +
Periagueductal gray + + + =+ b +

Fig.2 Cell cluster of thom-shaped astrocyles and astrocytic end-
feet in subcortical white matter of the cingulate gvrus. a GB-posi-
tive inclusions Ml the cytoplasm immunostained frews by the
anti-GFAP antibody. Thom-shaped astrocytes show the appeor-
ance of reactive astrocytes and extend perivascular astrocytic end-
feet. b They are immunostzined brows by anti-tau antibody.
{GFAFP glial Abrillary acidic protem) a, b =600

GB and transferrin (Fig. la). Coiled bodies in the white
matter were positive for both tau and ubiguitin (Fig. 1b, ¢,

Tahled Distribution of tuft-shaped astrocytes (- not detected,
* rare, + slight, ¥E not examined)

Caze |

L=
Tad
-
LA
o

H

Frontal cortex

Parietal conex
Temporal corles
Insular corex

Cingulate cortex
Parshippocampal cortex
Hippocampus
Amygdala

Thalamus

Substantia nigri - -
Periaqueductal gray

HH L+
Z Mok
+ o+ B+ H+

H o+ W+ H+ + 4+
++ +HE 4+

LR £

]

|
.

]
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Cell clusters of thom-shaped astrocytes and perivascu-
lar astrocytic end-feet were observed in the subcortical
and subpial regions of the temporal, frontal, insular,
parahippocampal and cingulate gyri, where prominent
gliosis and demyelination were revealed by Holzer and
KB stain, respectively (Table 3). Morphologically, thorn-
shaped astrocytes showed short, thick processes positive
for GB, and contained a relatively clear eccentric nucleus
resembling that of reactive astrocytes, Double staining of
thorn-shaped astrocytes using GB and GFAP revealed
GB-positive inclusions in the GFAP-positive cytoplasm
{Fig. 2a). Thom-shaped astrocytes and perivascular astro-
cytic end-feel were positive for tau (Fig. 2b), but negative
tor ubiqguitin,

A small number of tufi-shaped astrocytes were occa-
sionally detected especially in the frontal, temporal, insu-
lar and parahippocampal cortices as well as in the amyg-
dala where many NFT were also observed (Table 4). Dou-
ble staining of the tufi-shaped astrocytes using GB and
GFAP revealed GB-positive fibrous tufted structures in
the GFAP-positive cytoplasm (Fig. 3a). Tult-shaped astro-
cytes were positive for tau and ubiguitin (Fig. 3b, ), but
negative for MBC42. No astrocytic plaques were detected.

These three types of GFT were seldom detected in the
caudate nucleus, putamen, pallidum, pons and cerebellum
including the areas where calcareous depositions were
frequently observed.

In addition, some GB-positive structures distinct from
GFT were detected. Numerous NFT and argyrophilic threads
were observed throughout the cerebral cortical layers, es-
pecially in the hippocampus and the temporal, insular,
cingulate, rectal and orbital gyri. The shapes of NFT were
usually flame-like but often coil-like around the nucleus.
Since the neurons containing coil-like NFT were negative
for transferrin and positive for NeuN, the coil-like NFT
were differentiated from coiled bodies (Fig, 4a. by, NFT
were observed also in the nucleus basalis of Meynert,
amygdala, thalamus. substantia nigra, and periaqueductal
gray. NFT in these subcortical nuclei were rather globular
in shape, NFT and argyrophilic threads were positive for
both tau and ubiguitin,

Mumerous argyvrophilic threads were detecred in the
cerebral cortex, and some with dendritic shapes were of-



Fig. 3 Tuft-shaped astrocyies in the iemporal contes, a GBE-posi-
tive tofts are contained in GFAP-positive cytoplasm. b, ¢ They are
mmmunostamed brenwn by the anti-taw (b and ant-abiguitio (e} an-
tibodies, a—e <600

ten found within the astrocytes, whereas threads in the
white matter were not dendritic in shape, suggesting that
they were confined to the ohgodendrocytes (Fig. Sa. b,
However. it was difficult on the light microscopic level to

Fig. 4 Coil-like NFT stained by GB ure differentisted from coiled
bodies in that the cells contaming NFT are not stained by anti-
transferrin antibody {a), but rather stained brown by anti-neuronal
nuelei antibody (b} (NFT neurofibrillary 1angles) a, bx3(K)

determine whether the origin of these threads was neu-
ronal or glial.

Aggregations of GB-positive rod-like structures and
granules around degenerated neurons were detected in the
thalamus and hippocampus in cases 4 and 3, but had no
relation to either oligodendrocytes or astrocytes (Fig. 6a, b)
and were positive for both tau (Fig. 6¢) and ubiquitin, but
negative for MBC42. These aggregated rods were thought
to be degenerated axons of neurons,

Discussion

Ar present, glial cells, both oligodendrocyies and astro-
eyies, are assumed 1o be capable of producing GFT. which
have antigenic and ultrastructural features similar to those
uhserved in neurons, such as NFT, in cases of progressive
supranuclear palsy (PSP) [13], corticobasal degeneration
(CBD} [21] and AD |14}, and Pick bodies in PD [7, 25].
(GFT show some characteristic configurations owing to the
shapes of the glial cells fi.e., coil-like in ohigodendrocytes




Fig.5 a Argyrophilic threads in the cortex are dendritic in shape
and some of them are detected in the dendrites of astrocyles im-
munostained brown by anti-GFAP antibody. b Argyrophilic
threads in the white matter are not dendritic. Oligodendrocytes are
immunostained brown by anti-transferrin antibody, a, b <300

and thorn- or wft-like in astrocytes). However, intracyto-
plasmic globular inclusions of oligodendrocytes and as-
trocytes are detected in PD |7, 25].

Braak and Braak first reported observing coiled bodies
in argyrophylic grain dementia (AGD), but not in AD or
PD [1]. However, since then coiled bodies have been de-
tected in PSP [9], CBD [21], AD [14, 22] and PD [7, 22]
under such terms as oligodendroglial microtubular masses
and oligodendroglial fibrillary tangles. No coiled bodies
have yet been observed in non-neurologically diseased
brains. Cailed bodies were shown ta be positive for tau
and ubiquitin in AD, PD and AGD [14, 221, and positive
for tau but negative for ubiquitin in CBD [21]. The im-
munareactivities for tau and ubiquitin of coiled bodies in
DNTC are similar to those in AD. PD and AGD,

Coiled bodies in AD are topographically distributed
mainly in the subcortical white matter of the frontal and
temporal lobes [14]. The occurrence of coiled bodies has
not been associated with myelin damage in the surround-
ing white matter [ 14]. Yamada and McGeer reported that

Fig.6 Aggregations of GB-positive rods and granules around de-
generated neurons in the thalamus, a, b GB-positive structures
have no relation with either astrocyles or oligodendrocytes im-
munostained by anti-GFAP [a) or anti-transfermin (b) antibodics.
¢ They are mmunostained feown by anti-tau antibody, a-c =300

coiled bodies oceur in processes projecting towards dam-
aged axons, suggesting the possibility of a secondary re-
action caused by the degeneration of myelinated axons,
such bodies are frequently observed in the cerebral gray




and white matter in AGD, PD, but only infrequently in
AD [22]. In AGD many coiled bodies are also seen in
subcortical structures, including the white matter, thala-
mus, striatum, substantia nigra and brainstem reticular for-
mation [22]. In DNTC, as well as in AD, the coiled bod-
ies are mostly distributed in the subcortical white matter
and only rarely in other regions. The distribution and oc-
currence of coiled bodies seem to approximately coincide
with those of corresponding cortical changes irrespective
of the severity of gliosis and demyelination in the white
matter. In DNTC in the present study, coil-like inclusions
were observed in the cerebral gray matter, but were con-
tained in the neurons rather than in the glial cells follow-
ing double immunostaining with GB for neuron and glial
cell identification. Consequently, they were regarded as
NFT in the neurons, rather than GFT in the glial cells.

The oligodendroglial inclusions reported include wavy
and globular type oligodendroglial fibrillary tangles in PD
[7] and glial cytoplasmic inclusions in multiple system at-
rophy [14]. However, they are clearly distinguishable from
coiled bodies morphologically, immunohistochemically and
ultrastructurally {7, 14].

Thorn-shaped astrocytes, which are presumed to be a
secondarily induced product in relation to astrocytic reac-
tion, have no obvious disease specificity, and are com-
monly observed in von Economo encephalitis and demen-
tia pugilistica, but less commonly in AD, PSP, PD and the
aged brain showing a normal range of NFT [6]. Therefore,
the presence of neuronal cytoskeletal abnormality seems
to be a prerequisite condition for the formation of thorn-
shaped astrocytes, although there is no relation between
the frequency with which NFT and thorn-shaped astro-
cytes appear [6]. Except for an occasional occurrence in
the deep cortical layer, the distribution of thorn-shaped as-
trocytes is confined to the subpial and subependymal re-
gions where strong marginal gliosis is known to generally
occur [6]. In DNTC, thorn-shaped astrocytes are observed
instead in the subcortical white matter where gliosis oc-
curs. In the present study, the distribution and occurrence
of thorn-shaped astrocytes mostly coincided with the dis-
tribution and severity of gliosis.

Tuft-shaped astrocytes were first described as star-like
tufts of fibers, and were seen in PSP, particularly in layers
I, V and VI of the precentral gyrus [3]. Yamada et al. [23]
reported that tuft-shaped astrocytes were observed pre-
dominantly in the striatum and thalamus, moderately in
the frontal cortices, not at all in white matter, and not
abundant in areas of heavy neuronal degeneration. They
found that, immunohistochemically, such astrocytes were
positive for Tau-2 Alz-50 and PHF, negative for ubiquitin,
and were contained in GFAP-positive astrocytes with
paired nuclei. Tuft-shaped astrocytes were detected exclu-
sively in PSP and did not coexist with astrocytic plaques,
which are a separate astrocytic inclusion specific to CBD
[11]. Morphologically, tuft-shaped astrccytes in DNTC
were apparently different from NFT but indistinguishable
from those in PSP. However, those in DNTC were thought
to be different structures in some respects from those in
PSP. With regard to their distribution, tuft-shaped astro-
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cytes were detected predominantly in the temporal and
parahippocampal cortices and amygdala, where many NFT
were especially detected in DNTC [19], and their number
in DNTC was relatively small compared with that in PSP
in which GFT are thought to primarily occur. From an im-
munohistochemical aspect, tuft-shaped astrocytes in DNTC
were positive for ubiquitin, and for that reason were dif-
ferentiated from those in PSP. These differences between
DNTC and PSP might be due to tau pathology. Six tau
isoforms found in the human brain contain either three
(3R) or four microtubule-binding domains (4R), and in
DNTC as well as in AD all six isoforms are abnormally
phosphorylated and aggregate into paired helical fila-
ments, while in PSP only 4R-tau isoforms aggregate into
straight filaments [2, 17].

Argyrophilic threads exhibit morphological and distri-
butional differences among AD, CBD and PSP. With re-
spect to their morphology, threads in PSP are distinctively
different from dendritic threads in AD [10]. The density
of threads is high in the cerebral cortical layer V in AD
and CBD, while in PSP it is high in the subcortical white
matter where only axons are present, which is why most
threads in PSP are thought to be oligodendroglial rather
than neuronal in origin [10]. According to this specula-
tion, argyrophilic threads in DNTC are presumed to be
oligodendroglial in origin in white matter, but it is diffi-
cult to differentiate their origin in gray matter on the light
microscopic level. Recently, in deep layers of the cortex
and subcortical white matter, GB-positive intra-astrocytic
threads in and around plaque-like structures were reported
in DNTC, and were suggested to be associated with astro-
cytes and small-vessel walls [18].

Moreover, aggregations of GB-positive rod-like struc-
tures in the thalamus and hippocampus were reported as
noteworthy findings in other DNTC cases [20]. They were
considered to be swollen terminals of degenerated axons
afferent to the thalamus and hippocampus. Additional cases
should be examined to determine whether aggregated rods
are characteristic of DNTC.

To sum up, the three types of GFT were all detected,
especially in the temporal lobe and limbic lobe including
the cingulate and parahippocampal gyri, hippocampus and
amygdala, but seldom in the caudate nucleus, putamen,
pallidum, pons or cerebellum. These GFT areas were the
most severely affected sites in DNTC, and NFT or gliosis
were also detected in the same areas, suggesting the pos-
sibility that GFT were secondarily formed by neuronal de-
generation, rather than by the calcification that is another
neuropathological feature in DNTC. The localization of
lesions could account for clinical symptoms such as dis-
turbance of memory, aphasia, irritability, disinhibition and
oral tendency. Concerning statistical analysis, it would be
inappropriate to evaluate the relationship between the dis-
tribution of each GFT and the age at onset or between the
duration am-ng DNTC and other diseases, since the num-
ber of samples in this study was too small to detect any
significant difference. Nevertheless, coiled bodies and
thorn-shaped astrocytes are at least thought not to be spe-
cific to DNTC, since the similar structures have been re-
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ported in many other neurodegenerative disorders. Further
study are necessary to assess the disease specificity of
tuft-shaped astrocytes.
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Analysis of Sex, Age and Disease Factors Contributing to Prolonged Life

Expectancy at Birth, in Cases of Malignant Neoplasms in Japan

Tomoyuki Watanabe,' Masako Omori," Hiromi Fukuda,' Hiroki Takada,? Masaru Miyao,’
Yutaka Mizuno,* Isao Ohsawa,’® Yuzo Sato,® and Toshihiko Hasegawa.®

BACKGROUND: This study aimed to examine the contribution made by the change in mortality from
malignant neoplasms to the life expectancy at birth, observed during the years 1965-1995 in Japan.
METHODS: We used data on the population and number of deaths by cause, age and sex in 1965,
1975, 1985 and 1995. The contribution of different ages and causes of death to the change in life
expectancy were examined with the method developed by Pollard. .

RESULTS: We found that, among all causes, the decrease of mortality from stomach cancer led to
the greatest improvement in life expectancy for both sexes. On the other hand, negative contributions
were seen with cancers of many sites, such as cancer of the intestine, liver and lung for males, and
cancer of the intestine, gallbladder, lung and breast for females. Recently, the contributing years of all
cancers have been negative because of the increase in mortality from malignant neoplasms. In addi-
tion, increase of death from malignant neoplasms in middle-aged and elderly people negatively influ-
enced the life expectancy at birth.

CONCLUSIONS: Female cancer influenced the improvement in life expectancy at birth. Cancer for
males, however, contributed little to improvement of life expectancy at birth except for a little prolonga-
tion of life expectancy at birth during the years 1965-1975. To develop a public health policy, the con-
tributing years to life expectancy at birth can be a useful indication in evaluating the impact of death
from various diseases. It is necessary to analyze the contribution made by various causes of death to

the changes of life expectancy at birth.
J Epidemiol 2003;13:168-175.

Keywaords: life expectancy, malignant neoplasms, mortality

In Japan, the leading causes of death have changed dramatical-
ly over the past several decades, from infectious diseases such as
tuberculosis in earlier years to cancer, cerebrovascular disease
and cardiovascular diseases today. As a result of greatly overcom-
ing various diseases such as infectious diseases and cerebrovascu-
lar and cardiovascular diseases, life expectancy at birth among
Japanese has been the longest in the world since 1984, and longer
than at any time in history.! However, malignant neoplasms have
been the leading cause of death among Japanese since 1981 and
continue to show upward trends today, despite various measures

against cancer. In 2000, the number of deaths from malignant
neoplasms among Japanese was 295 484, accounting for about
30% of the total.? Cerebrovascular disease had long been the lead-
ing cause of death until it began decreasing greatly in the latter
1960s. In 1981, it was overtaken by malignant neoplasm and
became the second leading cause of death. Since then, it has con-
tinued to decline, and today ranks third among causes of death.
Heart disease, formerly third among the causes of death, became
the number two cause of death in 1985. It showed a temporary
decline in recent years, but has now regained its former high posi-
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tion.” Compared with other countries, a greater decline in cancer
mortality over the last few years has been reported in the
European Union.** A similar decline in cancer mortality has been
observed in the United States of America,”” but cancer mortality
among Japanese has moved upward.

Life expectancy at birth among Japanese continues to increase,
despite the upward trend in mortality rates from malignant neo-
plasms seen in Japan today. In other words, the change in mortali-
ty from malignant neoplasms is not a factor in the improvement
of life expectancy at birth. Malignant neoplasms may, however,
prevent the prolongation of life expectancy at birth. To evaluate
the influence of each disease on the change of life expectancy at
birth, several studies have investigated and analyzed the contribu-
tions to changes in life expectancy at birth by cause of death and
age group.*'® Although there have been almost no such studies in
Japan, we reported the contributions of change in circulatory dis-
ease mortality to the life expectancy at birth among Japanese,
observed during the years 1955-1995."

In this study, we examined the contribution of different age
groups and causes of death, especially malignant neoplasms, to
the change in life expectancy at birth.

METHODS

To study the contribution of change in mortality from malig-
nant neoplasms to the life expectancy at birth by age, we classi-
fied the data into 5 groups according to subject age as follows: 0-
14, 15-44, 45-64, 65-74, and 75 years or over. The basic data used
in the present study to analyze the contributions in these 5 groups
were population size and the number of deaths by cause, age (5-
year groups), and sex in 1965, 1975, 1985, and 1995 from the
vital statistics of Japan.'*** Life expectancies were estimated from
the complete life tables in 1965, 1975, 1985, and 1995.' We ana-
lyzed the changes in cause of death for each of the following 10-
year periods: 1965-1975, 1975-1985, and 1985-1995. All the dis-
eases examined were cancers; namely, cancers of the stomach;
small intestine including the duodenum and colon (intestine); rec-

Table 1. Classification of causes of death by malignant neoplasms

Malignant Neoplasms and Life Expectancy

tum, rectosigmoid junction and anus (rectum); liver and intrahep-
atic bile ducts (liver); gallbladder and extrahepatic bile ducts
(gallbladder); trachea, bronchus and lung (lung); breast; uterus;
prostate and other sites. The causes of death were classified
according to the International Classification of Diseases and
Causes of Death (ICD) as shown in Table 1.

When a life table was applied at the two time points ti and tz,
the difference in life expectancy at birth es*-eo’ depended on the
changes in mortality for each age group at the two time points.
Thus, using the method of Pollard,'*'” we were able to evaluate
the differences in life expectancy at birth at these two times pro-
duced by changes in mortality from different causes of death. The
method of Pollard is based on the concept that the difference in
life expectancy at birth between two time points can be calculated
by summing the difference of appropriately weighted mortality by
cause and age at the two points of time.

Thus, we weighted changes in life expeciancy against changes
in mortality by malignant neoplasms, and calculated this as con-
tributing years.

The following approximate formula can be used to analyze
change in life expectancy at birth according to mortality trends by
age and cause:

e-g' = ‘E (mg®' - mg®? ywo+ 4 .2 (em, @' - ;m,P)w,
+5 ,z (sms - ;myB2 yw, 5+ 5 .E (smyg® - smy D)Wy 5400

with w,=1/2 (,poe,! +,po'el ), ;m,® =,m, (,D,”/.D,)

where the suffixes 1 and 2 on the life table functions and mortali-
ty rate refer to times 1 and 2; ppx, (px® is the probability of survival
t years from x at times 1 and 2, respectively; ex', ex is the expec-
tation of life at age x; and nmx®', amx™ is the central mortality rate
for cause i in an age interval (x, x+n-1) at times 1 and 2, respec-
tively. nDx is the number of deaths from all causes in an age inter-
val (X, x+n-1), and «Dx" is the number of deaths by cause i in an
age interval (x, x+n-1). Finally, wt is the weight function.

Calendar year (ICD version)

. . 1965 1975 1985 1995
Site of malignant neoplasm
(ICD-7) (ICD-8) (ICD-9) (ICD-10)
Stomach 151 151 151 Cl16
Small intestine, including duodenum and colon 152 and 153 152 and 153 152 and 153 C17 and C18
Rectum, rectosigmoid junction and anus 154 154 154 C19-C21
Liver and intrahepatic bile ducts 1350, 155.8, 155, 1977, 155 C22
and 156 and 197.8 and 199.1c
Gallbladder and extrahepatic bile ducts 155.1 156 156 C23 and C24
Trachea, bronchus and lung 162 and 163 162 162 C33 and C34
Breast 170 174 174 and 175 C50
C51-C55,
Uterus 171-174 180-182 179-182 and C58
Prostate 177 185 185 C61
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We could calculate life expectancy at birth by integrating the
force of mortality (or instantaneous death rate) at age x. By divid-
ing the age range [0, « ) into the short intervals {0,1), [1,5),
[5,10), [10,15) ---(where “[a,b)” represents “a=x<b”), this inte-
gral was approximated for each short interval. We could calculate
the contributing years by cause, using the central mortality rate
weighted by the proportion of the number of deaths from malig-
nant neoplasms against the number of deaths from all causes.

A positive contribution indicates that a mortality reduction in
the relevant age group contributes to an increase in life expectan-
cy at birth, whereas a negative contribution indicates that a mor-
tality increase contributes to a reduction in life expectancy at
birth. For this paper, we estimated the contributions of malignant
neoplasms to changes in life expectancy by age group and cause
of death.

RESULTS

Table 2 shows the contributing years for age and sites of malig-
nant neoplasms from 1965 to 1995 for males and females, respec-
tively. The contributing years of all causes to the changes of life
expectancy at birth were 3.931 years (1965-75), 3.057 years
(1975-85) and 1.587 years (1985-95) in males and 3.913 years
(1965-75), 3.614 years (1975-85) and 2.346 years (1985-95) in
females. The total improvement of life expectancy at birth
showed downward trends in both sexes. The contribution of
malignant neoplasms accounted for 1.8% (1965-75), -2.7%
(1975-85) and -2.3% (1985-95) in males and 5.2% (1965-75),
5.8% (1975-85) and 6.6% (1985-95) in females. Therefore, the
contributions of malignant neoplasms to the changes of life
expectancy at birth were small during the years 1965-1995.

The contributions of death from all cancers to the change in life
expectancy at birth between 1965 and 1975 were 0.070 years for
males and 0.202 years for females. In terms of the sites of malig-
nant neoplasms, the contributing years for stomach cancer was the
largest for males (0.221 years) and females (0.157 years). The
major causes showing a positive contribution were uterine cancer
(0.105 years) and liver cancer (0.033 years) for females. On the
other hand, male lung cancer (-0.080 years) and female gallblad-
der cancer (-0.031 years) had the largest negative contribution.
Other large negative contributions were due to intestinal cancer
(-0.023 years) for males, and cancer of the breast (-0.025 years)
and lung (-0.022 years) for females.

By age group, a negative contribution was seen among the mid-
dle-aged and elderly in both sexes. The majority of the positive
contribution was accounted for by stomach cancer in age 45-64
(males: 0.140 years, females: 0.086 years). Death from male lung
cancer in age 65-74 and female breast cancer in age 45-64 was the
major factor shortening life expectancy, -0.038 years and -0.016
years, respectively.

The contribution of total cancer to the changes of life expectan-
cy at birth between 1975 and 1985 was -0.083 years among males
and 0.211 years among females. Cancer in males showed a nega-

tive contribution during this decade. Stomach cancer in both sexes
showed the largest weight in improvements in life expectancy
(0.287 years and 0.236 years, males and females, respectively), as
is the case with the years 1965-75. Female uterine cancer (0.099
years) and rectal cancer (0.017 years) were the major causes con-
tributing positively. A negative contribution with the largest
weight was seen in lung cancer (-0.126 years), liver cancer
(-0.121 years) and intestinal cancer (-0.042 years) for males and
cancer of lung (-0.043 years), gallbladder (-0.040 years) and
intestine (-0.038 years) for females.

By age, stomach cancer at ages 45-64 in both sexes accounted
for the majority of the positive contribution to the changes of life
expectancy at birth (males: 0.128 years, females: 0.098 years).
Conversely, the major factors for reduced life expectancy at birth
were liver cancer in the 45-64 age group for males (-0.093 years)
and lung cancer in the 75 years and older age group for females
(-0.025 years). '

The number of years contributed by age group during the years
from 1985 to 1995 showed a decrease for males (-0.037 years)
and increase for females (0.155 years). The major cause of death
showing a positive contribution was stomach cancer in both sexes
(males: 0.215 years, females: 0.204 years). Other causes con-
tributing positively were uterine cancer (0.036 years) and cancer
of the gallbladder (0.019 years) in females. The leading causes
showing reduction of life expectancy at birth were liver cancer
(-0.069 years) in men and breast cancer (-0.050 years) in women.
In addition, lung cancer (-0.064 years) and intestinal cancer
(-0.049 years) for males and cancer of the intestine (-0.031 years)
and liver (-0.030 years) for females contributed negatively to the
changes of life expectancy at birth.

By age, reduction of mortality from stomach cancer among the
45-64 age group made the most positive contribution in both
sexes (males: 0.099 years, females: 0.068 years). Conversely, the
major causes and age groups showing a negative contribution
were liver cancer in the 65-74 age group for males (-0.055 years)
and breast cancer in the 45-64 age group for females (-0.033
years).

DISCUSSION

In this study, we evaluated the contribution of the change in
mortality from malignant neoplasms to the life expectancy at birth
during the years 1965-1995 in Japan. The decreased mortality
from stomach cancer for both sexes had a great impact on the
improvement in life expectancy. On the other hand, factors show-
ing a negative contribution by increasing mortality were cancer of
the intestine, liver and lung for males, and cancer of the intestine,
gallbladder, lung and breast for females. Negative contributions
were seen for cancers of many sites in both sexes. In recent years,
the contributing years of all cancers has been negative because of
an increase in mortality from malignant neoplasms. As a result of
an analysis similar to ours, Ngongo et al. reported the negative
contribution of lung cancer for both sexes and breast cancer for
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Table 2. Contributions of changes in mortality from malignant neoplasms to life expectancy at birth between 1965 and 1995

Male Female
Age (year)
1965-1975 1975-1985 1985-1995 1965-1975 1975-1985 1985-1995
All causes
0-14 0.944 0.587 0.146 0.786 0.457 0.120
15-44 - 0.582 0.491 0.239 0.546 0.353 0.133
45-64 1.085 0.573 0.423 0.950 0.708 0.304
65-74 0.809 0.810 0.253 0.834 0.860 0.483
75- 0.511 0.596 0.526 0.797 1.236 1.306
Total 3.931 3.057 1.587 3913 3.614 2.346
All cancers
0-14 0.006 0.017 o011 0.004 0.012 0011
15-44 0.013 0.040 0.041 0.047 0.058 0.049
45-64 0.088 -0.040 0.060 0.142 0.138 0.053
65-74 0.001 0.009 -0.082 0.033 0.065 0.058
75- -0.038 -0.109 -0.068 -0.023 -0.062 -0.017
Total (% %) 0.070 (1.8) -0.083 (-2.7) -0.037 (-2.3) 0.202 (5.2) 0.211(5.8) 0.155 (6.6)
Stomach
0-14 0.000 0.000 0.000 0.000 0.000 0.000
15-44 0019 0.032 0.023 0.017 0.034 0.035
45-64 0.140 0.128 0.099 0.086 0.058 0.068
65-74 0.062 0.103 0.058 0.049 0.077 0.054
75- 0.001 0.023 0.035 0.00s 0.026 0.047
Total (%) 0.221 (5.6) 0.287 (9.4) 0.215 (13.6) 0.157 (4.0) 0.236 (6.5) 0.204 (8.7)
Intestine 2
0-14 0.000 0.000 0.000 0.000 0.000 0.000
15-44 -0.003 0.001 0.001 -0.005 0.000 0.002
45-64 -0.010 -0.019 -0.013 -0.008 -0.015 -0.009
65-74 -0.006 -0.012 -0.021 -0.006 -0.009 -0.007
75- -0.005 -0.012 -0.016 -0.005 -0.014 -0.018
Total (%) -0.023 (-0.6) -0.042 (-1.4) -0.049 (-3.1) -0.023 (-0.6) -0.038 (-1.0) -0.031(-1.3)
Rectumn **
0-14 0.000 0.000 0.000 0.000 0.000 0.000
15-44 0.004 0.004 0.004 -0.002 0.005 0.002
45-64 -0.003 -0.010 -0.010 -0.002 0.004 0.002
65-74 -0.003 0.001 -0.007 0.000 0.006 0.003
75- -0.002 -0.002 0.002 -0.003 0.003 0.003
Total (%) -0.012 (-0.3) -0.008 (-0.2) -0.011 (-0.7) -0.007 (-0.2) 0.017 (0.5) 0.010(0.4)
Liver **
0-14 0.000 0.000 0.000 0.000 0.000 0.001
15-44 -0.001 -0.001 0.005 0.003 0.003 0.003
45-64 -0.007 -0.093 -0.007 0.017 0.003 -0.002
65-74 -0.001 -0.018 -0.055 0.010 0.003 -0.021
75- 0.002 -0.009 -0.013 0.003 -0.002 -0.009
Total (%) -0.008 (-0.2) -0.121 (-4.0) -0.069 (-4.4) 0.033 (-0.8) 0.007 (0.2) -0.030 (-1.3)
Galibladder **
0-14 0.000 0.000 0.000 0.000 0.000 0.000
15-44 0.000 -0.001 0.001 -0.001 -0.001 0.002
45-64 -0.004 -0.004 0.000 -0.010 -0.006 0.012
65-74 -0.005 -0.010 -0.001 -0.013 -0.012 0.010
75- -0.003 -0.012 -0.007 -0.007 -0.022 -0.005
Total (%) -0.013¢-0.3) -0.027(-0.9) -0.007(-0.5) -0.031(-0.8) -0.040(-1.1) 0.019(0.8)
Lung **
0-14 0.000 0.000 0.000 0.000 0.000 0.000
15-44 -0.001 -0.004 0.000 0.001 -0.001 -0.001
45-64 -0.023 -0.027 -0.001 -0.006 -0.005 -0.008
65-74 -0.038 -0.041 -0.029 -0.010 -0.012 0.003
75- -0.018 -0.054 -0.034 -0.007 -0.025 -0.017
Total (%) -0.080(-2.0) -0.126(-4.1) -0.064(-4.0) -0.022 (-0.6) -0.043 (-1.2) -0.024 (-1.0)
Breast
0-14 0.000 0.000 0.000 0.000 0.000 0.000
15-44 0.000 0.000 0.000 -0.005 -0.006 -0.007
45-64 0.000 0.000 0.000 -0.016 -0.011 -0.033
65-74 0.000 0.000 0.000 -0.002 -0.005 -0.006
75- 0.000 0.000 0.000 -0.001 -0.001 -0.005
Total (%) 0.000 (0.0) 0.000 (0.0) 0.000 (0.0) -0.025 (-0.6) -0.023 (-0.6) -0.050 (-2.1)
Uterus
0-14 - 0.000 0.000 0.000
15-44 - 0.028 0.009 -0.001
45-64 - 0.062 0.059 0.016
65-74 - - 0.012 0.026 0.014
75- - 0.002 0.005 0.007
Toual (%) - - 0.105 (2.7) 0.099 (2.8) 0.036 (1.5)
Prostate
0-i4 0.000 0.000 0.000 -
15-44 0.000 0.000 0.000
45-64 -0.001 0.000 -0.003 -
65-74 -0.002 -0.003 -0.008 - -
75- -0.003 -0.010 -0.012 - -
Total (%) -0.005(-0.1) -0.012(-0.4) -0.023(-1.4) - - -
Other sites
0-14 0.005 0.017 0011 0.003 0.012 0.011
15-44 -0.003 -0.015 -0.022 -0.033 -0.032 -0.023
45-64 -0.086 0.043 -0.053 -0.120 -0.116 -0.034
65-74 -0.002 -0.003 0.073 -0.037 -0.063 -0.038
75- 0.035 0.093 0.056 0.016 0.042 0.007
Total (%) -0.075(-1.9) 0.066(2.2) 0.020(1.2) -0.184 (-4.7) -0.204 (-5.6) -0.122 (-5.2)

Values and percentages in this column may not add up exactly to the total number and 100% because of rounding, respectively

In this study, we excluded the sites of cancer for which the contribution from changes in malignant neoplasm mortality against changes in life expectancy from atl

causes of death was small (under about 1%) during each of the 10 years
*! The proportion of the contribution from changes in malignant neoplasm mortality against changes in life expectancy from all causes of death.
*? Intestine: Small intestine. including duodenum and colon
** Rectum: Rectum, rectosigmoid junction and anus

% Liver: Liver and intrahepatic bile ducts

% Gallbladder: Gallbladder and extrahepatic bile ducts
“* Lung: Trachea, bronchus and lung
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females to the changes of life expectancy at birth in Italy during
1980-1992."° Their results showed the same trends as in our study.

Stomach cancer contributed positively to the changes of life
expectancy at birth in both sexes among all age groups. As the
contributing years at age 45-64 was the highest of all age groups,
the mortality from stomach cancer in middle age was decreased.
Many studies have reported a continuing decline in mortality
from stomach cancer in various countries including Japan.'**
However, deaths from stomach cancer account for the majority of
cancer deaths recently. The number of deaths from stomach can-
cer in young and middle aged groups has decreased, but the num-
ber of deaths in elderly groups remains high. In fact, Levi report-
ed that Japanese mortality from stomach cancer at age 65-84
years was the highest in the industrialized countries in the early
1990s.2

The contribution of cancer of the intestine among Japanese has
been negative for both sexes. The contributing years at age 45
years or over were negative. Intestine cancer at age 45-64 showed
the most negative contributions during the years 1965-1985 in
both sexes. However, the age groups showing the most negative
contributions shifted to age 65-74 for males and 75 years or over
for females during the years 1965-1985. In Russia, intestinal can-
cer mortality showed an upward trend as in Japan.” Conversely,
colon cancer mortality in the USA has showed a downward trend
recently.

Lung cancer contributed negatively to the changes of life
expectancy at birth in those aged 15 years or over in both sexes.
The negative contribution was the highest at age 65-74 during the
years 1965-1975 and at age 75 years or over during the years
1975-1995. In Europe as in Japan, mortality from lung cancer has
showed an upward trend for both sexes over the last 40 years.
Lung cancer mortality at age 35-64 years, however, showed a
downward trend for both sexes in Spain, Italy and the United
Kingdom, contrary to Japan.”' In the USA, lung cancer mortality
for females showed an upward trend, while male lung cancer
mortality showed a downward trend recently ™

Male liver cancer contributed to the largest reduction of life
expectancy at birth at age 45-64 during the years 1965-1985 and
at age 65-74 during the years 1985-1995. Female liver cancer dur-
ing the years 1965-1985 contributed to an improved life expectan-
cy at birth among almost all age groups while liver cancer for
females showed a negative impact at age 45 years or over during
the years 1965-1985. In Japan, liver cancer mortality for both
sexes began to increase in the late 1970s.” Afterwards mortality
from liver cancer showed an upward trend for males and was gen-
erally flat for females. In the last 20 years, mortality from hepato-
cellular carcinoma has shown upward trends in Japan, the UK,
France and the USA.*™

The changes in mortality from uterine cancer among almost all
age groups contributed to the large improvement of life expectan-
cy at birth during the years 1965-1995. Especially, uterine cancer
showed the largest contribution at 45-64 age groups. One of the
reasons was that uterine cancer mortality among Japanese showed

a continuous downward trend, as in Europe and the USA *'**

The contribution of cancer of the breast at age 15 years or over
has been negative during the years 1965-1995. The negative con-
tributing years were the largest in the 45-64 age group. Breast
cancer mortality at age 20-69 years declined by 22% in the UK
and 19% in the USA between 1981 and 1997.* In the European
Union as a whole, the overall age-adjusted mortality rate from
breast cancer showed a downward trend in recent years.™ “An
increase of mortality from breast cancer among Japanese, howev-
er, was a factor reducing life expectancy at birth.

Using the method of Pollard, we could evaluate the extent to
which changes of mortality in two different time periods influ-
enced the changes in life expectancy at birth by cause and age
group. Moreover, this method provides a more accurate estimate
of the influence on contributing years by weighting deaths occur-
ring at younger ages more heavily than those occurring in older
age groups.”" In this study, we found that the positive or nega-
tive contribution of malignant neoplasms to the changes of life
expectancy at birth was much larger in elderly people than in
young people. This is the reason mortality from malignant neo-
plasms among elderly groups produced remarkable positive or
negative changes of life expectancy at birth, while cancer mortali-
ty among younger age groups has little impact on changes of life
expectancy.

Improvement of measures to overcome cancer such as stomach
cancer screening and treatment lead to an increased life expectan-
cy at birth in young and middle aged people under 64 years old.
However, the contribution of cancer has been negative for males
65 years or over and female 75 years or over, and the proportion
of aged people dying from cancer has increased. One method to
estimate the contributions by cause of death is known as the
potential gains in life expectancy by complete elimination of a
specific cause of death.* ¥ The potential gains are regarded as the
expectation of life lost by death from cancer. This means that the
impact of death from cancer on life expectancy becomes larger as
potential gains increase. The potential gain in life expectancy at
birth (life expectancy at age 0) by elimination of deaths from can-
cer ranked second behind that from elimination of cerebrovascu-
lar disease in 1965 (males: 2.02 years, females: 1.98 years). Since
then, it has continued to increase remarkably, and ranked first in
1995 (males: 3.84 years, females: 2.76 years). The potential gains
in life expectancy at age 65 by elimination of deaths from cancer
were estimated at 1.07 years for males and 2.69 years for females
in 1965 against 2.69 years and 1.72 years for males and females
in 1995, respectively.! Compared with the potential gains in life
expectancy at birth by elimination of deaths from cancer, the
potential gains in life expectancy at age 65 were large. It is sug-
gested that a high proportion of aged people died from cancer.

In conclusion, female cancer influenced the improvement in
life expectancy at birth. Cancer in males, however, contributed lit-
tle to improvement of life expectancy at birth except for a little
prolongation of life expectancy at birth during the years 1965-
1975. Quantitatively evaluating the burden of diseases in a popu-
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lation and computing the potential impact on deaths from various
diseases such as cancer is important in the development of a pub-
lic health policy. Therefore, the contributing years to life
expectancy at birth can be a useful indicator in evaluating the
impact of death from various diseases. In the future, it will be
necessary to analyze the contribution to the changes of life
expectancy at birth by various causes of death.
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Association of CYP2A6 Gene Deletion with Cigarette Smoking Status in Japanese

Adults

Masahiko Ando," Nobuyuki Hamajima,? Noritaka Ariyoshi,® Tetsuya Kamataki,’® Keitaro Matsuo,?

and Yoshiyuki Ohno."

BACKGROUND: Genetic variation of CYP2A6 is shown to alter nicotine metabolism. This study was
developed to investigate the genetic influence of the whole deletion-allele of CYP2A6 on active and
passive smoking behavior.

METHODS: Two hundred and forty Japanese adults, who visited Aichi Cancer Center as outpatients,
were genotyped for the wild-type (CYP2A6* 1A, CYP2A6*1B) and the whole deletion-type
(CYP2A6+4C) polymorphism of CYP2A6. Information about active and passive smoking status was
obtained by a self-administered questionnaire. Genetic influence of CYP2A6 polymorphism on smoking
behavior was evaluated using the Mantel extension test.

RESULTS: The frequency of the deletion allele was 18%. All 8 subjects carrying two deletion alleles
had no smoking habit, and the homozygous deletion genotype showed a tendency to correlate with
active smoking status after adjustment for sex and age (p=0.054). However, the proportion of never
smokers among heterozygous subjects was almost the same as among subjects carrying no deletion
allele (54% and 58%, respectively). Furthermore, CYP2A6 genotypes were correlated neither with the
number of cigarettes smoked per day nor with the age at starting smoking (p=0.364 and 0.880, respec-
tively). Among never smokers, CYP2A6 genotypes were not correlated with exposure to passive smok-
ing at home or in the workplace (p=0.623 and 0.484, respectively).

CONCLUSION: Despite the possible protection against active smoking behavior in subjects homozy-
gous for the deletion allele, the CYP2A6 polymorphism has only a limited impact on public health
because no protective effect was found in heterozygous subjects.

J Epidemiol 2003;13:176-181.

Key words: cytochrome P450 2A6, genetic polymorphism, smoking behavior
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Cigarette smoking remains highly prevalent in many countries,
and it is the cause of high morbidity and mortality.' Among vari-
oas constituents of cigarette smoke, nicotine is the primary com-
pound that establishes and maintains tobacco dependence. The
principal metabolic pathway of nicotine is a conversion to inac-
tive cotinine by cytochrome P450 (CYP) 2A6.% The gene encod-
ing this enzyme, CYP2A6, has several polymorphic variants.*?

Large inter-individual differences in nicotine metabolism, includ-
ing a poor metabolism phenotype with deficient cotinine forma-
tion, have been found in humans, and previous works demonstrat-
ed that the difference in nicotine metabolism is attributable to the
genetic polymorphism of CYP2A6.%"

Considerable ethnic differences exist in the frequency of the
inactive alleles of CYP2A6. The major inactive allele in
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