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Abstract: The relationship between mortality and impaired cognitive function has not been
thoroughly investigated in a very elderly community-dwelling population, and little is known
about the association of disease-specific mortality with Mini-Mental State Examination (MMSE)
subscale scores. Here we evaluated these data in Japanese community-dwelling elderly. In 2003,
85 year-olds (n=207) were enrolled; 205 completed the MMSE for cognitive function and were
followed-up for 10 years, during which time 120 participants died, 70 survived, and 17 were lost
to follow-up. Thirty-eight deaths were due to cardiovascular disease, 22 to senility, 21 to respira-
tory disease, and 16 to cancer. All-cause mortality decreased by 4.3% with a 1-point increase in
the global MMSE score without adjustment, and it decreased by 6.3% with adjustment for both
sex and length of education. Cardiovascular mortality decreased by 7.6% and senility mortality
decreased by 9.2% with a 1-point increase in the global MMSE score with adjustment for sex and
education. No association was found between respiratory diseases or cancer mortality and global
MMSE score. All-cause mortality also decreased with increases in MMSE subscale scores for
time orientation, place orientation, delayed recall, naming objects, and listening and obeying.
Cardiovascular mortality was also associated with the MMSE subscale of naming objects, and
senility mortality was associated with the subscales of time orientation and place orientation.
Thus, we found that impaired cognitive function determined by global MMSE score and some
MMSE subscale scores were independent predictors of all-cause mortality or mortality due to
cardiovascular disease or senility in 85 year-olds.

Keywords: cognition, elderly, mortality, community-dwelling, MMSE

Introduction
A systematic review of the literature regarding community-dwelling individuals
aged 65 and over showed that the levels of cognitive impairment among these indi-
viduals were associated with an increased risk of mortality, and this association was
found even for mild levels of impairment.! A review focusing on the association of
mild cognitive impairment with mortality, which included studies on population-based
samples with persons aged 65 and over, found that the relative risk for participants
with mild cognitive impairment varied from 1.0 to 1.9.2 Another review article
focusing on the association between geriatric syndrome and survival found that
elderly persons aged 65 to 74 with advanced dementia have a higher risk of mortality
than elderly persons without dementia, but the difference between people with and
without dementia in remaining life expectancy may be 1 year or less in the “old-old”,
particularly 90 and over.?

In a large multicenter study of a population aged 65 years and over, an associa-
tion between cognition and survival was relatively uniform across three age groups
(<74 years, 75-84 years, and 85+ years), but no association was found in men
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aged 85+, because of the reduced life expectancy in that age
group.* In a population of nursing home residents with the
mean age of 83.8 years, individuals with both severe frailty
syndrome and severe cognitive impairment were less likely
to survive, but neither frailty nor cognitive impairment when
considered separately was associated with a higher mortality
rate.’ These investigations thus suggest that there is an asso-
ciation between cognitive impairment and high mortality in
the elderly, but this association seems weaker in very elderly
individuals (aged 80+ years).

Therefore, it is important to determine whether the
association between cognitive function and mortality is still
present in very elderly persons living in the community. To
clarify this association in the very elderly, we conducted the
present study to examine this issue in a community-dwelling
population of 85 year-olds.

Methods

Our previous study® was conducted with 827 participants
who were 80 years old in 1998 (born in 1917) and resided in
one of nine districts in Fukuoka Prefecture, Japan: Bunzen
City, Munakata City, Yukuhashi City, Tobata Ward of
Kitakyushu City, Kanda Town, Katsuyama Town, Toyotsu
Town, Tsuiki Town, and Shinyoshitomi Village. There were
1,282 residents aged 80 years in these districts, and of these
827 agreed to participate in the 1998 study. Of the 827 indi-
viduals, 410 declined to participate in the present study
and 210 died in the following 5 years; the 207 remaining
85 year-olds in 2003 (90 males, 117 females) participated
in the present study. We compared sex and mortality dif-
ferences between participants and non-participants in this
study. Men were more prevalent in participants (43.2%) than
in non-participants (35.6%, P=0.031), and mortality during
12 year follow-up from 80 years to 92 years was 39.3% for
the former, and 68.8% for the latter (P<<0.001). However,
this difference between these groups may be attributed partly
to the fact that individuals who died before they reached the
age of 85 years could not participate in the study started at
85 years. These findings indicate that participants used in the
present study were not representative of the original study
population in supplementary analyses, but the representatives
of more healthy individuals.

Of the 207 participants, 205 (88 males, 117 females)
completed the Japanese version of the Mini-Mental State
Examination (MMSE) as an assessment of cognitive func-
tion, administered by an experienced speech/language/
hearing therapist or occupational therapist. The MMSE is a
standardized evaluation of global cognitive function and is

widely used in epidemiological studies.”'® A full score on
the MMSE is 30. The MMSE includes eleven test items:
1) time orientation (5 points); 2) place orientation (5 points);
3) registration of three words (3 points); 4) calculation:
mentally subtracting seven iteratively from 100 (5 points);
5) delayed recall of the three words presented earlier (3
points); 6) naming objects (2 points); 7) repeating a sentence
(1 point); 8) listening and obeying following a three-stage
instruction (3 points); 9) reading and obeying following a
message printed on a card (1 point); 10) writing a sentence
(1 point), and 11) copying a figure on a sheet (1 point).
One cognitive function expert participated in MMSE data
collection. We did not assess interrater reliability. All of
the present study’s participants were also asked to fill out
a medical questionnaire which included questions about
current smoking, alcohol consumption, years of education,
and history of stroke. After the baseline examination in
2003, when all of the participants were 85 years old, the
207 participants were followed-up for 10 years. Confirma-
tion of whether the individual was living or had died was
obtained by asking the family via a telephone call or home
visit. The causes of death were classified according to the
tenth version of the International Classification of Diseases
(ICD-10)." The study was approved by the Human Inves-
tigations Committee of Kyushu Dental University, and was
conducted in full accord with ethical principles, including
the World Medical Association Declaration of Helsinki, as
revised in 2002. Informed written consent was obtained from
all participants in accordance with these principles.

All of the data are reported as means + standard devia-
tion (SD). Participants were divided into three global MMSE
groups; preserved function (global MMSE =27), minimally
impaired function (global MMSE 26 to 23), and moder-
ately impaired function (global MMSE =22). This MMSE
grouping were based on a tertile split. To have a similar
number of individuals for each group a cut-off MMSE value
was used to divide the three groups.

The differences in mean values among the three global
MMSE groups were examined using an analysis of variance
(ANOVA) and those between two groups were evaluated
using the unpaired Student’s z-test. Unpaired Student’s
t-test was done between men and women, or survivor and
non-survivor for comparing MMSE scores. The categorical
variables were compared using the chi-squared test. The
associations between the three global MMSE groups and
10 year mortality rates were assessed using multivariate Cox
proportional hazards regression analyses in which no adjust-
ment was made, or only adjustment for sex was made, both
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sex and education periods were adjusted, or hypertension,
diabetes, heart disease, cancer, and diet were adjusted.
Proportional hazards assumption using Schoenfeld residu-
als was not tested in the Cox models. A comparison of the
survival rates among the three global MMSE groups was con-
ducted by the Kaplan—Meier method, followed by a log-rank
test to assess the significance between the survival curves.
The results were considered to be significant at P<<(0.05. The
significance threshold for multiple comparisons made by Cox
proportional hazards regression analyses was adjusted using
the Bonferroni method of adjusting for multiple comparisons,
being changed from 0.05 to 0.0125.

Results

During the 10 year follow-up period, of the 207 participants,
120 had died, 70 survived, and 17 were lost to follow-up.
Of'the 120 participants who had died, 38 deaths were due to
cardiovascular disease, 22 to senility, 21 to respiratory tract
diseases, 16 to cancers, four to extrinsic causes, three to
gastrointestinal disease, two to urinary tract disease, two to
other diseases, and 12 to unknown causes. ICD-10 codes were
100-199 for cardiovascular disease, JO0-J99 for respiratory
disease, C00-D48 for cancer, and R54 for senility.

For the total study population, the average global MMSE
score (ie, the total score for all eleven items) was 23.814.5;
for the 90 men, 24.0+4.4, and for the 117 women, 23.63+4.7,
a nonsignificant difference. The global MMSE score for the
70 survivors was 24.814.0, which is significantly higher
than the corresponding scores for the 120 non-survivors
(23.114.8) (P=0.012). The average education period was
9.442.6 years for all subjects, 9.913.0 years for men, and
9.0£2.1 years for women (P=0.004). Education period was
positively correlated with MMSE score (r=0.259, P<<0.001).

MMSE scores were 21.245.1 for individuals who had 6 years
or less education (graduated only from elementary school,
n=25), 23.843.5 for those who had 7-9 years (graduated
from junior high school and elementary school, n=76),
24.8+4.2 for those who had 10-12 years (graduated from
high school, junior high school, and elementary school,
n=74), and 25.3+2.8 for those who had 13 years or more
(graduated from university, high school, junior high school,
and elementary school, n=20; P=0.001). MMSE scores were
24.844.0 for individuals who survived until 95 years or older,
23.145.3 for those who survived until 92-94 years, 24.2+4.0
for those who survived until 90 or 91 years, and 22.4+4.8
for those who survived until 85-89 years or less (P=0.029).
There was a slight positive correlation between age of death
and MMSE scores (r=0.161, P=0.029).

We divided the participants into the following three
groups based on their cognitive function as shown by
their global MMSE scores so that similar numbers of par-
ticipants were in each group: preserved function (global
MMSE =27, n=60), minimally impaired function (global
MMSE 26-23, n=86), and moderately impaired function
(global MMSE =22, n=59). The baseline characteristics of
each group are shown in Table 1. Total mortality was higher
in the group with moderately impaired function and lower in
the group with preserved function (P=0.017). No significant
difference was found in mortalities due to cardiovascular
disease, cancer, respiratory disease, or senility. The level of
education was higher in the preserved-function group and
lower in the moderately-impaired group (P<<0.001). There
were no significant differences in sex, smoking, alcohol
consumption, and history of stroke.

Table 2 shows the results of the multivariate Cox analy-
ses of the three cognition groups for total mortality without

Table | Baseline characteristics of the 205 elderly participants with different cognitive function levels grouped by MMSE scores

Preserved function Minimally impaired function Moderately impaired function P-value
(global MMSE =27) (global MMSE 26 to 23) (global MMSE =22)
n 60 86 59
Men 28/60 (46.7) 30/86 (34.9) 30/59 (50.8) 0.127
Total mortality 27/54 (50.0) 49/79 (62.0) 42/55 (76.4) 0.017
Cardiovascular death 8/54 (14.8) 13/79 (16.5) 17/55 (30.9) 0.062
Cancer death 4/54 (7.4) 6/79 (7.6) 5/55 (9.1) 0.936
Respiratory death 7/54 (13.0) 7179 (8.9) 7155 (12.7) 0.693
Senility death 2/54 (3.7) 12/79 (15.2) 7155 (12.7) 0.108
Education (years) 10.50+2.62 9.04+2.15 8.78+2.72 <0.001
History of stroke 3/60 (5.0) 8/86 (9.3) 4/59 (6.8) 0.607
Smoking 3/59 (5.1) 6/86 (7.0) 1/56 (1.8) 0.380
Alcohol consumption 35/58 (60.3) 42/84 (50.0) 26/57 (45.6) 0.262
Note: Data are shown as n (%) or mean * SD.
Abbreviations: MMSE, Mini-Mental State Examination; SD, standard deviation.
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adjustment (Table 2, Group A), with adjustment only for sex
(Table 2, Group B), with adjustment for both sex and educa-
tion (Table 2, Group C), and with adjustment for sex and
education, histories of hypertension, diabetes, heart disease,
cancer, and diet (Table 2, Group D). Without adjustment,
the total mortality was 2.0 times higher in the moderately
impaired group than in the preserved group, whereas no sig-
nificant difference was found between the minimally impaired
group and the preserved group. Similarly, with adjustment for
sex, the moderately impaired group had 2.2 times higher mor-
tality than the preserved group. The men were 2.1 times more
likely to die than the women. With the adjustment for both sex
and education, the total mortality was also 2.3 times higher
in participants with moderately impaired cognitive function
and 1.7 times higher in those with minimally impaired cog-
nitive function compared to those with preserved cognitive
function. Using Bonferroni method of adjusting for multiple
comparisons, however, total mortality did not differ between
the preserved group and the minimally impaired group. The
moderately impaired group had 2.6 times higher total mortal-
ity, and the minimally impaired group had 1.9 times higher
mortality than the preserved group when adjusted for sex and

education, histories of hypertension, diabetes, heart disease,
cancer, and diet. This difference between the preserved group
and the minimally impaired group also disappeared with
Bonferroni adjustment for multiple comparison.

We also assessed the associations of disease-specific
mortality with the three cognition groups by multivariate Cox
proportional hazards regression analyses. Without adjust-
ment, the cardiovascular disease mortality was 2.8 times
higher in the participants with moderately impaired cogni-
tive function than in those with preserved cognition (hazard
ration [HR] 2.78, 95% confidence interval [CI] 1.198-6.457,
P=0.017), and was 3.1 times higher in the former than the
latter with adjustment for sex and education (HR 3.08, 95%
CI1.274-7.438, P=0.012). Mortality due to senility was sig-
nificantly higher in the minimally impaired group compared
to the preserved group both without adjustment (HR 5.14,
95% CI 1.150-22.980, P=0.032) and with adjustment for sex
and education (HR 4.72, 95% CI 1.028-21.628, P=0.046).
These differences in disease-specific mortality disappeared
after Bonferroni adjustment. There were no associations
between mortality due to respiratory disease or cancer and
the three cognition groups.

Table 2 Multivariate Cox analysis of the three cognition groups for total mortality

Hazard ratio 95% CI P-value

A

Preserved group |

Minimally impaired group 1.46 0.912-2.342 0.115
Moderately impaired group 2.05 1.259-3.334 0.004
B

Preserved group |

Minimally impaired group 1.60 0.996-2.571 0.052
Moderately impaired group 221 1.357-3.610 0.001
Men 2.11 1.457-3.045 0.000
C

Preserved group |

Minimally impaired group 1.70 1.024-2.820 0.040
Moderately impaired group 227 1.343-3.843 0.002
Men 1.94 1.328-2.839 0.001
Education 1.01 0.936-1.095 0.755
D

Preserved group |

Minimally impaired group 1.93 1.131-3.280 0.016
Moderately impaired group 2.65 1.505-4.651 0.001
Men 2.06 1.378-3.074 0.000
Education 0.99 0.911-1.085 0.892
Hypertension 0.85 0.563-1.288 0.447
Diabetes 0.50 0.248-1.022 0.057
Heart disease 0.96 0.607-1.512 0.854
Cancer 0.15 0.051-0.439 0.001
Diet 1.05 0.574-1.917 0.876

Notes: Without adjustment (A), with adjustment for sex (B), with adjustment for sex and education (C), with adjustment for sex and education, histories of hypertension,

diabetes, heart disease, cancer, and diet (D).
Abbreviation: Cl, confidence interval.
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Multivariate Cox analyses were also assessed for 1-point
increases in the participants’ global MMSE scores for total
mortality without adjustment, with adjustment only for sex,
with adjustment for both sex and education, and with adjust-
ment for sex and education, histories of hypertension, diabe-
tes, heart disease, cancer, and diet. Total mortality decreased
by 4.3% (HR 0.957, P=0.013) with a 1-point increase in
MMSE score when no adjustment was made. With the adjust-
ment for sex, total mortality decreased by 5.5% (HR 0.945,
P=0.002) with a 1-point increase in MMSE score, but with
the adjustment for both sex and education, the total mortal-
ity decreased by 6.3% (HR 0.937, P=0.004) with a 1-point
increase in MMSE score. Similarly, total mortality decreased
by 6.8% (HR 0.932, P=0.003) with a 1-point increase in
MMSE with adjustment for sex and education, histories of
hypertension, diabetes, heart disease, cancer, and diet.

We also conducted multivariate Cox analyses of 1-point
differences in global MMSE scores for disease-specific mor-
tality with and without adjustments for sex and education.
Mortality from cardiovascular diseases decreased by 7.6%
with a 1-point increase in global MMSE score when adjusted
for both sex and education (HR 0.924, 95% CI 0.858-0.995,
P=0.036). Without adjustment, senility mortality decreased
by 9.8% with a 1-point increase in global MMSE score (HR
0.912, 95% CI 0.853-0.975, P=0.007), and with adjustment
for sex and education it decreased by 9.2% (HR 0.908, 95% CI
0.825-0.999, P=0.047). There was no significant association of
mortalities due to respiratory diseases or cancers with a 1-point
change in global MMSE score with or without adjustment.

The results of the multivariate Cox analyses of one MMSE
subscale point for total mortality are shown in Table 3; with-
out adjustment (Table 3, Group A), with adjustment only for
sex (Table 3, Group B), with adjustment both for sex and
education (Table 3, Group C), and with adjustment for sex and
education, histories of hypertension, diabetes, heart disease,
cancer, and diet (Table 3, Group D). With a 1-point increase
in time orientation, the total mortality decreased by 15.5%
when no adjustment was made; it decreased by 18.8% when
an adjustment was made only for sex, it decreased by 18.9%
when adjustments were made for sex and education, and it
decreased by 21.1% with adjustment for sex and education,
histories of hypertension, diabetes, heart disease, cancer, and
diet. Similarly, with a 1-point increase in delayed recall of
words, total mortality decreased by 19.7% without adjust-
ment, 19.8% with sex adjustment, and 19.4% with adjustment
for sex and education.

Slight associations between total mortality and MMSE
subscale points were also found for naming objects (with

no adjustment, with adjustment for both sex and education,
and with adjustment for sex and education, histories of
hypertension, diabetes, heart disease, cancer, and diet),
place orientation (with adjustment for sex, and with adjust-
ment for both sex and education), and listening and obeying
(with adjustment for sex, and with adjustment for both sex
and education, and with adjustment for sex and education,
histories of hypertension, diabetes, heart disease, cancer, and
diet). With Bonferroni adjustment for multiple comparison,
significant associations between total mortality and one
MMSE subscale point were only found for time orientation
and delayed recall of words.

We also performed multivariate Cox analyses of one
MMSE subscale point for disease-specific mortality with-
out adjustment, with adjustment only for sex, and with
adjustment both for sex and education. Mortality due to
cardiovascular diseases decreased by 96.6% with a 1-point
increase in the naming objects subscale score (HR 0.034,
95% CI 0.004-0.286, P=0.002) when no adjustment
was made; it decreased by 95.3% (HR 0.047, 95% CI
0.006-0.397, P=0.005) when adjustment was made for sex,
and it decreased by 96.7% (HR 0.033, 95% CI 0.004-0.309,
P=0.003) when the adjustment was made for both sex and
education. No association was found for other subscale scores
with cardiovascular mortality.

Mortality due to senility decreased by 35.0% with a
1-point increase in the time orientation subscale score (HR
0.650, 95% CI 0.527-0.802, P<<0.001) when no adjust-
ment was made; it decreased by 35.4% (HR 0.646, 95% CI
0.519-0.804, P<<0.001) when adjustment was made for sex,
and it decreased by 35.2% (HR 0.648, 95% CI 0.509-0.823,
P<0.001) when the adjustment was made for both sex and
education. Similarly, mortality due to senility decreased by
34.9% with a 1-point increase in the place orientation sub-
scale score (HR 0.651, 95% CI10.475-0.891, P=0.007) when
no adjustment was made, and it decreased by 34.9% (HR
0.651, 95% CI 0.470-0.900, P=0.009) when the adjustment
was done for sex, and decreased by 37.9% (HR 0.621, 95%
CI 0.423-0.913, P=0.015) when adjusted for both sex and
education. No association was found for other subscale scores
with senility mortality. Mortality due to respiratory disease or
cancer was not associated with any MMSE subscale scores.

The survival curves of participants who survived dur-
ing the 10 year follow-up period among the three cognition
groups were determined for all participants (Figure 1A),
the men (Figure 1B), and the women (Figure 1C). The
average survival period was 95.9 months for the preserved
cognition group, 84.8 months for the minimally impaired
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Table 3 Multivariate Cox analysis of one MMSE subscale point for total mortality

Hazard ratio 95% CI P-value

A

Time orientation 0.845 0.752-0.948 0.004
Place orientation 0.863 0.729-1.021 0.087
Registration of words 0.929 0.647-1.334 0.690
Calculation 0.952 0.850-1.066 0.395
Delayed recall of words 0.803 0.681-0.946 0.009
Naming objects 0.096 0.013-0.724 0.023
Repeating sentence 0.743 0.492-1.122 0.158
Listening and obeying 0.524 0.274-1.003 0.051
Reading and obeying 0.711 0.290-1.743 0.456
Writing sentence 0.893 0.519-1.537 0.684
Copying figure 0.884 0.588-1.328 0.552
B

Time orientation 0.812 0.721-0.914 0.001
Place orientation 0.807 0.681-0.957 0.013
Registration of words 0.976 0.678—1.405 0.895
Calculation 0919 0.820-1.030 0.145
Delayed recall of words 0.802 0.680-0.946 0.009
Naming objects 0.134 0.018-1.014 0.052
Repeating sentence 0.770 0.510-1.164 0.215
Listening and obeying 0.426 0.220-0.825 0.011
Reading and obeying 0.518 0.207-1.296 0.160
Writing sentence 0.804 0.466—1.388 0.434
Copying figure 0.791 0.524-1.194 0.265
C

Time orientation 0.8lI1 0.711-0.926 0.002
Place orientation 0.803 0.652-0.988 0.038
Registration of words 1.098 0.676-1.783 0.706
Calculation 0.935 0.829-1.054 0.272
Delayed recall of words 0.806 0.678-0.958 0.015
Naming objects 0.112 0.014-0.873 0.037
Repeating sentence 0.853 0.550-1.324 0.479
Listening and obeying 0.424 0.202-0.888 0.023
Reading and obeying 0.702 0.164-3.002 0.634
Writing sentence 0.852 0.457-1.591 0.616
Copying figure 0.814 0.526-1.259 0.355
D

Time orientation 0.799 0.700-0.912 0.001
Place orientation 0.845 0.676—1.057 0.140
Registration of words 1.539 0.915-2.589 0.104
Calculation 0.943 0.828-1.072 0.369
Delayed recall of words 0.849 0.701-1.029 0.095
Naming objects 0.087 0.011-0.696 0.021
Repeating sentence 0.783 0.496—-1.236 0.294
Listening and obeying 0.423 0.190-0.937 0.034
Reading and obeying 0.713 0.160-3.171 0.657
Writing sentence 0.685 0.358-1.310 0.253
Copying figure 0.754 0.481-1.182 0.219

Notes: Without adjustment (A), with adjustment for sex (B), with adjustment for sex and education (C), with adjustment for sex and education, histories of hypertension,

diabetes, heart disease, cancer, and diet (D).
Abbreviations: MMSE, Mini-Mental State Examination; Cl, confidence interval.

group, and 77.5 months for the moderately impaired group.
The cumulative survival rate was significantly lower
in the moderately impaired group than in the preserved
group (P=0.003). There was no significant difference in
survival rate between the moderately impaired group and

the minimally impaired group. Among the 82 surviving
men, the average survival period was 85.1 months for the
preserved group, 77.4 months for the minimally impaired
group, and 59.8 months for the moderately impaired group.
The cumulative survival period was significantly shorter in
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Figure | Survival curves of the 70 elderly participants who survived during the |0 year follow-up period among the three cognition groups.
Notes: All participants (A), men (B; n=82), and women (C; n=104). The participants were divided into three groups: preserved group, global MMSE =27, n=54; minimally
impaired group global MMSE 26 to 23, n=78; moderately impaired group, global MMSE =22, n=54.

Abbreviation: MMSE, Mini-Mental State Examination.

the moderately impaired group than in the preserved group
(P=0.004) and compared to the minimally impaired group
(P=0.029).

Among the 104 surviving women, the average survival
period was 106.8 months for the preserved group, 88.9 months
for the minimally impaired group, and 95.1 months for the
moderately impaired group, with no significant difference in
cumulative survival period among the three groups.

Discussion

In the present study, we observed a relationship between total
mortality and impaired cognitive function in a very elderly
population (85 year-olds). Total mortality was increased not
only with a decrease in global MMSE scores but also with
decreases in subscale scores of MMSE, ie, time orientation,
delayed recall of words, naming objects, place orientation,

and listening and obeying. Both senility-linked mortality
and cardiovascular mortality increased with the decrease in
global MMSE score, whereas mortalities due to respiratory
disease or cancer were not associated with global MMSE
scores. Similarly, mortality due to senility increased with
decreases in MMSE subscale scores of time orientation and
place orientation, and mortality due to cardiovascular disease
increased with decreases in the MMSE subscale scores for
naming objects. Mortality due to respiratory disease or cancer
was not associated with any MMSE subscale scores.

The present findings that there were associations in
cardiovascular mortality with global MMSE scores or MMSE
subscale scores suggest that cerebrovascular diseases together
with strokes related to impaired cognitive function may elevate
total mortality and cardiovascular mortality in the very elderly.
Associations between senility mortality and global MMSE
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scores or MMSE subscale scores suggest that senility induced
by terminal status of cardiac failure, stroke, malnutrition, mul-
tiple organ failure or other serious diseases may impair cogni-
tive function in 85 year-olds. Impaired cognitive function found
by decreased scores of global MMSE or subscale MMSE may
independently predict total mortality, cardiovascular mortality,
and senility mortality in the community-dwelling very elderly
population. A new finding of this study was that these associa-
tions were present in community-dwelling 85 year-olds.

In a very elderly population (95 year-olds) studied by
Borjesson-Hanson et al'? cognitive function measured using the
MMSE predicted mortality, and mortality decreased by 13%
for each 1-point increase in the MMSE. Another study of a
community-dwelling elderly population with the average age of
78.9 years showed that impaired cognitive function as assessed
by the MMSE predicted mortality in men and women."* A low
MMSE score was the strongest predictor of mortality in home-
dwelling patients aged 75 years and older with cardiovascular
disease.'* Mild to moderate cognitive impairment was a major
risk for mortality in patients with the mean age of 84 years
with acute hip fracture.'> Fast cognitive decline at the time of
dementia diagnosis in a community-based elderly population
with a mean age of 78.8 years was a major prognostic factor
for higher mortality rate.'® Similarly, dementia diagnosed after
the age of 75 years was a predictor of mortality.'” These find-
ings are in agreement with our finding that impaired cognitive
function was associated with higher mortality in a community-
dwelling population of 85 year-olds. Survival periods of people
with dementia was 4.3 years for ages 80—89 and 3.8 years for
ages 90 and older as estimated according to a population based
cohort study with a 14 year follow-up period.'®

O’Donnell et al® reported that in people aged 55 years or
over at increased cardiovascular disease risk, impairment of
cognitive function as shown by the MMSE was associated
with increases in the risks of stroke, congestive heart failure,
and cardiovascular death. They also found associations of
MMSE subscale scores for time orientation, place orientation,
calculation, delayed recall, and copying with cardiovascular
mortality. We also found, in a very elderly population, that
not only all-cause mortality but also disease-specific mortali-
ties due to cardiovascular diseases or senility were associated
with impaired global cognitive function as determined by
the MMSE. Mortality due to cardiovascular diseases also
decreased with an increase in the subscale score for naming
objects. Thus, our findings have extended the association
between impaired global or subscale cognitive function and
increased mortality due to cardiovascular disease, in a very
elderly population of 85 year-olds.

In a study of community-dwelling Japanese aged
79 years and older,’ all-cause mortality increased with
decreases in the scores of the MMSE subscales for time
orientation, place orientation, calculation, delayed recall,
repeating a sentence, and copying a figure. Similarly,
in Koreans aged 60 and over, impaired cognitive func-
tion as determined by not only global MMSE score, but
also the MMSE subscale scores for time orientation and
calculation, was associated with increased total mor-
tality.'” We also found in our population an association
between total mortality with MMSE subscale scores for
time orientation, recall of words, naming objects, place
orientation, and listening and obeying, indicating that
an association with all-cause mortality may be found for
global MMSE scores or MMSE subscale scores even in
85 year-olds, a very elderly population.

However, there are limitations in the present study. The
number of participants was not large. Many findings of no
significant difference in this study are due to small sample
size or small number of events. Seventeen of the 207 par-
ticipants were also lost to follow-up during a 10 year period.
The sample used in the present study were not representative
of the original study population, but representative of more
healthy individuals. There was also an issue of survivorship.
Additionally, MMSE was reported to have poor reliability
and sensitivity,'>?* and to be poor in discriminating individual
cognitive difference in non-demented elderly subjects.?!

In conclusion, we found that impaired cognitive function
as determined by global MMSE scores and by some MMSE
subscale scores was an independent predictor of total cause
mortality and mortality due to cardiovascular disease or
senility in a population of 85 year-olds.
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