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ABSTRACT

Background/Objectives: The purpose of this study was to investigate usefulness and
limitations of measurement of thigh and calf circumference for the sarcopenia screening
in community-dwelling elderly women.

Methods: One-hundred sixteen community-dwelling elderly women were enrolled.
Thigh and calf circumferences, grip strength, walking speed, Short Physical Performance
Battery and Timed Up test and Go test were performed. Subjects were divided into two
groups, the non-sarcopenia group and the sarcopenia group, and the measured values
were compared between the two groups. The area under the receiver operating
characteristic curve was calculated to determine the cut off values of each circumstance
were determined by the presence or absence of sarcopenia.

Results: Of all the subjects, non-sarcopenia subjects accounted for 91.4% (n=106), and
sarcopenia subjects 8.6% (n=10). Thigh circumference and calf circumference of the
dominant leg in sarcopenia subjects showed significant lower values than in
non-sarcopenia subjects. Cut-off value for sarcopenia of thigh circumference was 37.3
cm (sensitivity 0.821, specificity 0.600, AUC 0.783, p<0.003), while that of the calf
circumference was 32.8 cm (sensitivity 0.736, specificity 0.800, AUC 0.792, p<0.002).

Conclusions: We confirmed that thigh and calf circumference could be used as a
sarcopenia screening in community-dwelling elderly women. Since measurement of calf
circumference is easier and calf circumference has high specificity of sarcopenia
screening than thigh circumference, calf circumference is thought to have higher
measurement significance in community-dwelling elderly women.

2210-8335/Copyright © 2017, Asia Pacific League of Clinical Gerontology & Geriatrics. Published by Full Universe
Integrated Marketing Limited.

INTRODUCTION

reported about the relationship between calf
circumference and sarcopenia by describing that calf

Sarcopenia increases with aging and it has been
attracting great interest in aging society. Sarcopenia is
defined as a state of illness associated with risks such as
physical dysfunction, reduction in quality of life, and death
that are induced by progressive reduction in muscle mass
and muscle weakness.! For the measurement of muscle
mass, which is important for the diagnosis of sarcopenia,
the dual energy X-ray absorptiometry method (DXA) and
the bioelectrical impedance analysis method are used.
However, it is problematic that they are not always
available, accessible, or practical needing special-expensive
devices.

In recent years, calf circumference has been attracting
attention as a surrogate marker for the diagnosis of
sarcopenia.? Calf circumference is correlated with the
appendicular skeletal muscle index that was measured by
DXA and computed tomography,? and is also known for its
easy clinical application because it only needs to lift the
hem of the lower wear when measuring. Kawakami et al.?

circumference is less than 33 cm could be a surrogate
marker for the diagnosis of sarcopenia. On the other hand,
since calf muscle is located more distal than the thigh, calf
circumference is likely to be affected by edema depending
on upright position time and measurement time which may
affect the results eventually.

Thigh muscle mass is also reported to play a role as an
indicator of muscle mass of the whole thigh muscle mass3
and total body muscle mass.*®> Thigh muscle is known as
the primary agonist muscle of exercise and activities of
daily life. Thigh muscle mass is found to be associated with
sarcopenia-related indicators such as grip strength, knee
extension muscle strength, walking speed, and TUG.* While
the importance of the thigh muscle is pointed out, the
clinical significance of the thigh circumference is not fully
understood. In addition, the possibility of using the thigh
circumference as a sarcopenia screening tool has not been
determined before. We hypothesized that the thigh
circumference has higher clinically significance as a
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sarcopenia screening tool than the calf circumference
because thigh muscle is the primary agonist muscle of
exercise and activities of daily life.

In this study, therefore, we aimed to investigate
usefulness and limitations of measurement of thigh and
calf circumference for the sarcopenia screening in
community-dwelling elderly women.

METHODS
Participants

A total of 116 community-dwelling women (age: 65-86)
who applied for the public recruitment for an event of
physical fitness assessment on April 21t and 29 in 2016
were enrolled. We included only women into this study
because there were only a few men who applied for this
event. This event was publicized through the Ota-ku
municipal newsletter. To be enrolled, the candidates should
meet the following requirements: they should (1) be aged
>65 and living in Ota-ku, (2) feel their physical strength is
declining and want to overcome it, (3) be willing to extend
their healthy life expectancy. Exclusion criteria were as
follows; 1) persons who cannot come to the research site on
their own. 2) persons who are restricted in exercise from
their medical doctor due to severe heart disease, respiratory
disease, orthopedic disease, metabolic disease, etc. 3)
Persons who develop movement disorders due to diseases
of the central nervous system caused by cerebrovascular
diseases. 4) Persons who have been diagnosed as having
dementia in the past. Written informed consent was
obtained from all the participants.

On the day of the examination, subjects were asked
about their physical conditions and any pain they might have
because of the exercise equipment. Once they were
confirmed to have no problems, all the measurements were
conducted on the same day.

Measures

The following measurement items were included:
height, body weight, thigh and calf circumferences, skeletal
muscle mass of the arm and leg, grip strength, bone density,
Short Physical Performance Battery test (SPPB), and Timed
Up and Go test (TUG).

Thigh circumferences and calf circumferences of the
dominant leg were measured using a plastic measure with
the subjects in a supine position on a bed. We set the
dominant leg with reference to previous studies.>® The
dominant leg was defined as the lower limb of the kicking
side of the ball. For standardization of thigh circumference
measurement, measurement site of thigh circumferences
was the 1/2 point between the lateral knee joint cleft and
the greater trochanter, and the calf circumference was
measured at the maximum circumference of the lower leg.
These circumference measurements were conducted once
by one examiner after practicing sufficiently.

Body composition analysis was performed using a body
composition analysis device (In Body S10, In Body Japan).
The skeletal muscle mass and the body fat ratio were
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measured using an electrode attached to the predefined
position with the subjects in a supine position on a bed.
Skeletal muscle Index (SMI) was calculated using following
formula: appendicular SMM/body height?.

Grip strength of the subjects was measured in their
standing position with their elbow joint bent at 90 degrees,
using a hand dynamometer (Saehan medical, Jamar
Hydraulic Hand Dynamometer SH5001). Two sessions of
measurement were performed for both right and left hands
alternately and whichever higher value was defined as the
grip strength.

The SPPB was used to assess performance-based
mobility in the lower extremities, which includes balance
test, 4-meter walking test (4-m walking speed), and
sit-to-stand test.

TUG test was performed allowing subjects to use
walking aids they usually use. They stood up from their
chairs and walked to the triangular post 3 meters ahead and
made a U-turn back toward their chairs with the safe and
maximum effort. TUG test was performed 2 times and we
used whichever the faster speed for the analysis.

Statistical Analysis

Subjects were divided into the non-sarcopenia group
and the sarcopenia group based on the criteria of the Asian
Working Group for Sarcopenia (AWGS).® The AWGS defined
sarcopenia as the loss of muscle mass (<5.7 g/m? in female
by using bioimpedance analysis) plus low grip strength (<18
kg in female) or low usual gait speed (<0.8 m/s).

The following values between the two groups were
compared: age (years old), height (cm), body weight (kg),
BMI (kg/m?), body fat ratio (%), thigh circumference (cm),
calf circumference (cm), thigh circumference adjusted by
height, weight and BMI, calf circumference adjusted by
height, weight and BMI, SMI (kg/m?), lower limb muscle
mass of the dominant leg (kg), grip strength (kg), 4-m
walking speed (m/s), TUG (s), and SPPB (points). We
performed comparison analysis of these values between
AWGS sarcopenia groups and non-sarcopenia group using
Student’s t-tests if normally distributed. The total sum of
SPPB scores (points) was compared using a Mann-Whitney
test.

The area under the receiver operating characteristic
(ROC) curve was calculated to determine thigh
circumference, calf circumference and each circumference
adjusted by height, weight and BMI. The cut off values of
each circumstance were determined by the presence or
absence of sarcopenia. All Statistical analyses were
performed with SPSS Statistics version 22.0 for Windows
(IBM Japan, Tokyo, Japan), and the significance level was set
at 0.05 for all tests.

This study was approved by the Human Ethics Review
of Tokyo University of Technology (approval number;
E15HS-025).

RESULTS

Of all the subjects, non-sarcopenia subjects accounted
for 91.4% (n=106), and sarcopenia subjects 8.6% (n=10).
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When each measurement item was compared
between both groups, significant low values in
height, body weight, thigh circumference and
calf circumference, lower limb muscle mass of
the dominant leg, SMI, and grip strength were
observed in the sarcopenia group (Table 1; p
<0.05). Thigh circumference adjusted by
weight and calf circumference adjusted by
weight in the sarcopenia group showed
significant higher values than those in the
non-sarcopenia group (Table 1). There was a
significant and positive correlation between
thigh circumference and calf circumference
(r=0.793, p <0.001).

When the cut off value for sarcopenia
was calculated using thigh circumference and
calf circumference leg in the both groups,
thigh circumference was 37.3 cm (sensitivity
0.821, specificity 0.600, AUC 0.783, SE 0.065,
95% Cl 0.654-0.911, p <0.003), while calf
circumference was 32.8 cm (sensitivity 0.736,
specificity 0.800, AUC 0.792, SE 0.056, 95% ClI
0.683-0.901, p <0.002) (Figure 1).

We also calculated the cut off value for
sarcopenia was using thigh circumference
adjusted by weight and calf circumference
adjusted weight. The cut off value of thigh
circumference/weight was 0.80 (sensitivity
0.900, specificity 0.575, AUC 0.717, SE 0.081,
95% Cl 0.557-0.877, p <0.024), while the cut
off value of calf circumference/weight was
0.71 (sensitivity 0.800, specificity 0.811, AUC
0.792, SE 0.069, 95% CI 0.656-0.927, p
<0.002).

DISCUSSION

The percentage of sarcopenia in this study
population was 8.6%, which was equivalent to
the previous study reported by AWGS.”
Kawakami et al.? focused on calf circumference
as a surrogate marker of sarcopenia diagnosis,
and reported that calf circumference <33cm
could be a surrogate marker of sarcopenia
diagnosis for community-dwelling women. On
the other hand, Ishii et al.® reported that the
presence or absence of sarcopenia is
associated with age, grip strength, and calf
circumference, and additionally reported that
calf circumference in the non-sarcopenia
women and the sarcopenia women were 34.5
2.7 cm and 32.1 + 2.1 cm on average,
respectively. Our results show that calf
circumference in the non-sarcopenia women
and the sarcopenia women were 34 cm and 32
cm on average, respectively (Table 1), and that

Table 1. Comparison of subject's characteristics and sarcopenia related indicators
between non-sarcopenia group and sarcopenia group.

n=116 Non-sarcopenia  Sarcopenia p-value
n (%) 106 (91.4) 10 (8.6)

Age, year (range) 73.1 (65-86) 75.0 (65-85) 0.029
Height, cm 152.1+4.7 146.3+5.9 .003
Weight, kg 525+7.6 444 +5.1 .001
BMI, kg/m? 22.7+3.2 20.8+2.9 .077
Body fat percentage, % 31.7+£6.9 319+7.6 .856
Body fat percentage/Weight, %/kg 0.6+0.1 0.7+0.1 .001
Thigh circumference, cm 41.1+4.0 37.4+2.8 .002
Calf circumference, cm 342+2.6 31.6+1.9 .002
Thigh circumference/Height, cm/cm 0.27 £0.03 0.26+0.02 .070
Calf circumference/Height, cm/cm 0.23+0.02 0.22+0.01 .160
Thigh circumference/Weight, cm/kg 0.79 £ 0.07 0.85+0.07 .024
Calf circumference/Weight, cm/kg 0.66 + 0.06 0.72+0.04 .002
Thigh circumference/ BMI, cm/kg/m? 1.83+0.17 1.82+0.23 .669
Calf circumference/BMI, cm/kg/m? 1.52 £0.15 1.53+0.15 .644
SMI, kg/m? 6.0+ 0.6 5.2+0.4 .000
Dominant leg muscle mass, kg 5.5+0.9 4.3+0.5 .000
Grip strength, kg 23.6+4.2 15.7+2.3 .000
4m gait speed, m/s 1.3+0.2 1.2+0.2 .182
TUG, s 6.2+0.8 6.410.5 .260
SPPB, points 11.9 (9-12) 12 816

BMI: Body Mass Index, SMI: Skeletal Muscle Mass Index, TUG: Timed Up and Go test, SPPB:
Short Physical Performance Battery.
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Figure 1. Receiver operating characteristic (ROC) curve analyses of dominant thigh
and calf circumference.

the cut off value of calf circumference was 32.8 cm. This is  sarcopenia in community-dwelling women was reconfirmed
line with the observations of Ishii et al.8 and Kawakami et al.2  in our study as well.

Therefore, based on the results, the importance of calf In general, calf circumference is likely to be affected by
circumference and the cut off value as a diagnosis tool of edema depending on gravity since calf muscle is located
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more distal than the thigh. Thigh is less likely affected by
gravity because of its higher position. Thigh is recognized as
an important part of the lower limb because it works as the
primary functional muscle for several activities in everyday
life. There are several epidemiological studies measuring the
thigh circumference. Ishii et al.® measured thigh
circumference at 15 cm above the patella regardless of the
body build of the subjects and reported that thigh
circumference of non-sarcopenia women and sarcopenia
women were 41.7 + 4.0 (cm) and 38.9 * 3.4 (cm),
respectively. However, they did not examine the cut off
value of thigh circumference of sarcopenia. Murata et al.
measured thigh circumference of elderly women and
reported that the measurement site at 20 cm up (47.8 %
4.1cm) from the upper edge of the patella was more
associated with quadriceps strength than that at 10 cm up
(40.6 £ 3.6 cm) and 15 cm up (44.7 £ 3.9 cm) from the upper
edge of the patella.? In this study, measurement was
performed at the 1/2 between the lateral knee joint cleft
and the greater trochanter. We found that thigh
circumference of the dominant leg of the non-sarcopenia
subjects and the sarcopenia subjects were 41.1 + 4.0 (cm)
and 37.4 + 2.8 (cm), respectively. When compared our
results with those of Ishii et al.,? thigh circumference of the
non-sarcopenia women in their study and our study were
almost same, but thigh circumference of the sarcopenia
women in our study was lower than that in their study. This
difference may be due to the difference in measured
location of thigh circumference.

Based on the thigh circumference of the dominant leg,
the cut off value to differentiate the sarcopenia women and
the non-sarcopenia women was 37.3 cm (sensitivity 0.821,
specificity 0.600, AUC 0.783, p <0.003), while -calf
circumference of the dominant leg was 32.8 cm (sensitivity
0.736, specificity 0.800, AUC 0.792, p <0.002). Although both
cut-off values for sarcopenia screening were obtained in
thigh circumference and calf circumference of the dominant
leg, specificity in the cut-off value of thigh circumference
was relatively lower in than the cut-off value of calf
circumference. In this study, calf circumference was
measured at the maximum circumference of the lower leg,
but thigh circumference was measured at the site of 1/2
point between the lateral knee joint cleft and the greater
trochanter in consideration of the difference in body build of
each subject. Thigh circumference at the site of 1/2 point
between the lateral knee joint cleft and the greater
trochanter was not always the maximum circumference of
the thigh in each subject. This may be due to one of reason
for lower specificity in the cut-off value of thigh
circumference than in calf circumference for sarcopenia
screening. Thigh muscles are the primary functional muscle
of body movement. Thigh circumference measurement is
easy and less time consuming; however, there was a
limitation to screening only by measuring the single-site
thigh circumference that might not the maximum
circumference. Since measurement of calf circumference is
easier and calf circumference has high specificity of
sarcopenia screening than thigh circumference, calf
circumference is thought to have higher measurement
significance although neither thigh circumference nor calf
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circumference is a perfect screening tool for Sarcopenia
diagnosis. Our hypothesis, the thigh circumference has
higher clinically significance as a sarcopenia screening tool
than the calf circumference was denied.

Finally, in this study, we found a significant difference in
height, weight and BMI between non-sarcopenia group and
sarcopenia group. Body size is thought to influence the
difference in the circumference. Therefore, the thigh and
calf circumference were adjusted by body height, weight
and BMI. As a result, there was a significant difference in
thigh circumference/weight and calf circumference/weight
between the two groups. This may be due to fat mass
included in the lower limbs. The specific gravity of fat is
0.900 g/cm? and the specific gravity of lean body mass is
1.095/cm3. 1911 This means that fat is weight less per 1 cm3,
but volume is larger. It has been reported that the fat mass
of the thigh muscle in sarcopenia is increased compared to
non sarcopenia.!>314 Indeed, body fat percentage/weight
was also significantly higher in the sarcopenia group in this
study.

We also calculated the cut off value for sarcopenia
using thigh circumference adjusted by weight and calf
circumference adjusted weight. Thigh circumference /
weight >0.80 or calf circumference / weight >0.71 may
become a new sarcopenia screening index.

There were some limitations in this study. First, the
number of subjects was relatively small. Secondly, data were
collected from only a part of Tokyo. Thirdly, subjects were all
females. Therefore, the findings of this study should be
recognized as pilot study in nature. To verify the results of
this study, further studies using more subjects including men
in several areas are required.
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Large calf circumference indicates
non-sarcopenia despite body mass
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Abstract. [Purpose] The purpose of this study is to evaluate the applicability of the calf circumference as a tool
for screening sarcopenia. [Subjects and Methods] One hundred sixteen community-dwelling elderly females were
enrolled. Calf circumference of the dominant leg was measured using a plastic measuring tape. Subjects were
divided into 3 groups based on body mass index (BMI); subjects with the values for BMI <18.5 kg/m?; those with
BMI 18.5 to 25.0; those with BMI >25.0 kg/m?. Positive predictive value and negative predictive value of sarcopenia
were calculated based on the obtained cut off values of calf circumference and the diagnosis of sarcopenia in each
group. [Results] Prevalence rate of sarcopenia was 9.4% (n=10). Cut off value of the calf circumference was 32.8 cm
(sensitivity: 73.0%, specificity: 80.0%, AUC: 0.792). Each BMI group showed high negative predictive value of
sarcopenia based on the calf circumference cut off value of 32.8 cm. [Conclusion] These results suggested that to
identify non-sarcopenia by larger calf circumference is more reasonable and useful than to identify sarcopenia due
to the smaller calf circumference regardless of BMI.

Key words: Sarcopenia, Calf circumferences, Negative predictive value
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INTRODUCTION

Sarcopenia is defined as a pathological condition associated with risks such as physical dysfunction, reduction in quality
of life, and death that are induced by progressive reduction in muscle mass and muscle weakness"), and it has been attracting
great interest in recent years. For the measurement of muscle mass, which is important for the diagnosis of sarcopenia, the
dual energy X-ray absorptiometry method and the bioelectrical impedance analysis method are used. However, it is problem-
atic that they need special, expensive devices. In recent years, calf circumference has been attracting attention as a surrogate
marker for the diagnosis of sarcopenia®®. Calf circumference is correlated with the appendicular skeletal muscle index
that was measured by dual energy X-ray absorptiometry”), and is also known for allowing easy measurement. Kawakami et
al.?) reported about the relationship between calf circumference and sarcopenia by describing that calf circumference of the
dominant leg that is less than 33 cm could be a surrogate marker for the diagnosis of sarcopenia. However, body builds such
as body mass index (BMI) should be taken into consideration since body builds vary among individuals. The cut-off value
seems to change its meaning depending on the body builds.

Therefore, the purpose of this study is to evaluate the applicability of the calf circumference as a tool for screening
sarcopenia based on the relationship between calf circumference and BMI.
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©2017 The Society of Physical Therapy Science. Published by IPEC Inc.

@ @@@ This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial No Derivatives
BY NC ND

(by-nc-nd) License. (CC-BY-NC-ND 4.0: https://creativecommons.org/licenses/by-nc-nd/4.0/)

1925


https://creativecommons.org/licenses/by-nc-nd/4.0/

SUBJECTS AND METHODS

A total of 116 community-dwelling older females (age: 65-86) who applied for a university event of physical fitness as-
sessment were enrolled. We included only women in this study because there were only a few men who applied for this event.
Subjects were recruited through the Ota-ku municipal newsletter. To be enrolled, the candidates should meet the following
requirements: they should (1) be aged >65 and living in Ota-ku, (2) feel their physical strength is declining and want to
overcome it, (3) be willing to extend their healthy life expectancy. Exclusion criteria were as follows; 1) persons who cannot
come to the research site on their own. 2) persons who are restricted in exercise from their medical doctor due to severe heart
disease, respiratory disease, orthopedic disease, metabolic disease, etc. 3) Persons who develop movement disorders due to
diseases of the central nervous system caused by cerebrovascular diseases. 4) Persons who have been diagnosed as having
dementia in the past. Written informed consent on the purpose of the study was obtained in advance from each participant.

The following measurements items were included: height, body weight, skeletal muscle index (SMI), calf circumference,
grip strength, Short Physical Performance Battery test (SPPB), and Timed Up and Go test (TUG).

Body composition analysis was performed using a body composition analysis device (In Body S10, In Body Japan, Tokyo,
Japan) to measure skeletal muscle mass. The muscle mass was measured using an electrode attached to the predefined posi-
tion with the subjects in a supine position on a bed. The SMI was calculated using following formula: appendicular skeletal
muscle mass/body height?.

Calf circumference of the dominant leg was measured using a plastic measuring tape with the subjects in a supine position
on a bed.

Grip strength of the subjects was measured in their standing position with their elbow joint bent at 90 degrees, using a hand
dynamometer (Jamar Hydraulic Hand Dynamometer SH5001: Sachan Medical, Korea). Two sessions of measurement were
performed for both right and left hands alternately and whichever higher value was defined as the grip strength.

SPPB® was measured using the following 3 kinds of tests in a random order: balance test, 4-m walking test, and sit-to-
stand test.

TUG? was performed allowing subjects to use walking aids they usually use. They stood up from their chairs and walked
to the triangular post 3 meters ahead and made a U-turn back toward their chairs with their safe and maximum effort. The
time was measured twice, and we used whichever the faster speed for the analysis.

Subjects were divided into the non-sarcopenia group and the sarcopenia group based on the Diagnostic Criteria of Sar-
copenia for Asian Population®. The following values between the two groups were compared using Student’s t-test: age
(years), height (cm), body weight (kg), BMI (kg/m?), SMI (kg/m?), calf circumference of the dominant leg (cm), grip strength
(kg), walking speed (m/s), TUG (s). The total sum of SPPB scores (points) was compared using a Mann-Whitney test. The
area under the ROC curve was calculated to evaluate calf circumference of the dominant leg as well as the cut off value to
determine the presence or absence of sarcopenia.

Then, the subjects were divided into the following 3 groups, subjects with the values for BMI <18.5 kg/m?: those with
BMI 18.5 to 25.0; those with BMI >25.0 kg/m?. Analysis of variance (ANOVA) or the Kruskal-Wallis test was used to evalu-
ate differences among the three groups. The Tukey test was used as a post hoc test, if the ANOVA was significant. Dunn’s test
was used as a post hoc test after the Kruskal-Wallis test.

Positive predictive value and negative predictive value were also calculated based on the obtained cut off values of calf
circumference. SPSS 22.0 for Windows10 was used for statistical analysis. Statistical significance level was defined as
p<0.05. The study protocol was approved by the Institutional Review Board of Tokyo University of Technology prior to the
initiation of the study (approval No.: E15HS-025).

RESULTS

Of all the subjects, non-sarcopenia subjects and sarcopenia subjects accounted for 91.4% (n=106) and 9.4% (n=10),
respectively. When each measurement was compared between both groups, significantly low values in height (cm), body
weight (kg), SMI (kg/m?), calf circumference (cm), grip strength, and significant high values in age (year) were observed in
the sarcopenia group (Table 1).

The cut off value for sarcopenia that was calculated using calf circumference was 32.8 cm (sensitivity: 73.0%; specificity:
80.0%; AUC: 0.792).

Each measurement was compared between 3 groups that were categorized based on the values of BMI (Table 2). There
was a significant difference in weight, BMI, SMI, calf circumference between each group.

The positive predictive value of sarcopenia was calculated based on the calf circumference cut off value of 32.8 cm in each
group (Table 3). In subjects with BMI <18.5 kg/m?, the positive predictive value of sarcopenia was 30%, and the negative
predictive value was 100%. In subjects with BMI from 18.5 to 25.0 kg/m?, the positive predictive value of sarcopenia was
20%, and the negative predictive value was 98.0%. In subjects with BMI more than 25 kg/m?, the positive predictive value
of sarcopenia was 0%, and the negative predictive value was 96.2%.
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Table 1. Comparison of physical caracteristics between non-sarcopenia
and sarcopenia

n=116 Non-sarcopenia Sarcopenia

n (%) 106 (91.4) 10 (9.43)
Age, year (range) 73.1 (65-86) 75.0 (65-85)*
Height (cm) 152.1+47 146.3 +£ 5.9%*
Weight (kg) 52.5+£7.6 444 + 5,1%*
BMI (kg/m?) 227+32 20.84+2.9
SMI (kg/m?) 6.0+0.6 5.2 £ 0.4%*
Calf circumference (cm) 342+£2.6 31.6 £ 1.9%*
Grip strength (kg) 23.6+4.2 15.7 £2.3%*
Walking speed (m/s) 1.3+£0.2 1.2+£0.2
TUG (second) 6.2+0.8 6.4+0.5
SPPB (points) 12.0 (12-9) 12.0 (12—-11)

*p<0.05 **p<0.01
BMI: Body Mass Index; SMI: Skeletal Muscle Mass Index; TUG:
Timed Up and Go test; SPPB: Short Physical Perfomance Battery

Table 2. Comparison of physical caracteristics among BMI classification

=116 BMI <18.5 18.5< BMI <25 25.0 kg/m’< *ANOVA or Kruskal
kg/m? kg/m? BMI wallis analysis
Sarcopenia : non-sarcopenia (n) 3:10 6:70 1:26
Age, year (range) 72.8 (65-81) 73.1 (65-85) 74.0 (65-86)
Height (cm) 153.3+3.6 151.8+4.9 150.2 £ 6.0
Weight (kg) 41,9 £2.3% 50.2 = 4.9f 61.1+71 *
BMI (kg/m?) 17.8 £ 0.5% 21.8 £ 1.6 27.0+2.1 o
SMI (kg/m?) 5.3 +£0.4%¢ 5.8+0.5F 6.6+0.6 o
Calf circumference (cm) 30.8 +£2.3d¢ 33.5+1.9f 36.7+£2.2 %
Grip strength (kg) 20.9+3.8 23.0+4.5 23.5+54
Walking speed (m/s) 1.3+£0.2 1.3+£0.2¢ 1.2+£0.2 *
TUG (second) 5.8+0.5b 6.2+0.8 6.5+0.8 *
SPPB (points) 11.7 (10-12)? 11.9 (11-12)¢ 11.7 (9-12) *

#p<0.05 **p<0.01

BMI: Body Mass Index; SMI: Skeletal Muscle Mass Index; TUG: Timed Up and Go test; SPPB: Short Physical Perfor-

mance Battery

a: BMI <18.5 kg/m? vs. 18.5< BMI <25 kg/m?>  p<0.05
b: BMI <18.5 kg/m? vs. 25.0 kg/m?< BMI p<0.05
c: 18.5< BMI <25 kg/m? vs. 25.0 kg/m?><BMI  p<0.05
d: BMI <18.5 kg/m? vs. 18.5< BMI <25 kg/m>  p<0.01
e: BMI <18.5 kg/m? vs. 25.0 kg/m?< BMI p<0.01
f: 18.5< BMI <25 kg/m? vs. 25.0 kg/m?< BMI p<0.01

Table 3. Positive predictive value and negative predictive value of sarcopenia based on cut off

value of 32.8 in calf circumference based on BMI classification

BMI Sarcopenia Calf circumference Positive Negative
<32.8cm >32.8cm  predictive value predictive value

<BMII8.5 ) n=3 n=0 30.0% 100%

=) n=7 n=3
18.5< BMI <25 ) n=5 n=1 20.0% 98.0%

) n=20 n=50
25<BMI &) n=0 n=1 0% 96.2%

=) n=1 n=25
BMI: Body mass index

DISCUSSION

Kawakami et al.?) focused on calf circumference of the dominant leg as a surrogate marker of sarcopenia diagnosis,
and reported that calf circumference <33 cm could be a surrogate marker of sarcopenia diagnosis for community-dwelling
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women. Ishii et al.*) reported that the presence or absence of sarcopenia was associated with age, grip strength, and calf cir-
cumference of the dominant leg, and additionally reported that calf circumferences of the dominant leg in the non-sarcopenia
women and the sarcopenia women were 34.5 £ 2.7 cm and 32.1 + 2.1 cm on average, respectively. Our results also showed
that calf circumferences of the dominant leg in the non-sarcopenia women and the sarcopenia women were 34 cm and 32 cm
on average, respectively (Table 1), and that the cut off value of calf circumference of the dominant leg was 32.8 cm. This was
line with the observations of Ishii et al.¥ and Kawakami et al?.

However, body build varies among individuals. The positive predictive value of sarcopenia in subjects with BMI <18.5 kg/
m? calculated using a cut-off value of calf circumference were 30%. In addition, the positive predictive value of sarcopenia
in subjects with BMI from 18.5 to 25.0 kg/m? was only 20.0%. These results indicate that thin individuals and normal
weight individuals are not always sarcopenia even if the calf circumference value is low. In other words, relying only on calf
circumference values may lead to misdiagnosis for most of the thin individuals even if their calf circumference is less than
the cut off value.

On the other hand, the negative predictive values in each subject group were very high. This implies that it is not sarcope-
nia in most cases if the calf circumference value is more than 32.8 cm regardless of BMI. When sarcopenia is screened using
the calf circumference, to identify non-sarcopenia by larger calf circumference is more reasonable and useful than to identify
sarcopenia due to the smaller calf circumference. The diagnosis of sarcopenia requires documentation of low muscle mass
plus documentation of either low muscle strength (grip strength) or low physical performance (walking speed)!>®). A small
calf circumference means a decrease in muscle mass which is essential for diagnosis of sarcopenia. On the other hand, muscle
strength or walking speed do not depend solely on muscle mass?. This is considered to be a factor with the low positive
predictive values of sarcopenia based on the calf circumference cut off value of 32.8 cm in all subject groups.

There were some limitations in this study. First, the number of subjects was relatively small. Secondly, data were collected
from only a part of Tokyo. Thirdly, subjects were all females. To verify the results of this study, further studies using more
subjects including men in several areas are required.
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Difference between tablet methods and paper
questionnaire methods of conducting a survey
with community-dwelling elderly
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Abstract. [Purpose] This study aimed to develop a tablet app that emulates paper questionnaires used in clini-
cal care, and to verify the difference between the utility of tablet survey methods and paper questionnaire methods
with elderly people. [Subjects and Methods] A tablet app was developed in the Java language. A questionnaire was
provided to 30 community-dwelling elderly people. The subjects were randomly allocated to the group responding
on the tablet (tablet group) or that responding to a paper-based questionnaire (questionnaire group). Assessed items
included response time to questions, whether or not they had queries regarding the survey, and data input time.
For the tablet group, a questionnaire was conducted regarding the operability of the tablet. [Results] There was
no difference in response time between the two groups. Significantly more people in the tablet group had queries
regarding the survey. Data input time was 426 seconds for the tablet group and 1268 seconds for the questionnaire
group. In the survey regarding tablet operability, there were no negative opinions about the visibility of the screen.
[Conclusion] Tablets can be used with elderly people to shorten the data input time. The present findings suggested
that tablet surveys could be effective for a large-scale investigation.

Key words: Tablet survey, Paper questionnaire, Elderly
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INTRODUCTION

Questionnaires are used in several clinical arenas'). When paper-based questionnaires are used for a large-scale survey,
it sometimes takes a long time to input scores and data. Online questionnaire surveys and tablet surveys are now being used
more commonly>~7), but elderly people have difficulty in operating online surveys or it is difficult to read surveys on tablets®.
Few studies in the medical field have tried to use a tablet app for elderly people. Therefore, this study aimed to develop a
tablet app that emulates paper questionnaires used in clinical care, and to verify the difference between the utility of tablet
survey methods and paper questionnaire methods with elderly people.

SUBJECTS AND METHODS

A tablet app was developed in the Java language. The researchers held several meetings and preliminary experiments with
research collaborators and completed the final version of the tablet app. The built-in survey items included a basic health
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check list for those over 65 years old, as well as items related to frailty, 15 items of the Geriatric Depression Scale, nutrition,
and disease history. By starting the app, users can select the assessment items following each question. After responding to
the selected assessment items, CSV data can be output onto the desktop screen automatically. The tablet used for the survey
was 10.1-type Lenovo MIX3. The letter size displayed on the screen ranged from 8§ mm to 20 mm.

Subsequently, a survey was conducted to verify tablet app operability. A questionnaire was provided to 30 community-
dwelling elderly people living in Ohota-ku, Tokyo prefecture, Japan. It comprised a basic health check list for those over
65 years old and items related to frailty. The subjects were randomly allocated to the group responding on the tablet (tablet
group) or that responding to a paper-based questionnaire (questionnaire group), and one assessor was assigned to each group.
Subjects’ characteristics have been shown in Table 1. There were no differences in scores on the Japanese version of Montreal
Cognitive Assessment (MoCA-J) scores, which is a cognitive function test, and the basic check list score between the two
groups. All subjects provided written informed consent, and this study was approved by Tokyo University of Technology
of Health Sciences Ethical Review Board (Authorization Number: E15HS-025). Informed consent was obtained from all
participants.

Assessed items included response time to questions by subjects, whether or not they had queries regarding the survey,
number of queries, and data input time taken by one assessor. The survey was completed by three participants at a time, and
three separate tablets were used for the tablet group. In this study, data input time was defined as the time taken until the data
could be statistically analyzed. For the tablet group, the hours were measured until the data on the tablet were compiled onto
an Excel sheet from three tablets. For the questionnaire group, the hours were measured until the data were input to the Excel
sheet. The assessors were not provided any explanation regarding this study. Instead, the following instruction was provided:
“Please input data as quickly as possible.”

In addition, for the tablet group, a questionnaire survey was conducted regarding the operability of the tablet. In order
to investigate the visibility of the screen and simplicity of data input, six items on the following aspects were rated on a
five-point Likert scale: 1) size of the screen, 2) size of the letters, 3) color of the letters, 4) operability of the touch panel, 5)
whether tablet survey was more bothersome than a paper survey, and 6) whether it took more time to respond to the survey
using the tablet as compared to a paper-based survey.

An independent t-test was used to compare intergroup age, height, weight, MoCA-J, the basic check list, items related to
frailty, number of taking medicine, response time, and number of queries. A y? tests was used to compare male-female ratio,
family configuration, and whether or not they had queries regarding the survey. All analyses were conducted using the SPSS
statistical package for Windows, version 21.0. P values of <0.05 were considered statistically significant.

RESULTS

The results of each assessed item have been shown in Table 2. There was no difference in response time between the two
groups. Significantly more people in the tablet group had queries regarding the survey. Data input time was 426 seconds
for the tablet group and 1,268 seconds for the questionnaire group. In the survey regarding tablet operability, there were no
negative opinions about the visibility of the screen. However, two people thought that the tablet was more bothersome as
compared with paper-based questionnaires.

DISCUSSION

Since the subjects of this study showed scores lower than 26 points on the MoCA-J (which is the cut-off for this scale)”,
the respondents may have included a subject or subjects who had mild cognitive impairment (MCI). There was no difference
in response time between the two groups in the basic check list score and in items related to frailty. Therefore, it can be
presumed that two groups had a similar attribute.

For both groups, the data input time for the 15 respondents was measured. However, the input time for the tablet group
was 1/3 of the time required for the questionnaire group. In future, when a large-scale survey is conducted, the use of tablets
may be an effective way to alleviate the burden of the researchers.

In general, since elderly people have different abilities related to digital devices as compared with younger people, it is
expected that they may not know what to do when they see the display on the screen®. There was no negative opinion regard-
ing the visibility of the screen in this study, but some people consider the use of a tablet more bothersome as compared with
paper questionnaires, and more people in the tablet group had queries about the survey. Specifically, their queries were related
to operation procedures, for instance, “Is it okay to press this display screen?” or “Is this the next operation?”. Accordingly,
the operation methods of the tablets need to be fully explained in advance when conducting a survey using tablets with
elderly people. If the method of operating tablets is demonstrated before conducting a survey, tablets can be used with elderly
people to shorten the data input time for a large-scale investigation. A previous study has showed that information collected
via a computer is valid as compared to paper-pencil surveys'?. Thus, the present findings suggested that tablet surveys could
be effective for a large-scale investigation.
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Table 1. Subject characteristics for the tablet group and questionnaire group

Tablet group (n=15) Questionnaire group (n=15)

Age, yrs (range) 72.2 +4.9 (66-81) 72.7 £ 4.4 (68-80)
Male, n (%) 2 (13) 5(33)
Height, cm 154.5+10.7 155.8 £ 8.0
Weight, kg 52.0+9.3 53.7+12.3
MoCA-J, point 235+4.5 256+2.9

The basic check list, point 2.5+£2.2 2.8+1.9
Items related to frailty, point 1.1+14 I.1+1.3
Number of taking medicine 1.5+2.4 20+£22
Family configuration (single life, two people living, others), n 3,4,8 4,8,3

Mean + standard deviation. MoCA-J: Japanese version of Montreal Cognitive Assessment; The basic check list: the basic
health check list for those over 65years old.

Table 2. The results of assessed item for the tablet group and questionnaire group

Tablet group Questionnaire group
Response time to questions by subjects, sec (range) 155.2 £41.7 (88-221) 144.4+42.7 (78-221)
Whether or not they had queries regarding the survey (presence, absence) 13,2 3,12%
Number of queries (range) 1.7+ 1.4 (0-4) 0.2+0.4 (0-1)*
Data input time by the assessor, sec 426 1,268
Size of the screen (very agreed, agreed, neither, disagreed, very disagreed) , n 4,10,1,0,0 -
Size of the letters (very agreed, agreed, neither, disagreed, very disagreed) , n 59,0,1,0 -
Color of the letters (very agreed, agreed, neither, disagreed, very disagreed) , n 7,8,0,0,0 -
Operability of the touch panel (very agreed, agreed, neither, disagreed, 5.6.3.0.0 i
very disagreed) , n T
Whether tablet survey was more bothersome than a paper survey (very agreed, 0.2.6.3.4 i
agreed, neither, disagreed, very disagreed) , n T
Whether it took more time to respond to the survey using the tablet as compared to 0.0.4.7.4 i

a paper-based survey (very agreed, agreed, neither, disagreed, very disagreed) , n

2)

3)

4)

5)

6)

7

8)
9)

10)

Mean + standard deviation. *p<0.05.
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Abstract

Background: Slow walking speed as one indicator of physical frailty has been found to be
associated with deterioration of the health status. Although many reports have shown that
exercise training improves motor function, it is unclear whether a group-based and short-term
health promotion intervention will improve motor function in older adults.

Aims: This study aimed to examine the effectiveness of a short-term health promotion
intervention on motor function in community-dwelling older adults.

Methods: A 6-month middle-term and moderate-intensity program (MTMIP) and a 6-week
short-term high-intensity program (STHIP) were conducted. There were 28 and 29 subjects
selected for the MTMIP and STHIP, respectively. The difference in motor function test
outcomes was compared by assessment of comfortable walking speed, maximal walking
speed, a sit-to-stand test (STS), and a timed up-and-go test (TUG).

Results: Comfortable walking speed, maximum walking speed, STS and TUG were
significantly improved at end of the program in the STHIP group (p=0.02, p=0.03, p<0.001
and p=0.002). Multiple regression analysis revealed that implementation of STHIP had a
significant effect on end-of-program comfortable walking speed (=0.19, p=0.006, 95% CI;
0.06 to 0.32).

Discussion: It was assumed that the training content of the STHIP, with its emphasis on high
intensity and physical performance, was the main factor in improved walking speed.
Conclusions: Our results demonstrated the effectiveness of STHIP on motor function. These
findings could help support development of more effective intervention methods in
community-dwelling older adults.

Keywords: health promotion intervention, high-intensity, short-term, exercise, walking speed,
older adults



Introduction

As the mean age of the world’s population increases, the number of physically frail older
adults has also increased [1, 2]. In Japan, 11.3 % of older adults suffer from physical frailty
[3]. Physical frailty, particularly a reduction in motor functions such as walking speed and
muscular strength, has been found to be strongly associated with deterioration of the health
status in older adults [4-7]. Therefore, there is a need for an effective method that can prevent
the deterioration of motor function, or even improve motor functioning, in older adult
populations.

Randomized controlled trials have shown that exercise in the community and at home
improves motor function in older adults [8-11]. In recent years, health promotion programs
that involve the provision of periodic group exercise to multiple participants, as well as
exercise information for self-practice at home, have been widely adopted as one method of
exercise intervention for older adults. These health promotion programs are reported to be
effective in improving motor function and preventing falls in older adults, and are cost-
effective as well. The reported intervention periods range from medium- to long-term periods
of 15 weeks to 18 months [12-17]. From the perspective of medical economics, in order to
obtain improvements in motor function, a shorter intervention period is thought to be
desirable based on the continuation rate of exercise. Of note, improvements in muscular
strength, walking speed, stair-climbing power, and cross-sectional thigh-muscle area were
observed following individually supervised 10-week high-intensity resistance training
completed in a randomized controlled trial that verified the effects of short-term exercise [18].
Although the effectiveness of individually performed exercise interventions has been
reported, it remains unclear whether a group-based intervention as a short-term health
promotion program would also improve motor function in older adults.

Consequently, the purpose of this study was to examine the effectiveness of the short-
term health promotion intervention by comparing the effects of two exercise programs with

different implementation durations on motor function in community-dwelling older adults.

Methods

Subjects

Study subjects were community-dwelling older adults living in an urban area in Japan.
Participants were recruited through public postings. To be included in the study, participants
needed to be age 65 years and older and they needed to have the ability to commute to the venue
independently. Participants were excluded if they had a history of orthopaedic diseases
accompanied by strong pain, respiratory diseases, cardiovascular diseases, diabetes mellitus, or
central nervous system diseases such as stroke and Parkinson’s disease. The purpose of the
research was fully explained to all research participants and written informed consent was
obtained. The study protocol was in accordance with the guidelines of the Declaration of

Helsinki and was implemented with the approval of the Ethics Committee of Tokyo University



of Technology (approval number: E1SHS - 025).

Study protocol

The research protocol was a prospective cohort study, and two different programs were
conducted over two periods of time (Fig. 1). The first program took place over nine sessions
for a period of six months from April to September 2016 and was termed the middle-term and
moderate-intensity program (MTMIP). The second program was conducted in six sessions
over a period of six weeks from June to July 2017 and was termed the short-term and high-
intensity program (STHIP). Both programs measured motor function at two points: the start
and end of the program.

Health promotion program

Each session consisted of a one-hour lecture and 30 minutes of exercise. The lectures
consisted of necessary information for the promotion of health and information on physical
frailty (physical activity, cardiorespiratory fitness, walking speed, muscular strength), social
frailty, cognitive function, nutrition, and basic life support. The guided exercise program was
conducted after each lecture and all participants exercised at the site of the lecture.

Because the intervention period for STHIP was short, exercise was set to high
intensity with an emphasis on physical performance to maximize the effect of exercise [19,
20]. STHIP exercise consisted of resistance training using a grasping motion, balance training,
step training, and sit-to-stand movements. MTMIP exercise was based on static stretching of
the triceps surae muscle, quadriceps femoris muscle, hamstrings, and upper limbs/shoulder
girdles, resistance training using tubes to focus on the deltoid muscles, major pectoralis
muscle, latissimus dorsi muscles, biceps brachii muscle, grasping actions, and squats, balance
training, and step training.

The Borg scale [21, 22], widely used during prescribed exercise as an indicator of
exercise intensity, was implemented in the current study. The scale indicated that the target
intensity of exercise for MTMIP was moderate in intensity (11 to 13), and the intensity of
STHIP was high in intensity (12 to 16). Participants in both programs were instructed to
perform the exercise regimen at home once per day. Continuation of the exercise at home was
confirmed by submission of a recording sheet at each lecture. The intervention participation
rate was calculated as the number of sessions prescribed divided by the number of completed
sessions, and was expressed as percentage for each participant.

Motor function

In the evaluation of motor function, 5 m of walking at both a comfortable speed and maximal
speed [23] were used as the main outcomes. The sit-to-stand (STS) test [24], and the timed
up-and-go (TUG) test [25] were used as secondary outcomes. These measures were conducted
in a situation in which the evaluator was blinded to the study group of the participant.

In the 5-m walking trials, a 2-m runway was set up as an acceleration phase for
stabilizing walking speed on which the subject was instructed to walk 5 m, first at a

comfortable pace and then at a pace of maximal effort. The time taken to walk the 5 m was



measured twice for both the comfortable and the maximum paces. The walking speed was
calculated as Walking speed (m/s) = 5 (m) / time taken for participants to walk 5 m (s), and
the faster value of the two trials was used for analysis. In the STS, the subject was instructed
to rise to a standing position from a chair with a seat height of 40 cm. Subjects stood up five
times in a row as quickly as possible with their arms crossed in front of their chest. The time
from the first sitting posture to the fifth standing posture was measured for two trials using a
stopwatch, and the fastest value from the trials was used in the analysis. In TUG, the subject
stood from a chair with a 40-cm seat height with no armrests, walked at a safe maximal effort
for a distance of 3 m, turned and returned to the chair, and resumed their original seated
position. The time from the initiation of body movement to when the subject’s buttocks
touched the chair seat was measured across two trials, and the faster value was used for the
analysis.

Statistical analysis

Subjects were allocated to one of two groups: MTMIP or STHIP. For both groups, data
represented by continuous variables were expressed as the mean value and standard deviation,
while categorical data were expressed as number of people and proportion. At the start of the
program, a chi-square test for gender comparison between groups and an unpaired t-test for
inter-group comparison of age, height, body weight, and body mass index were conducted.

A two-way analysis of variance for repeated measures (group vs. time courses) and
post-hoc test were used to analyse changes in motor function before and after each
intervention. Furthermore, multiple regression analysis was performed to examine the
influence of the health promotion intervention on changes in motor function (comfortable
walking speed, maximal walking speed, STS, and TUG) with adjustment for confounders. To
avoid overfitting, potential confounding variables (age, gender, body mass index, and motor
function at start of the program) were reduced to one composite characteristic by applying a
propensity score [26]. In a multiple regression analysis, the dependent variable was each
motor function at the end of the program and the independent variables were the difference of
health promotion program and each propensity score. The Statistical Package for the Social
Sciences (SPSS version 21.0; SPSS Inc, Chicago, IL, USA) was used for analysis, and the

statistical significance level was set to a p value less than 0.05.

Results

A flow chart of the study subjects is shown in Fig. 2. A total of 35 people were recruited to the
MTMIP group, but 6 people were unable to participate due to scheduling conflicts, resulting in
the study being started with 29 participants attending classes. It became difficult for one
individual to continue attendance due to medical concerns, so only 28 participants completed
the research protocol. There were 37 individuals recruited to the STHIP group, but due to
scheduling conflicts in the case of seven people, the study was started with 30 individuals

attending classes. The study protocol was completed by 29 people, as one subject was unable



to continue due to unfavourable medical/physical conditions. The average participation rate was
100% and 98.9% in MTMIP and STHIP groups, respectively.

The characteristics of the MTMIP and STHIP groups at the start of the program are
shown in Table 1. There were no significant differences in characteristics between the two
groups.

Changes in the motor functions in the MTMIP and STHIP groups are reported in Table
2. The comfortable and maximum walking speeds significantly increased at the end of the
program as compared with the start of the program for those in the STHIP group (p=0.02 and
p=0.03, respectively), while no significant changes were seen for individuals in the MTMIP
group (p=0.051 and p=0.65, respectively). The time taken for the STS and TUG significantly
decreased at end of the program as compared to the start of the program in the MTMIP group
(»<0.001 and p<0.001, respectively) and STHIP group (p<0.001 and p=0.002, respectively).
At start of the program, the comfortable walking speed of the STHIP group was significantly
higher than that of the MTMIP group (p<0.001), and the time taken for the STS test in the
STHIP group was significantly lower than that in the MTMIP group (p<0.001).

Table 3 shows the results of multiple regression analysis with end-of-program motor
function as the dependent variable. A significant difference was observed in end-of-program
comfortable walking speed ($=0.19, p=0.006, 95% CI; 0.06 to 0.32) after the implementation
of the short-term health promotion program. However, the health promotion programs had no
significant effect on the end-of-program maximum walking speed (=0.10, p=0.27, 95 % CI: -
0.08 to 0.28), STS (B=0.14, p=0.87, 95 % CI: -1.6 to 1.8) or TUG (B=-0.06, p=0.83, 95 % CI: -
0.60 to 0.48).

Discussion

In this study, in order to examine the effects of a group-based short-term health promotion
program on motor function in community-dwelling older adults, we compared changes in
motor function following exposure to either a 6-week STHIP or a 6-month MTMIP. Those in
the STHIP group experienced significant improvement in comfortable and maximum walking
speeds, STS, and TUG. Moreover, the results of multiple regression analysis, adjusting for
confounders including motor function at the start of the program, indicated that STHIP,
compared to MTMIP, was a significant factor in the high end-of-program values for
comfortable walking speed. Therefore, the results also illustrate the effectiveness of STHIP
for the improvement in walking speed.

Many previous studies show that exercise in older adults is effective for improving
motor function and for preventing falls [27, 28]. However, because there are various
intervention periods and a standard period is not defined, the shortest period of exercise
necessary to significantly improve motor function in older adults is unclear. Despite being
only a short-term exercise program of six weeks, the STHIP conducted in this study produced

significant improvements in walking speed when compared to the 6-month MTMIP. In the



meta-analysis verifying the effect of exercise training on walking speed in older adults, high-
intensity exercise therapy was found to improve comfortable walking speed whereas low-
intensity or moderate-intensity exercise training had no effect [19]. Furthermore, it has been
reported that a high-intensity exercise program that incorporates daily activities and
performance into the program is effective in improving balance, lower limb muscular
strength, and walking speed in older adults [20]. It appears that, despite the short period of
implementation, the training content of this study, with its emphasis on intense strength and
physical performance, was the main factor that led to improved walking speed. Additionally,
it appears that the weekly exercise classes in the case of STHIP, as compared to biweekly
classes for MTMIP, enabled better adaptation to exercise intensity and was a more appropriate
time interval to allow participants to build a routine.

In STHIP group, comfortable walking speed was increased by 0.11 m/s by the end of
the intervention. Moreover, a multivariate analysis showed that when the exercise was part of
an STHIP, the comfortable walking speed at the end of the program was 0.19 m/s higher than
that of the MTMIP. A clinically meaningful difference of 0.10 m/s has been reported in
comfortable walking speed in older adults [29]. Furthermore, in a study that examined the
change in walking speed and its influence on health status, older adults who increased
comfortable walking speed by 0.10 m/s or more one year after the baseline had better health
status compared with those who did not [30]. Thus, the change in walking speed induced by
the STHIP is an improvement effect with clinical significance, suggesting that an STHIP is
suitable as a program to promote health in older adults.

There are a number of limitations in this study. First, because the study design is not a
randomized controlled trial, selection bias was generated and the characteristics of the
subjects of the MTMIP and STHIP groups were different. When considering the effect of
health promotion on motor function, it is assumed that although confounding factors were
adjusted for using multivariate analysis, there is a possibility that some factors were not
adjusted sufficiently. Second, individuals with orthopaedic diseases and central nervous
disorders accompanied by strong pain were excluded from the study, and only persons who
were able to attend meetings were targeted as subjects. Consequently, it is possible that study
participants were already highly interested in their own health, and that many older adults
with good existing motor function were present. Further investigations are required to
determine the applicability in patients starting the program with low baseline motor function.
Third, motor function changes in this study were measured only at two points in time: the
start and end of the program. In the future, it is necessary to measure motor function changes
at a later point after all programs have been completed in order to determine whether any
long-term effects of the program are present. Finally, because walking speed, used as the main
outcome in this study, is only one among several physical frailties, the data are insufficient to
prove whether the STHIP reduces physical frailty in older adults. Further studies are needed
to investigate whether the STHIP is effective for other indicators of physical frailty such as



weight loss, muscle weakness, poor endurance, and low physical activity [4], or even for
psychological frailty.

Although the study had limitations, the results of the study are thought to be of clinical
significance. The program’s success in demonstrating the prevention of reduction in motor
function in older adults is indicative of the program’s usefulness as an exercise program for
older adults.

Conclusions
Our results demonstrated that the STHIP could improve the motor function mainly on the
outcome of walking speed. These findings could be helpful for developing health promotion

interventions in community-dwelling older adults.
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Fig. 2 Flow chart of the study subjects



Table 1 Characteristics at start of the program
MTMIP group STHIP group

(n = 28) (n = 29) p value
Gender (female, %) 18 (64.3) 22 (75.9) 0.34
Age (years) 72.8 £ 6.4 722 £ 45 0.68
Height (cm) 156.7 + 8.3 155.2 + 9.4 0.53
Weight (kg) 53.3 + 9.8 53.1 + 10.9 0.94
Body mass index (kg/mz) 216 £ 2.7 220 £ 34 0.62

MTMIP, middle-term and moderate-intensity program; STHIP, short-term and
high-intensity program.

Table 2 Changes in the motor functions in the MTMIP and STHIP groups

MTMIP group (n = 28) STHIP group (n =29)
Start of End of Start of End of
p value p value
the program the program the program the program
CWS (m/s) 122 + 024 @ 129 £ 022 ® 0.051 150 + 0.21 161 + 0.22 0.02
MWS (m/s)  2.02 £ 0.32 2.04 = 0.35 0.65 2.03 £ 0.31 212 £ 0.33 0.03
STS (s) 832 +241 ¢ 630 £ 3.72 <0.001 6.25 £ 1.0 503 + 1.0 <0.001
TUG (s) 6.34 £ 1.99 565 + 1.42 <0.001 572 + 0.82 527 + 0.56 0.002

CWS, comfortable walking speed; MTMIP, middle-term and moderate-intensity program; MWS, maximum
walking speed; STHIP, short-term and high-intensity program; STS, sit-to-stand test; TUG, timed up-and-go
test.

#p<0.001 vs. CWS at start of the program in the STHIP group
®p<0.001 vs. CWS at end of the program in the STHIP group
©p<0.001 vs. STS at start of the program in the STHIP group



Table 3 Results of multiple regression analysis for motor functions

Unstandardized . Standardized
) ) 95% confidence )
Variables regression interval regression p value
coefficient (B) coefficient
CWS at end of the program
Intercept 1.2
Program
MTMIP reference
STHIP 0.19 0.06 — 0.32 0.35 0.006
Propensity score 0.39 0.16 — 0.62 0.42 0.001
MWS at end of the program
Intercept 2.3
Program
MTMIP reference
STHIP 0.10 -0.08 — 0.28 0.15 0.27
Propensity score -0.54 -1.7 — 0.59 -0.13 0.34
STS at end of the program
Intercept 1.7
Program
MTMIP reference
STHIP 0.14 -16 — 1.8 0.03 0.87
Propensity score -4.1 -7.1 — -1.2 -0.43 0.007
TUG at end of the program
Intercept 7.1
Program
MTMIP reference
STHIP -0.06 -0.60 — 0.48 -0.03 0.83
Propensity score -3.1 -48 — -14 -0.47 <0.001

CWS, comfortable walking speed; MTMIP, middle-term and moderate-intensity program; MWS,
maximum walking speed; STHIP, short-term and high-intensity program; STS, sit-to-stand test;

TUG, timed up-and-go test.

Adjusted by applying a propensity score, which is a probability of choosing each health program

given by other characteristic factors.
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