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Table 2. Adjusted hazard ratios (HRs) for all-cause mortality according to quartile of DSST score (N = 811)

Model 12 Model 2° Model 3¢
Quartil N Deceased Mean + SD -
uartiie 0. (%) (range) HR p HR p HR p
(95% Cl) (95% Cl) (95% Cl)
Fourth 26 50.1 £6.3
1 1
(reference) 200 (13.0) (43-73) ! ' 62
37 38.1£2.1 1.84 159 .
i . 0.068
Third 194 (19.1) (35-42) 11-308)  °08  (ogsa2e7) 003 (0-917;%72)
49 309+1.9 2.02 1.74 .
. 0.033
Second 210 (23.3) (@8-34) (124330 %%  (106286) 00® 05-287)
: 70 224+46 3.42 2.76 : 0001
First 207 (33.8) (5-27) 209558 001 (1esase) 0001 (151-429) <000

aAdjusted for baseline characteristics, including age, sex, education level, and depressive symptoms.
bAdjusted for covariates in Model 1 plus chronic disease, sensory deficit, instrumental activities of daily living, and walking speed at baseline.
¢Adjusted for covariates in Model 2 plus cognitive impairment at baseline.

than among higher-functioning individuals (log-rank test:
P <0.001). :

Table 2 shows the association between DSST and mortality.
By DSST quartile, the mean scores + SD (score range) were
50.1 £6.3 (43-73), 38.1 £2.1 (35-42), 30.9+1.9 (28-34),
and 22.4 +£4.6 (5-27), for the fourth, third, second, and first
quartile quartiles, respectively.

In multivariate Cox regression analysis adjusted for the
above-mentioned potential confounders, lower DSST score
was associated with increased mortality risk in model 1
(hazard ratio [HR]=1.84, 95% CI=1.11-3.06; HR =2.02,
95% CI=1.24-3.30; HR = 3.42, 95% CI = 2.09-5.58, for the
third, second, and first quartiles, respectively). In model 2,
lower DSST score was associated with increased mortality
risk (HR = 1.59, 95% CI=0.96-2.67; HR = 1.74, 95% CI=
1.06-2.86; HR=2.76, 95% CI=1.66-4.56, for the third,
second, and first quartiles, respectively). In model 3, as well,
lower DSST score was associated with increased mortality
risk (HR =1.62, 95% CI=0.97-2.72; HR = 1.73, 95% CI=
1.05-2.87; HR=2.55, 95% CI=1.51-4.29, for the third,
second, and first quartiles, respectively).

DISCUSSION

In this study, we examined the relationship between
information processing speed (as measured by DSST)
and all-cause mortality among community-dwelling elderly
Japanese during an 8-year follow-up period. Our results
indicate that information processing speed at baseline
predicted 8-year mortality. As in previous reports,>'1!2 our
findings suggest that slow information processing speed is
a reliable predictor of mortality among community-dwelling
older adults.

We additionally sought to understand and explain the
mechanisms by which information processing speed is related
to all-cause mortality. Two potential mechanisms were
investigated. First, because of the possibility that individuals
who have slower information processing speeds have shorter

J Epidemiol 2014;24(1):52-59 166

expected life spans as a consequence of poorer physical
health,’>'® we used multivariate analysis (model 2) to
examine whether the relationship between information
processing and mortality was independent of physical health
status. In this model, we adjusted for confounders indicative
of poor physical health, including presence of chronic disease,
quality of sensory function, IADL, and walking speed.
Multivariate analysis showed that DSST score was
associated with mortality even after adjustment for these
confounders. We therefore conclude that there is an
independent relationship between information processing
speed and mortality, regardless of physical health status.

Second, we examined if cognitive impairment explains
the relationship between information processing speed and
mortality. Older individuals with early dementia exhibit
slower information processing speed.” Additionally, older
individuals with dementia have shorter life spans than those
who are cognitively intact,'” which suggests that individuals
with slower processing speeds may have shorter life spans
because of cognitive impairment. To determine whether the
relationship between information processing and mortality
is independent of cognitive impairment, we petformed
additional multivariate analysis (model 3) in which we
adjusted for cognitive impairment (defined as an MMSE
score of <23). We found that DSST score was associated
with mortality even after adjustment for this potential
confounder, suggesting that the relationship between
information processing speed and mortality is independent
of cognitive impairment. Nevertheless, because dementia was
not diagnosed by a specialist in the present study, we cannot
eliminate the possibility that participants with dementia were
accidentally included in the group with impaired DSST
performance.

Although multivariate analysis largely excluded the
possibility of confounding by physical health status and
cognitive impairment, it is possible that the higher mortality
among individuals with slower information processing speeds
can be explained by mild cognitive impairment (MCI) in the
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study population.®> As compared with cognitively normal
older adults, individuals with MCI reportedly exhibit
slower processing speeds in performance-based measures of
everyday functional activities.’® Because individuals with
MCI are prone to develop dementia,?’ they may be indirectly
predisposed toward lower life expectancies. Additionally,
recent studies have found that MCI may be a direct risk factor
for shorter life spans,?® perhaps because individuals with MCI
tend to have diminished capabilities for performing everyday
tasks (such as taking prescribed medications regularly and
keeping medical appointments)®® and lower levels of health
literacy,® both of which are critical in maintaining health.
Although we conducted additional analysis to exclude
cognitive impairment (model 3), recent studies have
reported that MMSE scores alone may be insufficient for
identifying individuals with MCL3! Accordingly, some
individuals who exhibited slower processing speeds in this
study may have had MCI. Future studies should exclude
individuals with MCI, perhaps by using tools that discriminate
MCI, such as the Montreal Cognitive Assessment.3?
Excluding persons with MCI would allow a more direct
examination of the relationship between information
processing speed and mortality among elderly adults.

Recent studies have reported that interventions to improve
information processing speed in elderly adults also transfer to
activities instrumental to daily living, such as managing
money, preparing meals, and driving.>!° These studies also
suggest that information processing speed is a fundamental
function that is closely associated with everyday activities
in elderly adults, and that it is amenable to intervention
strategies.>!® Therefore, early detection and treatment of
older adults who exhibit slower information processing speed
can improve cognitive performance in daily life and may
confribute to the development of longevity-promoting
strategies.

The representativeness of our study sample could
potentially limit the external validity of our findings in 2
ways. First, the characteristics of the study participants were
somewhat different from those of the general population.
Specifically, the proportion of men in this study was relatively
high and study participants were, on average, more educated
than the general population (Itabashi ward, 2002; Cabinet
office, Government of Japan, 1995). In Japan, education level
is higher among elderly men than among elderly women.?
Individuals who have higher levels of education are more
likely to have good cognitive function during old age.!®
Therefore, the level of cognitive function i our study
sample may be higher than that in the general population.
Second, the participation rate at baseline (43.5%) was
relatively low because we obtained our data by
administering mass health checkups. It has been reported
that participants in mass checkups are generally younger than
nonparticipants and have higher education levels, fewer
chronic diseases, less extensive histories of hospitalization,
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higher self-rated levels of health, better IADL scores, and
better subjective well-being.!® Therefore, as a consequence
of self-selection bias, it is likely that the participants in our
study had different health characteristics than those of
nonparticipants.'®34 To improve the representativeness of the
study sample, future research should focus on increasing
the rate of participation at baseline, which would limit the
potential for self-selection bias. We suggest 2 principal
methods of increasing baseline participation rates. First, the
purpose of the survey should be explained in plain language
to family members of potential participants, in addition to the
potential participants themselves. This would allow older
individuals to arrive at decisions concerning participation
in full consultation with their families. Second, it may be
necessary to transport participants to and from the checkups,
so individuals who are physically frail can take part in the
survey without inconvenience. However, this option might
increase overall study costs.

For reasons of practicality, several covariates in our study
were self-reported by the participants, namely, those related to
history of chronic disease (stroke, heart disease, diabetes
mellitus) and sensory deficits (hearing loss, eyesight
problems). Self-reported evaluations of health status could
be less accurate than objective evaluations, which might be
obtained from medical records and clinical examinations.
Therefore, future studies of the relationship between cognition
and mortality should rely on more-objective measures of these
covariates, which could eliminate any biases due to self-
reporting and increase the precision of recorded data.

In conclusion, we examined the relationship between
information processing speed and all-cause mortality among
community-dwelling elderly adults in Japan and found that
information processing speed (assessed using the DSST)
predicted mortality. This suggests that older individuals with
slower information processing speed are more likely to have
shorter life spans as compared with higher-functioning elderly.
Our results may help facilitate development of longevity-
promoting strategies and underscore the importance of early
detection and treatment of cognitive decline among elderly
adults.

ONLINE ONLY MATERIALS
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Association of knee-extension strength with instrumental
activities of daily living in community-dwelling older adults

Narumi Kojima,! Hunkyung Kim,' Kyoko Saito,! Hideyo Yoshida,! Yuko Yoshida,' Hirohiko Hirano,!
Shuichi Obuchi,! Hiroyuki Shimada? and Takao Suzuki®

Tokyo Metropolitan Geriatric Hospital and Institute of Gerontology, Itabashi-ku, and *National Center for Geriatrics and Gerontology,
Obu-shi, Japan

Aim: The purpose of the present study was to investigate the relationship between knee-extension (KE) strength
and instrumental activities of daily living (IADL), and to examine the risk of IADL disability in relation to KE strength
in community-dwelling older adults.

Methods: The participants were 1235 community-dwelling older adults (261 men and 974 women) in Tokyo who

underwent a comprehensive health survey in 2009. The health survey included measurement of KE strength and a
questionnaire on the Tokyo Metropolitan Institute of Gerontology (TMIG)-IADL. Pearson product-moment corre-
lation coefficients and partial correlation coefficients were calculated separately for each sex for four parameters
representing quadriceps muscle strength and TMIG-IADL. Pearson’s y*-test of independence and the Cochran-

Armitage test of trend were also carried out to determine the relationship between KE strength and IADL disability.

Results: In women, all correlations between the quadriceps muscle strength parameters and the TMIG-IADL score
were statistically significant (P < 0.000S). The significance persisted remained even after factors regarding cognition or
depression were taken into consideration. Furthermore, the percentage of female participants with IADL disability
was dependent on KE strength; there was an inverse trend between KE strength and the percentage of people with
IADL disability. In men, no significant relationship was found between KE strength and [ADL.

Conclusions: KE strength and IADL correlated positively, and the percentage of people with IADL disability
decreased with increasing KE strength in women. Geriatr Gerontol Int 2014; 14: 674-680.

Keywords: activities of daily living, aged, knee, muscle strength, quadriceps muscle.

Introduction Several studies have reported that hand muscle

strength is related to [ADL. For example, a meta-

The instrumental activities of daily living (IADL) are the
activities often carried out by a person who is living
independently in a community setting during the course
of a normal day, such as managing money, shopping,
telephone use, travel in the community, housekeeping,
preparing meals and taking medications correctly.!
Declines in the ability to carry out these activities might
result in the need for long-term care. Therefore, the
unprecedented rate of aging seen in Japan today neces-
sitates the identification of measures to prevent the
decline of IADL in the elderly.
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analysis of community-dwelling older participants by
Judge et al. showed that handgrip strength was nega-
tively related to the total number of IADL requiring
assistance from others.” Sallinen eral. reported that
handgrip strength below 37 kg for men and 21kg
for women increased the likelihood of mobility limita-
tions, which are directly related to IADL disability.®
A 3-year follow-up study by Ishizaki etal. also
pointed out that weak handgrip strength was a
significant predictor of functional decline in IADL
performance.*

As most IADL involve walking, leg muscle strength
might also greatly affect the performance of IADL.
However, an association between lower-limb muscle
strength and IADL cannot be assumed, as one could,
for example, substitute a wheelchair for walking, to
carry out each activity included in the IADL.

© 2013 Japan Geriatrics Society
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A multivariate analysis carried out by Uchida et al.
showed that poor performance on the knee-raising test
correlated strongly with decreased IADL performance.®
A study by Azegami et al. involving 47 elderly people
investigated the effect of lower-extremity muscle
strength on IADL status in two ways: knee-extension
(KE) in a single-joint task and total leg extension (TLE)
in a multijoint task.® The authors found that there was
a significant difference in TLE strength between partici-
pants with total and only partial JADL independence,
whereas no such difference was found for KE strength
in a single joint.

In many studies, the strength of lower-limb muscles
has often been represented by KE strength,’ as this
measurement of the isometric strength of the quadri-
ceps muscles in the sitting position is well established.
The purpose of the present study was to examine the
relationship between KE strength and IADL perfor-
mance in a local elderly population.

-Methods

Participants

The data were taken from a health survey carried out by
Tokyo Metropolitan Institute of Gerontology (TMIG)
for community-dwelling older adults in the Itabashi
ward of Tokyo in 2009. The participants in the 2009
survey consisted of 1235 people (261 men and 974
women). This group of participants included two
cohorts (2002 and 2006 cohorts). All the men (n = 261)
and 405 of the women participated in a health survey
carried out in 2002 (2002 cohort). Follow-up surveys
were carried out for this cohort four times, including the
survey in 2009. The remaining 569 women first partici-
pated in the health survey carried out in 2006 (2006
cohort). Follow-up surveys for this cohort were carried
out once in 2007 and once in 2009.

A total of 15 men and 47 women whose IADL or KE
data were not available were excluded from the study;
the present study analyzed data from 246 men (age
range, 77-91 years) and 927 women (age range, 72-91
years) (Table 1). The TMIG ethics committee approved
this study. All participants gave their written consent.

Measurement of KE strength

KE strength was measured isometrically using a hand-
held dynamometer (uTas F-1; ANIMA, Tokyo, Japan).
The participants were seated on a custom-made chair
with their feet hanging. Participants practiced isometric
knee extension by pushing against the tester’s hand.
The dynamometer was then placed S cm above the top
of the lateral malleolus, and the chair was adjusted to
ensure that the participant’s knees were flexed at 90°.
Voluntary maximal isometric knee extension effort was

© 2013 Japan Geriatrics Society
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exerted twice on the dominant leg, Participants received
consistent verbal encouragement as reinforcement. The
greater value of two trials was used for analysis. The
distance from the lateral knee joint space to the lateral
point of the height of the dynamometer pad (F-L dis-
tance in Table 1) was measured to convert KE strength
into KE torque. Those who were diagnosed with a
serious medical problem (e.g. systolic blood pressure
over 180 mmHg, diastolic blood pressure over
110 mmHg, or heart attack or cerebral stroke in the past
6 months) were excluded from the test for safety
reasons.

Evaluation of IADL performance

IADL performance was assessed using a five-item list
from the TMIG Index of Competence for instrumental
self-maintenance,' which was developed for elderly
Japanese participants and has been widely used in Japa-
nese communities. The list assessed the following five
activities: (i) using public transportation; (i) shopping
for daily necessities; (iii) preparing meals; (iv) paying
bills; and (v) handling a bank account (Table 2). The
response to each item was either “yes” (able to accom-
plish, 1 point) or “no” (unable to accomplish, 0 points).
The [ADL score (TMIG-IADL hereafter) was calculated
as the total number of points.

Evaluation of other parameters potentially related to
KE strength and IADL performance

To identify parameters that were related to both KE
strength and IADL, which might result in a spurious
correlation between the two, data on several other
parameters were collected. Bodyweight was measured as
a part of the body fat measurement. Cognitive function
was evaluated using the Mini-Mental State Examination
(MMSE), for which a higher score indicates better
cognitive function." Depression was assessed using
the Mini-International Neuropsychiatric Interview
(MINI);* those who gave a negative response to both of
the first two questions were categorized as normal, and
those who gave a positive response to either of these
questions were categorized as depressed. A history of
disease (hypertension, stroke, heart disease, diabetes
mellitus, hyperlipidemia, osteoporosis, anemia, chronic
kidney deficiency, asthma, chronic occlusive pulmonary
disease [COPD], pneumonia, osteoarthritis of the hip,
gonarthritis, or fracture occurring above the age of
60 years) and the use of drugs was assessed using yes/no
questions. Family status was examined using one
multiple-choice question, and the participants were cat-
egorized as “living alone” or “living with someone”.

Data analysis

For quantitative variables, means and standard devia-
tions were calculated. For qualitative variables assessed
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Table 1 Basic participant characteristics

Male (n = 246) Female (n = 927) Difference
Mean + 5D Mean + SD between sexes
Mean + SD Age (years) 82.2%3.5 79.5£4.2 *
Height (cm) 160.8 +5.8 147.8 £5.6 ¥
Weight (kg) 58.4+8.6 48.8%7.6 *
F-L Distance (cm) 27.1£2.3 25.0£2.0 ¥
KES (N) 292.4+82.8 209.1+58.5 #
TMIG-IADL 4904 49%0.5 N.S.
MMSE 27.7+23 27.6+2.3 N.S.
Percent Positive  History Depression 4.5% 3.9% N.S.
Hypertension 58.1% 55.8% N.S.
Stroke 10.2% 6.6% N.S.
Heart disease 23.6% 22.0% N.S.
Diabetes mellitus 11.8% 8.5% N.S.
Hyperlipidemia 18.7% 36.1% ¥
Osteoporosis 6.1% 34.1% ¥
Anemia 2.8% 3.8% N.S.
CKD 2.0% 1.1% N.S.
Asthma 4.1% 3.2% N.S.
COPD 4.5% 1.5% *
Pneumonia 11.0% 6.9% ¥
Osteoarthritis of hip 2.4% 4.0% N.S.
Gonarthritis 15.4% 28.0% *
Fracture after 60 years 13.0% 23.5% *
Drug use  Anti-inflammatory 6.5% 9.5% N.S.
Oral steroid 1.2% 1.3% N.S.
Anti-osteoporosis 4.9% 30.3% *
Living alone 8.1% 37.2% ¥

TP < 0.05, *P < 0.01. CDK, chronic kidney deficiency; COPD, chronic occlusive pulmonary disease; F-L Distance, distance from
fulcrum to the point of load in knee extension task; KES, knee extension strength; SD, standard deviation.

Table 2 English translation of the questions
constituting the Tokyo Metropolitan Institute of
Gerontology instrumental activities of daily living

Question Answer

1. Can you use public transportation (bus or Yes/No
train) by yourself?

Are you able to shop for daily necessities? Yes/No
. Are you able to prepare meals by yourself? Yes/No
Are you able to pay bills? Yes/No
. Can you handle your own banking? Yes/No

G W N

by yesmo questions, the percentage of positive
responses was calculated. Differences between sexes
were analyzed using the t-test or the y>-test.

We carried out a preliminary analysis to determine
potentially confounding factors for the relationship
between KE strength and IADL; correlations between

676 |
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parameters, such as body weight, MMSE, MINI,

medical conditions and diseases, medication use,

family status, and KE strength or TMIG-IADL, were

examined individually. The statistical significance of

Pearson’s or Spearman’s correlation coefficients was
tested.

Pearson’s correlation coefficients between four
parameters representing quadriceps muscle strength
(KE strength, KE torque, bodyweight-adjusted KE
strength and bodyweight-adjusted KE torque) and
TMIG-IADL scores were examined. Partial correlation
coefficients using MMSE and MINI as the controlling
variables were also calculated. The statistical signifi-
cance of the correlations was tested.

The participants were classified according to quintiles
of KE strength into five categories, and were also clas-
sified into two categories according to the presence of
IADL disability; participants with a TMIG-IADL score
of 14 were defined as having IADL disability.’** The
X’-test was carried out to determine the relationship

© 2013 Japan Geriatrics Society
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between the percentage of participants with IADL dis-
ability -and KE strength. Cochran~Armitage tests of
trend were carried out to determine whether there were
any trends in the prevalence of IADL disability accord-
ing to the KE strength.

As the distribution of TMIG-IADL was very skewed
(just 2% of men and 3% of women scored <3 points),
the analyses were also applied to a subgroup of partici-
pants whose TMIG-IADL score was between 4 and S.
All of these analyses were carried out using PASW Sta-
tistics 18 (IBM Japan, Tokyo, Japan), except for
Cochran—Armitage tests, which were carried out using
an Excel program (Microsoft, Redmond, WA, USA).
The level of significance was set at P < 0.05.

Results

Participant characteristics

The age, height, weight, F-L distance and KE strength
were greater in men than in women. Hyperlipidemia,
osteoporosis, gonarthritis, fracture after 60 years-of-
age, use of anti-osteoporosis drugs and living alone
were higher in women than in men. COPD and pneu-
monia were higher in men than in women. (Table 1).

Preliminary analysis of individual correlations

In men, statistically significant correlations with KE
strength were observed for bodyweight (r=0.346; P <

0.0005) and the MMSE score (r=0.230; P <0.0005).
Statistically significant correlations with the TMIG-
IADL score were observed for the MINI (p =-0.134;
P = 0.035), stroke (p =—0.145; P = 0.023), heart disease
(p =-0.138; P=0.030) and asthma (p=-0.159; P=
0.012). No parameters correlated with both KE strength
and the TMIG-IADL score.

In women, statistically significant correlations with
KE strength were observed for bodyweight (r = 0.343;
P <0.0005), MMSE (r = 0.160; P <0.0005), MINI (r=
-0.089; P = 0.007), heart disease (r = -0.105; P = 0.001),
osteoporosis (r=-0.111; P=0.001), anemia (r=
-0.087; P=0.008) and the use of anti-osteoporosis
drugs (r=-0.084; P=0.010). Statistically significant
correlations with the TMIG-IADL score were observed
for the MMSE (r=0.302; P<0.0005), MINI (p=
—-0.208; P < 0.0005) and stroke (p =-0.097; P = 0.003).
Thus, the MMSE and MINI correlated with both KE
strength and the TMIG-IADL score. We therefore took
these two parameters into consideration when we
carried out the partial correlation analysis.

Correlation analysis

In men, all correlations between quadriceps muscle
strength parameters and the TMIG-IADL score were
statistically non-significant (Table 3). In women, all the
correlations were weak (R 0.157-0.173), but statistically
significant (P < 0.0005) (Table 3). These correlations
remained significant for women even when the analysis

Table 3 Correlation coefficients between parameters related to quadriceps muscle strength and Tokyo
Metropolitan Institute of Gerontology instrumental activities of daily living score

Sex Parameter Correlation Statistical
coefficient significance
All participants Male (n = 246) KES 0.022 N.S.
KET 0.030 N.S.
WA-KES 0.066 N.S.
WA-KET 0.072 N.S.
Female (n = 927) KES 0.173 *
KET 0.173 ¥
WA-KES 0.157 *
WA-KET 0.166 ¥
Subgroup of Male (n = 241) KES -0.00s N.S.
TMIG-IADL = 4 KET -0.001 N.S.
WA-KES 0.010 N.S.
WA-KET 0.012 N.S.
Female (n = 899) KES 0.109 ¥
KET 0.100 *
WA-KES 0.133 ¥
WA-KET 0.128 ¥

TP < 0.05, ¥P < 0.01. KES, knee extension strength; KET, knee extension torque; TMIG-IADL, Tokyo Metropolitan Institute of
Gerontology instrumental activities of daily living; WA-KES, weight-adjusted knee extension strength; WA-KET, weight-

adjusted knee extension torque.
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Table 4 Partial correlation coefficients, with Mini-Mental State examination and depression as the control
variable, between parameters related to quadriceps muscle strength and Tokyo Metropolitan Institute of

Gerontology instrumental activities of daily living score

Sex Parameter Partial correlation Statistical
coefficient significance
All participants Male (n = 234) KES 0.009 NS
KET 0.018 NS
WA-KES 0.066 NS
WA-KET 0.071 NS
Female (n = 913) KES 0.091 ¥
KET 0.091 ¥
WA-KES 0.085 t
WA-KET 0.090 ¥
Subgroup of Male (n = 229) KES -0.017 NS
TMIG-IADL > 4 KET -0.011 NS
WA-KES 0.014 NS
WA-KET 0.017 NS
Female (n = 879) KES 0.088 ¥
KET 0.078 t
WA-KES 0.115 *
WA-KET 0.108 *

TP < 0.05, *P < 0.01. KES, knee extension strength; KET, knee extension torque; WA-KES, weight-adjusted knee extension

strength; WA-KET, weight-adjusted knee extension torque.

included only those with TMIG-IADL scores of 4-5 (R
0.100-0.133; P < 0.005) (Table 3).

Using the MMSE and MINI as the controlling vari-
ables, all the partial correlations between the quadriceps
muscle strength parameters and the TMIG-IADL score
in men were statistically non-significant (Table 4). In
women, all the partial correlations were weak (R 0.085-
0.091), but statistically significant (P < 0.0S; Table 4).
These partial correlations for women remained signifi-
cant even when analysis included only those with
TMIG-IADL scores of 4-5 (R 0.078-0.115; P < 0.05)
(Table 4).

Analysis of the ratio of IADL disability to
KE strength

Male participants were classified by KE strength
quintiles into the following five categories: very low, KE
strength <229 N; low, KE strength 229-267 N; normal,
267-311 N; high, 311-355N; and very high, KE
strength >355N. The x*-test showed that [ADL disabil-
ity was independent of KE strength (Pearson’s ¢?, 5.199;
df, 4; P = 0.267) in men. The occurrence of IADL dis-
ability showed no trend related to KE strength
(Cochran-Armitage test, P=0.828) (Fig.1). These
results were also true for the subgroup of men whose
TMIG-IADL scores were between 4 and S.

Female participants were classified by KE strength
quintiles into the following five categories: very low, KE
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strength <159 N; low, KE strength 159-192 N; normal,
KE strength 192-221 N; high, KE strength 221-254 N;
and very high, KE strength >254 N. IADL disability
was dependent of KE strength (Pearson’s y?, 23.685; df,
4; P<0.0005). The occurrence of IADL disability
decreased as KE strength increased; the percentage of
participants with [ADL disability was 12.9%, 6.5%,
6.3%, 4.3% and 1.1% for the grades very low, low,
normal, high, and very high, respectively (Fig. 1), and
this inverse trend was statistically significant (Cochran-
Armitage test, P < 0.0005). These results were also true
for the subgroup with TMIG-IADL scores between 4
and S (Pearson’s %, 11.811; df, 4; P=0.019; Cochran—
Armitage test, P = 0.019).

Discussion

The present study examined the relationship between
KE strength and IADL in older adults living in a local
area of Tokyo. In contrast to the study by Azegami et al.,
the present results suggest that single-joint-task KE
strength is significantly related to IADL in women.® In
women, every KE strength parameter correlated with
IADL. As partial correlations adjusted by cognitive
function and depressive scale were also present, it is
suggested that KE strength affects IADL independently.
In women, KE strength was related to the prevalence
of IADL disability. In men, no correlation between KE
strength and JADL was observed. These results were the
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Figure1 Prevalence of in instrumental activities of daily
living (IADL) disability in relation to knee-extension strength
(KES) in (a) men and (b) women. KES, men: very low,

<229 N; low, 229-267 N; normal, 267-311 N; high,
311-355 N; very high, >355 N. KES, women: very low,

<159 N; low, 159-192 N; normal, 192-221 N; high,
221-254 N; very high, >254 N. IADL, instrumental activities
of daily living; KES, knee-extension strength.

same even when the subject population was limited to
those who had relatively high TMIG-IADL scores (24).

Basic ADL has been reported to be affected by the
knee extension strength; participants whose strength
test scores were in the lowest tertile had two- to three-
fold the risk of ADL dependence than those in the
highest tertile:'* Therefore, the present result for men,
suggesting no relationship between KE strength and the
degree of IADL disability, seems counterintuitive.

To determine whether any one question specifically
affected the sex-based differences, we carried out Pear-
son’s y>-tests to assess the relationship between KE
strength and the answer to each specific question (Q1-
Q5S5). This result showed that, in women, the KE
strength and answers to specific questions were related
for all items except Q3, with a same trend as total IADL.
In men, KE strength and the responses to every specific
question were independent. This result suggests that

the sex-based difference was not due to any particular
item.

© 2013 Japan Geriatrics Society

One possible explanation for the lack of such a rela-
tionship in men is that men had a generally higher KE
strength than women. The muscular strength threshold
required to carry out IADL independently is 2.8 N/kg
(force divided by bodyweight) in the Japanese elderly
population.'® A total of 95% of our male and 92% of
female participants had a KE strength above this thresh-
old. This suggests that based on KE strength, more
men were able to carry out IADL independently than
women. This factor could partly explain the lack of
correlation in men.

Another possible explanation for the lack of a corre-
lation between KE strength and IADL performance in
men is that cognitive function might have contributed
more to IADL performance in men than in women.
IADL were reported to be associated with memory and
executive functioning in patients with mild Alzheimer’s
disease.'” The absence of a relationship between KE
strength and IADL performance in men could be partly
explained if one argued that cognitive function played a
greater role in men, especially because the men were
older than the women. As aforementioned, however,
the MMSE was related to IADL in women only. The
average MMSE score was not different between men
and women. Thus, it seems unlikely that cognitive func-
tion played a greater role in men than in women in
determining IADL performance.

Another possible explanation is that effects of dis-
eases were overshadowing the effect of KE strength.
IADL was associated with a history of stroke, heart
disease and asthma in men, but only with stroke in
women. [t is conceivable that IADL in men was more
affected by medical conditions than women. Conceptual
tradition in Japan regarding family roles might result in
the maintenance of [ADL irrespective of diseases.
According to an international social survey, 77.7% of
Japanese married people stated that grocery shopping
was usually done by the woman within a couple, com-
pared with 34-57% in six other developed countries.'®
The same trend follows for doing laundry and preparing
meals.' Our data also show that 37.2% of the women
were living alone compared with 8.1% of the men. High
dependency on the woman for household jobs and the
high percentage of women living alone suggest that
women were carrying out many daily physical activities,
which might have prevented the deterioration of JADL
in response to disease.

Relative dominance by women of household jobs
could also suggest a limitation of using TMIG-IADL to
evaluate the IADL, especially in Japanese men. At least
two questions in TMIG-IADL (Table 2) are closely
related to jobs mainly carried out by women in Japan.
We might need an improved index of IADL that is more
sensitive in healthier men.

The present study showed that in women, KE
strength correlated positively with IADL score, and the
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degree of IADL disability decreased with increasing KE
strength. This correlation was not observed in men. We
might need to study a frail population to identify a
correlation in men. We conclude that elderly women
need to take measures to prevent lower-limb muscles
from declining to maintain IADL.
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HH F v Xk 95% 12 X [ pf
g %9 vs bl 1.070 0.796 — 1437 NS
5 100 FE $iE HY vskL 1.564 1.324 — 1346 <0.0001
DERE HY vsklL 1.768 1.329 - 2.352 <0.0001
TEEREE HYvshkl 1.266 10556 — 1521 0.0014
BRI Hh vsiL 1739 1.321 - 2291 <0.0001
i HY vszlL 2428 1.702 ~ 3463 <0.0001
B R R il - By vs Bw 3198 2659 — 3.846 <0.0001
WA o 10mmHg 1.031 0.9%0 — 1.074 NS
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#H>- CES-D 152AF vs 1624 £ 0468 0.391 - 0560 <0.0001
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HH v Xl 95% 15 X [ pfH
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B 10004 =& 0.812 0.783 — 0.843 <0.0001
B 10kg = 0.377 0.307 — 0462 <0.0001
FRBRFRIELD {1} Regtd 0.942 0923 - 0962 <0.0001
FAIRA RSB i[17 e 0.815 0.721 - 0923 0.0012
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V27BBEIY bLEOHFENE), -
HEL2ETHEEORCTHEIBEL) DR
LI HEDHL T,

HHBEEET L L) b EBREDORTFILERC
b kDA, T5EM ED20~30%ICED SN,
BRI BIELZ0HERHL R58), £<

K5 8. RECADLOETLOBEE

OWET, MBRENTEORD RVERET
DU EDIZHIFONTYSE, LL. EwE
DLOHVERBLRHERLOHD, MERICHE
S THUIBA ZBEECERIBERNTCH- T,
CHOLDERZTRTRWT O MEBHSEALE
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THLE B E lem™ 0993 0980 - 1.005 NS
LEEEE lemS 1.004 0985 — 1.023 NS
iR (DXA) 10% =& 1.782 1470 - 2160 <0.0001
TRV F— R 100kcal/A & 0.940 0918 - 0963 <0.0001
7o AAE  BIREURE 10g/B Tk 0.870 0824 — 0919 <0.0001
¥¥ 3 DRI S5pg/BTE 0943 0891 - 0.997 00379
4vu4 s EER 1g/ATE 0.763 0678 — 0.858 <0.0001
o4y ENE lg/AZE 0.854 0797 - 0915 <0.0001
RV IZ:9:§ 73 lg/AZk 0.790 0714 - 0873 <0.0001
TAF= ERE 1g/AZL 0.827 0756 — 0.904 <0.0001
mE7FNTI > lg/dizE 0.725 0604 — 0.869 0.0005
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