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because early detection and management of cognitive decline
contribute to the prevention of dementia rather than to treatment
(15, 16).

SUBJECTS AND METHODS

Study population

The Tsurugaya Project was a community-based Comprehen-
sive Geriatric Assessment (CGA) conducted among elderly Jap-
anese subjects living in Tsurugaya district, a suburban area of
Sendai City in northern Japan, between July and October 2002
(17, 18). CGA is a structured approach to measuring the physical,
mental, and social functioning of elderly people to assess early
deterioration that may result in the need for long-term care and to
promote healthy aging (19, 20).

At the time of the study, 2730 people aged =70 y were living
in the Tsurugaya district. We sent letters to all of these people and
invited them to participate in the health survey. Of those invited,
1198 participated in the survey and 1178 (43.2%) gave written
informed consent to be included in the analysis. The study pro-
tocol was approved by the institutional review board of Tohoku
University Graduate School of Medicine.

Data about consumption of green tea, black or oolong tea, and
coffee and cognitive function were obtained from 1151 of the
subjects who gave written informed consent. We excluded 148
subjects with missing data on body weight, height, blood glucose
concentrations, blood pressure values, or depressive symptoms
(described in Measurements). Thus, data from 1003 subjects
contributed to the final analyses.

Measurements

The questionnaire in the CGA included items about the fre-
quency of recent consumption of 5 beverages (green tea, black or
oolong tea, coffee, cola or juice, 100% fresh vegetable juice) and
55 items about food intake during the previous month. The fre-
quency of consumption of green tea was divided into 8 catego-
ries: never, <1 cup (0.1 L)/wk, 1 cup/wk, 2-3 cups/wk, 4—-6
cups/wk, 1 cup/d, 2-3 cups/d, and =4 cups/d. In the study region,
the volume of a typical cup of green tea is 100 mL. We grouped
the subjects into 3 categories according to their beverage con-
sumption: <3cups/wk, 4—6 cups/wk or 1 cup/d, and =2 cups/d.

The questionnaire in the CGA also included /) demographic
characteristics (age, sex, and duration of education); 2) social
factors (visiting friends); 3) lifestyle habits (smoking, alcohol
use, and physical activity); and 4) physical health [history of
chronic medical conditions such as stroke or myocardial infarc-
tion, regular intake of supplements and medication, and self-
rated health (excellent, good, normal, poor, or very poor)].

Cognitive function was tested by using the Japanese language
version of the 30-point Mini-Mental State Examination (MMSE)
(21). The test was administered by specially trained research
assistants. The MMSE includes questions on orientation to time
and place, registration, attention and calculation, recall, lan-
guage, and visual construction. This screening test was originally
created for a clinical setting (21) and is used extensively in
epidemiologic studies (22). Higher MMSE scores indicate
higher cognitive function, and the maximum score is 30 points.
The analyses were conducted by using 3 cutoff points to define
different levels of cognitive impairment. The initial cutoff point
was <<26, because a score of <26 points on the MMSE generally

indicates cognitive impairment (23). The second was <28,
which we regarded as slight cognitive impairment, and the third
was <24, which we regarded as relatively severe cognitive im-
pairment. In the initial analyses, the group with cutoff points of
<26 included subjects with cutoff points of <24, and the group
with cutoff points of <28 included subjects with cutoff points of
<26 and <24. In further analyses, we reanalyzed the data by
using cutoff points of <26 or <28 after excluding subjects with
a MMSE score of <24.

Data were obtained about ) body mass index (BMI; in kg/m?;
as calculated from participants’ measured weight and height); 2)
the presence or absence of diabetes mellitus, defined as a non-
fasting blood glucose concentration = 140 mg/dL or a history of
diabetes mellitus; 3) the presence or absence of hypertension,
defined as a self-measured systolic blood pressure = 135 mm Hg
(measured at home) or a history of hypertension; 4) the presence
or absence of depressive symptoms, as assessed by using the
Japanese version of the 30-item Geriatric Depression Scale (24);
and 5) physical functioning status, assessed by using the 6-item
physical functioning status measure of the Medical Outcomes
Study (MOS) Short-form General Health Survey (lower MOS
scores indicate lower physical functioning status) (25).

Statistical analysis

The subjects’ characteristics according to categories of green
tea consumption were compared by using analysis of variance or
chi-squared test, as appropriate. We used multivariate logistic
regression analysis to calculate odds ratios (ORs) for cognitive
impairment relative to the consumption frequencies of green tea
or other beverages, with the lowest frequency category (=3 cups/
wk) treated as the reference group. Trend tests were performed by
including the ordinal variable in a linear regression analysis. In
these analyses, we regarded the following data as covariates: age
(continuous variable); sex; consumption of green tea (=3 cups/
wk, 46 cups/wk or 1 cup/d, =2 cups/d; when calculating the
ORs for consumption of black or oolong tea or coffee); consump-
tion of black or oolong tea (=<3 cups/wk, 4 — 6 cups/wk or 1 cup/d,
=2 cups/d; when calculating the ORs for consumption of green
tea or for coffee); consumption of coffee (=3 cups/wk, 4—-6
cups/wk or 1 cup/d, =2 cups/d; when calculating the ORs for the
consumption of green tea or black or oolong tea); BMI (<18.5,
18.5-24.9, 25.0-29.9, =30.0); diabetes mellitus (presence or
absence); hypertension (presence or absence); history of stroke
(presence or absence); history of myocardial infarction (presence
or absence); depressive symptoms (Geriatric Depression Scale
scores of <11 or =11); duration of education (<12y or >12y);
living with a spouse (yes or no); self-rated health (excellent or
good or other); visiting friends (yes or no); physical functioning
status (MOS scores of 0—1, 2—4, or 5-6); energy intake (contin-
uous variable); intake of nondietary vitamin C or E including
supplement vitamin C, supplement vitamin E, prescribed vita-
min C, and prescribed vitamin E (yes or no); consumption of fish
(<1 time/wk, 1-6 times/wk, or =1 time/d); consumption of
green or yellow vegetables (<1 time/wk, 1-6 times/wk, or =1
time/d); mild leisure-time physical activity such as walking (yes
or no); vigorous leisure-time physical activity such as tennis or
jogging (yes or no); smoking (never, former, currently smoking
<20 cigarettes/d, and currently smoking =20 cigarettes/d); and
use of alcohol (never, former, and currently drinking).

Interactions between consumption of green tea and all con-
founders were tested through the addition of cross-product terms
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TABLE 1
Characteristics of the study subjects according to categories of green tea consumption’

Green tea consumption

=3 cups/wk 4—6 cups/wk or 1 cup/d =2 cups/d

Characteristics (n=170) (n = 108) (n = 1725) P?
Women (%) 51.2 472 60.0 0.01
Age (y)’ 742+ 44 74643 748 £4.7 023
Mini-Mental State Examination score

X SD 26.7+33 273226 276 +25 0.0006

<28 (%) 48.8 44.4 392 0.06

<26 (%) 25.3 17.6 143 0.002

<24 (%) 11.2 8.3 6.3 0.09
Black or oolong tea consumption (%)

=2 cups/d 324 14.8 19.3

4-6 cups/wk or 1 cup/d 11.8 315 174 <0.0001
Coffee consumption (%)

=2 cups/d 21.2 18.5 105

4-6 cups/wk or 1 cup/d 271 37.0 31.3 0.0004
BMI (%)*

<18.5 kg/m? 6.5 3.7 47

25.0-29.9 kg/m* 29.4 32.4 30.5

=30.0 kg/m? 41 3.7 4.1 0.96
Diabetes mellitus (%)’ 224 26.9 221 0.54
Hypertension (%)° 69.4 67.6 68.1 0.94
History of stroke (%) 8.8 9.3 4.0 0.007
History of myocardial infarction (%) 12.4 17.6 10.1 0.06
Depressive symptoms (%)” 41.8 343 308 0.02
Duration of education <12 y (%) 30.0 31.5 30.5 0.97
Living with a spouse (%) 63.5 713 619 0.17
Self-rated health excellent or good (%) 57.6 63.8 67.3 0.06
Visiting friends (%)* 66.1 733 715 0.008
Physical functioning status (%)°

Capable of moderate but not vigorous activity 27.1 20.4 25.7

Only capable of low physical activity 15.3 12.0 8.7 0.06
Energy intake (kcal/d)® 1528.4 = 417.8 1626.8 + 389.4 1619.5 £ 391.8 0.02
Intake of nondietary antioxidants (%)*? 11.8 11.1 16.0 0.20
Fish consumption (%)

=1 time/d 3.0 2.8 22

1-6 times/wk 75.2 757 75.8 0.98
Green or yellow vegetable consumption (%)

=1 time/d 29.2 26.9 414

1-6 times/wk 63.7 71.3 575 <0.0001
Mild leisure-time physical activity =1 time/wk (%)*’ 51.7 52.9 577 0.38
Vigorous leisure-time physical activity =1 time/wk (%)*? 4.8 7.8 85 0.32
Smoking (%)

Never 429 49.1 60.6

1-19 cigarettes/d 11.9 113 8.6

220 cigarettes/d 6.0 2.8 2.8 0.001
Alcohol use (%)

Never 45.1 34.7 47.1

Current 38.9 50.5 41.5 0.10

“teup=0.1L

2 Determined by ANOVA or chi-square test.

% All values are X £ SD.

# Calculated from participants’ measured weight and height.

3 Defined as a nonfasting blood glucose concentration of =140 mg/dL or a history of diabetes mellitus.

% Defined as a self-measured systolic blood pressure of =135 mm Hg (measured at home) or a history of hypertension.

7 Measured based on the Japanese version of the 30-item Geriatric Depression Scale, with a cutoff point of =11.

8 Answer to the question, “Do you visit your friends?”

? Assessed by using the 6-item physical functioning status measure of the Medical Outcomes Study Short-form General Health Survey.
’ Nondietary antioxidants included supplemental vitamin C, supplemental vitamin E, prescribed vitamin C, and prescribed vitamin E.
! For example, walking.

#2 For example, tennis and jogging.
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TABLE 2
Odds ratios (ORs) and 95% Cls from logistic regression models for the association between consumption of green tea and cognitive impairment’

Green tea consumption

4—6 cups/wk or P for
Logistic regression models =<3 cups/wk 1 cup/d =2 cups/d trend?
Cognitive impairment, defined as MMSE score <28
Model 13 1.00 (reference) 0.84 (0.52, 1.36) 0.68 (0.48, 0.94) 0.02
Model 2¢ 1.00 (reference) 0.82 (0.50, 1.34) 0.61 (0.44, 0.87) 0.004
Model 3° 1.00 (reference) 0.83 (0.50, 1.38) 0.62 (0.43, 0.88) 0.005
Model 49 1.00 (reference) 0.86 (0.52, 1.43) 0.69 (0.48, 0.98) 0.03
Model 57 1.00 (reference) 0.85(0.51, 1.40) 0.62 (0.43, 0.89) 0.005
Cognitive impairment, defined as MMSE score <26
Model 1? 1.00 (reference) 0.63 (0.35, 1.15) 0.50 (0.33,0.74) 0.0007
Model 2* 1.00 (reference) 0.61(0.33,1.13) 0.43 (0.29, 0.66) < 0.0001
Model 3° 1.00 (reference) 0.64 (0.34,1.21) 0.43 (0.28, 0.67) 0.0001
Model 49 1.00 (reference) 0.63(0.33,1.19) 0.51(0.33,0.78) 0.003
Model 57 1.00 (reference) 0.66 (0.35, 1.27) 0.47 (0.30, 0.74) 0.0008
Cognitive impairment, defined as MMSE score <24
Model 17 1.00 (reference) 0.72 (0.31, 1.66) 0.54 (0.31, 0.95) 0.03
Model 2¢ 1.00 (reference) 0.69 (0.30, 1.62) 0.47 (0.26, 0.83) 0.008
Model 3° 1.00 (reference) 0.82 (0.35, 1.96) 0.48 (0.27, 0.88) 0.01
Model 4° 1.00 (reference) 0.69 (0.29, 1.64) 0.55 (0.30, 1.00) 0.05
Model 57 1.00 (reference) 0.77 (0.32, 1.89) 0.48 (0.25,0.89) 0.02

! Multivariate logistic regression analysis was used to calculate ORs and 95% Cls for cognitive impairment relative to the consumption frequencies of green

tea, with the lowest frequency category (=3 cups/wk) treated as the reference group. Cognitive function was tested by using the Japanese language version of

the 30-point Mini-Mental State Examination. 1 cup = 0.1 L.

2 Trend tests were performed by including the ordinal variable in a linear regression analysis.

? Crude model.
“ Adjusted for age and sex.

9 Adjusted for model 2 + black or oolong tea consumption, coffee consumption, BMI, diabetes mellitus, hypertension, history of stroke, and history of

myocardial infarction.

6 Adjusted for model 2 + depressive symptoms, duration of education, living with a spouse, self-rated health, visiting friends, and physical functioning

status.

7 Adjusted for model 2 + energy intake, intake of nondietary vitamin C or E, fish consumption, green or yellow vegetable consumption, mild leisure-time
physical activity, vigorous leisure-time physical activity, smoking, and alcohol use.

to the regression model. All statistical analyses were performed
with the use of SAS software, version 9.1 (26). All the statistical
tests that we report were two-sided. A P value of < 0.05 was
accepted as statistically significant.

RESULTS

The subjects’ characteristics according to categories of green
tea consumption are shown in Table 1. Of the subjects, 16.9%
consumed =3 cups green tea/wk, 10.8% consumed 4~ 6 cups/wk
or 1 cup/d, and 72.3% consumed =2cups/d. The mean = SD
overall MMSE score was 27.4 £ 2.7. The prevalence of cognitive
impairment decreased with increasing consumption of green tea
for every cutoff point (P for the cutoff points of <28, <26, <24
= (.06, 0.002, 0.09, respectively). Subjects who consumed =2
cups green tea/d were more likely to be women, have better
self-rated health (P = 0.06), visit friends, have more total energy
intake, consume green or yellow vegetables, never have smoked,
and never have used alcohol (P = 0.10). They were less likely to
consume black or oolong tea or coffee, have a history of stroke or
myocardial infarction (P = 0.06), have depressive symptoms,
and have limited physical functioning status (P = 0.06). No
apparent associations were observed among mean age, BMI,
presence or absence of diabetes mellitus or hypertension, dura-
tion of education, living with a spouse, intake of nondietary

antioxidants, consumption of fish, or mild and vigorous leisure-
time activities and frequency of green tea consumption.

Statistically significant inverse associations were observed
between green tea consumption and cognitive impairment (Ta-
ble 2). With the use of the <26 MMSE score cutoff point, the
crude ORs of cognitive impairment associated with the different
frequencies of green tea consumption were 1.00 (reference) for
=3 cups/wk, 0.63 (95% CI: 0.35, 1.15) for 4—6 cups/wk or 1
cup/d, and 0.50 (95% CI: 0.33, 0.74) for =2 cups/d. We included
a variety of potential confounders in our multivariate logistic
models; however, the results did not change substantially even
after adjustment for these variables. The results for MMSE score
cutoff points of <28 and <24 were essentially the same as those
for the <26 cutoff point.

In the final model used to investigate the association between
different frequencies of green tea consumption and cognitive
impairment, we chose the following data as covariates according
to their relative contribution to the model outlined in Table 2 and
their clinical importance: age, sex, consumption of green tea
(when calculating ORs for consumption of black or oolong tea or
coffee), consumption of black or oolong tea (when calculating
ORs for consumption of green tea or coffee), consumption of
coffee (when calculating ORs for consumption of green tea or
black or oolong tea), presence or absence of diabetes mellitus,
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FIGURE 1. Odds ratios (ORs) for the association between different frequencies of beverage consumption and cognitive impairment. The bars indicate
adjusted ORs for the association between different beverage consumption frequencies and cognitive impairment, respectively; error bars represent the
corresponding 95% Cls. Multivariate logistic regression analysis was used to calculate ORs for cognitive impairment relative to the consumption frequencies
of green tea or other beverages, with the lowest frequency category (=3 cups/wk) treated as the reference group. Trend tests were performed by including the
ordinal variable in a linear regression analysis. The ORs and 95% Cls for the ORs were adjusted for age, sex, green tea consumption (when calculating ORs
for black or oolong tea or coffee consumption), black or oolong tea consumption (when calculating ORs for green tea or coffee consumption), coffee
consumption (when calculating ORs for green tea or black or oolong tea consumption), presence or absence of diabetes mellitus, presence or absence of
hypertension, history of stroke, depressive symptoms, duration of education, visiting friends, energy intake, intake of nondietary vitamin C or E, and fish
consumption. Cognitive impairment was defined as a Mini-Mental State Examination score <26, “P < 0.001. 1 cup = 0.1 L.

presence or absence of hypertension, history of stroke, depres-
sive symptoms, duration of education, visiting friends, energy
intake, intake of nondietary vitamin C or E, and consumption of
fish. The ORs (95% Cls) in the final model (using a cutoff point
of <26) and corresponding ORs (95% Cls) for consumption of
black or oolong tea or coffee are shown in Figure 1. The mul-
tivariate ORs according to frequencies of green tea consumption
were 1.00 (reference) for =3 cups/wk, 0.62 (95% CI: 0.33, 1.19)
for4—6cups/wkor 1 cup/d, and 0.46 (95% CI: 0.30,0.72) for =2
cups/d. In contrast, a weak or null association was observed
between intake of black or oolong tea or coffee and the preva-
lence of cognitive impairment. The ORs for black or colong tea
were 1.00 (reference), 0.60 (95% CI: 0.35, 1.02), and 0.87 (95%
CI: 0.55, 1.38), whereas those for coffee were 1.00 (reference),
1.16 (95% CI: 0.78, 1.73), and 1.03 (95% CI: 0.59, 1.80). When
cutoff points of <28 or <24 were used, the results for the final
model were similar to those for the <26 cutoff point (data not
shown). We were unable to examine the associations between
cola or juice and 100% fresh vegetable juice and cognitive im-
pairment because an insufficient number of subjects consumed
these beverages. Tests for interaction between consumption of
green tea and all confounders in the final models were not sta-
tistically significant.

We repeated the analysis after expanding the highest category
of green tea consumption in the final model. With a cutoff point
of <26, the ORs for the different frequencies of green tea con-
sumption were 1.00 (reference) for =<3 cups/wk, 0.62 (95% CI:
0.33,1.19) for4—6 cups/wkor 1 cup/d, 0.42 (95% CI: 0.25,0.71)
for 2-3 cups/d (n = 258), and 0.49 (95% CI: 0.30, 0.79) for =4
cups/d (n = 467) (P for trend = 0.004). With a cutoff point of
<28, the corresponding ORs were 1.00 (reference), 0.80 (95%
CI: 0.48, 1.34), 0.59 (95% CTI: 0.39, 0.90), and 0.67 (95% CI:
0.45, 0.98) (P for trend = 0.04). With a cutoff point of <24, the
corresponding ORs were 1.00 (reference), 0.77 (95% CI: 0.32,

1.86), 0.54 (95% CI: 0.26, 1.10), and 0.50 (95% CI: 0.26, 0.98)
(P for trend = 0.04).

We also repeated the analysis for the final model after exclud-
ing subjects with relatively severe cognitive impairment (MMSE
score < 24; n = 74). The results did not change substantially.
With a cutoff point of <26, the ORs for the different frequencies
of green tea consumption were 1.00 (reference) for < 3cups/wk,
0.55 (95% CI: 0.24, 1.27) for 4—6 cups/wk or 1 cup/d, and 0.44
(95% CI: 0.25, 0.78) for =2 cups/d (P for trend = 0.006). With
a cutoff point of <28, the corresponding ORs were 1.00 (refer-
ence), 0.82 (95% CIL: 0.47, 1.41), and 0.68 (95% CI. 0.46, 1.00)
(P for trend = 0.05).

DISCUSSION

Our study showed inverse dose-response relations between
consumption of green tea and the prevalence of cognitive im-
pairment. In contrast, a weak or null relation between consump-
tion of black or oolong tea or coffee and cognitive impairment
was observed. To our knowledge, thisis the first study to examine
the association between consumption of green tea and cognitive
function in humans.

Our study had several methodologic strengths. We recruited
subjects from the general population, and a substantial variation
was observed in the consumption of green tea among our sub-
jects. We conducted a CGA that allowed us to carefully consider
cardiovascular risk factors, which were causes of vascular de-
mentia. Our study had areasonably large sample size, which gave
us the opportunity to test the association between consumption of
green tea and various grades of cognitive impairment (from slight
to relatively severe).

Several methodologic limitations should be considered in the
interpretation of our results. First, our study had a cross-sectional

— 100 —
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design; therefore, no temporal relation between consumption of
green tea and cognitive function can be inferred.

Second, our observational study design does not allow us to
fully exclude the possibility of residual confounding by unmea-
sured factors. For example, healthier and more active individuals
might have more opportunities to consume green tea. Among the
Japanese, green tea is often consumed as a social activity, and this in
itself may contribute to maintaining higher cognitive function (27).
However, we controlled for many potential confounders, and the
findings were robust to adjustments for these confounders.

Finally, because functional impairments of daily living were
not fully assessed here, we cannot diagnose the presence or
absence of dementia or the subtype of dementia syndromes, but
we did evaluate cognitive impairment by using MMSE scores.
However, cognitive decline is generally regarded as a core symp-
tom of dementia. Furthermore, reduced cognition may be a key
predictor of the development of dementia and may be considered
a preclinical marker of the early stages of dementia (15, 16).
Therefore, we believe that our data provide a useful clue to
effective preventive interventions for dementia.

Green tea polyphenols, especially EGCG, might explain the
observed association with improved cognitive function (7-10).
Green tea is much richer in catechins than other beverages;
Khokhar et al (28) reported that green tea contains 67.5 mg
catechins/100 mL, whereas black tea contains only 15.5 mg/100
mb.. The weak or null relations observed between consumption
of black or oolong tea or coffee and cognitive impairment might
reflect the important neuroprotective effects of catechins de-
scribed in numerous experimental and animal studies (7-10).
EGCQG is brain permeable (29-31), and its neuroprotective and
neurorescue effects were explained in terms of various mecha-
nisms in addition to its well-established antioxidant and iron-
chelating properties (7). These properties include modulation of
cell survival and cell cycle genes (9) and promotion of neurite
outgrowth activity (10). Furthermore, Levites et al (8) have
shown that EGCG exerts neuroprotective and neurorescue ef-
fects against A toxicity by regulating the secretory processing
of nonamyloidogenic APP through the protein kinase C pathway.
In addition to the above-mentioned experimental and animal
evidence, recent epidemiologic studies have suggested that red
wine, which is also rich in polyphenols, may be associated with
reduced risk of dementia (32, 33).

In addition to polyphenols, green tea contains vitamin C, caf-
feine, and other nutrients (34). Intake of vitamin C accompanied
by high consumption of green tea might contribute to the ob-
served association (3—6). Green tea contains 6 mg vitamin C/100
mL (10 g tea leaf/430 mL water, 90 °C, 1 min) (34) and is, in fact,
the most common source of vitamin C (13.6%) among the pop-
ulation in our study region (35). Therefore, we cannot exclude a
possible effect of vitamin C in the green tea on cognitive func-
tion. However, our results were not substantially changed even
after adjustment for intake of nondietary vitamin C or E, indi-
cating that the effects of vitamin C may be small. The contribu-
tion of caffeine to higher cognitive function also appears to be
small because of the null relation observed between consumption
of coffee and cognitive impairment. Green tea contains 0.02 g
caffeine/100 mL (10 g tea leaf/430 mL water, 90 °C, 1 min),
whereas coffee contains 0.06 g caffeine/100 mL (10 g coffee
powder/150 mL water, 100 °C) (34). Nutrients in green tea other
than polyphenols, vitamin C, and caffeine remain to be studied.

In conclusion, the present results suggest that higher consump-
tion of green tea is associated with lower prevalence of cognitive
impairment in humans. The results might partly explain the rel-
atively lower prevalence of dementia, especially AD, in Japan
than in Europe and North America (1). Given the high preva-
lence, worldwide rapid increase, and clinical significance of de-
mentia (1, 2), any association between the intake of green tea, a
drink with little toxicity and no calorific value, and cognitive
function could have considerable clinical and public health rel-
evance. The results of this cross-sectional study generate a new
hypothesis and warrant further investigation. 5
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Oral health status in an elderly urban population:
the Tsurugaya project
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Abstract - To clarify the interrelations among oral health status, masticatory function, dietary
behavior and the influence of these factors on geriatric syndromes, such as compromised
physical functions, dementia, and depression, we performed a dental checkup program as a part
of the Comprehensive Geriatric Assessment (CGA) for 1172 residents, 70 years or older, in
Tsurugaya district, Sendai (the Tsurugaya Project). The oral heatth status of residents of
Tsurugaya who lived at home was evaluated and compared with the results of a nationwide
examination in Japan, Report on the Survey of Dental Disease (1999). The mean number of
natural teeth in our elderly subjects was significantly greater than that in the subjects of the
nationwide examination (14.1 vs 10.4).  The proportion of subjects who had 20 or more teeth in
Tsurugaya was higher than that in the nationwide examination. There was no difference in the
frequency of prosthodontic replacement of missing teeth between our subjects and the nation-
wide examination. As for periodonial condition, the proportion of subjects with no periodontal
problem was greater in Tsurugaya than in the nationwide examination. In addition, proportion
of subjects with severe periodontitis was lower in Tsurugaya than that in the nationwide
examination. These features were considered to be related to factors such as living environ-
ment, attitude to dental health, and economic situation in an eiderly urban population.

Key words :"oral health status, dental checkup program, elderly population, natural teeth,
Tsurugaya Project
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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
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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 [tabashi 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 aftend 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 (if) 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; (ii) 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.
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Table 1 Characteristics of participants

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

7 277 68 236 100
Age 784+ 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 statusf 1.9+£0.7 20+£08 21+0.7 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 competenceq 11.4+2.0 88129 11.9+1.6 9.2+3.0
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

TIndicates 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.

JHigher 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 MAMSE

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 5b, ‘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

250 |

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)

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 4 0.83 (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

2.00 £ 0.00 (68)

1ns

0.85+0.35 (99)
3.00 £ 0.00 (99)

0.97 £0.17 (99)

ns

0.89 + 0.30 (68)
3.00 £ 0.00 (68)
1.00 £ 0.00 (68)

0.85+0.35 (68)

7 Repeating a sentence

ns

ns
ns
ns

8 Listening and obeying
9 Reading and obeying

10 Writing sentences
11 Copying figures

Cognitive function in the very old

ns

i

0.73 £ 0.44 (99)
0.82+0.38 (9

*

9)

ns

0.83 +0.37 (68)

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 ftotal 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 seems 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.'®'? 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; (i)
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; (ili) 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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