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ping rate ( �  = 0.183, p = 0.046), and walking speed ( �  =
–0.222, p = 0.014) by multiple regression analysis after ad-
justments for the amount of education, gender, smoking, 
drinking, complication of stroke, body weight, body height, 
regular medical care, serum albumin, blood HbA1c, and mar-
ital status. By logistic regression analysis, the prevalence of 
a normal MMSE score (MMSE  6 24) was increased by 9% with 
each 1-kg increase in hand-grip strength of the left hand (OR 
1.087, 95% CI 1.003–1.179, p = 0.042), and was increased by 
6% with each step per 10 s in stepping rate (OR 1.060, 95% CI 
1.000–1.122, p = 0.048).  Conclusion:  In a very elderly popula-
tion of 85-year-olds, cognitive function was associated with 
some physical fitness measurements, independent of con-
founding factors.  Copyright © 2008 S. Karger AG, Basel 

 Introduction 

 Physical fitness training has been reported to improve 
physical fitness levels  [1–3] , physical function  [1, 2, 4–6] , 
mental status  [3, 7] , and cognitive function  [1, 2, 8–14]  in 
elderly people. Biomarkers including hand-grip strength 
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 Abstract 

  Background:  Little is known about the association between 
physical fitness and cognitive function in very elderly people 
(over 80 years of age).  Objectives:  To evaluate that relation-
ship in 85-year-old community-dwelling individuals.  Meth-

ods:  Out of 207 participants (90 males, 117 females) who 
were 85 years old and community-dwelling, 205 completed 
the Mini-Mental State Examination (MMSE) for evaluating 
cognitive function. The numbers of subjects who completed 
physical fitness measurements such as hand-grip strength, 
isometric leg extensor strength, one-leg standing time, 
stepping rate, and walking speed were 198, 159, 169, 168, 
and 151, respectively.  Results:  There were significant asso-
ciations in MMSE with hand-grip strength (right or left hand), 
isometric leg extensor strength, stepping rate, and walking 
speed by simple regression analysis. MMSE was still signifi-
cantly associated with hand-grip strength ( �  = 0.305, p = 
0.005 for right side;  �  = 0.309, p = 0.004 for left side), step-
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were associated with cognition in 180 women between 60 
and 90 years of age  [15] , and sensorimotor variables in-
cluding balance-gait measurements were linked to intel-
lectual functioning in 516 elderly aged between 70 and 
103 years  [16] . A review by the latter group of authors con-
cluded that sensorimotor and cognitive aging are caus-
ally related and functionally interdependent in old age 
 [17] . On the other hand, some investigators found that 
cross-sectional or post-test comparisons show no signifi-
cant relationship between aerobic fitness and cognition 
 [18] . Randomized clinical designs also showed a negative 
relationship between aerobic fitness and cognitive per-
formance  [19] . The other researchers also failed to corre-
late changes in aerobic power (VO 2 max) to changes in cog-
nitive measures  [20] .

  In a meta-analytic study focusing on older adults from 
55 to 80 years of age, fitness-induced benefits for cogni-
tion occurred in the executive-control process, and the 
effects were moderated by a number of programmatic 
and methodological factors  [21] . With neuroimaging re-
search, aerobic fitness has been found to reduce aging-
related brain tissue loss in older adults  [22] , and signifi-
cant increases in brain volume in both gray and white 
matter regions have been found as a function of fitness 
training for older adults aged between 60 and 79 years 
 [23] . In addition, greater aerobic fitness has been found 
to be related to greater cerebral white matter integrity in 
select brain regions  [24] . Reaction times are faster, and 
the P3 component of event-related brain potentials on 
electroencephalogram is greater in elderly aged 69 years 
who regularly engage in moderate physical activity than 
in those who do not  [25] . Baseline measures of cardiore-
spiratory fitness are positively associated with preserva-
tion of cognitive function over a 6-year period and with 
performance levels on cognitive tests conducted 6 years 
later in healthy adults aged 55 and older  [11] . Decreases 
in the duration or intensity of physical activity over a 10-
year period in elderly with a mean age of 74.9 years re-
sulted in a stronger cognitive decline was found than in 
subjects who maintained the duration or intensity of 
their physical activity  [26] . 

  Although an association between physical fitness and 
cognition in the elderly seems established, that associa-
tion has, as mentioned above, been examined primarily 
in individuals under the age of 80 years. Because of in-
creases in longevity in Japan, however, the number of 
people older than 80 is growing, thus necessitating inves-
tigation of these very elderly. Few studies have dealt with 
elderly subjects above the age of 80  [1] , and in that study, 
the subjects included only 20 institutionalized elderly in-

dividuals aged between 75 and 99 years. We hypothesized 
that, in the very elderly (over 80 years), higher scores on 
physical fitness tests would be related to higher Mini-
Mental State Examination (MMSE) scores in a similar 
fashion to that of people younger than 80. Therefore, in 
the present study we evaluated the association between 
cognition and physical fitness in 205 noninstitutional-
ized, 85-year-old community-dwelling elderly subjects. 
Each subject completed five different physical fitness 
tests (hand-grip, isometric leg extensor, one-leg standing 
time, leg-stepping rate, and walking speed) and the 
MMSE. Although this study did not measure aerobic or 
cardiovascular fitness, but measured only fitness tests 
suitable for the very elderly, the evaluation of the associa-
tion by cross-sectional design may still be valuable in an 
85-year-old population.

  Methods 

 The data were from 5 years of follow-up in a population-based 
study of age-related general and oral health in Fukuoka Prefec-
ture, Japan. The subjects in this study were 827 persons who were 
85 years of age, who were born in 1917 and lived in 1 of 9 districts 
(Bunzen City, Munakata City, Yukuhashi City, Tobata Ward of 
Kitakyushu City, Kanda Town, Katsuyama Town, Toyotsu Town, 
Tsuiki Town, or Shinyoshitomi Village) in Fukuoka Prefecture, 
Japan. Of the 827 persons, 410 refused, 210 had died in the previ-
ous 5 years, and 207 participated in the present study. The study 
was approved by the Human Investigations Committee of Kyushu 
Dental College, and was conducted in full accordance with ethical 
principles, including the World Medical Association Declaration 
of Helsinki, as revised in 2002. Informed written consent was ob-
tained from all participants in accordance with these principles.

  Out of 207 participants (90 males, 117 females), 205 (88 males, 
117 females) completed the MMSE for assessing cognitive func-
tion, which consists of a list of questions, and which was admin-
istered by experienced speech-language-hearing therapists or oc-
cupational therapists. The MMSE is a standardized evaluation of 
cognitive function and is widely used in epidemiological studies 
 [27, 28] . A full score on the MMSE is 30, and cognitive impairment 
was defined as a score of less than 24. All subjects were asked to 
fill out a medical questionnaire, which included current smoking, 
alcohol drinking, years of education, and history of stroke. Blood 
pressure was measured and blood samples were collected. Blood 
was collected with the subject seated for the determination of
serum concentration of albumin and blood concentration of 
HbA1c.

  Subjects completed five types of neuromuscular tests: two 
tests of muscle strength (hand-grip, isometric leg extensor), one 
test of balance (one-leg standing time), one test of neuromuscular 
endurance (stepping rate), and one test of walking (walking 
speed). The numbers of subjects participating in the tests were 
198, 159, 169, 168, and 151, respectively. Nonparticipation in each 
physical fitness test was due to either an inability to perform the 
task or refusal to perform it. The grip strength of each hand was 
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measured by a Smedley hand dynamometer (DM-100S; Yagami, 
Nagoya, Japan). The average value of two trials for each hand was 
taken as the score for the test. Leg extensor strength was measured 
by a portable chair incorporating a strain gauge connected to a 
load cell  [29] . The subject sat upright with the legs hanging verti-
cally and the knee initially bent at 90°. The trial was performed 
once for each leg. The averaged value from both trials was used as 
the subject’s score for leg extensor strength ((right leg + left leg)/2). 
The stepping rate was measured once for each side using an in-
dustrial stepping rate counter (Stepping Counter GF-300; Yaga-
mi); while seated, the subject was instructed to step with each leg 
as rapidly as possible for 10 s  [30, 31] . The averaged value of the 
two stepping rates was used as the subject’s score. One-leg stand-
ing time was the number of seconds the subject was able to stand 
on one leg (with eyes open) without hopping or putting the raised 
foot down, or until 2 min had elapsed. Each subject took instruc-
tions from a study investigator, who observed the test from begin-
ning to end. One trial was performed on the right and one on the 
left leg, and the average value of the two measurements was used 
as the score. Walking speed was the number of seconds it took to 
walk 10 m. The trial was done twice, with the average value used 
as the score for the subject. Although a 6-min walking test would 
generate more information on cardiovascular fitness than the 10-
meter walking test, we selected the latter because it was easier and 
safer for the very elderly to do. To examine the validity and repro-
ducibility of each fitness variable, the correlation coefficient (r) 
and p value were calculated by simple regression analysis. r and p 
values in the fitness tests were, respectively, 0.956 and 0.000 for 
right hand-grip strength, 0.959 and 0.000 for left hand-grip 
strength, 0.882 and 0.000 for isometric leg extensor strength, 
0.589 and 0.000 for one-leg standing time, 0.995 and 0.000 for 
stepping rate, and 0.932 and 0.000 for walking speed.

  All data are reported as means  8  SD. Differences in mean val-
ues between groups were assessed by analysis of variance. Cate-
gorical variables were compared using the  �  2  test. Multiple regres-
sion analysis was carried out to evaluate the relationship between 
MMSE scores and physical fitness measurements after adjustment 
for confounding variables including smoking and drinking. Be-
cause of differences in physical fitness measurements between 
groups according to gender, smoking, drinking, and marital sta-
tus, these factors were entered as confounders in the multiple re-
gression. In addition, since cerebrovascular disease, other compli-
cated diseases, and nutritional status could influence fitness tests, 
these were also included as confounding factors. Because of the 
high correlation between right and left hand-grip strength (r = 
0.883, p = 0.000), these fitness variables should be entered sepa-
rately in the multiple regression analyses. Logistic regression was 
also used to determine which fitness measurements were associ-
ated with a better MMSE score. All statistical analyses were per-
formed using SPSS 15.0 (SPSS Japan, Tokyo, Japan). Results were 
considered statistically significant when p  !  0.05.

  Results 

 The average MMSE score was 23.8  8  4.5 points (24.0 
 8  4.4 for males, 23.6  8  4.7 for females, p = 0.583), serum 
concentrations of albumin were 4.3  8  0.3 g/dl (4.3  8  0.3 

for males, 4.4  8  0.3 for females, p = 0.004), HbA1c was 
5.5  8  0.7% (5.6  8  0.7 for males, 5.5  8  0.6 for females,
p = 0.355), the education level was 9.4  8  2.6 years (9.9  8  
3.0 for males, 9.0  8  2.1 for females, p = 0.022), height was 
148.8  8  9.7 cm (157.1  8  6.5 for males, 142.5  8  6.6 for 
females, p = 0.000), and body weight was 50.4  8  9.9 kg 
(55.4  8  9.7 for males, 46.6  8  8.2 for females, p = 0.000). 
No gender difference was found in MMSE scores or 
HbA1c, whereas males had lower serum albumin concen-
trations and higher education levels, and were taller and 
heavier than females. The right hand-grip strength was 
21.0  8  6.8 kg (26.4  8  6.4 for males, 17.1  8  3.8 for fe-
males, p = 0.000), left hand-grip strength was 19.8  8  6.5 
kg (24.9  8  6.0 for males, 16.2  8  4.0 for females, p = 
0.000), isometric leg extensor strength 22.0  8  8.8 kg (27.9 
 8  8.3 for males, 17.3  8  6.0 for females, p = 0.000), one-
leg standing time 7.9  8  10.9 s (11.6  8  14.2 for males,
4.7  8  5.3 for females, p = 0.000), stepping rate 31.4  8  
7.9/10 s (34.7  8  8.2 for males, 28.6  8  6.5 for females, p = 
0.000), and walking speed 6.5  8  1.7 s/10 m (6.0  8  1.6 for 
males, 7.0  8  0.2 for females, p = 0.000). These fitness val-
ues were all better in males than in females. Cigarette 
smoking (11.5 vs. 0%, p = 0.000), alcohol drinking (60.9 
vs. 44.2%, p = 0.023) and complication of cerebrovascular 
diseases (12.2 vs. 4.3%, p = 0.039) were more prevalent in 
males than in females.

Table 1. Simple regression analysis for relationships between 
MMSE score and various physical fitness measurements and con-
founding factors in 85-year-old subjects

Independent variables r value p value n

Hand-grip strength (right hand) 0.262 0.000 196
Hand-grip strength (left hand) 0.272 0.000 193
Isometric leg extensor strength 0.167 0.037 157
One-leg standing time 0.116 0.137 167
Stepping rate 0.215 0.005 166
Walking speed –0.227 0.005 150
Serum albumin concentration 0.070 0.324 203
HbA1c 0.152 0.031 203
Smoking –0.075 0.291 201
Drinking –0.133 0.062 199
Complication of cerebrovascular diseases 0.072 0.303 205
Regular medical care –0.003 0.963 203
Body height 0.197 0.005 204
Body weight 0.155 0.027 204
Gender –0.038 0.586 205
Education level 0.264 0.000 195
Marital status –0.038 0.595 201
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  The relationships between MMSE score and physical 
fitness measurements were examined by simple regres-
sion analysis. Significant associations in MMSE were 
found with hand-grip strength (right or left hand), iso-
metric leg extensor strength, stepping rate, walking 
speed, HbA1c, body height, body weight, and education 
level, but not with one-leg standing time or other vari-
ables ( table 1 ). Hand-grip strength (right or left hand), 
stepping rate, body height, body weight, and education 
level were greater in individuals with normal cognitive 
function than in those with impaired cognition ( table 2 ), 
whereas other factors did not differ between the groups. 
MMSE scores were not different between smokers (n = 9) 
and nonsmokers (n = 191) (25.0  8  1.9 vs. 23.8  8  4.5, p = 
0.119), nor were there any differences among those who 
smoked more than 10 cigarettes a day (n = 3), those who 
smoked 1–10 cigarettes a day (n = 7), and those who did 
not smoke (n = 191). Body height was correlated well with 
fitness measurements (r = 0.686, p = 0.000 for right hand-
grip strength; r = 0.700, p = 0.000 for left hand-grip 
strength; r = 0.526, p = 0.000 for isometric leg extensor 
strength; r = 0.216, p = 0.005 for one-leg standing time;
r = 0.393, p = 0.000 for stepping rate; r = –0.297, p = 0.000 
for walking speed).

  MMSE in individuals (n = 196) who took the right 
hand-grip strength test was better than in those (n = 9) 

who did not (24.1  8  4.2 vs. 17.2  8  6.6, p = 0.014), and 
MMSE was also better in those (n = 193) who took the left 
hand-grip strength test than in those (n = 12) who did not 
(24.1  8  4.2 vs. 18.4  8  6.3, p = 0.010). Individuals who 
took the isometric leg extensor strength test (n = 157) also 
had better MMSE scores than those who did not (n = 48) 
(24.3  8  3.9 vs. 22.0  8  5.9, p = 0.016). Similarly, individu-
als who did the one-leg standing test (n = 167) had better 
MMSE than those who did not (24.2  8  3.9 vs. 21.9  8  6.5, 
p = 0.041) (n = 38). Individuals who did the stepping rate 
test (n = 166) had higher MMSE scores than those who 
did not (24.3  8  3.9 vs. 21.6  8  6.4, p = 0.017) (n = 39). In-
dividuals who did the walking speed test (n = 150) also 
had better MMSE than those who did not (24.3  8  3.9 vs. 
22.2  8  5.6, p = 0.013) (n = 55).

   Table 3  shows the data on multiple regression analyses 
for MMSE score with various physical fitness measure-
ments and confounding factors, such as education level, 
gender, smoking, drinking, complication of stroke, body 
weight, height, regular medical care, level of serum albu-
min, level of blood HbA1c, and marital status. Standard-
ized regression coefficients ( � ) and nonstandardized re-
gression coefficients (B) with 95% confidence intervals 
(95% CI) are shown in parentheses. Hand-grip strength, 
whether on the right side ( �  = 0.305, B = 0.171, 95% CI 
0.051–0.291, p = 0.005) or left side ( �  = 0.309, B = 0.183, 

Table 2. Comparison of various physical fitness measurements and confounding factors between subjects with normal cognitive func-
tion (MMSE ≥24) and those with impaired cognitive function (MMSE <24)

Normal MMSE Group
(n)

Impaired MMSE Group
(n)

p value

MMSE 26.581.8 (128) 19.384.2 (77) 0.000
Hand-grip strength, kg (right hand) 21.887.1(126) 19.385.8 (70) 0.009
Hand-grip strength, kg (left hand) 20.686.7 (125) 17.985.5 (68) 0.003
Isometric leg extensor strength, kg 22.788.7 (103) 20.789.1 (54) 0.176
One-leg standing time, s 8.0810.3 (109) 7.7812.2 (58) 0.878
Stepping rate (/10 s) 32.387.1 (109) 29.188.6 (57) 0.016
Walking speed, s 6.481.6 (100) 6.781.8 (50) 0.312
Serum albumin concentration, g/dl 4.380.3 (127) 4.380.3 (76) 0.518
HbA1c, % 5.580.6 (127) 5.480.7 (76) 0.268
Smoking, yes/no 8/119 (127) 2/72 (74) 0.330
Drinking, yes/no 70/56 (126) 33/40 (73) 0.186
Complication of cerebrovascular diseases, yes/no 10/118 (128) 5/72 (77) 0.790
Regular medical care, yes/no 120/7 (127) 69/7 (76) 0.393
Body weight, kg 51.3810.4 (128) 48.588.6 (76) 0.038
Body height, cm 150.089.3 (128) 146.6810.1 (76) 0.017
Male/female 55/73 (128) 33/44 (77) 1.000
Education level, years 9.882.5 (124) 8.782.5 (71) 0.005
Marital status, spouse yes/no 55/72 (127) 34/40 (74) 0.769
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95% CI 0.059–0.306, p = 0.004), was densely associated 
with MMSE score by multiple regression analysis adjust-
ed for various confounding factors. The stepping rate
( �  = 0.183, B = 0.088, 95% CI 0.001–0.174, p = 0.046) and 
walking speed ( �  = –0.222, B = –0.504, 95% CI –0.903 to 
–0.105, p = 0.014) were also associated with MMSE scores 
after adjustment for the same influencing factors. Educa-
tion level also consistently correlated with MMSE scores. 
There was no significant association between MMSE
and isometric leg extensor strength ( �  = 0.186, B = 0.079, 
95% CI –0.007 to 0.165, p = 0.072) or one-leg standing 
time ( �  = 0.058, B = 0.020, 95% CI –0.037 to 0.076, p = 
0.495). Multiple regression analysis was also carried out 
according to gender. Right hand-grip strength was simi-
larly associated with MMSE score in men and women
( �  = 0.311, B = 0.184, 95% CI 0.023–0.345, p = 0.025 for 
men;  �  = 0.253, B = 0.262, 95% CI 0.056–0.468, p = 0.013 
for women), whereas the association of left hand-grip 

strength with MMSE was significant for men ( �  = 0.352, 
B = 0.229, 95% CI 0.056–0.402, p = 0.010), but not for 
women ( �  = 0.164, B = 0.155, 95% CI –0.035 to 0.345, p = 
0.109). Other fitness measurements were not associated 
with MMSE in the analysis by gender.

  We also calculated the odds ratios (OR) and 95% CI for 
achievement of normal cognitive function (MMSE of 24 
or higher) by logistic regression analysis adjusted for the 
same confounding factors as in the multiple regression 
analysis. The prevalence of normal MMSE scores was in-
creased by 9% with each 1-kg increase in left hand-grip 
strength (OR 1.087, 95% CI 1.003–1.179, p = 0.042), and 
was increased by 6% with each step per 10 s in the step-
ping rate (OR 1.060, 95% CI 1.000–1.122, p = 0.048). No 
significant association was found by logistic regression 
analysis (p = 0.454) between MMSE score and walking 
speed.

Table 3. Multiple regression analysis for MMSE score with various physical fitness measurements and confounding factors in 85-year-
old subjects

Independent variables � value Independent variables � value Independent variables � value

Hand-grip strength (right hand) 0.3052 Hand-grip strength (left hand) 0.3093 Isometric leg extensor strength 0.186
Albumin –0.013 Albumin –0.016 Albumin 0.066
HbA1c 0.1651 HbA1c 0.1631 HbA1c 0.083
Marital status 0.070 Spouse 0.075 Spouse –0.004
Smoking –0.024 Smoking –0.020 Smoking –0.043
Drinking –0.120 Drinking –0.135 Drinking –0.105
Complication of CVDs 0.041 Complication of CVDs 0.037 Complication of CVDs 0.135
Regular medical care –0.006 Regular medical care –0.010 Regular medical care –0.010
Body height 0.045 Body height 0.023 Body height 0.130
Body weight –0.023 Body weight –0.006 Body weight 0.001
Gender 0.213 Gender 0.188 Gender 0.232
Education level 0.2062 Education level 0.2132 Education level 0.2472

CoD (R2) 0.170 CoD (R2) 0.170 CoD (R2) 0.156 

One-leg standing time 0.058 Stepping rate 0.1831 Walking speed –0.2221

Albumin 0.064 Albumin 0.000 Albumin 0.043
HbA1c 0.110 HbA1c 0.114 HbA1c 0.095
Spouse 0.012 Spouse 0.007 Spouse –0.011
Smoking –0.062 Smoking –0.052 Smoking –0.042
Drinking –0.102 Drinking –0.144 Drinking –0.048
Complication of CVDs 0.137 Complication of CVDs 0.132 Complication of CVDs 0.124
Regular medical care 0.018 Regular medical care 0.022 Regular medical care –0.066
Body height 0.158 Body height 0.070 Body height 0.133
Body weight 0.050 Body weight 0.071 Body weight 0.036
Gender 0.176 Gender 0.182 Gender 0.212
Education level 0.2503 Education level 0.2201 Education level 0.2573

CoD (R2) 0.153 CoD (R2) 0.165 CoD (R2) 0.187

� = Standardized regression coefficients; CVDs = cerebrovascular diseases; CoD = coefficients of determination.
1 p < 0.05, 2 p < 0.01, 3 p < 0.005.
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  Discussion 

 We found a significant association between cognitive 
function evaluated by MMSE and physical fitness mea-
surements of hand-grip strength, walking speed, and 
stepping rate after adjustment for various confounding 
factors in very elderly, 85-year-old community-dwelling 
individuals. In contrast, there was no association in cog-
nitive function with isometric leg extensor strength or 
one-leg standing time. The prevalence of normal MMSE 
scores was increased by 9% with each 1-kg increase in left 
hand-grip strength, and was increased by 6% with each 
step per 10 s in the stepping rate. These associations were 
found independently of influencing factors such as gen-
der, education, smoking, drinking, complication of 
stroke, body weight, height, regular medical care, level of 
serum albumin, level of blood HbA1c, and marital status. 
The participants who were not able to do some physical 
tasks had lower MMSE scores as well. This finding sup-
ports the assumption of a close relationship between cog-
nitive and physical functioning in the very elderly. Since 
the MMSE mainly indicates whether a person is dement-
ed or not and does not allow for more detailed analyses 
of cognitive functioning, some additional tasks in the 
cognitive domain should be included in our future work. 
Additionally, we should increase the number of trials or 
include a practice phase for physical tasks in future ex-
periments, since the one-leg standing is difficult even for 
younger adults, that is the present results could reflect the 
subjects’ unfamiliarity with a task rather than their ac-
tual ability.

  In 20 frail long-term-care facility residents aged 75–
99 years (mean age 88 years), seated range-of-motion ex-
ercises and strength training using simple equipment 
such as elastic resistance bands (resistance ranging from 
2.5 to 9 lb) and soft weights (2–4 lb) for 1 year increased 
not only physical activity levels but also MMSE scores by 
3.1  [1] . Correlation coefficients in Teng-modified MMSE 
with walking speed were 0.20–0.23, and those with 
standing balance were 0.16 in nondisabled people aged 
70–79  [14] . These values were similar to our findings, in 
which the correlation coefficients were –0.227 and 0.116, 
respectively. Cardiopulmonary fitness has been found to 
be a strong predictor of cognition in a cross-sectional 
study comprising 25 young (18–30 years), 25 young-old 
(65–74 years), 25 middle-old (75–84 years), and 25 old-
old adults (85–92 years)  [32] . In addition, a meta-ana-
lytic study compared the effects of fitness on cognition 
among participants in young-old (55–65 years), middle-
old (66–70 years), and old-old (71–80 years) individuals, 

and found the most benefit in middle-old and more ben-
efit in old-old compared to young-old  [21] . In light of 
these findings together with ours, it seems likely that an 
association between physical fitness and cognition may 
exist in very elderly people older than 80 as it does in el-
derly aged 80 years or younger. However, some studies 
did not find a relationship between fitness and cognition 
 [18–20] , suggesting that this association is not conclu-
sively recognized. The mechanisms underlying the found 
association between hand-grip strength, walking speed, 
stepping rate, and MMSE scores remained obscure from 
our findings. However, fitness could reduce the risk of 
various medical diseases, such as cardiovascular disease, 
stroke, hypertension, and diabetes, which are known to 
be related to poor cognitive function in the elderly  [33] . 
Fitness also was reported to be associated with cerebral 
blood flow, which is linked to cognitive function  [34] . 
Additionally, animal studies provide evidence of an as-
sociation between fitness and brain structure and func-
tion  [35] .

  However, there are limitations to the present study: a 
fairly small group of participants, an average MMSE  ! 24, 
a cross-sectional design, the use of MMSE rather than a 
neuropsychological test battery, and the small fit of the 
multiple regression model (0.153  !  R 2   !  0.187). Addition-
ally, since the average MMSE score was below 24, indicat-
ing that this population is cognitively impaired, our sub-
jects may have had some problems understanding how to 
do the fitness tests.

  Only specific physical fitness measurements, such as 
hand-grip strength, stepping time, and walking speed, 
were found to be independently related to cognitive func-
tion in our oldest-old population, while the other mea-
surements, those of leg extensor strength and one-leg 
standing time, were not associated with cognition. The 
mechanisms involved in this discrepancy are not resolved 
from the present findings. However, the age of the sub-
jects, 85 years, could be responsible for this phenomenon, 
since fitness tests such as hand-grip strength, stepping 
rate, and walking speed are relatively easy to perform 
even for the very elderly, whereas leg-extensor strength 
and one-leg standing are hard for this population, result-
ing in a weak association with cognition. Further study, 
including a larger group of very elderly subjects, and a 
longitudinal rather than cross-sectional design may be 
needed to answer this question.

  In conclusion, although the present study was cross-
sectional and no longitudinal survey was made to clarify 
the association between physical fitness and cognitive 
function, we evaluated this association for the first time 
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in a relatively large population of very elderly, 85-year-old 
noninstitutionalized individuals, and found a significant 
association between cognitive function and some physi-
cal fitness measurements, independent of confounding 
factors.

  Acknowledgments 

 This work was supported in part by Grants-in-Aid for Scien-
tific Research (B) 18390570 (Y.T.), 15390655 (Y.T.), and by a Grant-
in-Aid for Exploratory Research 17659663 (Y.T.) from the Japan 
Society for the Promotion of Science.
 

 References 

  1 Baum EE, Jarjoura D, Polen AE, Faur D, 
Rutecki G: Effectiveness of a group exercise 
program in a long-term care facility: a ran-
domized pilot trial. J Am Med Dir Assoc 
2003;   4:   74–80. 

  2 Heyn P, Abreu BC, Ottenbacher KJ: The ef-
fects of exercise training on elderly persons 
with cognitive impairment and dementia: a 
meta-analysis. Arch Phys Med Rehabil 2004;  
 85:   1694–1704. 

  3 Tanaka C, Yoshida H, Amano H, Kumagai S, 
Fijiwara Y, Tsuchiya Y, et al: Physical activity 
level and physical, mental and social factors 
in community-dwelling elderly people. Nip-
pon Koshu Eisei Zasshi 2006;   53:   671–680. 

  4 Buchner DM, Beresford SA, Larson EB, La-
Croix AZ, Wagner EH: Effects of physical ac-
tivity on health status in older adults. II. In-
tervention studies. Annu Rev Public Health 
1992;   13:   469–488. 

  5 Hassmén P, Ceci R, Bäckman L: Exercise for 
older women: a training method and its in-
fluences on physical and cognitive perfor-
mance. Eur J Appl Physiol Occup Physiol 
1992;   64:   460–466. 

  6 Cook LJ: Exercises for mental wellness. 
Couldn’t we all benefit? J Psychosoc Nurs 
Ment Health Serv 2007;   45:   8–9. 

  7 Blumenthal JA, Emery CF, Madden DJ, 
Schniebolk S, Walsh-Riddle M, George LK, 
et al: Long-term effects of exercise on psy-
chological functioning in older men and 
women. J Gerontol 1991;   46:P352–P361. 

  8 Netz Y, Jacob T: Exercise and psychological 
state of institutionalized elderly: a review. 
Percept Mot Skills 1994;   79:   1107–1118. 

  9 Kramer AF, Colcombe S, Erickson K, Belo-
polsky A, McAuley E, Cohen NJ, et al: Effects 
of aerobic fitness training on human cortical 
function: a proposal. J Mol Neurosci 2002;  
 19:227–231. 

 10 Kramer AF, Colcombe SJ, McAuley E, Erik-
sen KI, Scalf P, Jerome GJ, et al: Enhancing 
brain and cognitive function of older adults 
through fitness training. J Mol Neurosci 
2003;   20:   213–221. 

 11 Barnes DE, Yaffe K, Satariano WA, Tager IB: 
A longitudinal study of cardiorespiratory 
fitness and cognitive function in healthy old-
er adults. J Am Geriatr Soc 2003;   51:   459–
465. 

 12 Kramer AF, Colcombe SJ, McAuley E, Scalf 
PE, Erickson KI: Fitness, aging and neuro-
cognitive function. Neurobiol Aging 2005;  
 26(suppl 1):124–127. 

 13 Renaud M, Bherer L: Impact of physical fit-
ness on cognitive aging. Psychol Neuropsy-
chiatr Vieil 2005;   3:   199–206. 

 14 Rosano C, Simonsick EM, Harris TB, 
Kritchevsky SB, Brach J, Visser M, et al: As-
sociation between physical and cognitive 
function in healthy elderly: the health, aging 
and body composition study. Neuroepide-
miology 2005;   24:   8–14. 

 15 Anstey KJ: Interrelationships among biolog-
ical markers of aging, health, activity, accul-
turation, and cognitive performance in late 
adulthood. Psychol Aging 1999;   14:   605–618. 

 16 Lindenberger U, Baltes PB: Intellectual func-
tioning in old and very old age: cross-sec-
tional results from the Berlin Aging Study. 
Psychol Aging 1997;   12:   410–432. 

 17 Schäfer S, Huxhold O, Lindenberger U: 
Healthy mind in healthy body? A review of 
sensorimotor-cognitive interdependencies 
in old age. Eur Rev Aging Phys Act 2006;   3:  
 45–54. 

 18 Etnier JL, Nowell PM, Landers DM, Sibley 
BA: A meta-regression to examine the rela-
tionship between aerobic fitness and cogni-
tive performance. Brain Res Rev 2006;   52;  
 119–130. 

 19 Hill RD, Storandt M, Malley M: The impact 
of long-term exercise training on psycholog-
ical function in older adults. J Gerontol 1993;  
 48:   12–17. 

 20 Blumenthal JA, Emery CF, Madden DJ, 
Schniebolk S, Walsh-Riddle M, George LK, 
et al: Long-term effects of exercise on psy-
chological functioning in older men and 
women. J Gerontol 1991;   46:   352–361. 

 21 Colcombe S, Kramer AF: Fitness effects on 
the cognitive function of older adults: a 
meta-analytic study. Psychol Sci 2003;   14:  
 125–130. 

 22 Colcombe SJ, Erickson KI, Raz N, Webb AG, 
Cohen NJ, McAuley E, et al: Aerobic fitness 
reduces brain tissue loss in aging humans. J 
Gerontol A Biol Sci Med Sci 2003;   58:   176–
180. 

 23 Colcombe SJ, Erickson KI, Scalf PE, Kim JS, 
Prakash R, McAuley E, et al: Aerobic exercise 
training increases brain volume in aging hu-
mans. J Gerontol A Biol Sci Med Sci 2006;   61:  
 1166–1170. 

 24 Marks BL, Madden DJ, Bucur B, Provenzale 
JM, White LE, Cabeza R, Huettel SA: Role of 
aerobic fitness and aging on cerebral white 
matter integrity. Ann NY Acad Sci 2007;  
 1097:   171–174. 

 25 Hatta A, Nishihira Y, Kim SR, Kaneda T, 
Kida T, Kamijo K, et al: Effects of habitual 
moderate exercise on response processing 
and cognitive processing in older adults. Jpn 
J Physiol 2005;   55:   29–36. 

 26 Van Gelder BM, Tijhuis MA, Kalmijn S,
Giampaoli S, Nissinen A, Kromhout D: 
Physical activity in relation to cognitive de-
cline in elderly men: the FINE Study. Neurol-
ogy 2004;   63:   2316–2321. 

 27 Folstein MF, Folstein SE, McHugh PR: ‘Mini-
mental state’: a practical method for grading 
the cognitive state of patients for the clini-
cian. J Psychiatr Res 1975;   12:   189–198. 

 28 Tombaugh TN, McIntyre NJ: The Mini-
Mental State Examination: a comprehensive 
review. J Am Geriatr Soc 1992;   40:   922–935. 

 29 Buchner DM, de Lateur BJ: The importance 
of skeletal muscle strength to physical func-
tion in older adults. Ann Behav Med 1991;   13:  
 91–98. 

 30 Yoshitake Y, Shimada M, Kimura Y, Sugeta 
A, Inaba D, Yonemitsu M: Relation between 
physical fitness and functional performance 
in 80-year-old men and women residing in a 
community for the elderly; in Tanaka H, 
Shindo M (eds): Exercise for Preventing 
Common Diseases. Tokyo, Springer, 2000, 
pp 147–153. 

 31 Yamaga T, Yoshihara A, Ando Y, Yoshitake 
Y, Kimura Y, Shimada M, et al: Relationship 
between dental occlusion and physical fit-
ness in an elderly population. J Gerontol Med 
Sci 2002;   57:M616–M620. 

 32 Newson RS, Kemps EB: Cardiorespiratory 
fitness as a predictor of successful cognitive 
ageing. J Clin Exp Neuropsychol 2006;   28:  
 949–967. 

 33 Anstey K, Christensen H: Education, activi-
ty, health, blood flow and apolipoprotein E 
as predictors of cognitive changes in old age: 
a review. Gerontology 2000;   46:   163–177. 

 34 Rogers RL, Meyer JS, Mortel KF: After reach-
ing retirement age physical activity sustains 
cerebral perfusion and cognition. J Am Geri-
atr Soc 1990;   38:   123–128. 

 35 McAuley E, Kramer AF, Colcombe SJ: Car-
diovascular fitness and neurocognitive func-
tion in older adults: a brief review. Brain Be-
hav Immun 2004;   18:   214–220. 

  


