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Table 1 .
Basic characteristics of subjects who were independent in both ADL and IADL in the baseline survey of 1999
(n=407)

Basic characteristics

Mean age (years) ' 74.9 (standard deviation 4.4)
Age range (years) 70-94

Age class (% >80) 15.5

Gender (% women) 60.0

Educational status (% 6 years or less) 88.9

Self-rated health (% poor) 20.1

Intellectual activity (% poor) 45.7

Social role (% poor) 351

Hearing impairment (% present) 7.9

Visual impairment (% present) 1.5

Geriatric syndrome

Cognitive function: MMSE score (%) 30-27 51.6
26-24 26.3
23-20 174
19-0 4.7

Presence of UI (% present) ' 9.3

Falls experienced during the past year (% present) 9.1

3.3. Relationship between functional decline and geriatric syndrome

Univariate analyses and a stepwise multiple logistic regression analysis were performed
to compare subjects who were ADL- and IADL-independent in both 1999 and 2001
(n = 304) and those who were ADL- and IADL-independent in 1999 and either became
IADL-dependent only in 2001 (n = 37) or became ADL-dependent in 2001 (n = 9). These
analyses revealed that only MMSE score was significantly associated with functional
decline after 2 years (Tables 3 and 4). As shown in Model 2 (Table 4), using a group of
subjects with MMSE scores of 30-27 points as a reference group, the ORs for any
functional decline after 2 years were estimated as 3.20 (P = 0.015), 5.66 (P < 0.001) and

Table 2

Functional transition over a 2-year period among Japanese elderly who were initially ADL- and IADL-
independent at the baseline survey in 1999 (n = 407)

Age group Functional status in 2001
Independent Dependent Dependent Dead Loss to
in ADL and in IADL in ADL (%) (%) follow-up
IADL (%) only (%) (%)
Men 70-79 (n = 135) 75.6 9.6 0.7 0.0 14.1
>80 (n=28) 60.7 10.7 3.6 0.0 25.0
Total (n = 163) 73.0 9.8 1.2 0.0 16.0
‘Women 70-79 (n=209) 82.3 33 24 1.0 11.0
>80 (n=35) 37.1 40.0 5.7 0.0 17.1
Total (n=244) 75.8 8.6 2.9 0.8 11.9
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Table 3
Results of univariate analyses that examined effects of geriatric syndrome on functional decline in IADL among
Japanese elderly who were initially ADL- and IADL-independent over a 2-year period (n = 350)

Predictors Category n Functional status in 2001
Independent  Dependent  Dependent  P-value®
in ADL and  in only in ADL
IADL (%) IADL (%) (%)
MMSE score 30-27 185 951 4.9 0.0 <0.001
26-24 91 857 12.1 22
23-20 61 738 18.0 8.2
19-0 13 385 46.2 154
Ul Absent 317 871 10.1 2.8 0432
Weekly or daily 33 84.8 15.2 0.0
Falls experienced Absent 317 874 9.8 2.8 0.219
during the past year
Present 33 81.8 18.2 0.0

2 x’-test.

16.50 (P < 0.001) for groups of subjects with MMSE scores of 26-24 points, 23-20 points
and 19-0 points, respectively -(test for trend, P < 0.001). MMSE scores were also
significantly associated with only IADL decline.

Table 4
Effect of cognitive function assessed by the MMSE on functional decline among Japanese elderly who were
initially independent in both ADL and IADL during the 2-year interval, 1999-2001

Predictors Category Model 1? (n = 341) Model 2° (n = 350)
OR 95% CI P-value OR 95% CI P-value
MMSE score 30-27 1.00 1.00 .
26-24 2.65 0.99,7.10 0.052 3.20 1.25,8.20 0.015
23-20 3.51 1.25,9.86 0.017 5.66 2.19, 14.64 <0.001
19-0 13.29 2.69, 65.79 0.002 16.50 3.68, 73.96 <0.001
Test for trend <0.001 Test for trend <0.001
Ul Absent 1.00 1.00
Weekly or daily 1.30 0.38, 4.40 0.673 1.84 0.56, 6.07 0.317
Falls experienced Absent 1.00 1.00
during the past year
Present 048 0.16, 1.42 0.184 0.59 0.20, 1.73 0.331
Hosmer—Lemeshow test %2 =2.59 (P=0.957) x> =330 (P=0914)

? Model 1: Stepwise multiple logistic regression analysis was performed to compare subjects who were ADL-
and IADL-independent in both 1999 and 2001 (n 5 304) and those who were ADL- and IADL-independent in
1999 and became dependent in only IADL in 2001 (n = 37). The OR was adjusted for gender, age, and educational
status.

® Model 2: Stepwise multiple logistic regression analysis was performed to compare subjects who were ADL-
and IADL-independent in both 1999 and 2001 (n = 304) and those who were ADL- and IADL-independent in
1999 and became dependent in IADL and/or ADL in 2001 (n=46). The OR was adjusted for gender, age,
educational status, and social roles.
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Table 5 .
Results of sensitivity analysis to examine effects of loss-to-follow-up and lack of educational information on
functional decline over the 2-year period

Predictors Category Model 17 (n = 405) Model 2° (n = 363)
OR 95% CI P-value OR 95% CI P-value
MMSE score 30-27 1.00 ' 1.00
26-24 1.86 1.03, 3.38 0.041 325 1.31,8.08 <0.001
23-20 298 1.54,5.78 0.001 572 2.25,14.51 <0.001
19-0 8.84 2.69, 29.09 <0.001 2144 5.13,89.53 <0.001
Test for trend <0.001 Test for trend <0.001
Ul Absent 1.00 1.00
Weekly or daily 1.44 0.60, 3.45 0412 179 0.54,5.87 0.339
Falls experienced Absent 1.00 1.00
during the past year
Present 0.86 037,196 0711 0.63 0.22, 1.84 0.400
Hosmer—Lemeshow test ¥ =5.11 (P =0.746) %% =733 (P=0.501)

2 Model 1: As a sensitivity analysis, subjects who were alive but did not participate in the follow-up survey were
regarded as those who became dependent in IADL and/or ADL in 2001. Stepwise multiple logistic regression
analysis was performed to compare subjects who were ADL- and IADL-independent in both 1999 and 2001
(n = 304) and those who were ADL- and JADL-independent in 1999 and either became dependent in JADL and/or
ADL in 2001 (n = 46) or lost-to-follow-up in 2002 (n = 55). The OR was adjusted for gender, age, educational
status, and social roles.

b Model 2: Other sensitivity analysis included subjects who did not have information about educational status
(n = 18). Stepwise multiple logistic regression analysis was performed to compare subjects who were ADL- and
IADL-independent in both 1999 and 2001 (z = 315) and those who were ADL- and IADL-independent in 1999
and either became dependent in IADL and/or ADL in 2001 (n = 48). The OR was adjusted for gender, age, and
social roles.

3.4. Sensitivity analysis

Two kinds of sensitivity analyses (Table 5) were conducted to determine the effects of
either drop-out or lack of information about educational status on the analysis results
(Heitjan, 1997). First, we assumed that 55 subjects who did not participate in the follow-up
survey were dependent in ADL and/or JADL and they were included in the multiple
logistic regression analysis. Other sensitivity analysis was performed to examine the effect
of not having information on educational attainment in the results. In both models, lower
MMSE scores were significant predictors of functional decline and a statistically
significant association was observed between lower MMSE scores and increased OR for
functional dependence (test for trend, P < 0.001).

4. Discussion
This study examined whether cognitive impairment, falls, and UI were independent

predictors for functional decline by means of a 2-year observation of a non-disabled older
Japanese cohort living in 2 community from 1999 to 2001. Multivariate logistic regression
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analysis revealed that cognitive function was a significant predictor for functional decline
during the 2-year follow-up. Analysis also revealed that, using a group of subjects with
MMSE scores of 30-27 points as a reference group, a significant association was found
between lower MMSE scores and increased OR for functional decline. These results
indicate that lower cognitive function was a significant predictor for functional decline
even among those older non-disabled Japanese whose cognitive function was deemed to be
within the normal range.

All subjects included in the analysis were both ADL- and JADL-independent at the
baseline; nevertheless, lower MMSE scores were significantly associated with any
decreased functional independence 2 years later. This result indicates that normal cognitive
function as assessed by MMSE does not necessarily guarantee long-term functional
independence, especially if the elderly concerned have lower than average MMSE scores.
Several longitudinal studies point to dementia (Aguero-Torres et al., 1998; Sauvaget et al.,
2002) and cognitive impairment (Moritz et al., 1995; Gill et al., 1996, 1997; Aguero-Torres
et al., 1998) as predictors of decreased ADL-independence; others revealed dementia to be
a predictor of decreased IADL-independence (Sauvaget et al., 2002). One study also
indicated that elderly people with normal cognitive function, but lower MMSE scores,
were likely to have decreased ADL independence in the future (Greiner et al., 1996). The
present study is unique in that it examined whether lower cognitive function is a possible
predictor for ADL and/or IADL decline and in that it indicates that elderly with normal
cognitive function, but lower MMSE scores, are likely to have decreased functional
independence in the future.

Several issues may need to be considered when addressing cognitive function as a
possible predictor of decreased functional independence. According to Lawton’s model
(Lawton, 1972), IADL performance requires higher cognitive functioning than ADL
performance, since JADL deals with execution of more complicated tasks. A person with
low cognitive performance is considered to have limitations in performing IADL tasks, and
is therefore at increased risk of impaired IADL. In our previous study, a survey carried out
in another village targeted older adults who were both ADL- and IADL-independent at the
baseline (Ishizaki et al., 2000b). In that study, poor intellectual activity was identified as a
significant predictor for IADL decline among older ADL- and IADL -independent subjects;
however, the subjects’ cognitive functions were not measured. To compare the results from
our previous study with the present study, cognitive function assessed by MMSE was
excluded from a multiple logistic regression analysis in this study. The results indicated
that poor intellectual activity was a significant predictor of IADL dependence in the follow-
up 2 years, supporting the understanding that IADL requires a certain level of intellectual
capacity.

In this study, the present of Ul was not associated with functional decline. Most female
subjects with UI who participated in this survey replied that they used a special pad for
urinary leakage (data not shown). Thus, such women were able to maintain IADL despite
having Ul The prevalence rate of Ul in this study (10%) was lower that that of previous
studies because subjects in this study were limited to those with any disability in both ADL
and JADL, while previous epidemiological studies were included both non-disabled and
disabled populations. When we added disabled subjects at the time of the baseline survey to
the original analyzable subjects, the prevalence of UI was about 40%. In addition, when we
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asked respondents about UL, we were careful to protect their privacy. Therefore, we can say
that the effect of underreporting Ul in this study was not significant.

In interpreting the study results, the following limitations must be considered. First,
~ 10% of the participants at the baseline did not participate in the follow-up, and 10 of the
followed-up subjects provided no answers tQ some of the key questions related to
functional status and were therefore excluded from the analysis. The 55 subjects who
were lost to follow-up were significantly more likely to have poor social role, to have
hearing impairment, and to have visual impairment than the 350 analyzable subjects
(P < 0.05, data not shown). Sensitivity analysis was conducted to determine the effects
of drop-outs on the analysis results based on two assumptions. In all cases, lower MMSE
scores were significant predictors of JADL dependence and a statistically significant
association was observed between lower MMSE scores and increased OR for functional
dependence (P < 0.001). It can therefore be concluded that the effects of drop-outs on
the results of the analysis were relatively small. Second, although the MMSE score of an
individual is known to vary greatly depending on his/her educational attainment,
educational attainment was not included in the logistic model regardless of the
sensitivity analysis. The result indicated that lower MMSE scores were still a significant
predictor of functional dependence. Finally, the subjects in the present study were
selected from an agricultural village in Japan, and they therefore do not represent the
entire elderly population of the country. However, the elderly adults who participated in
the baseline survey constituted 77% of all elderly aged 70 years and older living in the
surveyed district; thus, our study represents at least the elderly population living within
the village surveyed. Despite the limitations listed above, the present study reliably
demonstrates that lower cognitive function is a significant predictor of increased
functional dependence over a 2-year period among elderly Japanese whose cognitive
function is deemed to be within the normal range and who are both ADL- and IADL-
independent.

5. Conclusion

To prevent lifestyle-related diseases, such as cerebral stroke, heart attack, and cancer,
among middle aged and older adults, every Japanese citizen aged 40 years and older is
entitled to receive an annual health examination under the Health Care Law for the Aged
(Nakahara, 1997). As the Japanese population is graying rapidly, we believe the annual
health examination should also be used as a means either to detect or prevent functional
decline among the elderly. In order to ensure functional independence among the elderly,
health examinations for them should include regular assessment of functional and
cognitive status (Rubenstein and Rubenstein, 1992; Ebrahim, 1999). If a person is both
ADL- and IADL-independent, but is assessed as exhibiting relatively poor cognitive
performance, such an individual should be examined more closely and followed up to
ensure that both his/her functional and cognitive status are maintained or improved. We
believe the findings in this study can be instrumental in promoting healthy changes and
preventing functional decline among non-disabled older adults living in communities in
Japan.

217



T. Ishizaki et al./Archives of Gerontology and Geriatrics 42 (2006) 47-58 57
Acknowledgement

This study was supported in part by a Grant-in-Aid for Comprehensive Research on
Aging and Health from the Ministry of Health, Labour and Welfare, Japan.

References

Aguero-Torres, H., Fratiglioni, L., Guo, Z., Viitanen, M., von Strauss, E., Winblad, B., 1998. Dementia is the
major cause of functional dependence in the elderly: 3-year follow-up data from a population-based study.-Am.
J. Public Health 88, 1452-1456.

Aguero-Torres, H., Thomas, V.S., Winblad, B., Fratiglioni, L., 2002. The impact of somatic and cognitive
disorders on the functional status of the elderly. J. Clin. Epidemiol. 55, 1007-1012.

Crimmins, E.M., Saito, Y., 1993. Getting better and getting worse. J. Aging Health 5, 3-36.

Ebrahim, S., 1999. Disability in older people: a mass problem requiring mass solutions. Lancet 353, 1990-
1992.

Folstein, M., Anthony, J.C., Parhad, 1., Duffy, B., Gruenberg, E.M., 1985, The meaning of cognitive impairment in
the elderly. J. Am. Geriatr. Soc. 33, 228-235.

Gill, T.M., Williams, C.S., Richardson, E.D., Tinetti, M.E., 1996. Impairments in physical performance and
cognitive status as predisposing factors for functional depoendence among nondisabled older persons. J.
Gerontol. Med. Sci. 51A, M283-M288.

Gill, T.M., Williams, C.S., Richardson, E.D., Berkman, L.F,, Tinetti, M.E., 1997. A predictive model for ADL
dependence in community-living older adults based on a reduced set of cognitive items. J. Am. Geriatr. Soc.
45, 441-445.

Greiner, P.A., Snowdon, D.A., Schmitt, FA., 1996. The loss of independence in activities of daily living: the role
of low normal cognitive function in elderly Nuns. Am. J. Public Health 86, 62-66.

Heitjan, D.F,, 1997. Annotation: what can be done about missing data? Approaches to imputation. Am. J. Public
Health 87, 548-550.

Hosmer, D., Lemeshow, S., 1989. Applied Logistic Regression. John Wiley and Sons Inc., New York, pp. 140~
145.

Ishizaki, T., Kobayashi, Y., Kai, 1., 2000a. Functional transitions in instrumental activities of daily living among
older Japanese. J. Epidemiol. 10, 249-254, )

Ishizaki, T., Watanabe, S., Suzuki, T., Shibata, H., Haga, H., 2000b. Predictors for functional decline among non-
disabled older Japanese living in a community during a 3-year follow-up. J. Am. Geriatr. Soc. 48, 1424-1429,

Ishizaki, T., Kai, I., Kobayashi, Y., Matsuyama, Y., Imanaka, Y., 2004. The effect of aging on functional decline
among older Japanese living in a community: a 5-year longitudinal data analysis. Aging Clin. Exp. Res. 16,
233-239.

Kai, I., Ohi, G., Kobayashi, Y., Ishizaki, T., Hisata, M., Kiuchi, M., 1991, Quality of life: a possible health index for
the elderly. Asia Pac. J. Public Health 5, 221-227.

Kane, R.L., Ouslander, J.G., Abrass, 1.B., 1999. Essentials of Clinical Geriatrics, fourth ed. McGraw-Hill, New
York, pp. 14-16. '

Koyano, W., Shibata, H., Nakazato, K., Haga, H., Suyama, Y., 1991. Measurement of competence: reliability and
validity of the TMIG index of Competence. Arch. Gerontol. Geriatr. 13, 103-116.

Lawton, M.P.,, 1972. Assessing the competence of older people. In: Kent, D., Kastenbaum, R., Sherwood, S.
(Eds.), Research, Planning, and Action for the Elderly. Behavioral Publications, New York, pp. 122-143.

McDowell, 1., Newell, C., 1996. Measuring Health, second ed. Oxford University Press, New York, pp. 314~
323.

Moritz, D.J., Kasl, S.V., Berkman, L.E, 1995. Cognitive functioning and the incidence of limitations in activities
of daily living in an elderly community sample. Am. J. Epidemiol. 141, 41-49.

Nakahara, T., 1997. Public health policies and strategies in Japan. In: Detels, R., Holland, W.W., McEwen, J.,
Omenn, G.S. (Eds.), Oxford Textbook of Public Health. third ed. Oxford University Press, New York, pp.
323-329.

218



58 T: Ishizaki et al./Archives of Gerontology and Geriatrics 42 (2006) 47-58

Nourhashemi, F., Andrieu, S., Gillette-Guyonnet, S., Vellas, B., Albarede, J.L., Grandjean, H., 2001. Instrumental
activities of daily living as a potential marker of frailty: a study of 7364 community-dwelling elderly women
(the EPIDOS study). I. Gerontol. A: Biol. Sci. Med. Sci. 56, M448-M453.

Otsuka, T., Homma, A., 1991. Assessment Manual of Intellectual Function for the Demented Elderly. World
Planning, Tokyo (in Japanese).

Rubenstein, L.Z., Rubenstein, L.V,, 1992. Multidimensional geriatric assessment. In: Brocklehurst, J.C., Tallis,
R.C., Fillet, H.M. (Eds.), Textbook of geriatric Medicine and Gerontology, fourth ed. Churchill Livingstone,
Edinburgh, pp. 151-159.

Sauvaget, C., Yamada, M., Fujiwara, S., Sasaki, H., Mimori, Y., 2002. Dementia as a predictor of functional
disability: a four-year follow-up study. Gerontology 48, 226-233.

Spector, W.D., Katz, S., Murphy, J.B., Fulton, J.P., 1987. The hierarchical relationship between activities of daily
living and instrumental activities of daily living. J. Chron. Dis. 40, 481-489.

SPSS Inc., 1999. SPSS Regression Models 10.0. SPSS Inc., Chicago.

Strawbridge, W.J., Cohen, R.D., Shema, S.J., Kaplan, G.A., 1996. Successful aging: predictors and associated
activities. Am. J. Epidemiol. 144, 135-141.

Stuck, A.E., Walthert, J.M., Nikolaus, T., Bula, C.J., Hohmann, C., Beck, J.C., 1999. Risk factors for functional
status decline in community-living elderly people: a systematic literature review. Soc. Sci. Med. 445-469.

Tinetti, M.E., Inouye, S.K., Gill, TM., Doucette, J.T., 1995. Shared risk factors for falls, incontinence, and
functional dependence. J. Am. Med. Assoc. 273, 1348-1353.

219



\

—RR

&
N
iy
i
]
oy
L
e
®
H
mm
1.

i & g
i H o€
& o [
B ow oo B
E & ¥ » B

B o fOR
H X @ # <
B 5 8 K #H
L U x H
= . B & =

HO
=

[EEeHH =
FHaK
o ST
164
a HRIRE

e

ks
Ht

PLES

221



4) Wechsler D: The measurement and appraisal of adult intelligence. 4th ed. Bal-
timore: Williams and Wilkins; 1958, .

5) Wechsler D: WAIS-R manual. New York: Psychological Corporation; 1987.

6) Schaie KW: Longitudinal studies of adult psychological development. New
York: Guilford; 1983.

7) Botwinick J: Intellectual abilities. In: Birren JE, et al, editors. Handhook of the
psychology of aging. New York: Van Nostrand Reinhold; 1977, p.580-605.

8) Horn JL, et al: Age differences in fluid and crystallized intelligence. Acta Psy-
chol 1967; 26: 107-129.

9) Thornton W], et al: Age differences in everyday problem-solving and decision-
making effectiveness: a meta-analytic review. Psychol Aging 2005; 20(1):85-
90.

10) Taub GE, et al: Relative roles of cognitive ability and practical intelligence in
the prediction of success. Psychol Rep 2001; 88(3 Pt 1):931-942.

FEVWSHEWDT

B A=

Y1 BiREE

BRI SBEALS Y LHD
BY, A5-FLHFHho5RD
BHEBRELHEA L TBEE
LT3, BIEEE XBOEL
B ETRAEEN, ThrdE
DEIHEEN S,

Y

CEHYOEDDARIE, TNFNRIZERZ TS, Zoftorhiz]
ANELTEASE T o BALAIZVEVY, TAFXEETHSL. -
A, ol EALBETFEI>—PUERERTY, TOFENN
B olBEEZDoTBY, Bholt AETHRATWV,

EROBIZBVTY, ) LABAZZHRATERICANLTY Y
RIFe b, FBUEETYH, BEMIZE SN2 ERIE, AA
BATKECE). S0, ALRBIIHLTRALERZT>TDH,
ZTOMREBILBALL o TRESCELD., FICEEHTIE, 29
LBEAZENKREY, BO)ZTEFALERTH, TRTHEMIC
EELTYWBA, BE3NTIPETOTELRVALRY, ZHTH
5. .

T, BIULICEIBEAZILOWT, FOREFERPELLH
ERBR, LI, ) LEEBAZBIIHELCERDOSH ) Fico
VT HRRTWL,

BIEIC KB HFNISEL |
ZAICE 0T, FHITZVD VD RELAE L 3. BEE* B
TL, BHbAHNCT s, MEFERL, fEERLP
T, BHIWETL, Thb0fR, BEOLHRIENETT
b, FHESETLT, SAIFEELRY, BELYT (22,
37204 DEBBEOET, HICEREBMECHIBEOETICL

222



S THEHANPET T 5. %mwﬁ&k@L%MM®MW#oi<m
P, BREEICILNRTRY, BORATOEELTS LIS
&%.%ﬁ%ﬁ@~%%%f%oc@@ﬁ@@ﬁﬁ@%ﬁ%%oc
Wb EbHwn,

2Lk L O ICREBRIENRTTAZ L VN TH L. BT
W TEEIE A B E TR N A, EIEMRT, By, B
W, mﬁ,jﬂﬂ&%,%%@@@ﬂ®MT#ﬁﬁ hT iw
ZIHOETHEETH S, EENERETLAY, HISBHRI
FDFEIEb . |
L —DiEEeE - EMEDET

BELTIEELILERTARPETTLI %W, EEET
FEEEEIC L AT ANVE RN IR D, BEHIVEWL,
KBNS AS T 5. BRGEELOIANVF - HET D, B
AHTRIANF—FEFLALHBSNT, KEHROLAL LD
WCAEBOERRMRIET A, ZAINF-EREMERY, £
DR, BHRABERTTAI LIZh A, BKEME, BFICERICERLC
##bé%%,%ﬁ,mmﬁtmﬁ%®MT# Vo F ) BERAR
a%méﬁé.

BEFZIIBITARROREEE, ) LS ENE Wﬂ@@A%#
KEVWZETHB., WAWALRRET— 5 ORMIRIE, AR %”ﬁ
ER—FEL—WER L, m%tt%LﬁkLcw . BEEZT
#&mklb%fé AR ERT L)% 5.

BAZIZEEL DERDSH S, MAZOERICILLERE - BERE
ER, B ERER, FHNERPEING (F18).
FERNY - BIGHERR
BIGTF | ZILFDbDOETH, BEFICL-oTHAEERBEN
TWAHI LI THE. BILLVEFIE CGEUDREL L TREEY?
(7a#)7T) LN TBY, ThORBEFORETHLI LD
MrHLATWAS, ERECLELEESR COBERAR, Blel
EEEHLIENMENTVS, &) LEE~ORSEL $7/2, &
EHEFICL > TERSNTY S
HEERWEERELT ﬁ##&é B TH L OEREREICE
BhY, FBLOETOAFTICLENH S, MEIMICIIOEEE,
T e 7 TR IC DA LN BBANE VA, BIRBITER
EELICERIRAS o TV, THIZEBEREOMEEIME RV
WHRETAEDVPREVDLLTHE. FICKERIVES DT A

PO IZIEEDL I VAT R =L EEnSE, LDLaVATFO— )V

223

| k2 BEE
L EROEEEY HRECELD

UL EBibictl B hnZEi:

D e rTERE SETORBC

ko TEIHEEN TS,



Mis BAZEZEETREA

FHNERE
4L - I

B - HEER

R - RE
EE - LIS

[

EE)
AR B E

SRR - BIRAER

ZILBET e o
TR DR | o

o

%ﬁTéﬁé&E,@M@mWﬁﬁ%%Cﬁﬁﬁkéw.@M@m
B TARMDELEDICENSE] EEDLND LI ICHEILIC L o TEST
L, BBRERCHETR*REITHERRAE 25, REFEOHREL EH
SHLEERIL2EEL 55D, 1t LEEBREBORESHI
THERBEHI DD IORLLEEL o TwS. —7F, FHRRERT IV
YNAT =T EOFEEFIILEICE ., BLOBRR LB
THELASTSTREBIII) L-BEISY, TheERELT
WLEFH L.

RiE -« ERER

—f%iz, BRE - AEEBERCBESNIMBIR 251EL, 20
RBEIKE( RS, LEPoT, BEMICRAIEEIRE - £EFLED
BROERIZ, BE2EOERHERI S, BAZLZFIERBIT
BHRELTERLLSTLSE, FELDIAILBKAPF O Lo
7o—BRERAEIRTY, BBICENEER XS0 )tk b,
RE -RE BAEZZELAI)IBGAEFERDY L, RVEELZO
HEBTH L, EVZEAORITFIIZ LY FIRSNERSN S, L
PRLE L o TKEL ELRBEHLEABZ 20D THS. hd
PEEICDZZoTER, MEMREST THELRZITIRERAT
hoT, BHRIRIZTHENKTHS, ERIANVF-BEOBHR
RREBERICELLES XA, BEOED T LIESCHIRIEL 2 {2E
3Eh. ZLEDOLDODOETICDEBIEIRELEE LS Z, EAE
A5 &R T,

DEVEE - BN MLE - B L Vo mMEIT D, BLOETICIIKELE
B Rkidd., BEL, BPRRHEEEOERAFELLTEETHE.

224



—HTIANE—ER LSS, FETHSSED. BRI

sy TWATRENbH A, X010, FHROBLLIESE
BV ERLHL, MBS BTRIBERBERLTHL, 1%
Wwﬁﬁ%w%w%ﬂ%ﬁé.L#L,ﬁ%KEWTﬂwH%%%
=R Kk, BHEELLOBREIZLEoTLE).
Eﬁ'%ﬂﬁ:@%%ﬁ@ﬁwﬁléﬁﬁﬁmﬁﬁNw%g,%%
WOBEC L AEEOBLORERES, BLICE)BAZORR
k2 b,

BAZIIE, COLICSEFETILERIPPDLoTBY, T
2N NERNPEFNENEVICEELRIZFLAST, SHILAAE
BHEAML TS,

&>

EHILOBE

S DETOBEAZ LWL T B0, BAEADELOES
FAEROICRT -ODRENLETHD. F < OEBRIE I
LELICEHL, BRCENMIZOBEILETTA I EAZVA,
WIS & o TRELEHTAREEE AV, BILOEFTD
BESHELL) ETIRADRINTVDS. BIOERELLT,
EoUIRT &) BEEEHBATNEIIEPET L.
BEER  FA0IRT LD, BEE (BEE) mine & bIET
LTwl. 0BDADEEREMEEN60RNOADTFHH L FIRED
BIzE LT NE, FOADBERIZOMTHS &) &) BREAD
TE, bhhRTV.

ABOELICBEWT, EEEEOMBELE, RBakie, BB
B, WRELOELR EOMBELLLT LR LEETELDLIYT
R, FsERE0R» T, REBMKE, IFRRE, BRE,

IR KL, faEtREE, IPURASHRAE, THILEMWAE, MIOUWMRRER &,
e L LI R A B I EDE V. 0k, L IOELD
ET ARSI T A7 DICEE OB D 5 A7 BE (DE
{LDIRERLEL 25D,
LPRIER Lo L, BIoREESRATIETAIRY, T
ORIFUIEM R D DO LR Y, BLORTRLL ERICIERBYTAZL
BhroTHLLEoTLES. 22T, HBE L DELDREND,
BDEITOBRELETHREAMNEEEED2 2T, TNEAVTE
ILDHERITI) LV FERELLND. TOHFED L OWEYFL
EWRTHD. THEED) ADEBROEMTIEE (T, ERMED
ZUOBRE,PLHEESNTERTDHS.

R 201RT & 910, FHaa NZEEH & £EWENERITITIT—

225

. o4 B{LOEIE
L, MEFEIBMILTSE

W, BEXRIFEET,
BRIMRL, BEND
TWwZ &,

AR CEECHEES

bhhwz k.

LlERETENmEEDd

iCEEICEIL, 28
BICEZOZTENER
HWTHY, TEHICHE
MhEwnwa k.

. B OEALIEE & DR

RS, BENKILE
KET /AL LT
THhao k.



R19 BEBORDA 20 EALDIBIEEEYRI0ER
BEE & N ERE PR A DR
St
SIEENDTEHE
————— i)
B : \
& | | i
= : | g
, : #
1 | E
| : b
) | EBHBIE BEEOHE
1 ]
g v
40/% 608 (FH#5)

EROEH BEH
BEEEMBE L HICETLTVWL, LEAFWORDA
DEEEBNOEDADFHNER
DAOBERIZE0RICEHS L TVBH ERRBEL S,

Y 3 BT
BIEFUHEA2ATEL-TSH
Y, COEBVWEBETFFIELV
I, BIEBEADODI I RPTE
PEADORISDEW EEEFS
B ORFRIEE S hWIREIE
HEhTWS.

* 4 A—F—AA NEE
BETSIO AR, LEE
Bz ERABADENICER
L, ZOANCHRHE L EEPH
FREBERL T, HROICHER
DBBEED TV Fik.

21

Eﬁuauaj

| EIRTEESE
YR Ty e —5HE
(SRR - MU - FERE G &)
I EE R
(Y% - BENTIR - SREERE)

{

HERE L UET
Y2 7@ F
UEHWVEWDRRICIEL 12
MBI K~ k
ESB0AHE
hoLkyLy
4iERE
IR TBh

QOL - ADLOEHi

BELELITIE, %

CADSDRE

y

EEH

BT5s. LoLl, BEEDOL ) LERNEREET
RIBFIICHENTRE(EATLES
EPEATLEI LD DS, BIBEBHEECREFRELLOH
HHEFED ) L TOBHT, %W@ﬁ FBLEDHILBIRTH A,
EWYFEHEHOHERIIZ VAN LT END 5, LEE O
BN OFEL AV HTENREOL ZAZ—HHTHY, F12E
NTWVa. EWFEHEHEAELLZLOMERIRET 2208
D, ERFPBMEEZ CHFEOREVEILERETEZ L,
ZUADETICHEYER B LR EIRESNT

3, EWEFRE
ILEERRERTEIE, %

B EGEENE
Wi,

BAZEBEL MK
ZEBOEAZICETAMES
BALL, F7-TWER

2 MR T B, §BRIBEFEIS
PR o T ZoN, BAZERERLT

WSHDEBDNE, EROBIZBVWTY, 2 LLEAZLZEE
Lt bildkodohnTwnl, e x2id, BEomhdEA

BATELRZY, ZBEZETIIEHRECTHFRESMBET LTS, &
NEZBLTRELTONTNAD, E512, BEFEHI* 2L %
FINOBRZHEETEEB LT — 5 — A4 FOBEINED b N5 AL

EFHZEH)LELTWDS, BRBEIZ») Tldl v, BENELZEDN
thﬁﬁ—b@%DT%,ﬁ@%%@&%%%,ﬁ W R IeHE
By, MARMAORRTICE U THB LT TSRS W
(MML

226



BT

BANECE Lt — 5= A4 FORBEFoTWw I, BAE
L O AADORMLEME, FOFEMOI 2L ) AT F
MMABVLETHL, FOLOICEEETFRESTS, LEEE - L
E - 380 CERPREDY A7 77 7 % —OFF, WRIE - EH
BEORTRLHBFEL LI L B EFEREFHE, QOL (£iFDOH)
DEEAl, ADL (HEEEFEEE) OFMe L, 2FTERFHEOI R
FABRATRTHS. LirL, TOL) RFMDOIODY AT LT
(DIFEREHEBRTVS |

B, kh%ékﬁtff W B R HE - NEQCHTHTRD
B IIEHERATEM 2T RADY, PLTOTEHEIHD
BITWwa, 29 LAEBREFMIRALITTRE L DEFEFIIN
LTiThh, FofEEER, SLID0ENDED NEREZE X
TWL IR TIRIL> TV EDPE TIN5,

ZALIES T, HHhICEVAVWALELAES. L2L, 29
L7-1bic & 5WﬂuuﬂAﬁA®%#k§w ANEI L EEZ
&El%%é#,m% HIFEHRE - AFERICE L SNLHIHE
ITELRY, £ %%%k%( 25, A ANDZALDETOEE
mﬁk%iék@,%ﬂﬁtwvh%r0<btﬁéutéﬁﬁo
HbH., TLT, COBMAEFZER L-EEBENOEECEREIE
EDTWRLRITRIEZ LW,

BMADMEBRLZHILL, T-5Httstsd8z 540 T, E1
EEAICBEEL-BAZREIELZ, £ 1LLcw<#u£%
LREETHL. EAEY, EITITHEELRENLOBREATH > T,
E:#Bﬁﬁﬁtmi&(&%@# LWy & TR by
2 TWiWw, 4%, HRAOEH2EMGEHLM,ILT, £

&OﬂFLTw<#%L?LLW<l7&M EDOMEENEENSD.

(THIEY, ZEELTF)
g 3k

1) THiER  BEZORBEOLLEESE. ALRBEREAM. EEEFTFF

Ab. HE: AYH MY a—H,; 1997. p.68-73.

2) THi&ESR  BEECBIALEE, RREHEREOHE BEEXBELM. £

BB AEEFEDAD, WE | BH L BFH ;) 1997, pd-1l.

3) HOMBAL | EWEHERHOTME I, AREERFESHEE 1906 ; 33 ;

806-810.

4) THiEES | Z{boEE, JJPEN 1998 ; 20 : 711-715.
5) THIEWS | MERESICB 2B Inkse. @i 1999 5 1 11-19.

227

5 ERMERAITE @_@
MigEE L &L 2 ERMNLIR

L ERROSL ST, BREHVE
| SiE, ADL % EORBIHTT
L ez, '



228

I
& v

20014E4 K100 SE1MR SB1MIBETT
20054E9 100 &2k 1T

EEDCHDERMMESELE (%247
17 BADEE

) v 0 :uujm D unts &
A IYIREEEY - FEb 1k
L ¢ S BREs AL
Wi b ;ﬁ-}- a1 Sora | I ]
s EATT B

w17 % FEH OBE
OB L

T 113-8666 YR HE 1=l 1-25-14
TEL 03-3813~1101/4{%# 00130-5-196565

T

—

%

© 2005 by Nakayama-Shoten Co., Ltd. Printed in Japan

] Rl—vh YLD Bk £

W A AT EL A AT

OO Wi 3y, AN, HaLST, R ET
ShAcimg, MTAAE, AORMT. RIS

BT - TP —ifi il (e v sk 22)

B R R M LRAT, R B, AMET,

ISBN4-521-62461-8 (3347

A HHB R 2N A RO B 1 G T - AN 2D
DIAB KL ORI 2B U, DAL,

AR MG G i LT ot IR ST h O
Rz WG Xh35 A, gO)OE FAmIzH R GEE T 03
3813-1132) OFFi%HTLEXR




9

i DoEE & RAEN

RREE

ZOEICERNIEF
Evn, FHLTH
BETEEONDD
EHELTROIEH

A
an.

BARDHMRIFIRE, HRTHMCHAZEHFFNFEORSTEMELTWVS. T
DEBIEDERICHNT 2EMHEDIHDRBEEHCICEX TLDRIINIEE
SR,

KEISHEOREETDIF R FTHD. UL LENESHRELLTIS
REOBIRRREECULSRLELTVS.

ERMEDREEEADLEE, ERKIDBLEERJCENEETHS.
REHEICFIEEEDREEL EBIC, ml,mﬁé(a_di%m/%?)bj SVDEBIE
EDVEHTHD.

BERICHDEIRIVF—HBENRD NS, REREDRDUERE
BHRBIT DI LN, BRE CEHRICRBED ICEEUCREEFUET
HD3.

St = OER

THEGOLER |

AARADFHFF b i#clE@ B IZIZBETH 2R KETBRTHo7:
A5, BBFIEAIZ A THHEEIHULRD, 1947 FiZiBBLEDITS0mEHBR,
1951 T 60 BmAMA 72, D, BURETETRSLOLICE L o 1P EEERE

’Lﬁ L, ZOEFIHEELFENTYS, 2001 FEEOEHEDOFF4rL 78.07
, WHETI I TH Y, ARADFHFEGFIBFREDIHAD Iy T2 T
ATHA.

2001 EEDEGEGEIZLD L, 65HETEFTHAIBEN L%, K
MEAHT92.8 %, 80 E CHTET HAIZHET S35 %, WHET 753 %> Twn
%. 0BT TOEFERZIFIZET L E R oTWAD, 655K, 0T TOLER
TS 6 IHEEmR TV S

HERDOET

1 AT —EDORIZAED EHEE SN T Lb OHE R SRR AR
131049 £ T A F T4 HHBZ TWI2AS, TOHBFUTET L, 1957 #1213 2.04
Ehrotz. FOBIZ20RIHTERE LTV, 1974 ELED O ISR TR
&, 2001 44212133 Lk ore (R7-1 (p.16l1) BH). SEMEHRLAERE

195
229



196

Chapter 9. SEREDRESBEE

65 ED ACODEIS (2%6)
35

20

15 -

10 |

254/

0 L 1 ] 1}
1900 1950 2000 2050 2100
FE

9-1— HEXIC BT 2ZBFEADEIEOFERFHERS & LU HET
WHITHELR | BT, ACHEE
BT SR - ACIRABIAIFSERT © A0 RAERT AT

2.1 LEICHERE L 20 AR A IIET L, £ A00E bR &
L5,

EFADOEM - N

65 ML EDEEANTIIREDKEDL DI 5.1 B TH o7z, 1940 £ ITEATF
DEFBHELH Y, TOHEIZ47 TTTFHo7. Lo LETRKBLIIEE
ICEFEANDEE S hoTEL (B9-1). T ONRE—-T—4, ZLTH
DEEEFNENITHEREHZ 72 1973 FEREOERNRE -7 — LIZE
BRI EBHIEM L 7278, FHFRGOLEFIZE 5EEAOOEMOITI HE S
WCREDPo712DTHA.

2001 EETO 65 U EDOAODEEIT 180 % &k o7z, 5B EEADD
ElE TR, BEMbOY—2 %22 5 2050 SEICITFEIZ323 %IETH L
HEFENTWD, BRLOESDOIBIEL L TEER EOFETCTHWLNLS DI,
65 LA LD NODEIED T % %2 5 Bt OB —EKEr s, Z0OEEH; 21
D14 %LEDLETOERTHE. 75 A, TNIZEICI30EZEL T
%. =1 v/ SOMDE 4 D% Th 50 F0 5 100 T L o TR A25, H
RTIRDTPBSETINEERL. BHE, A7z -T2l LOEEFEED
AODEEFARL D BVEIZ L D03 575, §ROEZBEAODOEIEHHAR

230



W EE

O SREZ EE
UTCBYZRIFAD
BETOES.

2. BREDOREREZIRS

1 EBEWENLIZIZIE 2.

AATO, SEEOFHHEMGOBINZIEE & HEEDZHZIET O 2 2OEH
AR BV TETT2EREICE Y, AREHRTHHL AL VES THIN
HARMZ, EHICHRATRLIEHENDEZVEIIRS) L LTV,

BRI SDER |
ST 2 BRI RO EERITRELEEEGA20H5. EA
FOBENN, FIUCEED BEERICEE 2 b DEARE & D EADROEING,
FAZE S TOELATHBIEN) TRHKEFEIIRELENEL L.
(- AR CEBEHEIREHEO LA TR SN TEL., K21
BRIZWTEDRE, BESZ S TW. L LT D2 T
I E L THAOKSEML, SHEOEFFANFAS(EILLTHS. &
DEY DI EDITEAETRTEEATLRTIUER S 2w )RR, &
HATENCHIR A LD 2 L DSVWERHREZICIIRELAIRTHL. KEEPPEHLE
oD L TEY, BECETLSOMEPIELTYS, Tkt
NHEL L WEBE T, DTIREENLE R LEETS25. LS
g O 2 FEANITEAL T L i S tniad oz, Baf
CEEBLT AHED RN T, BEICHRTREL (OMEMIRINTYL. K
HiITES LS, BIZZEINs0id “EELEE Thb. £ LTHRICE
ERLE)THIIEENBELREZLOTHH. BB DREORE - LS
BLEELRTFTHLREMBIZOVWTEHHEL, ZOWEIIOWTERLTY

L, ARFBFTORVEELRTFT—<DOEDTHA).

 EREOYBMELRS

EAEIC > EESHEL |

BLRIN & W3 A AR EAMOREE T D ), BAREIETFHADAE V.
L7 LA & o TR BEE T 2888 LFOET L, WALALIEK
BEHlERIT (F9-1).

AL £ ) ERSUAME TS 2 2 E A, IBHATHIZ < < UL RO
Lo BB 55, $AMERARRMCC (B, WTHEL k5, 85I
5B, CIPECHAAI AN GbEVHAI bRESTY, DRROK I
DS TUL TR ST O 7230 A5 £ U2 { e .

S DS PHMOTIRET I L ) Bl SIS L, A0S ERE
TR p I AE AN S, E ORI ZE L SRS UIE 25,
BV y 3 v ORIIET L, %7 BB SEOMIB IR BIERAS 575,

197
231



FHL » < BE

BYEEHEE,
MREENL, SRy
IAGETDRES.

198

Chapter 9. BvEDRELRES

K 9-1— ZMLICHEHERINCBEET 5RO EENEL

[ I - | A ‘

O BREMIBOET (ORE, X, EERE)
WORE, BHOERICIBBL » (BHDEE
BREDERRIC L SIREREDET - REET

BE BARTHOER (FERERERX)

- RIEHEEEE, WTEE

B BEMWOET MEHOET), BHROEE

Mg HERINEEN DIET

Kig  EEMETIC & B{EH, MEX

FFliE  RERWBEHOET, tAFEESRHEEDERT

fEE  EEOWMK

EEAME T 3 U LE OB RGO fEM AT 5.

ML O SWRED IR T 145 RO LIc BB 5.2 5. FHOKRES
HL = {HOBHNETIZEZHL ¢ CREOETICL DAY, ®oHH
WhDEHG L)l 5. MOPWERIZIIEEERLETEHONEL, 72
AMELERH N T L ENARELTLE )., HILEOHEBOHIETRX
FR O BRETISRRE S 2 EBEREOETIC L o ¢, #HIL ) 2T
b,

S HITHEEOREZOWRINEGE, FIRICBIT 2 0EBEIOBETOALNS.
ZDEHREICE BB, BACL D ETOREICEIES S &3 2 5T
ML DTH 5.

SREDEMIE

EE TIIEEZ IR TERPETT A I 2%, ZNIZIZW D20
THEAHD (E9-2). HHETILOMHSEEAMET LiES % +MoT 2 2 Lt
CEELRY, BEERICL DT AN F—EA D R D, ERETDE
s, BRI LB 5. BHHIES O R E— R
B, IS CIE T L E— 11T b A LB SHE, HIEFEOLRL & b
B DOERABEISET L, TANF-EREIEL ), 2OHKE, £
BAET 52 L%\, I, I ERICBE b AIRE, B,
RS L OBBEOET A0 - 29 BHCRIEZ IR 545,

BACDORAT L & b IR ISR E S LIS DN O R I B 248

E£9-2—EREILHTIEBFETOER
- KBEEFEROEM, BHEHEOETICLZ TR LY —BEREOKD
CBRE, B, SEMEOET
ISRt
- BB AOEER
CAMEETIEZEHERO H 3 EYOER
- B RS AE

232



ZAED DR
EEHEICHOSNDIK
RE - 15D EE
fEIRE UTeIBEN RS
HEE,

2. BEREDORERBEZIRD

£ 9-3— ERHEORBERORRICE>TEU KR

REFEMTROAR "R
EAECESSUIRNF—DOERTE REARE, Blll, BES, BRENORRE, {§E
KHBEBMARRE Bk, BIMELE, §7F bV Y LME
AT LB EUESS D OERANE BRRE, B

RYGHERARE TEIBREEIE - MEL, (B

BINTE RERL, BETR, BIEAEOEN
#HrZ =Rl

g, £432 B DARE A, AR

L DRE DEREE

EREL A, INOLDEBIIERTETIEALAIENE V. SHLIIEREIC
S NERICH LTINS VX F 1) REER EIZITERET BB S € AEITERA
FEAIZLTAONS, FTHEMRZIIERETOREREZ 5.

BREORETR KRR
SEENASARERY, TOMR, RO-3IIRT LI LH(nBIEERE
FlERIT. BECIIREICAL T —RICFHIPETLCRY, ERE
REENRELREEFIZRITIENDD. FHIRERI OB TOMR, B
FEZHD D RT o THBY, BlE CEMAIROBM L DTS, &
FBAIZ S 2 02T <, MHDPDRRETHRENS &Nk ko TRARFEITI,
Wil EOMERROIIT) ZEDPLETHS.

= RE OB & REME .

BEAETIEEANED DA% (ITAbIA, FRADBEN L (AN VE
BooTWBADG, TORE, AEEBE~OTNIMETL, RROELTL
T3,

FLVWBREICR LD I EMEL, @By, Zo0REFHEEEZS
CEBRSTRVHENS . FEMITERRRE RS L, ThEE
S PR S & L 55D B

HALL &b IEREACHEENSET T2 2 5%, BEFRCEEHT S
EEAA% s, BETHDHRLICEEAbS Y, IREIMEL.

S E DOREEDIRNR

N VBT HERE TSI X » TIHREERCHRE EDERBIZLD
VEENEHE->TWDHILbHEY, BEEOMAIINED ERAHEOKTIC
MAT, B&E) 2 EGREEORTICEVCERREEDETAROLNS.
K9-4 ILEZHMTOEEL D OEIRE COREREDHRZRL TS, £
BB THRIIRZ 2000, FERRKEOKTREFRITEOENILS
HBEBBEWNEOENALND, FREHOERTICL A ANLF—2EILD LT

199
233



