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Cognitive abilities of centenarians
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Background: A study was conducted to clarify the characteristics of cognitive function
among physically independent very old people dwelling in an urban community in Japan.

Methods: Five hundred and thirteen old-old (aged 75-84 years) and 168 oldest-old
(aged 85-100 years) adults participated. We carried out the Mini-Mental State Examina-
tion (MMSE) for measuring cognitive functions in the elderly. Age-related differences
in the total score and subscale scores of the MMSE were analyzed by sex using ANCOVA,
controlling for education, vision and hearing problems.

Results: Mean MMSE scores for old-old and oldest-old men were 27.5 and 25.9,
respectively, and those for old-old and oldest-old women were 27.8 and 25.0, respectively.
Age-related differences in the MMSE total score between the old-old and oldest-old were
observed in both sexes, suggesting that overall cognitive functions continue to decline over
time in very old age. Age-related differences between the old-old and oldest-old in items
measuring, registration, calculation and delayed recall were observed in both sexes, and
also in those assessing time orientation, place orientation, delayed recognition, writing
sentences, and copying figures were observed in women.

Conclusion: These findings suggest that the faculties are those most sensitive to normal
aging among very old individuals. There were no age group differences in five items:
reverse spelling, naming objects, repeating a sentence, listening and obeying, and reading
and obeying.

Keywords: cognitive function, community-dwelling elderly, Mini-Mental State Examina-
tion (MMSE), oldest-old age.

Introduction

In Japan, and other countries where greying of popula-
tions is occurring, while the number of old-old elderly
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people (aged 75-84 years) and oldest-old elderly people
(aged 85 years and older) are increasing,' the prevalence
of dementia among the oldest-old will increase rapidly.
The prospective estimates for the prevalence of Alzhei-
mer’s disease, based on the 2000 census of the US pop-
ulation, are that the number of oldest-old people with
dementia will more than quadruple and the number of
old-old people with dementia will double, while the
number of young-old people with dementia will remain
constant by 2050.”In Japan, it has been estimated that
the number of people with dementia will peak in 2036 at

© 2005 Japan Geriatrics Society
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around 3 550 000 people, that is 10.8% of people aged
65 years and older, of whom about 2 050 000 people will
be in the oldest-old category.’ These predicted changes
offer complex and intriguing challenges for geriatrists
and gerontologists who endeavor to prevent elderly
people becoming bed-ridden. However, little is known
about the various mental and physical capabilities of
community-dwelling, oldest-old, elderly people in Japan
because of a paucity of reports in the literature.

We conducted a complete door-to-door survey to
examine the actual functional status of very old people
dwelling in an urban community in Japan, and investi-
gated age-related differences in cognitive function in
physically independent oldest-old and old-old people
using the Mini-Metal State Examination (MMSE).*

Methods and participants

Participants

The old-old (aged 75-84 years) and the oldest-old (aged
85 years and older) adults living in an urban area of
Itabashi ward in Tokyo, Japan, took part in the study.

The oldest-old elderly people participated in the
survey that was conducted door-to-door in the ‘I’ dis-
trict of Itabashi ward in 2002.° On 1 July 2002, 381
people (126 men and 255 women) aged 85 years and
older were registered as residents in the ‘I" district of
Itabashi ward. Of these, 70 (22 men and 48 women)
were excluded from the survey, because they had died,
were institutionalized in hospitals or nursing homes,
had been absent from the ward for a long time or had
disease that would preclude their participation in the
study. We visited the remaining 311 people, of whom
211 agreed to participate in the survey (67.8%
response).

We used data from old-old elderly people who partic-
ipated in the comprehensive health examination for the
community elderly (‘Otasha-Kenshin’)®” as the control
group. On 1 October 2002, we randomly sampled 1945
residents aged 70-84 years in Itabashi ward, Tokyo
Japan. We informed these people of the contents and
importance of the examination, and invited them to par-
ticipate in the health examination. As a result, 847 (456
men and 391 women) participated in the examination
(43.5% response). The examination was conducted in
public facilities at three locations in Itabashi ward. All
the participants attended on foot or using public trans-
port, or were assisted to attend by their families. We
used the data of 517 old-old people (278 men and 239
women). The participation rate in the old-old group was
43.9%.

Nine people were excluded from the analysis because
they refused the MMSE (four old-old, five oldest-old),
and six were excluded because their level of education
could not be determined (all oldest-old). Additionally,

© 2005 Japan Geriatrics Society

32 oldest-old elderly people whose scores were below
80 points on the Barthel Index were also excluded from
the analysis, because they were considered to be phys-
ically dependent based on previously established crite-
ria.®? Data from 681 individuals (513 old-old and 168
oldest-old) were included in the analyses.

Table 1 shows the characteristics of the participants.
Three levels were used to describe education (elemen-
tary, secondary, higher education). Cognitive decline
was defined as a score of below 24 points on the MMSE.
Level of education, walking, higher-level competence,
subjective status of vision and hearing and cognitive
decline in the oldest-old group were inferior to those of
the old-old group for men and women. Eating, bathing,
dressing, going to the toilet, continence, and subjective
health status were similar between the two age groups
for men and women.

Measurement

The MMSE was used to assess cognitive function
among the elderly.* In the original procedure for
MMSE," item 4b, ‘reverse spelling’, was carried out if
participants refused item 4a, ‘calculation’. However, in
this study both items were used. Item Sb, ‘delayed rec-
ognition’, was unique to this study. Each participant
was shown a list containing two kinds of words: (i)
words that had been presented already in item 3, ‘reg-
istration’; and (ii) new words that had never been pre-
sented, and then the participant was asked whether or
not each word had been seen already in item 3.

The TMIG Index of Competence for measuring
higher-level competence, and the Barthel Index were
used for assessing ADL among the oldest-old group.’

Procedure

The old-old group was tested using the comprehensive
health examination (‘Otasha-Kenshin)*” while the old-
est-old group was examined at home.” Gerontologists or
trained university students who learn geriatric psychol-
ogy assessed each individual’s cognitive function using
the MMSE, and administered the instruments to obtain
the following information: subjective health status, level
of education, ADL, the TMIG Index of Competence,
the Barthel Index, and subjective status of vision and
hearing.

The study was approved by the ethics committee of
the Tokyo Metropolitan Institute of Gerontology and
each participant gave written informed consent. The
study was explained to all prospective participants and
all were advised that: (i) their participation would be
entirely voluntary; (i) they could withdraw from the
study at any time; and (iii) if they chose not to partici-
pate or to withdraw, then they would not be disadvan-
taged in any way.

| 249
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Table 1 Characteristics of participants

Male Female
Old-old Oldest~old Old-old Oldest-old

n 277 68 236 100
Age 78.4+2.7 88.2+£2.7 78.5 2.7 88.6+3.0
Age range (years) 75-84 85-94 75-84 85-100
Level of educationt

Elementary education (%) 32.1 63.2 44.5 54.0

Secondary education (%) 30.7 13.2 34.3 41.0

Higher education (%) 37.2 23.5 21.2 5.0
Subjective health statusk 1.9+0.7 2.0+0.8 21%07 1.9+0.7
Walking (% independent) 98.9 83.8 98.7 72.0
Eating (% independent) 99.6 100.0 100.0 100.0
Bathing (% independent) 98.2 97.1 99.6 92.0
Dressing (% independent) 99.3 98.5 100.0 97.0
Going to the toilet (% independent) 98.9 100.0 100.0 100.0
Continence (% independent) 82.7 83.8 75.4 76.0
Higher level competence] 11.4+£2.0 8.8+29 11.9+1.6 9.243.0
Vision (% no problem) 93.5 64.7 94.9 77.0
Hearing (% no problem) 88.5 61.8 90.7 53.0
Cognitive decline (% declined)§ 9.0 22.1 7.2 26.0

FIndicates the percentage of individuals who attained each level of education: elementary; secondary; or higher.

FSubjective health status: 1, excellent; 2, good; 3; fair; 4, poor.

{Higher level competence was estimated by TMIG Index of Competence

7,10 (

range: 0-13).

§Cognitive decline indicated the rate of individuals who got 24 points below on the total scores of the MMSE.

Scoring of the MMSE

When item 9, ‘reading and obeying’, and item 11, ‘copy~
ing figures’, could not be carried out normally due to
vision problems or functional disability, the scores were
modified by substituting the average of all scores for the
missing value. In the analyses of the separate items, no
substitution occurred and the individuals who did not
respond to the items were excluded. In item 10, ‘writing
sentences’, individuals who had disabilities in their
hands, were asked to respond verbally, and the assessor
scored the item based on the spoken sentence. As pre-
viously reported,' the higher of the two scores for item
4a, ‘calculation’, and item 4b, ‘reverse spelling’, was
used for computing the total scores of the MMSE. The
score for item Sb, ‘delayed recognition’, was computed
by subtracting the number of words misrecognized
from the number of words correctly recognized. The
words that were recalled correctly in item Sa, ‘delayed
recall’, were regarded as ‘correct’ in item Sb, ‘delayed
recognition’. Additionally, item Sb, ‘delayed recogni-
tion’, was not used in calculating the total score for the
MMSE.

Analyses of data

In order to evaluate age-related differences in cognitive
function between the old-old and the oldest-old group,
total scores and subscales of the MMSE were analyzed
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using an ANCOVA, with control for level of education
and subjective status of vision and hearing because
they act as confounding factors when age-related dif-
ferences in cognitive function among the elderly are
evaluated.

The analyses were broken down by sex because the
distribution of level of education in men was different
from that in women, and the age range in the men was
smaller than in women, in the oldest-old group.

All statistical analyses were conducted using the SAS
software version 6.12 (SAS Institute Inc., Cary, NC,
USA).

Results

Table 2 gives the mean scores of total and subscales of
the MMSE by sex and age group, and results of the
ANCOVA for total scores of the MMSE and all 13 MMSE
items.

The mean MMSE scores for old-old and oldest-old
men were 27.5%2.84 (range: 8-30) and 25.9+£3.35
(range: 7-30), respectively, and those for old-old and
oldest-old women were 27.8 + 2.45 (range: 17-30) and
25.0 + 4.32 (range: 2-30), respectively.

Four of 14 analyses in men {total score, ‘registration’,
‘calculation’, ‘delayed recall’), and nine of 14 analyses
in women (total score, ‘time orientation’, ‘place orien-
tation’, ‘registration’, ‘calculation’, ‘delayed recall’,

© 2005 Japan Geriatrics Society
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2.03 £ 1.09 (100)
2.00 % 0.00 (99)
0.85 % 0.35 (99)
3.00 £ 0.00 (99)

0.97 £0.17 (99)

2.58 £0.70 (234)
2.00 £ 0.00 (234)
0.91 +0.28 (235)
2.98 % 0.11 (236)
0.99 +0.09 (235)
0.91 +0.27 (233)
0.94 +0.22 (234)

ns

2.52 +0.83 (68)
2.00 £ 0.00 (68)
0.89 +0.30 (68)
3.00 £ 0.00 (68)
1.00 £ 0.00 (68)
0.85+0.35 (68)
0.83 +0.37 (68)

2.59+0.76 (275)
2.00 £ 0.00 (274)
0.89 +0.31 (275)
2.98 +0.19 (275)
0.99 £ 0.06 (275)
0.93 + 0.24 (275)
0.93 + 0.24 (273)

*P < 0.05; #*¥P < 0.01; *#*P < 0.001; ns, not significant.

Sb Delayed recognition

6 Naming objects

ns

7 Repeating a sentence

ns

ns

8 Listening and obeying
9 Reading and obeying

10 Writing sentences
11 Copying figures

Cognitive function in the very old

ns

ns

ns

2

0.73 £0.44 (99)
0.82 £0.38 (99)

ns

The analysis in the item measuring ‘naming objects’ was not conducted because all participants answered correctly.

‘delayed recognition’, ‘writing sentences’, ‘copying fig-
ures’), reflected significant age-related differences.

Men and women in the oldest-old group performed
approximately as well as men and women in the old-old
group on four items (‘naming objects’, ‘repeating a sen-
tence’, ‘listening and obeying’, ‘reading and obeying’).
No analysis of responses for the item measuring ‘nam-
ing objects’ was conducted because all participants
answered correctly.

Discussion

A few longitudinal surveys of very old people living in
communities, such as the Berlin Aging Study and the
Asset and Health Dynamics of the Oldest Old (AHEAD)
study,'®!* that were focused on medical, biological and
psychological domains including cognitive aging,
started in the 1990s. These studies have shown that the
oldest-old people have unique characteristics of cogni-
tive function quite different from those of the young-
and old-old. For example, the Berlin Aging Study, which
was conducted on people aged 70-103 years, was the
first to show that crystallized intelligence, previously
considered to be stable over time in old age, actually
declined in very old age. According to Rowe's and
Kahn’s theory," cognitive functioning is essential for
accomplishing ‘successful aging” among elderly people.
These problems are very compelling for many geriatrists
and gerontologists. However, there is little published
information about cognitive functioning among com-~
munity-dwelling, oldest-old people in Japan. The aim of
this study was to describe the characteristics of cognitive
functioning among the physically independent oldest-
old, using the results of the complete door-to-door
survey.

Age-related difference in total scores of the MMSE
between the oldest-old and old-old

Age-related differences in the MMSE total score
between the oldest-old and old-old were observed
among men and women, suggesting that overall cogni-
tive functioning continues to decline over time in very
old age.

Age-related difference in subscale scores of the
MMSE between the oldest-old and old-old

Age-related differences between the oldest-old and old-
old for the items measuring, ‘registration’, ‘calculation’
and ‘delayed recall’, were observed in men and women,
and for ‘time orientation’, ‘place orientation’, ‘delayed
recognition’, ‘writing sentences’, and ‘copying figures’,
in women. These results are mostly consistent with those
of Tombaugh et al. and suggest that these faculties are
most sensitive to normal aging among very old people.’®
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No age-related difference was observed in ‘reverse
spelling’ between two groups. The result suggested that
the item was not sensitive to normal aging among very
old individuals. Previous studies of young-, and old-old
elderly have suggested that ‘reverse spelling” was useful
in assessing normal aging but Holtsberg et al. reported
that cognitively intact centenarians performed approxi-
mately as well as the elderly aged 80 years on ‘calcula-
tion” and ‘reverse spelling’.'*'* Therefore, it secems that
while the faculty that is assessed with ‘reverse spelling’
declines sharply among younger elderly, it remains con-
stant in very old age.

Age-related differences in ‘calculation” but not in
‘reverse spelling” between the two age groups were
observed. These results agree with those of Tombaugh
et al. and suggest that the degrees of difficulty in the two
items are different.'®

Age-related differences in ‘delayed recall” between the
two age groups were observed in men and women but
no age-related difference in ‘delayed recognition’ was
observed in men. These results implied that the age-
related difference in memory function that was assessed
with the subscale of the MMSE would diminish with
recognition conditioning instead of free-recall condi-
tioning. One previous study reported that episodic
memory task performance, assessed by free-recall con-
ditioning with no reminders available, declines among
elderly people, while the memory performance evalu-
ated by recognition or cued-recall conditioning with
reminders is not impaired.” In the present study, it
seems that while the performance in the old-old and the
oldest-old men was similar because of the effect of the
reminders, this was not the case in women. These dif-
ferent results in the women could be caused by cogni-
tive impairments like dementia because the reminders
were ineffective and the prevalence of dementia is
reported to be higher among oldest-old women than
men.'3® Further detailed investigations are warranted
to clarify this issue, including studies to: (i) distinguish
individuals with dementia from normal elderly; (ii) con-
duct more difficult memory tests; and (iii) carry out a
longitudinal study a few years later.

Limitations and future directions of the present study

The MMSE is not challenging for cognitively normal
and healthy elderly. Special test batteries are available
that are more suitable for detailed assessment of the
cognitive functions considered in this study. However, a
long examination is difficult for oldest-old people
because they are frailer than the younger elderly. We
decided to use the MMSE for measuring cognitive func-
tion in very old people because the test is simple and less
demanding on them.

The difference in representativeness between the two
age groups is undeniable because different procedures
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were used in each of the two surveys. We invited 311 of
the oldest-old elderly living in a community to partici-
pate in the complete survey, of whom 211 agreed to par-
ticipate (67.8% response), and data from 168 (54.0%)
were used in the analyses, whereas the data on the old-
old group were from participants in the comprehensive
health examination, who were randomly sampled as
residents.

We decided that directly estimating age-related differ-
ences in cognitive function between the two age groups
was appropriate for the following reasons: (i) there was
likely to be little difference in social economic status
(income, occupation, marriage, residence, education
and so on) between the two groups because individuals
in both groups lived in the same area, Itabashi ward; (ii)
it was estimated that the participants in both age groups
had higher mental and physical capacities than the
whole of the elderly population that included institu-
tionalized people, because they were community-
dwelling elderly; (iii) the two groups were inferred to
have almost the same level of physical independence
because no differences were observed in ADL except for
walking (see Table 1); and (iv) the old-old group in the
study was not cognitively superior because both groups
included individuals with cognitive impairment who
scored less than 21 points on the MMSE.

The present study, which involved conducting sur-
veys of the oldest-old living in an urban community,
and provided information about the characteristics of
cognitive function in the physically independent oldest-
old, is very valuable and rare in Japan. We are planning
to conduct a detailed longitudinal survey to investigate
cognitive aging in very old age.
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Table 1 Social back ground of participants

SEX

total
men women

Number of registered residents
Number of real residents

Number of participants
(percents are calculated form real residents)

first-person
family
AGE group
85—89
90—94
95—
Living arrangements
alone
with spouse
with children or grand children
others
Education
elementary education
secondary education
higher education
unknown
Occupation
blue-color
white-color
housewife, or inoccupation

Number of participant who needs
care from others

126 255 381
104 (82.5%) 207 (81.2%) 311 (81.6%)

76 (73.1%) 135 (65.2%) 211 (67.8%)
81 (77.9%) 154 (74.4%) 235 (75.6%)

54 (66.7%) 91 (59.1%) 145 (61.7%)
25 (30.9%) 50 (32.5%) 75 (3L9%)

2 ( 25%) 13 ( 84%) 15 ( 64%)
12 (14.8%) 31 (20.1%) 43 (18.3%)
25 (30.9%) 6 ( 3.9%) 31 (13.2%)
44 (54.3%) 114 (74.0%) 158 (67.2%)
0 ( 0.0%) 3 ( 1.9%) 3 ( 1.3%)

53 (65.4%) 80 (51.9%) 133 (56.6%)
9 (11.1%) 52 (33.83%) 61 (26.0%)
18 (22.2%) 13 ( 8.4%) 31 (13.2%)
1 (12%) 9 ( 58%) 10 ( 4.3%)

49 (60.5%) 67 (435%) 116 (494%)
32 (39.5%) 30 (195%) 62 (26.4%)
0 ( 0.0%) 57 (37.0%) 57 (24.3%)
26 (32.1%) 73 (474%) 99 (42.1%)
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My AERDPRENTHSE, KRAEOHEE,DS, Mk
BE LD LBENEIME-NTWL EFEENLESE
HMEBEICBVTY, 40% 2B 2 5N RPEANHINE
ThHHIEVPHLPII R o 7.

5T, N—bUBEIC L5 AHERBEOHIE R
RAHETEBLFFENEFIIBNTD 700% Bk
80.0%, LY 66.7%) THY, HEMIIAEZELRV

AREZBEEZSHE 42%25 (2005 3)

EINTYWTH HEAFRBIEIZEETTER2L, M5
POBELHFOBEVPERELT LI LIRENT. T
HE LIRS AEELREB 2 B2 L STHREEN R D
BETHAETHO POBEEL O Z L AMEE SN,
WD E L - FR 12 FEOBRHEEEBRLY T
65 U LOEEERE LN RICAEETEIOERS
HEL TS, RITRRDLEMIENICAS & [HilIok
VA JEIE AT RS T 925%, BRIEEHE T 734%,
R EE T 438% LB E O BTHEOET 25380
SNB. KRIEIIBITHNN— L VIBEIC BT B HATHE
PHFINTODEGIE, NERT147%, AT
66.7%, ENERETELZDLVEERT366% LIFITFEL
HEERLTWZ, ZOIZEHhs, MliEHE, B
ML WL CHERHEO HEAERERIETEE T
HBHIEPREINT.

KA TEREREICE L TSR RE I 0B 0,
WA NS SRR CEM 8 N7z s E RIS T %55
BRAEYCIX, MEE®HECEYE (112222 4), &
(11718 1), #EKETHMYE (102+29 K), 0k
(102+315) L 10HUETH B, KFEOTEE
X, BLELAFENEHETH 082 THD, X5I0#
HLEDLL I3 R EBEmRE HEEBBENMETL T
HIEMRENS. IThLOBERIBESHICBITLE
FOETERRRTEHDOTH S,

EHABEERIE S v M A TARAL bR 21/22 128 5E LERM
MO POEELROFEDEES 2RO IER681%
(B 89.1%, &M 741%) PHIERVWESE I, /N—
EVIREIL L AMBEE R VEOS S 477% (B
64.2%, 2% 39.0%) 12 e<EBAERR IS LR - T v
HILAUREN. AW, 21/22 % B EREED S v
Fd78RL Y FELTHWZA, Fujiwara 508
T, #IFE B #E @ Mild cognitive decline o BifE 13
I TEMNICET L, BEiiics v Tt 85,
90, 95 M TEFNERN, 23, 22, 21 HATHHEHMEL T
5. KR OXNREOFHERIL IR TH LI EhD
bA Y bETRL Y P ORERRLTHoEEL D,

HEEREERICE L T, MEOZWLODE &I
T 63.0%, 71T 51.9% Tdh - 72, OB EEHAEY
T, HACHEI 2 WH OES R E#®E T 94.9%,
BB EHE T 86.5%, MBEHHE T705% Thotz. F/z
IO 2 WEIS IR B #E T 96.6%, Bk
BT 841%, WMEME T586% Th oo, AL Tl
By, WL D ICHEO R WD ODOEESE TR GER
Thotz. —F, 100 EEEE OWMATIEHED 2\
BIEIRTIT 325%, BETIT 198% LA T A Eh b,
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