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The aim of this study was to explore whether FoF was associated with variability in both leg and trunk
movements during gait in community-dwelling elderly. Ninety-three elderly people participated in this
study. Each participant was categorized into either Fear or No-Fear group on the basis of having FoF. The
participants walked 15 m at their preferred speed. The wireless motion recording sensor units were
attached to L3 spinous process and right posterior surface of heel during gait. Gait velocity, stride time

Keywords: . and stride length were calculated. Variability in lower limb movements was represented by coefficient of
ge;;; of falling variation (CV) of stride time. Trunk variability was represented by autocorrelation coefficients (AC) in
Elderly three directions (vertical: VT, mediolateral: ML and anteroposterior: AP), respectively. Gait parameters

were compared between groups, and further analyses were performed using generalized linear
regression models after adjustment of age, sex, fall experience, height, weight, and gait velocity.
Although gait velocity, mean stride time and stride length did not differ significantly between groups,
stride time CV and all ACs were significantly worse in the Fear group after adjustment for variables, even
including gait velocity (stride time CV: p=0.003, 8=-0.793; AC-VT: p=0.011, 8=0.053; AC-ML:
p=0.044, B=0.075; AC-AP: p =0.002, 8=0.078). Our results suggest that fear of falling is associated
with variability in both leg and trunk movements during gait in community-dwelling elderly. Further
studies are needed to prove a causal relationship.

© 2014 Published by Elsevier B.V.

1. Introduction

Fear of falling (FoF) refers to a lack of self-confidence that
normal activities can be performed without falling [1]. The
prevalence of FoF ranges up to 60% in the community-dwelling
elderly [2-4] and is even higher in given populations—especially in
women or men with a previous history of falls [3]. Factors
associated with FoF are psychological problems [5] and poor

* Corresponding author at: Department of Community Health Sciences, Kobe
University Graduate School of Health Sciences, 7-10-2 Tomogaoka, Suma-ku, Kobe,
Hyogo 654-0142, Japan. Tel.: +81 78 792 2555; fax: +81 78 796 4509.

E-mail addresses: ry-sawa@stu.kobe-u.ac.jp, ryuichisaw@gmail.com (R. Sawa).

http://dx.doi.org/10.1016/j.gaitpost.2014.03.002
0966-6362/© 2014 Published by Elsevier B.V.

physical performance [6,7]. Moreover, FoF results in limitations in
activities of daily living (ADL) and decreased quality of life [8].
Most falls among older adults occur during movement, such as
walking, and it is therefore important to assess the relationship
between FoF and gait. Changes in gait that are associated with FoF
in the elderly and have been reported consistently in previous
studies are reduction in gait velocity [9-11], shortening of stride
length [10-12], and increase in step width and prolongation of
double-support time [10,11]. Gait variability, a measure of the
consistency of movement {13], may provide a more sensitive
measure of the risk of falls [14], functional decline, and various
adverse health outcomes than do routine spatiotemporal measures
such as gait velocity [15]. Gait variability is therefore used as a
clinical index of gait stability [16]. The results of studies of the
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relationship between FoF and gait variability have been inconsis-
tent. Reelick et al. [9] found that gait variability did not differ
significantly between those with and without FoF. On the other
hand, Rochat et al. [ 17] reported that FoF was associated with gait
variability. The former conducted an analysis adjusted for gait
velocity, whereas the latter did not. Gait variability was linked with
gait velocity [18]. Beauchet et al. showed that walking at slow
velocity increases stride-time variability [18]. The variability in
these findings indicates that there is a need to clarify the
association between FoF and gait variability, with adjustment
for gait velocity.

To assess gait variability in the clinical setting, the body can be
divided functionally into two units, namely “passenger” (head,
neck, trunk, and arms) and “locomotor” (the two lower limbs and
the pelvis) [19]. The trunk—a component of the passenger unit—
sits upon the locomotor unit and acts mainly to help to maintain
body equilibrium spatially during gait [20]. Propulsion of the body
during gait is the primary role of the locomotor unit. Because the
locomotor unit shifts constantly during gait, the trunk must
maintain body equilibrium in these relatively unstable positions;
therefore, the trunk movement during gait should be assessed.
Moreover, the trunk, being the largest segment of the body, is
easily influenced by inertial force from the movement of the
locomotor unit and is itself unstable during gait. For these reasons,
when gait variability is evaluated it is important to assess not only
leg movements but also trunk movement during gait. However,
few studies have explored the association between FoF and trunk
movement during gait [9].

The aim of this study was to explore the cross-sectional
association between FoF and gait variability, including both the
temporal and spatial aspects of trunk movement, during gait in the
community-dwelling elderly. Our hypothesis was that both lower
leg and trunk movements during gait would be associated with
FoF, independent of gait velocity.

2. Methods
2.1. Participants

We recruited elderly subjects who were community-dweliling
and independent in ADL (n = 120). Inclusion criteria were age >65
years and the ability to walk independently without an assistive
device; 119 participants met these criteria. Participants were
excluded if they had a history of neuromuscular disease that
affected gait or scored less than 8 on the Rapid Dementia Screening
Test (RDST) [21]. In addition, participants who did not complete
our assessment were excluded. There were 93 participants (38
men and 55 women) in the final analyzed sample (mean age
[standard deviation: SD]; 73.1 [4.1] years; height, 155.2 [8.8] cm;
weight, 56.5 [11.0] kg). Ethical approval for the study was given by
the Ethics Committee of the Kobe University Graduate School of
Health Sciences. All participants were properly informed about the
study and signed written consent forms, in accordance with the
Declaration of Helsinki, before their participation.

2.2. Fear of falling and other measures

FoF was assessed through the question “Are you afraid of
falling? Yes - No”. Participants who responded “Yes” were
assigned to the Fear group, and those who responded “No” were
assigned to the No-Fear group. This format has the advantages of
being straightforward and making it easy to generate prevalence
estimates [22]. Fall events during the past 12 months were
checked. We also assessed the following background character-
istics by using a questionnaire: age, sex, number of years of
education, self-reported medical history (arthritis, hypertension,

diabetes mellitus, heart disease, cardiovascular disease, respirato-
ry disease), and number of medications. The Geriatric Depression
Scale (GDS) [23], a 15-item yes/no questionnaire, was used to
evaluate depression. Scores can range from 0 to 15, with higher
scores indicating more depressive symptoms. Lower extremity
performance was measured by using timed repeated chair stands
(5-chair-stand test, 5CS) [24]. Participants were asked to stand up
and sit down five times from a chair as quickly as possible, keeping
their arms folded across their chests.

2.3. Gait measurement

Participants were instructed to walk at preferred speed along a
15-m smooth, horizontal walkway. A 10-m section of the walkway
was marked off by two lines, one positioned 2.5 m from each end,
to allow space and time for acceleration and deceleration. Walking
time in the middle 10 m was measured with a stopwatch, and gait
velocity was expressed in meters per second. Trunk and lower limb
movement during gait was measured by using two wireless
motion-recording-sensor units (MVP-RF8, MicroStone Co., Ltd.,
Nagano, Japan), one fixed to a belt at the level of the L3 spinous
process and one attached to the posterior surface of the right heel
with surgical tape. Acceleration and angular velocity could thus be
measured without restricting the subject’'s movement. We
considered it likely that the accelerometers attached to the body
would be in variable states of inclination caused the body’s
curvature. To correct for any potential effects of this inclination, we
calibrated the accelerometer before each walking trial to take into
account the static gravity component. All signals were sampled at
200 Hz and synchronously wirelessly transferred to a personal
computer via a bluetooth personal area network.

2.4. Data analysis

Signal processing was performed with MATLAB (The Math-
Works Co., Release 2008, Cybernet Systems Co., Ltd., Tokyo, Japan).
Before the analysis, all acceleration and angular velocity data were
high-pass filtered with a cutoff frequency of 1 Hz and then low-
pass filtered with a cutoff frequency of 20 Hz. To compute temporal
gait parameters, we analyzed heel acceleration and heel angular
velocity data. On the basis of pilot testing to determine temporal
parameters by using heel acceleration data, a heel contact event
was identified as a vertical acceleration peak. These events were
used to calculate each stride time and to compute the mean stride
time and the coefficient of variation (CV) of stride time. We used
the CV of stride time to estimate the variability of lower limb
movement as only a temporal parameter. The CV was calculated by
using the formula: CV = (standard deviation/mean) x 100. Stride
length was computed by multiplying mean stride time by gait
velocity. Because the CV of stride time was a measure of variability
based on only a temporal parameter, we analyzed other measures
of variability by using trunk acceleration to add a spatial element.
Trunk acceleration data for each direction, namely vertical (VT),
mediolateral (ML), and anteroposterior (AP), were analyzed to
evaluate the variability of trunk movement, as computed by using
an unbiased autocorrelation procedure [25]. An unbiased autocor-
relation coefficient (AC) is an estimate of the regularity of a time
series by cross-correlation with itself at a given time shift; it is
independent of the amount of data managed. A perfect replication
of the gait cycle signal between neighboring strides will return an
AC of 1, and no association will give a coefficient of 0.

2.5. Statistical analysis

Characteristics of participants were compared between groups
(No-Fear and Fear) by using a chi-squared test for categorical
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Table 1
Characteristics of participants in each group.
No-Fear (n=72) Fear (n=21) p-Value

Age (years) 72.5 [65-88] 73 [67-83] 0.394
Sex, female (%) 51.4 85.7 0.005
Height (m) 1.56 +0.09 1.51+0.08 0.022
Weight (kg) 58.0+£11.4 51.2+£8.1 0.012
Number of comorbidities 14+12 1.6+1.0 0.454
Number of medications 22+18 1.7+£14 0.267
Falling in past, fall >1 (%) 16.7 333 0.098
Education (years) 122+£27 11.2+14 0.118
RDST 11 [8-12] 10 [8-12] 0.702
GDS 24+24 27423 0.603
5CS (s) 8.5+2.0 95+£3.2 0.088

Values are shown as mean + SD for continuous variables except for age and RDST
(these variables presented as median [minimum-maximum]); % for categorical
variables.

RDST, Rapid Dementia Screening Test; GDS, Geriatric Depression Scale; 5CS, timed
repeated chair stands.

Significant p values are <0.05.

variables, an unpaired t-test for parametric variables, and the
Mann-Whitney U test for nonparametric variables. All gait
parameters were explored for normal distribution. Gait param-
eters, except for stride time and stride length, could not have a
normal distribution even after logarithmic transformation and
were therefore treated as nonparametric parameters. Comparisons
between groups were conducted by using an unpaired t-test for
stride length and the Mann-Whitney U test for other gait
parameters. Age, sex, and fall events in the past have been
suggested as risk factors for the development of FoF [3], and gait
parameters are influenced by gait velocity [18,25]. Hence, further
analyses were performed by using generalized linear regression
models after adjustment for age, sex, at least one fall in the past 12
months, gait velocity, and other variables that differed significantly
between groups. FoF was taken as the main explanatory variable,
whereas gait parameters were the outcome variables. The level of
significance for all analyses was set at p < 0.05. All analyses were
performed with SPSS 20.0.0] for Mac (SPSS Japan Inc., Tokyo,

Japan).
3. Results
3.1. Characteristics of participants

There were 21 participants (23%) in the Fear group and 72 (77%) in the No-Fear
group. Participant characteristics for the two groups are summarized in Table 1.
Age, number of comorbidities, number of medications, number of years of
education, experience of at least one fall in the past 12.months, RDST score, GDS
score, and 5CS score had no significant difference. The Fear group had a significantly
higher proportion of females and was characterized by shorter height and lower
weight than the No-Fear group.

3.2. Gait parameters in the No-Fear and Fear groups

Table 2 provides basic gait parameters and the CV of stride time for each group
and compares them between groups. No significant differences were found in gait
velocity and stride time between the groups (p = 0.268 and 0.268, respectively).
Participants with FoF had significantly shorter stride length and higher CV of stride

Table 2
Differences in gait parameters between groups (No Fear vs. Fear).

time than those without FoF (p = 0.044 and 0.003, respectively). After adjustment
for age, sex, fall experiences, height, weight, and gait velocity, the difference in
stride length between groups was not significant. However, the CV of stride time in
the Fear group was significantly higher than that in the No-Fear group (8= —0.793;
95% CI{-1.312 to —0.273]). AC-VT, AC-ML, and AC-AP were also significantly worse
in the Fear group than in the No-Fear group (median [minimum-maximum] AC-VT:
0.90[0.63-0.97] and 0.83 [0.52-0.97], respectively, for the No-Fear and Fear groups,
p=0.019; AC-ML: 0.72 [0.34-0.93] and 0.60 [0.24-0.89], p = 0.020; AC-AP: 0.87
[0.62-0.98] and 0.77 [0.45-0.96], p = 0.017). The differences in ACs between the
groups were significant even after adjustment for age, sex, fall experiences, height,
weight, and gait velocity (AC-VT: 8 =0.053, CI 0.012-0.093; AC-ML: 8=0.075, CI
0.002-0.147; AC-AP: B=0.078, Cl 0.028-0.129) (Fig. 1).

4. Discussion

The prevalence rate of FoF in this study was 22.3%. The Fear
group had a higher proportion of females, who were shorter in
stature and weighed less than those in the No-Fear group. There
were no significant differences in age, number of comorbidities,
number of medications, experience of at least one fall in the past 12
months, years of education, RDST score, GDS score, and 5CS score.
Participants in the Fear group had significantly shorter stride
length, and all parameters representing variability were worse
than in the No-Fear group. Even after adjusting for gait velocity and
several confounding factors such as age, sex, fall experience, height
and weight, gait variability in both leg and trunk movement was
still significantly worse in the Fear group.

Gait velocity did not differ significantly between groups.
Previous studies, in contrast to our finding, have found that
people with FoF walk slowly [9-11]. Moreover, it has been
suggested that FoF prolongs the double-support time, as subjects
attempt to increase their step width and shorten their stride length
[9-12]. These changes are considered to arise for two reasons. The
first is because of the fear itself [10], and the second is because of
adaptation to the unstable gait induced by the FOF [9]. The
difference in stride length between our groups agreed with the
results of some previous studies. However, the difference in stride
length between the groups was no longer significant after
adjustment for variables, including anthropometric data and gait
velocity. Stride length differs between genders, and this difference
likely partly reflects the anthropometric disparities between the
sexes [26]. We found here that mean height and weight differed
significantly between men and women (height: 1.64 [0.06] m vs.
1.49 [0.05] m, p < 0.001; weight: 63.8 [10.6] kg vs. 51.4 [8.2] kg,
p < 0.001). In accordance with the findings of other studies, the
Fear group had a higher percentage of women than the No-Fear
group; thus the difference in stride length between groups would
have resulted from the difference between the two groups in the
male to female ratio.

Variability in stride time was significantly greater in the Fear
group than in the No-fear group. Reelick et al. [9] have reported
similar results and have suggested that the increase in stride-time
variability in people with FoF is largely a result of their reduced gait
velocity. A relationship between gait velocity and gait variability
has been reported elsewhere, namely that walking at slow velocity

Gait parameters Group p-Value Adjusted p-value’
No Fear Fear

Gait velocity (m/s) 1.46 [0.91-1.95] 1.40 [0.94-1.79] 0.268 -

Stride time (s) 0.96::0.08 0.94:+0.08 0.268 -

Stride length (m) 1.37+0.13 1.29+0.15 0.044 0.169

Stride time CV (%) 1.82 [0.25-4.88] 2.90 [0.84-5.09] 0.003 0.003

Values are shown as mean + SD for parametrical parameters or as median [minimum-maximum] for non-parametrical parameters.

CV, coefficient of variation.

t Adjusted for age, sex, falls in the last 12 months, height, weight and gait velocity using generalized linear regression models.

Significant p values are <0.05.
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AC-VT AC-ML AC-AP
p=0011 p=0044 p =0.002
0.95 - 0.75 - 0.9
0.9 ; 0.7 E 0.85 L
0.85 0.65 0.8 -
0.8 - 0.6 - 0.75
0.75 0.55 0.7
0.7 .05 065

No-Fear Fear

No-Fear Fear

No-Fear Fear

Fig. 1. The comparison of ACs in three directions between groups (No-Fear vs. Fear) adjusted by age, sex, fall experiences in past 12 months, height, weight and gait velocity

using generalized linear regression models.

Squares represent mean values; error bars represent SE. AC, autocorrelation coefficient; VT, vertical; ML, mediolateral; AP, anteroposterior. Significant p values are <0.05.

increases stride time variability [18]; in that study the between-
group difference in gait variability was not significant after
adjustment for gait velocity. However, we found no significant
between-group difference in gait velocity. Additionally, stride-time
variability in the Fear group was significantly greater than that in the
No-Fear group, even after adjustment for gait velocity. This
suggested that FoF influenced the variability of stride time
independently of gait velocity. Although our participants were
younger (mean age of all participants was 73.1 [4.1] years) and
walked faster (mean gait velocity of all participants was 1.42
[0.19] m/s) than those in the study by Reelick etal. [9] (mean age 80.5
years; mean gait velocity, 0.98 m/s)—that is, our subjects might have
had functioned better physically than the subjects in the other
study—FoF still affected gait. Therefore, leg movement variability
appeared more useful than gait velocity for measuring decreased gait
performance due to FoF in our population of healthy elderly subjects.

FoF worsened trunk movement variability significantly in all
directions, even after adjustment for variables, including gait
velocity. The trunk includes 60% of the total body mass; with its
high position relative to the feet it has a center of mass that is close
to a point on the back posterior to the L3 segment. For successful
locomotion it is therefore crucial to maintain trunk equilibrium
through rhythmic leg movement. Although previous studies have
investigated the influence of FoF on standing balance [22,27], few
studies, to our knowledge, have explored whether FoF influences
trunk movement during gait. One study reported that FoF reduced
gait velocity but had no effect on trunk sway during gait [9].
However, that study investigated only the amplitude of trunk sway
and only in the ML direction during gait. Three different deviations
occur in the trunk during walking; we therefore examined trunk
movement in all directions (VT, ML, and AP) by using AC to
represent the variability in trunk movement with one stride. FoF
decreased all ACs, even after adjustment for variables; that is,
variability in trunk movement was independently increased by
FoF. Increased rhythmicity in trunk movement during gait is
associated with high AC values, whereas low AC values are
associated with fall risk [28]. OQur results build on the findings of
Maki et al. [22] and suggest that FoF contributes to postural control
of not only standing balance but also gait.

Our study had some limitations. First, FoF was assessed by using
a simple closed-ended question. Other, more complex, FoF
measurement tools have been developed in the past, and most
consist of no fewer than 10 questions for assessing the degree of
FoF [29]. Our study was unable to detect variability in the degree of
FoF. However, the advantages of the simple question format we
used were the direct nature of the question, which enabled us to
rapidly evaluate FoF prevalence [22]. Our participants had to
answer various other various questionnaires, which may have
made them too tired to answer a long FoF questionnaire correctly.
Hence, we needed simplicity to measure the prevalence of FoF
(although this case could have been argued for any of our other
questionnaires.) From this perspective, we consider the format
that we used here to be accurate. Second, because our participants
were mentally and physically healthy, it may not be possible to
extrapolate our results to the elderly as a whole group. Further
studies should be conducted on a wide range of participants, from
the healthy elderly to the frail elderly, to determine whether our
results can be generalized.

In conclusion, we demonstrated that participants with FoF have
significantly greater variability, not only in leg movements but also
in trunk movement, during gait than those without FoF. The most
notable finding of our study is that FoF is associated with
deterioration in variability in trunk movement during gait, even
if other functions such as physical and cognitive functions are
relatively unchanged. Further studies are needed to clarify the
reciprocal relationship between FoF, gait variability, and potential
for falls in the community-dwelling elderly.
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ABSTRACT

Background/Purpose: Measures to prevent the development of muscle mass decline should be initiated
from midlife. However, the impact of physical activity at midlife on muscle mass in old age remains
uncertain. The aim of this cross-sectional study was to determine whether physical activity at midlife
influences muscle mass and physical performance in old age.
Methods: A total of 272 Japanese women aged 65 years and older were enrolled in the study. Information
about physical activity levels at midlife and in old age were collected using a retrospective questionnaire.
We calculated the skeletal muscle mass index in old age and recorded the participants’ walking speed
and hand grip strength in old age. We then classified the participants into four groups according to their
physical activity levels at midlife and in old age and conducted multiple linear regression analysis to
determine whether the physical activity levels at midlife and in old age were associated with skeletal
muscle mass index and physical performance in old age.
Results: The participants in the groups that were physically inactive at midlife had a significantly lower
skeletal muscle mass index in old age than those who were physically active at midlife (p < 0.01).
Participants in the groups that were physically inactive in old age also had significantly slower walking
speeds at old age than those who were physically active (p < 0.01). These associations remained sig-
nificant after adjustment for age and body mass index.
Conclusion: Physical activity at midlife may be associated with a higher muscle mass in old age and
physical activity in old age may be associated with higher walking speeds in old age.
Copyright © 2013, Asia Pacific League of Clinical Gerontology & Geriatrics. Published by Elsevier Taiwan
LLC. All rights reserved.

1. Introduction

disorders, and mortality.>* To promote healthy aging, it is therefore
important to develop ways of preventing muscle mass decline.

Muscle mass declines at approximately 1-2% per year after the
age of 50 years.' Longitudinal studies have shown a clear decline in
muscle mass, strength, and power beginning at approximately 35
years of age.” The age-related loss of skeletal muscle mass induces
an increased risk of falls and fractures, physical disability, mobility

* Corresponding author. Department of Physical Therapy, Human Health Sci-
ences, Graduate School of Medicine, Kyoto University, 53 Kawahara-cho, Shogoin,
Sakyo-ku, Kyoto 606-8507, Japan.

E-mail address: nishiguchi.shu.82s@st.kyoto-u.ac.jp (S. Nishiguchi).

The beneficial effect of physical activity in preventing adverse
health outcomes is widely endorsed. There is growing evidence
that older adults who engage in physical activity are more likely to
experience better physical function and have a longer active life
expectancy than sedentary older adults.”™” Physical activity also
has a positive impact on preventing muscle mass decline.® Physical
activity is one of the most important modifiable factors associated
with the risk of chronic morbidity and high mortality in the general
population.

Recent studies have shown an association between physical
activity at midlife and functional and health status in old age. The
level of physical activity at midlife was related to better physical

2210-8335/$ — see front matter Copyright ® 2013, Asia Pacific League of Clinical Gerontology & Geriatrics. Published by Elsevier Taiwan LLC. All rights reserved.
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health and functioning and lower mortality risk.?~'? Previous
studies have also investigated the effects of midlife physical activity
on different components of mobility*~'* and the risk of institu-
tionalization.'® The benefits of physical activity at midlife appear to
result from the maintenance of muscle strength,'® cognitive func-
tion,"” and other functions in old age. Furthermore, muscle mass in
old age also appears to benefit from physical activity at midlife.
Although it is important to prevent the development of muscle
mass decline in old age and midlife, the effect of physical activity at
midlife on muscle mass in old age remains uncertain.

The aim of this cross-sectional observational study was to
determine whether physical activity at midlife was associated with
muscle mass and physical performance in old age. We hypothesized
that physical activity at midlife might prevent the decrease in
muscle mass in old age.

2. Methods
2.1. Participants

Participants were recruited through a local press release
requesting healthy community-dwelling volunteers. A total of 272
Japanese women aged 65 years and older (mean + SD age
73.6 & 5.5 years) living in the city of Kyoto enrolled in the study.
Participants were interviewed and excluded if they met any of the
following criteria: severe cognitive impairment; severe cardiac,
pulmonary, or musculoskeletal disorders; and comorbidities asso-
ciated with a greater risk of falls, such as Parkinson’s disease and
stroke. Written informed consent was obtained from each partici-
pant in accordance with the guidelines approved by the Kyoto
University Graduate School of Medicine.

2.2. Assessment of physical activity
A questionnaire'® was used to collect retrospective information
about physical activity levels during midlife and old age. In the
present study, we defined midlife as the period between the ages of
40 and 65 years. The questions were: ‘How much physical activity
did you have during midlife?’ and ‘How much physical activity do
you have these days?’ Similar to the approach used in the previous
study, there were three response categories: no regular physical
activity (0); regular physical activity (1); and regular sports (2).
Regular physical activity/sports were defined based on a previous
study'® as activities/sports engaged in at a frequency of more than
once a week. We defined light walking or moderate exercise
(equivalent to less than approximately 4.0 metabolic equivalents)
as physical activity and moderate or vigorous physical activities
(equivalent to more than approximately 4.0 metabolic equivalents)
as sports; these definitions were based on the International Phys-
ical Activity Questionnaire.'” For each of the midlife and old age
physical activity levels, Category 0 was defined as ‘inactive’ and
Categories 1 and 2 (combined) were defined as ‘active’ in the
analyses.

2.3. Skeletal muscle mass index

A bioelectrical impedance data acquisition system (Inbody 430;
Biospace Co. Ltd, Seoul, Korea) was used to perform bioelectrical
impedance analysis.?’ This system also uses an electrical current at
multiple frequencies (5, 50, 250, 500, and 1000 kHz) to directly
measure the amount of extracellular and intracellular water. The
participants stood on two metallic electrodes and held metallic grip
electrodes. Using segmental body composition, muscle mass was
determined and used for further analysis. The skeletal muscle mass
index (SMI) was calculated by dividing the muscle mass by height

squared in meters (kg/m?). This index has been used in several
epidemiological studies.*

2.4. Measurements of physical performance

The following two measurements for the assessment of mobility
and physical strength were made for each participant in the pres-
ence of experienced physiotherapists: (1) 10 m or 4 m walking
test?!; and (2) the hand grip strength (HGS) test.?

In the walking test, participants were asked to walk 10 m or4 m
at their normal walking speed. Walking time was calculated using a
stopwatch to record the time taken to cover the central 10 mor 4 m
of the walkway (2 m at the start and finish were used for acceler-
ation and deceleration). Using the better walking time of two trials,
the participants’ walking speed (m/s) was calculated to obtain
values for analyses.

In the HGS test, participants used a hand-held dynamometer
with the arm held to the side of the body. The participants squeezed
the dynamometer with maximum isometric effort. No other body
movement was allowed. The HGS score was defined as the better
performance of two trials.

2.5. Assessment of sarcopenia

For the present study we adopted the criteria of the European
Working Group on Sarcopenia in Older People (EWGSOP).2*> The
EWGSOP recommended defining sarcopenia as the presence of
both low muscle function (slow walking speed equal to or less than
0.8 m/s; or low HGS equal to or less than 20 kg) and low muscle
mass. For assessing low appendicular muscle mass, we divided the
SMIs of the participants into quartiles and defined the first quartile
as the cutoff for low appendicular muscle mass (SMI 5.55 kg/m?).

2.6. Statistical analysis

Before analysis, we classified the participants into four groups
according to physical activity levels in midlife and old age: Group I,
physically inactive at both midlife and old age; Group II, physically
active at midlife, but not at old age; Group III, physically inactive at
midlife, but active at old age; and Group IV, physically active at both
midlife and old age (Fig. 1).

Differences in the demographic variables among the four groups
were examined using analysis of variance (ANOVA). When a sig-
nificant effect was found, differences were determined with the
Tukey—Kramer’s post-hoc test. In addition, we entered four

At midlife
Inactive Active
[
2
]
o Group | Group 1i
o £
oo
©
=
°
o
< o
2
g Group HI Group IV

Fig. 1. Classification of participants in the four groups according to the midlife and old
age physical activity levels: (Group 1 = physically inactive at both midlife and old age;
Group Il = physically active at midlife, but not at old age; Group IIl = physically inactive
at midlife, but active at old age; Group IV = physically active at both midlife and old
age).
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dummy-coded groups, with Group IV as the reference group in
models with independent variables; unadjusted and adjusted
multiple linear regression analysis were conducted to determine
whether physical activity levels in midlife and old age were asso-
ciated with SMI and physical performance in old age. In the
adjusted analyses, age and body mass index were entered as con-
trol variables.

Statistical analyses were carried out using the SPSS version
20.0 software package (SPSS, Chicago, IL, USA), with p < 0.05
accepted as significant,

3. Results

Table 1 shows the characteristics of the study population. The
number (%) of participants in Groups [, Il I, and [V was 57 (21.0), 25
(9.2), 84 (30.9), and 106 (38.9), respectively. Participants in Group
IV (SMI 6.35 + 0.87 kg/m?, walking speed 1.41 - 0.26 m/s) (phys-
ically active at both midlife and old age) had significantly higher
SMIs than those in Groups I (5.85 = 0.92 kg/m? p < 0.01) and IIl
(6.00 + 1.08 kg/m? p < 0.05) (physically inactive at midlife) and
faster walking speeds than those in Groups I (1.30 + 0.25 m/s,
p <0.05)and 1 (1.27 4+ 0.27 m/s, p < 0.05) (physically inactive at old
age) (Table 1). There was no other significant difference among the
four groups. A total of 38 (14.0%) participants had sarcopenia: 10 of
57 (17.5%), 3 of 25 (12.0%), 16 of 84 (16.7%), and 9 of 106 (8.5%)
participants in Groups I, II, Ill, and 1V, respectively.

In the unadjusted multiple linear regression analysis with Group
1V as the reference, older adults within Groups I and Il showed a
significantly lower SMI (p < 0.01) and older adults in Groups [ and Il
showed a significantly slower walking speed (p < 0.01) (Table 2).
Thus participants who were physically inactive at midlife (Groups 1
and III) had a significantly lower SMI and participants who were
physically inactive in old age (Groups I and II) had a significantly
slower walking speed. These associations remained significant after
adjustment for age and body mass index (p < 0.05) (Table 2).
However, no group showed significant associations with HGS in the
unadjusted and adjusted analysis.

4. Discussion

This is the first cross-sectional study to attempt to clarify the
relationship between physical activity levels at midlife and skeletal
muscle mass in old age. This study showed that older adults who
were physically active at midlife might have a higher skeletal
muscle mass in old age than those that were not physically active at

Table 1

Demographic differences according to physical activity levels at midlife and old age.

midlife. A previous study reported that the rate of lean mass loss
was about three times less than the rate of decline in leg strength.>*
Our results for the relationship between physical activity at midlife
and skeletal muscle mass appear to be consistent with the previous
study. In addition, the previous study reported that the exercise-
induced increase in muscle mass was typically less than that ex-
pected for the concomitant increase in strength.>® Therefore
physical activity at midlife may be important and beneficial for
preventing muscle mass decline in old age.

Muscle mass is controlled by catabolic and anabolic factors. A
previous cohort study showed that regular physical activity was
associated with low levels of catabolic markers such as interieukin-
6. In addition to its effects on catabolic factors, an increase in
physical activity was associated with a high level of insulin-like
growth factor-1, one of the most important factors linked to
intensifying muscle mass in premenopausal women.”’ These re-
sults suggest that continuous regular physical activity prevents
catabolic effects and promotes anabolic effects. However, there are
no longitudinal reports that have reported an association between
these factors and muscle mass from midlife to old age. On the basis
of our preliminary results regarding the relationship between
physical activity at midlife and skeletal muscle mass, further
studies are required to confirm the benefits of physical activity from
midlife for the prevention of muscle mass decline.

Our study also showed that adults physically active in old age
might have a faster walking speed than those who were not
physically active in old age. In addition, physical activity at midlife
and in old age was not associated with grip strength in old age.
Hughes et al*® reported longitudinal changes in muscle mass,
physical activity, and muscle strength and found that muscle mass
decline explained only 5% of the decline in strength. Further, the
changes in strength were no different between people of middle
and old age who reported taking regular exercise in the past
compared with those who had not exercised regularly in the past.
These are the reasons why the relationship between physical ac-
tivity and physical performance has different trends from that be-
tween physical activity and skeletal muscle mass. Furthermore, we
observed significantly lower SMls in Group Il participants and
slower walking speeds in Group Il participants compared with
Group [V, although there was no difference in muscle mass and
physical performance between Groups Il and IIl. These results seem
to indicate that physical activity at midlife and old age may affect
skeletal muscle mass and physical performance in old age. How-
ever, a previous longitudinal prospective study of the association
between physical activity at midlife and walking speed®® reported

Total (n = 272)

Physical activity levels at midlife and old age

Group | (n = 57) Group Il (n = 25) Group Il (n = 84) Group IV (n = 106) p Post-hoc

Age (y), mean =+ SD 736 £ 55 74.1 £ 6.2 75.0 £ 5.2 740 £ 5.5 727 £ 49 0.146 —_

Height (cm), mean - SD 1512 + 54 151.1 £ 5.2 1539454 1509 + 4.8 150.7 £ 5.9 0.088 —
Weight (kg), mean = SD 49.7 £ 7.5 48.8 £ 6.9 51.7 + 84 495 £ 7.6 499 +73 0.459 —

BMI (l(g/mz), mean =+ SD 21.7 £ 29 214 4+ 27 217+ 28 21.7 + 3.0 220428 0.653 —

SMI (kg/m?), mean  SD 6.11 4+ 0.92 5.85 4+ 0.92 6.14 4 0.82 6.00 &+ 1.08 6.35 + 0.87 0.004 i
Walking speed (m/s), mean = SD 1.35 + 0.25 1.30 + 0.25 1.27 4+ 0.27 1.34 4 023 141 4026 0010 M

HGS (kg), mean = SD 221 £ 6.7 213+ 35 214 +75 222 +£10.2 225+ 638 0.672 —
Sarcopenia, n (%) 38 (14.0) 10(17.5) 3(12.0) 16 (16.7) 9(8.5)

Group I = physically inactive at both midlife and old age; Group II = physically active at midlife, but not at old age; Group IlI = physically inactive at midlife, but active at old

age; Group IV = physically active at both midlife and old age; BMI = body mass index; HGS = hand grip strength; SMI = skeletal muscle mass index.

*Significant difference between Group IV and Group I (p < 0.01).
**Significant difference between Group IV and Group Ii (p < 0.05).
iSignificant difference between Group IV and Group I (p < 0.05).
!Significant difference between Group IV and Group II (p < 0.05).
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Table 2
Association of physical activity status with skeletal muscle index and physical performance in old age.
Dependent Unadjusted model Adjusted model
variable N -
B 95% CI Adjusted B 95% CI Adjusted
R? value R? value
SMI 0.05 0.35
Group | -0.22 -0.80to —0.217 -0.16 ~061to -0.11"
Group I -0.06 -0.62 to 0.21 -0.03 -0.48 to 0.24
Group 1l -0.18 ~0.61to —0.09™ -0.15 -0.50 to -0.07"
Group IV Reference Reference
Walking speed 0.05 0.17
Group | -0.18 ~0.19 to —0.03" -0.17 ~0.19 to —0.03"
Group II -0.18 -0.28 to —0.05" -0.14 -0.24 to —0.02"
Group Ill -0.12 -0.14 to 0.01 -0.09 -0.12 to 0.02
Group IV Reference Reference
HGS 0.01 0.07
Group | —0.08 —-3.47 to 0.93 -0.06 —3.16 to 1.30
Group [I —0.06 —4.51 to 1.66 -0.03 —3.93 to 2.30
Group Il -0.02 -2.23 to 1.69 -0.01 —1.84 to 2.05
Group IV Reference Reference

Note: In the adjusted analysis, age and BMI were entered as control variables. Group I = physically inactive at both midlife and old age; Group I = physically active at midlife,
but not at old age; Group Ill = physically inactive at midlife, but active at old age; Group IV = physically active at both midlife and old age; B = standard regression coefficient;
Cl = confidence interval; HGS = hand grip strength; SMI = skeletal muscle mass index.

*p < 0.05.
**p < 0.01.

results which were different from the present study. This may in
part be because: (1) our assessment of physical activity was
retrospective; (2) our questionnaire was not a particularly detailed
assessment of physical activity as it did not contain items
addressing the continuance and intensity of physical activity; and
(3) the present study was cross-sectional. These may be the main
reasons why our results differ from previous studies. In future
studies, details regarding the level of physical activity at midlife and
in old age must be collected to better understand how physical
activity at midlife affects physical performance.

Many research groups have recently defined sarcopenia as the
coexistence of low muscle mass and low physical perfor-
mance.?>3%3! The evidence-based clinical effect of physical activity
on the prevention of sarcopenia has also been reported from
multiple points of view.® The present study showed the relation-
ship between physical activity at midlife and skeletal muscle mass
as well as between physical activity in old age and physical per-
formance, and suggested that continued physical activity from
midlife to old age might be one of the important factors for the
prevention of sarcopenia in old age. The benefits of constant
physical activity for various health improvements are well known.
Additional studies are required to determine the benefits of phys-
ical activity over the life course, not only in terms of various health
improvements, but also for the prevention of sarcopenia.

There were several limitations to the present study. Firstly, this
study was cross-sectional and we included no information on the
effect of continuous regular physical activity from midlife to old age
in the questionnaire. A longitudinal prospective study is therefore
needed to confirm these results and extend the present study.
Secondly, our assessment of physical activity at midlife and old age
was conducted using a very simple questionnaire and was based on
the participants’ ability to recall information. Thirdly, the findings
in the present study should be considered as preliminary due to the
relatively small sample size, which may introduce some error of
inference, reduce the power of the analysis, and limit generaliza-
tion. Finally, we did not collect any information about comorbidity
or current treatment with drugs for our participants.

In conclusion, the results of our study suggest that physical ac-
tivity at midlife may be associated with high muscle mass in old age
and that physical activity in old age may be associated with a fast
walking speed in old age. The present study seems to be a funda-
mental study to determine the benefits of physical activity over the
life course for the prevention of sarcopenia.
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