drinkers {ethanol intake <34 g/day), and current heavy drinkers
(=34 g/day). Leisure-time physical activity was quantified by the
sum of activity time (hours per week) multiplied by the meta-
bolic equivalents (MET) intensity for each activity.®

Resting blood pressure was measured three times with the
subject in a sitting position, with a mercury sphygmomanometer
at the right upper arm after at least five minutes of rest; the
mean of the three measurements was used in the analysis.
Diabetes was determined by the administration of antidiabetic
treatment, plasma glucose levels (fasting glucose level
>7.0 mmol/L or postprandial glucose level >11.1 mmol/L), or a
75 g oral glucose tolerance test using the 1998 WHO criteria,*’
with plasma glucose measured by the glucose-oxidase method.
Total cholesterol was determined by an enzymatic autoanalyser,
Body height and weight were measured while the subject was
wearing lightweight clothing without shoes, and body mass
index (BMI) was calculated. Electrocardiogram abnormalities
were defined as left ventricular hypertrophy (Minnesota code
3-1), ST segment depression (4-1, 2, or 3), or atrial fibrillation
(8-3).

Follow-up survey

The participants were followed prospectively for 19 years from
December 1988 to November 2007 by repeated health exami-
nations and by a daily monitoring system established by the
study team, local physicians and members of the town’s Health
and Welfare Office, Vital status was checked annually by mail or
telephone for any subjects who did not undergo regular examin-
ation or who moved out of town. Information about death was
received via this follow-up system. When a resident died, all
medical information related to a participant’s illness and death,
including hospital charts, physician’s records and death certifi-
cate, were collected. Moreover, autopsy was performed at the
Kyushu University Departments of Pathology, provided if
consent for autopsy had been obtained. All medical information
and autopsy findings were scrutinised, and the underlying
causes of death were determined according to the International
Classification of Diseases, 10th Revision (ICD-10). Cause of
death was classified into the following categories: cardiovascular
death (ICD-10 code of 100-199), cancer death (C00-C97),
respiratory death (J00-J99.8), and death from other causes.
During the follow-up period, 783 participants (397 men and
386 women) died, of whom 564 (72.09%) underwent autopsy.
Of the deceased persons, 235 (106 men and 129 women) died
of cardiovascular disease, 249 (149 men and 100 women) of
cancer, 154 (81 men and 73 women) of respiratory diséase, and
145 (61 men and 84 women) of other causes, All individuals
were completely followed-up for 19 years or until death.

Statistical analysis

All statistical analyses were performed with SAS V9.3 software
(SAS Institute, Cary, North Carolina, USA). The participants
were divided into three groups on the basis of age-specific and
sex-specific tertiles of handgrip strength (T1: 12.0 to 39.5, T2:
40.0 to 46.5, and T3: 47.0 to 64.0 kg for middle-aged (40-
64 years) men; T1: 0.5 to 18.5, T2: 19.0 to 23.5, and T3: 24.0
to 27.5 kg for middle-aged women; T1: 3.0 to 29.5, T2: 30.0
to 36.5, and T3: 37.0 to 52.0 kg for elderly (265 years) men;
T1: 0.5 to 16.0, T2: 16.5 to 20.5, T3: 21.0 to 39.0kg for
elderly women). Age- and sex-adjusted mean values of possible
risk factors taken as continuous variables were estimated across
handgrip strength levels using analysis of covariance, and the
prevalence of risk factors taken as categorical variables were
adjusted for age and sex by means of the direct method, where

overall study population was used as the standard population.
Linear trends in the mean values or prevalence of risk factors
across handgrip strength levels were tested using linear or logis-
tic regression analysis. The mortality rate was calculated by the
person-year method and adjusted for either age or sex using the
direct method. The HR and its 95% CI across the tertiles or per
1 SD increment of handgrip strength were estimated using the
Cox proportional hazards model with adjustment for potential
confounding factors at baseline, namely, systolic blood pressure,
use of antihypertensive agents, diabetes, total cholesterol, BMI,
smoking status, alcohol intake and leisure-time physical activity,
as well as either age or sex. Here, SD of handgrip strength was
7.5 kg for middle-aged men, 5.5 kg for middle-aged women,
84kg for elderly men ‘and 5.7kg for elderly women.
Heterogeneity in the relationship between men and women or
between age groups was tested by adding a multiplicative inter-
action term to the relevant Cox model. Proportions of missing
values were less than 1% for all variables in the multivariable
model. A two-sided p<0.05 was considered to be statistically
significant in all analyses.

Ethical considerations

This study was conducted with the approval of Kyushu
University Institutional Review Board for Clinical Research, and
written informed consent was obtained from the participants.

RESULTS /

Baseline characteristics of the study population are shown in
table 1. Higher handgrip strength levels were associated with
younger age, higher diastolic blood pressure, higher total choles-
terol, higher BMI, lower prevalence of electrocardiogram abnox-
malities and increased leisure-time physical activity level.

Table 2 shows the association of all-cause and cause-specific
death according to handgrip strength level by sex. In both sexes,
the age-adjusted all-cause mortality in the second tertile (T2)
and the highest tertile (I3) of handgrip strength was signifi-
cantly lower compared to the lowest tertile (T1) (all p<0.05).
Handgrip strength was inversely associated with the risk of all-
cause death, even after adjustment for potential confounding
factors, Compared with the T1 of handgrip strength, the
multivariable-adjusted HR (95% Cl) for all-cause death was -
0.81 (0.64 to 1.03) for T2 and 0.70 (0.53 to 0.92) for T3 in
the men, and 0.66 (0.52 to 0.85) for T2 and 0.65 (0.50 to
0.84) for T3 in the women, The HR (95% CI) for all-cause
death per 1 SD increment of handgrip strength was 0.72 (0.64
to 0.81) in the men and 0.74 (0.66 to 0.82) in the women.
Similar associations were observed for cardiovascular death,
respiratory death and death from other causes, but not for
cancer death. There was no evidence of heterogeneity in the
association between men and women (all P for heterogeneity
>0.2).

Next, we examined the association between handgrip strength -
and the risks of all-cause and cause-specific death in the
middle-aged (40-64 years) and the elderly (=65 years) groups
{table 3). Here, the men and women were analysed together
due to limited statistical power., The all-cause mortality in T2
and T3 was significantly decreased compared to T1 in both age
groups (all p<0.05). These associations remained significant
even after adjustment for multiple confounding factors. The
multivariable-adjusted HR (95% CI) for all-cause death was
0.75 (0.56 to 0.99) for T2 and 0.49 (0.35 to 0.68) for T3 in
the middle-aged group and 0.50 (0.40 to 0.62) for T2 and 0.41
(0.32 to 0.51) for T3 in the elderly group. The HR (95% CI)
per 1 SD increment for handgrip strength was 0.72 (0.63 to
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Table 1

Baseline cﬁaracterisﬁcs according to levels of handgﬁp strength in 1988, the Hisayama Stddy

Handgrip strength levels
Tt (n=802) T2 (n=815) 73 (n=910) p for trend

Number of subjects

Middle-aged men/women {4064 years), n 2447314 2481302 2697366

Elderly men/women (65 years), n 88/156 1117154 104171
Age, years 62 (0.4) 59 (0.4) 56 (0.4) <0.001
Systolic blood pressure, mmHg 133 (0.7) 134 (0.7) 134 (0 0.71
Diastolic blood pressure, mmHg 77 (0.8 78 (0.4) 79 {0.4) 0.002
Antihypertensive agents, % 146 14.7 168 0.34
Diabetes, % 13.1 113 114 032
Total cholesterol, mmol/L 5.25 (0.04) 538 {0.04) 541 (0.04) 0.003
BM, kg/m? 22.2 (0.1) 22.7 (0.1) 236 (0.1) <0.001
Electrocardiogram abnormalities, % : 202 152 154 0.02
Smoking status

Never smoker, % 60.6 59.8 61.7

Former smoker, % 1.2 15.2 15.5

Current smoker (<20 cigarettesiday), % 15.2 14.7 132

Current smoker (>20 cigarettes/day), % 1341 10.4 95
Alcohol intake

Never, % 65.0 672 655

Former, % 137 29 2.7

Current {ethanol <34 giday), % 193 19.6 208

Current (ethanol >34 g/day), % 12.1 10.3 10.9
Lelsure-time physicat activity, METs houriweek 31 0.4 41 {0.49) 9.8 (0.4) <0.001

Age- and sex-adjusted mean (SE) or frequencies are shown.
BMI, body mass index; METs, metabolic equivalents.

0.81) in the middle-aged group and 0.63 (0.58 to 0.69) in the
elderly group. We observed similar associations for cause-specific
mortality, with the exception of cancer death. There was no evi-
dence of heterogeneity in the association between age groups
(all p for heterogeneity >0.4).

The sensitivity analysis, which excluded participants who died

within § years of follow-up, did not generate any substantial dis-
crepancies with the study conclusions (data not shown),

DISCUSSION

Using data from.a 19-year follow-up study of a general Japanese
population, we demonstrated that greater handgrip strength
levels were associated with a reduced risk of all-cause death in
men and women, even after adjustments were made for other
conventional risk factors. With regard to the causes of death,
handgrip strength levels were inversely associated with the risk
of cardiovascular death, respiratory death, and death from other
causes, but not with the risk of cancer death, These associations
were observed in the middle-aged group as well as in the elderly
group.

Many prospective studies in Western®® 113 18 and Asian
countries' ® 17 have examined the association between handgrip
strength and the risk of all-cause mortality. Most previous
studies have reported that handgrip strength is associated with
all-cause death in men' % * ¢ % and in women,' +* &
However, only a few population-based prospective studies have
reported the association of handgrip strength levels with risk of
cause-specific deaths.? ? ° The Adult Health Study in
Hiroshima, Japan' and a cohort study in the UK? found that
elevated levels of handgrip strength were associated with a
decreased risk of cardiovascular death, while a similar but non-
significant association was found in another Japanese study’
The Adult Health Study® also observed a significantly inverse

association between handgrip strength and the risk of death
from pneumonia. Our findings are in agreement with those of
these previous studies. On the other hand, there is no consensus
on the association between handgrip strength and cancer
death.* 2 ¥ While the study in the UK? observed a significantly
inverse association between handgrip strength and cancer death,
our study and two other Japanese cohort studies' ® did not
observe any such association,

The inverse associations were recognised concerning lower
handgrip strength levels and all-cause death in observational
studies of elderly populations.*® By contrast, there have been a
small number of studies on this issue in middle-aged popula-
tions, and the findings were inconsistent.)! 113 18 The
Honolulu Heart Program,'® 2 which observed Japanese-
American men, and the Adult Health Study in Hiroshima,
Japan,® showed a significant inverse association of handgrip
strength levels with all-cause death in middle-aged populations.
The Mini-Finland Health Examination Survey’® and our
present study showed a similar inverse association in the
middle-aged and elderly group. On the other hand, the
Baltimore Longitudinal Study of Aging'! and the Canadian
Fitness Survey'® failed to show a significant association in
middle-aged populations. The discrepancy between results for
middle-aged populations may be due to differences in back-
ground characteristics, such as ethnicity and other confounding
factors, and differences between statistical methods used,

To the best of our knowledge, there has been no previous
study which examined the association of midlife handgrip
strength with the risk of cause-specific mortality. In our study,
the level of handgrip strength measured in midlife was asso-
ciated with the risks of cardiovascular, respiratory and other
non-cancer death, as was handgrip strength measured in late
life. Therefore, even though the absolute risk of death (shown
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Table 2 Association of handgrip strength with the risks of all-cause death and cause-specific death by sex, the Hisayama Study, 1988-2007

Men (n=1064)

Women (n=1463)

Number of  Age-adjusted Number of  Age-adjusted
avents/ mortality per Multivariable-adjusted events/ mortality per 1000  Multivariable-adjusted
subjects 1000 person-years HR (95% C1) subjects person-years HR (85% Ci)-
All-cause death
™ (lowest) 1647332 34.8 1.00 {reference) 162/470 223 1.00 {reference)
T2 134359 26.9% 0.81 (0.64 to 1.03) 117/456 15.8% 0.66 {0.52 to 0.85)*
T3 (highest) 997373 21.7* 0.70 (0.53 to 0.92)* 107/537 14,9* 0.65 (0.50 to 0.84)*
Per 1 SD ingement 0.72 {0.64 t0 0.81) 0.74 (0.66 to 0.82)1
Cardiovascular death
11 {lowest) 541332 1.4 1.00 (reference) 50/470 6.9 1.00 {reference)
12 31/359 6.1 0.51 (0.32 to 0.82)* 43/456 5.9 0.74 (0.48 to 1.12)
T3 (highest) 21373 4.4* 0.38 (0.22 to 0.66)* 36/537 5.2 0.67 {0.43 to 1.05)
Per 1 5D increment 0.52 (0.41 to 0.66)1 0.77 (0.64 to 0.93)%
Cancer death
T1 (lowest) 46/332 9.6 1.00 (reference) 35/470 4.5 1.00 {reference)
T2 511359 10.1 1.16 (0.77 10 1.75) 297456 39 0.79 (0.47 to 1.31)
T3 (highest) 521373 10.9 143 {0.93 10 2.18) 36/537 4.7 1.07 (0.66 10 1.74)
Per 1 SD increment 1.11{0.92 t0 1.35) 0.98 (0.79 t0 1.22)
Respiratory death
T1 (lowest) 341332 15 1.00 {reference) 36/470 5.1 1.00 (reference)
12 281359 59 091 {05310 1.55) 221456 3.0% 0.60 (0.35 to0 1.05)
13 (highest) 197373 4.8* 0.81 (0.43 t0 1.51) 15537 2.2* 0.45 (0.24 to 0.84)*
Per 1 SD inaement 0.60 {0.46 to 0.79)F 0.61 {0.49 to 0.78)%
Death from other causes
T1 (lowest) 30332 6.2 1.00 {reference) 411470 5.8 1.00 {reference)
12 241359 47 0.75 (0.43 t6 1.32) 231456 3.1 0.55 (0.32 to 0.92)*
13 (highest) 1373 16* 0.21 (0.09 to 0.50) 200537 1.5* 0.48 {0.27 to 0.84)*
Per 1 SD increment 0.54 (0.40 to 0.73) 062 {0.50 to 0.77)F

*n<0.05 vs T1. 1p<0.05 for. 1 SD increment of handgrip strength.
HRs were adjusted for age, systalic blood pressure, use of antifiypertensive agents, diabetes, total cholesteral, body mass Index, electrocardiogram abnormalities, smoking status,

alcohal intake and leisure-time physical activity.

as mortality rates in table 3) among the middle-aged was much
lower than that of the elderly, handgrip strength measured in
midlife may be a good predictive marker that could be used to
identify people at higher risk of non-cancer diseases, and subse-
quent risk of mortality.

The mechanisms underlying the association between handgrip
strength and risk of all-cause and cause-specific death have not
been clearly defined, but a lower level of handgrip strength,
which reflects a weaker whole-body muscle strength, is known
to be associated with traditional risk factors for death or cardio-
vascular disease, that is, lower body weight,** physical inactiv-
ity*? and chronic diseases, such as diabetes and hypertension.?®
However, our findings showed that the association of handgrip
strength levels with all-cause and cardiovascular death remained
significant, even after adjustment for these factors. A
population-based study reported a positive correlation of hand-
grip strength with the serum concentration of insulin-like
growth factor 1 (IGF-1),>* which is a key regulator of muscle
cell proliferation and differentiation, and an inhibitor of cell
apoptosis and necrosis.”® Other epidemiological studies have
shown an association between decreased IGF-1 concentration
and elevated risk of insulin resistance,?® impaired glucose toler-
ance including type 2 diabetes,”” ischaemic heart disease,?* and
mortality.® Therefore, IGF-1 may potentially mediate the asso-
ciation between muscle strength and risk of cardiovascular
death. The mechanisms which account for the link between

handgrip strength and respiratory death remain unclear, but a
case-control study®® demonstrated that patients with chronic
obstructive pulmonary disease, a common cause of respiratory
death, had decreased expiratory muscle endurance and lower
handgrip strength, compared to control subjects with normal
lung function, indicating that weaker handgrip strength may be
a marker of reduced respiratory muscle function. In our cohort,

pneumonia was also an important cause of respiratory death,

and death from other causes primarily included infectious dis-
eases such as sepsis. Lower handgrip strength may reflect lower
body weight,”* and may be associated with higher risk of pneu-
monia and sepsis due to undernourished and immunocomprom-
ised conditions.

The strengths of the present study include a longitudinal
population-based design, long duration of follow-up, perfect
follow-up of the participants, and accurate diagnosis for cause
of death on the basis of medical information and autopsy.
However, some limitations should be noted. First, handgrip
strength levels were determined on the basis of measurements
at baseline examination only. Possible changes in handgrip
strength levels during the follow-up period were not taken into
consideration. Therefore, the risk estimates reported in this
study might be underestimated. Second, socioeconomic infor-
mation, such as educational level and occupation, which might
affect the association between handgrip strength and the risk of
death, was not available in our cohort. Third, we could not
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Table 3 Association of handgrip strength with the risks of all-cause death and cause-specific death by age groups, the Hisayama Study, 1988~

© 2007
Middle-aged (40-64 years) (n=1743) Elderly (=65 years) (n=784)
Number of : Number of  Sex-adjusted
events/ Sex-adjusted mortality  Multivariable-adjusted events/ mortality per 10600 Multivariable-adjusted
subjects per 1000 person-years  HR (95% Cl) subjects persen-years HR (85% C1)
All-cause death ;
T1 {lowest) 1181558 12.7 1.00 (reference) 2081224 88.2 1.00 {reference)
12 84/550 8.6 0.75 (0.56 to 0.99)* 167/265 46.6% 0.50 (0.40 to 0.62)*
T3 (highest) 58/635 5.0* 0.49 (0.35 to 0.68)* . 1481275 36.3* 0.41 (0.32 to 0.51)*
Per 1 SD increment 0.72 {0.63 to 0.81)1 0.63 (0.58 to 0.69)t
Cardiovascular death :
T1 (lowest) 32/558 35 1.00 (reference) 121224 30.5 1.00 (reference)
12 20/550 20 062 {0.35t0 1.11) 541265 14.8* 0.44 (0.31 to 0.64)*
13 (highest) . 141635 1.2% 041 (0.21 to 0.80)* 43175 10.3* 0.32 (0.22 to 0.48)
Per 1 SD increment 0.65 (0.50 to 0.84)t 0.60 (0.51 to 0.70)t
Cancer death
T1 {lowest) 405558 - 43 1.00 {reference) 47224 17.7 1.00 (reference)
T2 37/550 38 0.97 (0.61 to 1.53) 431265 12.4* 0.69 (0.44 to 1.08)
T3 (highest) 36/635 34 0.94 (0.59 to 1.51) 521275 13.0* 0.76 (0.49 t0 1.18)
Per 1 SD increment 0.99 (0.81 to 1.22) 0.92 (0.76 to 1.11)
Respiratory death
T1 (lowest) 13/558 14 1.00 {reference) 571224 248 1.00 {reference)
12 107550 1.0* 0.85 (0.37 to 1.98) 40/265 11.3*% 0.43 (0.28 to 0.65)*
13 {highest) 11635 0.1 0.08 (0.01 to 0.59)* 337275 8.2* 0.35 {0.22 to 0.56)*
Per 1 SD increment 0.46 (0.31 10 0.70)t 0.55 {0.45 to 0.66)t
Death from other causes ) .
T1 (lowest) 33/558 35 1,00 {reference) 381224 15.3 1.00 {reference)
7 17/550 1.7 058 (0.32 to 1.05) ' 30/265 8.3* 0.57 (0.35 to 0.94)*
13 (highest) 71635 0.6* 0.21 (0.09 t0 0.49)* 201275 48* 0.33 {0.19 to 0.59)*
“Per 1 5D increment 0.52 (0.40 to 0.68)t 0.56 (0.45 to 0.70)t

*p<0.05 vs T1. 1p<0.05 for 1 SD increment of handgrip strength,
HRs were adjusted for sex, systolic blood pressure, use of antihypertensive agents, diabetes, total cholesterol, body mass index, electrocardiogram abnormalities, smoking status, alcohol
intake and leisure-ime physical activity,

determine the cut-off level of handgrip strength to predict the
mortality risk (which might be clinically useful information),
because we did not have an .adequate number of mortality
events to analyse,

In conclusion, handgrip strength levels were associated with
the risk of all-cause and cause-specific mortality, except for
cancer mortality, in middle-aged and elderly subjects in a
Japanese population. Our results suggest that handgrip strength and these associations were independent of other potential
measured in midlife may be a good predictive marker that could risk factors.

be used to identify individuals at high risk for death from non- » Handgrip strength levels in midlife may be a good predictive
cancer diseases. marker for the future risk of non-cancer death,

s LR R SEER R EE s

» Handgrip strength measured in midlife, as well as in late
life, was significantly and inversely associated with the risk
of cardiovascular, respiratory and other non-cancer death,
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1 Characteristics of the study participants by sedentary time quartile.

Variables Total Me?l Women
Q1(<415) Q2 (415-489)Q3 (490-559) Q4 (>559) pfortrend Q1 (<356) Q2 (356-421) Q3 (422-499) Q4 (>499) p for trend

n 1401 138 . 138 138 138 212 212 213 212

Age, years 73.1£60  71.6+£52 732+55 738+63 739x64 <0.001 72055 723+55 73.1+58  75.0£67 <0.001
Height, cm 1543+8.8 1614+61 162.2+6 163.6+54 162559 0.052 1486+ 6.2 149.6+52 14976 148465 0.606
Weight, kg 554+97 60.8+72 61.0+85 622+79 61589 0309 50279 51.6+8.1 523+85 522+93 0.015
BMI, kg/m’ 23.2+32  233x24 232+£29 232+26 233+32 0998 227431 23.0%33 233+33 237439 0.002
- Fat-free mass, kg 39.7+7.7 47048 472453 48.1%51 474+52 0300 340+36 347x38 34740 351+49 0.006
Fat mass, kg 15.8+53 13.8+3.6 13.8+42 14.1+£39 14146 0467 16351 16954 17.5+55 17164  0.098
Body fat percentage, % 28374 22541 222447 224+43 225+£50 0964 31.7+£55 32.1+60 329+58 319x76 0.619
OB, n (%)" 359 (25.6) 27(19.6)  37(26.8) 32(23.2) 38(27.5) 0173 42(19.8)  54(25.5) 57 (26.8) 72 (34.0)  0.001

gx‘;r‘f’;/“dﬁe’ wear 829.14994 743.1+67.9 788.9+:69.8 809.8+83.8 880.3 £ 1040 <0.001 8002763 8252+764 8463 +769 9062+ 1233 <0.001

2{22’:‘;2‘;/3;‘15“”” 451.9+120.6 331.1+61.8 454.7+22.6 523.04:20.1 638.9+86.1 <0.001 294.6::494 3904196 456.2£22.5 5752£75.1 <0.001
f,jda‘“"’ sedentary ime, 4 <, 199 447283 S81£57 652266 T28%72 <0001 37066 47751 54459 640574  <0.001
o of wear time E

MVPA time, min/d 455+34.4 5712371 402£259 355+244 3002276 <0.001 7044426 53+£329 4252283 2892249 <0.001
MVPA, METsh/d 27+21 34424 2417 21£16 1.8%19 <0001  4.0+25 31£21  25£18  17%15 <0.001
LPA, METs-Wd 118£36 126+25 103%23 88+26 73+24 <0001 158+26 13.6+25 123%26 105+3.1 <0.001
PAEE, keal/kg/d 92£28  106+24 88£22  7.9%23  7.0£23 <0001 11.6+25 101£22 0123 7724  <0.001
IADL, point ‘ 49+£04  49+04 48£05 A48+06 4706 0002  50+0.1 4904  50£02 4904  0.165
Formal education, year ~ 11224 115429 115227 118227 123228 0016 109221 109222 107£19 105+24 0.036
;‘;3;‘;};5{;‘2%"“ 239(17.1)  53(384)  39(283) 31(22.5) 15(109) <0.001  38(179) 26(123)  23(108)  14(6.6)  <0.001
Current drinker, n (%) 548 (39.1)  96(69.6)  97(70.3) 82(594) 71(5L.5) <0.001  56(264) 59(27.8)  43(202)  44(20.8) 0.074
Current smoker,n (%)  112(80)  24(174) 16(1L6) 25(18.1) 22(159) 0.987 8(3.8) 3(1.4) 7(3.3) 7(3.3) . 0.953
Economic status, n with ‘

straitened or relatively 843 (60.2) 95(68.8) 88(63.8) 77(558) 83(60.1) 0.068 131(61.8) 131(61.8) 122(57.3) 116(54.7) 0.092
straitened (%)

BMI; body. mass index, MVPA; moderate-to-vigorous physical activity, LPA; light intensity physical activity, METSs; metabolic equivalents, PAEE; physical activity energy

‘expenditure, IADL; instrumental activity of daily living. Data were represented as mean £ SD or n (%). “Obesity defined as body mass indexZZSkg/mZ.
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%% 2 Multiple regression analysis of sedentary time with obesity-related indicators.

Depedent variabl Model 1* Model 2° Model 3¢
ent variables
ope B(95%CI)! pvalue B(95%CI? pvalue B (95%CI)° p value
Men
Weight 0.75 (0.34-1,16)  <0.001 0.83 (0.41-1.27) <0.001 0.79 (0.31-1.27) 0.002
BMI 0.16 (0.02-0.30)  0.028  0.21(0.07-0.36)  0.006  0.17 (0.00-0.33) 0.125
Fat mass 0.49 (0.29-0.70) <0.001  0.54 (0.33-0.76) <0.001  0.43 (0.19-0.67) <0.001
Body fat percentage  0.47 (0.25-0.70) <0.001  0.52 (0.28-0.76) <0.001 0.35 (0.09-0.62) 0.00%
Women
Weight 0.95 (0.60-1.30) <0.001 1.04 (0.67-1.39) <0.001 1.06(0.63-1.48) <0.001
BMI 0.34 (1.95-4.88) <0.001 0.37(0.22-0.51) <0.001 0.38 (0.21-0.55) <0.001
Fat mass 0.59 (0.36-0.82) <0.001 0.65(0.41-0.88) <0.001 0.70(0.42-0.98) <0.001
’ Body fat percentage  0.50 (0.24-0.76) <0.001  0.55 (0.28-0.82) <0.001  0.65 (0.34-0.97) <0.001
BMI; body mass index.

* Adjusted for age and accelerometer wearing time.

b Also adjusted for years of formal education, job status, drinking and smoking habit, instrumental activity of daily

living and economic status.

¢ Also adjusted for amount of moderate~to-vigorous physical activity (METs-h/d).

¢ Unstandardized regression coefficient and 95% confidence interval (CI). It represents the mean difference in each
dependent variable per 60 minutes greater sedentary time.
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Association between Tri-axial Accelerometer-derived Sedentary Time and
Obesity in a Japanese Community-dwelling Older Population

Takanori Honda?, Kenji Narazaki?, Tao Chen”, Hisato Nishiuchi®,
Yu Nofujiz), Eri Matsuo?, and Shuzo Kumagaim)

Abstract

Objective: Previous studies have shown that time spent in sedentary behaviors is a risk factor of obesity,
independent of lack of moderate-to-vigorous physical activity (MVPA). However, few studies bave been
conducted to examine relationship between objectively measured time spent in sedentary behaviors and obesity.
The aim of this study was to investigate the relationship of objectively measured sedentary time and obesity in
community-dwelling older adults.

Methods: Cross-sectional analyses were completed on 1,401 (female n=849) participants of the baseline
survey of the Sasaguri Genkimon Study (SGS), a longitudinal cohort study of community~dwelling older adults
aged 65+ who were not certified as requiring nursing care. Sedentary behaviors were defined as activities with
intensity =1.5 METs (metabolic equivalents). Sedentary time was assessed by a fri-axial accelerometer.
Obesity was defined as body mass index (BMI) of 25 or higher. Body weight and fat mass was measured by
bioelectrical impedance analysis.

Results: Sedentary time was positively associated with body weight, fat mass, body fat percentage and
obesity in both men and women (p<0.01), and positively associated with BMI in women as well (p<0.01), after
adjusting for socio-demographic and lifestyle factors, instrumental activities of daily living, and MVPA.

Conclusion: Prolonged sedentary behaviors were associated with increased risk of obesity and its related
indicators in Japanese community-dwelling elderly. Decreasing sedentary behaviors can be an effective strategy
for preventing obesity in population approach.

Key words: sedentary behavior, accelerometry, physical activity energy expenditure
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Physical Fitness Measures As Potential Markers of Low Cognitive Function in
Japanese Community-Dwelling Older Adults without Apparent Cognitive
Problems

Kenji Narazaki 1, Eri Matsuo 2, Takanori Honda®, Yu Nofuji 2 Koji Yonemoto 3 and Shuzo Kum agai RO
! Graduate School of Human-Environment Studies, Kyushu University, Fukuoka, Japan; ? Tokyo Metropolitan Institute
of Gerontology, Tokyo, Japan; 3 Biostatistics Center, Kurume University, Fukuoka, Japan; *Faculty of Arts and Science,

Kyushu University, Fukuoka, Japan

Abstract

Detecting signs of cognitive impairment as early as possible is
one of the most urgent challenges in preventive care of demen-
tia, It has still been unclear whether physical fitness measures
can serve as markers of low cognitive function, a sign of cogni-
tive impairment, in older people free from dementia. The aim of
the present study was to examine an association between each of
five physical fimess measures and global cognition in Japanese
community-dwelling older adults without apparent cognitive
problems. The baseline research of the Sasaguri Genkimon
Study was conducted from May to August 2011 in Sasaguri
town, Fukuoka, Japan. Of the 2,629 baseline subjects who were
aged 65 years or older and not certified as individuals requiring
pursing care by the town, 1,552 participants without apparent
cognitive problems (Mini-Mental State Examination score >24)
were involved in the present study (59.0% of the baseline sub-
jects, median age: 72 years, men: 40.1%). Global cognitive
function was measured by the Japanese version of the Montreal
Cognitive Assessment. Handgrip strength, leg strength, sit<fo-
stand rate, gait speed, and one-leg stand time were examined as
physical fitness measures. In multiple linear regression analyses,
each of the five physical fitness measures was positively associ-
ated with the Montreal Cognitive Assessment score after adjust-
ing for age and sex (p < 0.001). These associations were pre-
served after additional adjustment for years of formal education,
body mass index, and other confounding factors (p < 0.001).
The present study first demonstrated the associations between
multiple aspects of physical fitness and global cognitive func-
tion in Japanese community-dwelling older people without
apparent cognitive problems. These results suggest that each of
the physical fitness measures has a potential as a single marker
of low cognitive function in older populations free from demen-
tin and thereby can be useful in community-based preventive
care of dementia.

Key words: Cognitive screening, community-based study,
cross-sectional study, mild cognitive impairment, physical func-
tion, primary prevention,

Introduction

Dementia has been perceived as a burdensome public
health issue in aging societies (Wimo et al., 2013; Wimo
and Prince, 2011). One of the most urgent challenges in
the primary care field is to detect signs of cognitive i~
pairment as early as possible before clinical diagnosis,
Earlier detection has been suggested to allow for effective
medical treatments preventing or slowing the onset of
dementia (Siemers, 2011; Sperling et al., 2011). Hence,
there i1s a great need for identifying biomarkers and other

lifestyle-related markers which help the detection of sub-
tle cognitive impairment occurring in the preclinical or
earlier phase of the disease.

Physical fitness has been reported to be a lifestyle-
related factor predicting future incidence of dementia and
cognitive impairment (Alfaro-Acha et al., 2007; Buchman
et al., 2007; Sattler et al., 2011; Wang et al,, 2006). In
contrast, it has not been fully understood whether physical
fitness measures can serve as markers of low cognitive

. function, a sign of cognitive impairment, in older people

free from dementia. Two recent population-based studies
suggested a role of gait speed as a marker of low cogni-~
tive function in the pre-dementia stage by demonstrating
its association with global cognition in cognitively intact
older people (Fitzpatrick et al., 2007, Mielke et al., 2013).
However, the knowledge for other physical fitness meas-
ures has still been limited. The other measures not yet
investigated include those often administered in commu-
nity-based health checkups to evaluate different aspects of
physical fitness. Because the primary detection essentially
needs to cover community-dwelling older individuals
having diverse physical functional status, it is worth un-
derstanding abilities of the other physical fitness measures
as single markers of low cognitive function in the pre-
dementia stage. Therefore, the aim of the present study
was to examine if each of the physical fitness measures
determined by five common tests would be associated
with global cognitive function in Japanese community-
dwelling older people without apparent cognitive prab-
lems.

Methods

Participants

The present study was performed as part of the baseline
research of the Sasaguri Genkimon Study (SGS) con-
ducted from May to August 2011, The design of the SGS
has been described in detail elsewhere (Narazaki et al,,
2013). Briefly, it is an ongoing community-based pro-
spective cohort study in Sasaguri Town, a regional town
on Kyushu Island located in the southwest part of Japan,
aiming to explore modifiable lifestyle-related factors
causing older people to require nursing care. Subjects of
the baseline research were 2,629 town residents who were
aged 65 years or older and not certified as individuals
requiring nursing care by the town at the end of Janunary
2011. Of the baseline subjects, we excluded 17 individu-
als with a medical history of dementia or Parkinson's
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disease, 526 individuals who refused or did not complete
cognitive tests, 146 individuals with signs of apparent
cognitive problems determined by a Mini-Mental State
Examination (MMSE) score of <24, 177 individuals who
refused physical fitness tests, and 211 individuals with
incomplete data on other measurements (Figure 1). Ac-
cordingly, 1,552 participants were involved in the present
study (59.0% of the baseline participants). Written in-
formed consent was obtained from all the baseline sub-
jects prior to their participation. This study was conducted
in accordance with the Declaration of Helsinki and ap-
proved by the Institutional Review Board of the Institute
of Health Science, Kyushu University.

2,629 subjects
in baseline research

With Dementia or
Parkinson's diseass, n=17

A4

kA

2,612 subjects without
the medical histories

Without cognitive data, n=526
» Refusal, n=485
» Incomplete MoCA test, n=31

k4

\

2,086 subjects with
cognitive data

A 4

With MWVISE<24, n=146

A4

1,840 subjects with
MMSE=24 or higher

Refusal of physical fithess
tests, n=177

kA

With incomplete data, n=211
.| * On questionnaire, n=70

7] - OnPAEE, n=134

* On BMI, n=7

¥

1,552 particlpants
in the present study

Figure 1. Flow chart of participation. This figure shows the flow
of participation in the present study. MoCA, MMSE, PAEE, and BMI
denote Montreal Cognitive Assessment, Mini-Mental State Examination,
physical activity energy expenditure, and body mass index, respectively,

Cognitive function measures

Cognitive function was measured with the Japanese ver-
sion of the Montreal Cognitive Assessment (MoCA). The
details of this instrument are explained elsewhere
(Fujiwara et al., 2010). Like the original one (Nasreddine
et al., 2005), it is a 30-point tool for measuring global
cognition in the nine domains of attention, calculations,
concentration, conceptual thinking, executive functions,
language, memory, orientation, and visuoconstructional
ability. A higher MoCA score indicates better cognitive
function. All MoCA tests were administered to the par-
ticipants by trained examiners in accordance with the
official instruction (Suzuki, 2010). After the measure-

ment, MoCA scores were independently evaluated by two
trained authors (K.N and T.H: 93.2% of agreement). In-
consistent evaluations between the two were judged to-
gether before final scores were determined. For the pre-
sent study, MoCA scores without the 1-point correction
for years of education were used. In addition to the
MoCA, we performed the Japanese version of MMSE to
screen apparent cognitive problems with the cut-off score
of <24, as explained in the above section. This MMSE
cut-off score has been widely used to detect abnormal
cognitive status and to screen dementia in previous stud-
ies (Holsinger et al.,, 2007).

Physical fitness measures

Multiple aspects of physical fitness were objectively
measured through five tests in a random maunet: the
handgrip test for measuring upper-extremity sirength, the
isometric knee extension test for lower-extremity

" strength, the five-times sit-to-stand test for lower-

extremity agility, the S-meter gait test for locomotive
coordination, and the open-syed one-leg stand test for
postural balance. These five tests were selected because
they are commonly administered in community-based
regular checkups for older people in Japan. The handgrip
test was performed twice for each hand using a digital
grip dynamometer (TKK5401; Takei Scientific Instru-
ments, Niigata, Japan) in a standing position. In this test,
the participants were asked to grip the dynamometer as
strongly as possible. The handgrip strength (HS: kg) was
determined as an average of the highest scores of the left
and right hands. The isometric knee extension test was
also performed twice for each leg using a digital tension
meter (TKK5710¢; Takei Scientific Instruments, Niigata,
Japan) in a seated position with the knee flexed at 90
degrees. During the test, the participants were asked to
exert knee extensor force as strongly as possible against
an anklet extended from the tension meter while crossing
their arms on their chest. The leg strength (LS kg) was
defined in the same way as for the HS. In the five-times
sit-to~stand test, the participants were requested to per-
form five consecutive chair stands as quickly as possible
while crossing their arms on their chest, and the time (sec)
spent to complete the task was recorded using a digital
stopwatch. Only one trial was made for this test due to its
strenuous nature. The sit-to-stand rate (SR: reps/sec) was
determined by dividing 5 (reps) by the task time. The 5-
meter gait test was conducted over a straight 11m lane
with taped marks at the 3m and 8m points. The partici-
pants were asked to walk on the entire lane as fast as
possible (but without running) in two trials, and the time
(sec) for walking between the two marks was measured in
each trial using a digital stopwatch. The gait speed (GS:
m/sec) was calculated by dividing 5 (m) by the shortest
task time in the two trials. In the open-eyed one-leg stand
test, the participants tried to stand as long as possible up
to 120 sec with a preferred leg while watching a taped
mark on the wall 1m away from a toe line. This test was
performed twice, and the time (sec) to failure of the task
was measured in each trial using a digital stopwatch. The
longer task time in the two trials was selected as the one-
leg stand time (OT: sec). All of the five tests were admin-
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istered by trained examiners with standardized procedures
including standard instruction and practice. Additionally,
the participants were encouraged to ask questions, if
needed, throughout the procedures for better understand-
ing and compliance. Higher values indicate better physi-
cal fitness in all of the five measures.

Other measurements

Age, sex, yeats of formal education, and economic status
(comfortable, relatively comfortable, relatively yncom-
fortable, and uncomfortable) were obtained from a ques-
tionnaire. The physical activity energy expenditure
(PAEE: kcal/day) was defined as average daily energy
expenditure due to physical activity and objectively
measured by a tri-axial accelerometer device (Active
Style Pro HJA-350IT, Omron Healthcare, Kyoto, Japan)
{Ohkawara et al., 2011). For this measurement, the par-
ticipants were asked to wear the device all day (except for
sleeping and water activities) for 7 days. The PAEE was
determined only for those wearing the device for at least
'10 hours & day on two or more days (mean =+ standard
deviation or SD of wearing period in the present partici-
pants: 6.8 + 1.8 days). Body weight (kg) and height (m)
were measured using conventional scales, and body mass
index (BMI) was calculated by dividing the body weight
by height squared (kg/m?). Instrumental activities of daily
living (IADL) were measured as part of the questionnaire
using the five-item scale for instrumental self-

- maintenance of the Tokyo Metropolitan Institute of Ger~

ontology Index of Competence (Koyano et al., 1991). The
five items asked about the abilities of using public trans-
portation, shopping for commodities, preparing meals,
paying bills, and handling bank accounts in binary forms
{able or unable). The participants answering “able” for all
of the five items were regarded as independent in JADL
and others as dependent in IADL. In the present study, the
number of items answered with “able” was used as the
index of IADL in regression analyses while the depend-~
ency in IADL was reported in demographic description.
- The psychological distress was measured by the Japanese
version of the Kessler 6 psychological distress scale (K6)
in the questionnaire (Sakurai et al., 2011). This is a 6-item
and 24-point scale, and participants who scored 5 points
or more on the scale were classified as having depressive
status. In the present study, the K6 scores were used in
regression analyses while the depressive status was re-
ported in demographic description. Comorbidities of
hypertension, heart disease, and diabetes and history of
stroke were asked on the questionnaire in binary forms
(presence or absence).

Statistical analysis

Mean + SD or median (25th-75th percentiles) was calcu-
fated for continuous variables, appropriately, and fre-
quency (%) for categorical variables. To confirm similari-
ties between the present participants and the baseline
subjects, the Wilcoxon rank-sum test and the chi-square
test were conducted for continuous and categorical vari-
ables, respectively, To examine associations between
physical fitness and cognitive function, multiple linear
regression analyses were conducted for each of the five

physical fitness measures in the following three models:
Model 1: entered each physical fitness measure as an
independent variable, MoCA as a dependent variable, and
age and sex as covariates, Model 2: Model 1 plus years of
formal education and BMI as covariates, Model 3: Model
2 plus economic status, PAEE, TADL, K6, comorbidities
of hypertension, heart disease, and diabetes, and history
of stroke as covariates. A significance level was set at
two-sided o = 0.05. All statistical analyses were per-
formed using the SAS version 9.3 (SAS Imstitute Inc.,
Cary, NC, USA).

Results

The median age (25th-75th percentiles) for the present
participants was 72 (68-77) years and 40.1% of the par-

* ticipants were men (n = 623). The mean = SD or median

(25th-75th percentiles) of the MoCA and the physical
fitness measures in the present participants were as fol-
lows: MoCA (n = 1,552): 22.4 + 3.4 point, HS (n =
1,529): 27.2 + 8.0 kg, LS (n ='1,473): 27.0 £ 10.3 kg, SR
(n = 1,488): 0.60 + 0.19 repsisec, GS (n = 1,540): 1.72 = -
0.43 m/sec, OT (n = 1,525): 45.7 (15.1-120) sec. Table 1
shows characteristics of the present participants on these
and other variables.

Results of the regression analyses were summa-
rized in Table 2. Each of the five physical fitness scores
was significantly associated with the MoCA score after
adjusting for age and sex (Model 1: p < 0.001). After
additional adjustment for years of formal education and
body mass index, each physical fitness score remained
associated with the MoCA score (Model 2: p < 0.001).
After further adjustment for the other confounding factors
(economic status, PAEE, IADL, K6, hypertension, heart
disease, diabetes, and stroke), the association between
each physical fitness score and MoCA was almost un-
changed (Model 3: p < 0.001).

Discussion

The present study examined associations between five
physical fitness measures and global cognitive function
evaluated by the MoCA in Japanese community-dweiling
older adults without apparent cognitive problems. The
primary finding of the present study is that each of the
five physical fitness measures was linearly and positively
associated with the MoCA score. These associations were
independent of age, sex, years of formal education, BMI,
and other confounding factors.

Examining lifestyle-related markers of pre-
dementia cognitive functioning is expected to be of value
to promote early detection of subtle cognitive impairment
in community-based settings, Despite the promise of
physical fitness measures as markers of low cognitive
function in the pre-dementia stage, research evidence is
still limited. To our knowledge, only two studies have
examined the potential role of physical fitness as a marker
of low cognitive function in the stage by showing associa~
tion between gait speed and global cognition in non-
demented older people living in the United States
(Fitzpatrick et al., 2007; Mielke et al., 2013). In one study
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Tuble 1 Charactcnstlcs 0f thc present partxupams

! i Wamen e
B e 6S~74years” SO vears” e 65-74 vears ‘7S+ yearsil %
n 402 221 570 359
Age, years 69 (67-71) - 79 (77-82) 69 (67-71) 79 (77-82)
MoCA, point 23.3(3.D) 21.4(3.3) 23.1(3.2) 20.8 (3.5)
HS, kg 36,4 (5.6) 314 (5.5) 233339 20.2 (4.1)
LS, kg 36.6(9.9) 29.3 (8.6) 24.1(6.9) 18.8 (6.5)
SR, reps/sec 65 (19) S5(17 .63 (.18) 52 (.16)
GS, mfsec 1.93 (44) 1.68 (41) 1.76 (0.37) 1.44 (36)
QaT, see 109.3 (35.0-120)  22.9(7.2-47.6) 80,6 (24.6-120)  16.7 (5.8-43.4)
‘Education, years 12 (10-14) 11 (9-13) 12 (9-12) 10 (9-11)
Economy*, % 32,1 4735 38.2 48.2
PAEE, keal/day 5575 (162.8) 453.6 (144.7) 336.3 (134.5) 405.6 (115.8)
BMI, kg/m® 23.5(2.7) 23.0 (2.8) 233 (3.4) 22.93.3)
IADLY, % 16.9 14.0 14 6,7
K61, % 24.9 27.1 304 32.6
Hypertension, % 38.1 37.1 33.0 46.5
Heart disease, % 129 25.8 58 18.7
Diabetes, % 19.7 17.6 86 9.7
Stroke history, % 4.5 5.0 1.6 3.1

Note: continuous variables are represented as mean (SD) or median (25th-75th percentiles). * Percentage of
participants answering “comfortable” and “relatively comfortable” in cconomic status; § percentage of
participants regarded as dependent in instrumental activities of daily living JADL score of <5); ¥ percentage
of participants classified as having depressive status (K6 score of =5). MoCA: Monireal Cognitive
Assessment; HS: bandgrip strength; LS: leg strength; SR: sit-to-stand rate; GS: gait speed; OT: one-Jeg stand
time; PAEE: physical activity energy expenditure; BMI: body mass index; IADL: instrumental activities of

daily living; K6: Kessler 6 psychological distress seale.

from the Ginkgo Evaluation of Memory study group, the
investigators used the Modified MMSE (3MSE) as a
global cognitive test and excluded individuals with the
test score of <80 from the study participants (Fitzpatrick
et al., 2007). They found that the risk of low cognition
defined as the 3MSE score of 80 to 85 was almost twice
for participanis in the slowest quartile of maximal walk-
ing speed compared with that for participants in the fast~
est quartile after adjusting for demographic and comorbid
factors. Another study from the Mayo Clinic group also
showed an association between usual walking speed and
global cognitive function measured as a standard score of
a neuropsychological battery covering four cognitive
domains in older adults without diagnosed mild cognitive
impairment and dementia (Mielke et al,, 2013). These
associations reasonably support the ability of gait speed as
a marker of low cognitive function in the United States
older people free from dementia, but comparable observa-
tions had not been made in other ethnicities including
Japanese. The present study first demonstrated a similar

agsociation between gait speed and global cognition in a
Japanese older population without apparent cognitive
problems. Moreover, the present study further demon-
strated novel association between each of the other four
physical fitness measures and global cognition in the
Japanese population (Table 2). A notable aspect of the
present study is the use of the MoCA as a reasonable
neuropsychelogical instrument to measure global cogni-
tive function among the participants who were free from
apparent cogaitive problems. MoCA is a relatively new
instrument devised to detect early cognitive changes with
multiple domains for screening mild cognitive impairment
(Nasreddine et al., 2005). This instrument has been re-
ported to have higher sensitivity to subtle cognitive altera-
tions than MMSE and other conventional tools
(Nasreddine et al., 2005; Pendlebury et al. , 2010), and has
been used as 2 scale of global cognitive status in popula-
tion-based studies (Donoghue et al, 2012; King et al,
2013),

One possible mechanism underlying the observed

Table 2. Associations between mth phybual fitness measure and MOCA

<001

1500

<001

HS, ke 10 (07-.14) 109 (.06-.13) 08 (.05-.12) <001
LS, kg 1473 .07 (05-.09) <.001 06 (.04-,08) <001 06 (.04-.08) <.001
SR, repsisec 1,488 234 (142326)  <.001 195 (1.05-2.85)  <.001 1.55 (.64-2.45) <001
GS, misec 1,540 1.38 (.96-1.80) <001 1.17 (.76-1.57) <001 1.01 (.59-1.43) <.001
OT, sec 1,525 .02 (,01-.02) <001 .01 (.01-.02) <.001 .01 (.01-.02) <.001

Note: Moded 1: association between each physical fitness measure as an independent variable and MoCA as a dependent variable, with age and sex as
covariates, Model 2: Model 1 plus years of education and BMI as covariates, Model 3: Model 2 plus other confounding factors (economic status,
PAEE, IADL, K6, hypertension, heart disease, diabetes, and stroke) as covariates, MoCA: Montreal Cognitive Assessment; HS: handgrip strength,
LS: leg strength; 8R: sit-to-stand rate; GS: gait speed; OT: one-leg stand time; BMI: body mass index; PAEE: physical activity energy expenditure;
TADL: instrumental activities of daily living; K6: Kessler 6 psychological distress scale. 95% CI denotes 95% contidential interval of regression
coefficient. Coefficients of determination (adjusted R-squared) in the regression analyses are as follows: Model 1: 0.145, 0.138, 0.132, 0.148, 0.157,
Model 2: 0.197, 0.192, 0.183, 0.198, 0.205; Model 3: 0.210, 0.206, 0.196, 0.209, 0.217 (for HS, LS, SR, GS, and OT, in respective models).
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associations is the concurrent deterioration of the brain
regions responsible for cognitive and physical perform-
ance in the pre-dementia stage of aging. Small to rela-
tively large deterioration of overall brain structures is
observed by magnetic resonance imaging even in healthy
older adults (Resnick et al., 2003). Such deterioration may
lead to concurrent alterations in cognitive and physical
performance in the pre-dementia stage. Because all the
phiysical fitness tests used in the present study require
refined brain control for initiation of the tasks, recruit-

ment of muscles, and motor coordination in given con-

straints, it can be plausible that the deterioration of the
brain affects not only cognitive function but also the quai-
ity of physical performance objectified by the physical
fitness measures.

Baged on the observed results, the present study of-
fers a practical value of the physical fitness measures as
objective means to assist identifying and monitoring early
cognitive impairment in community-based regular check-
ups. Virtually, all the physical fitness tests used in the
present study are simple and require no clinical resources
or sophisticated devices. For example, the gait test, sit-to-
stand test, and one-leg stand test need only a stopwatch

and can be self-performed even at home. In addition,

considering the significant association for each physical
fitness measure, the five tests may not necessarily have to
be performed all together. Rather, any one or a few tests
can be selected in the regular checkups, depending on the
physical functional status of individuals being tested.
Incorporating the physical fitness measures into commu-
nity-based regular checkups may add information to help
earlier detection of cognitive impairment which can allow
potential patients to receive effective medical treatments
to prevent or slow the onset of dementia sooner. If this
will be the case in the near future, it could bring a positive
economic impact to society. Indeed, an estimation showed
that if new treatment delaying the onset of Alzheimer's
disease (AD) by 5 years will be available in 2015, it could
result in the reduction of the projected Medicare costs of
AD by 45.1% (from $627 billion to $344 billion) in 2050
in the United States (Sperling et al., 2011).

The strengths of the present study are the relatively
large population-based samples, the choice of the cogni-
tive instrument (i.e., MoCA) suitable for examining the
differences in cognitive function in the participants free
from apparent cognitive problems, the use of multiple
objective measures of physical fitness, and the variety of
confounding measures including the accelerometer-
derived PAEE and other health-related scales such as the
IADL and K6. In contrast, the present report has several
limitations which are worth noting here, First, the sample
of the present study might be biased to some extent by the
exclusion of subjects (Figure 1). Specifically, subjects
excluded due to the refusal or incompletion of the cogni-
tive tests were younger and had a higher proportion of
men than the remaining subjects (median age: 72 vs. 73
years, p < 0.01; percentage of men: 50.8 vs. 41.8%, p <
0.001). However, since the excluded subjects are consid-
ered to have relatively good status on both physical and
cognitive functions, the influence of the exclusion on the
observed associations may not be considerable. Also,

subjects excluded due to the refusal of the physical fitness
tests and the other incomplete measures had a higher
proportion of men and lower MoCA scores than the pre-
sent participants (percentage of men: 48.2 vs, 40.1%, p <
0.005; mean MoCA score: 21.8 vs. 22.4 years, p < 0.001),
Nevertheless, the influence of this exclusion may also not
be sizable because the excluded subjects presumably had
relatively lower physical functioning than the present
participants besides the lower cognitive function. Second,
the relatively large samples of the present study did not
allow us to perform neurological examination to deter-
mine older individuals with clinical cognitive impairment,
Instead, we used the MMSE cut-off score of <24 which
has been widely used to screen dementia in clinical and
population-based studies (Holsinger et al., 2007). Finally, -
because the present study was performed in a single Japa-
nese town, generalizability of the results to other regions
is limited. Therefore, further community-based studies in
other populations should be performed to overcome thig
limitation.

Conclusion

In summary, the present study first demonstrated the
associations between five physical fitness measures and
global cognitive function in Japanese community~
dwelling older people without apparent cognitive prob-
lems, independent of age, sex, years of formal education,
body mass index, and other confounding factors. The
present results suggest that each of the five physical fit-
ness measures has a potential ability as a single lifestyle-
related marker of low cognitive function in older popula-
tions free from dementia and thereby can be used to help
earlier detection of cognitive impairment in community-
based preventive care of dementia. Future studies will be
conducted to develop a specific screening method for
early cognitive impairment in the pre-dementia stage with
using these physical fitness measures.
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