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Abstract

Background: Older individuals have been shown to present muscle atrophy in conjunction with increased fat
fraction in some muscles. The proportion of fat and connective tissue within the skeletal muscle can be estimated
from axial B-mode ultrasound images using echo intensity (El). El was used to calculate the index of muscle quality.
Walking, home-based weight-bearing resistance training, and its combinations are considered simple, easy, and
practical exercise interventions for older adults. The purpose of this study was to quantify the effects of walking and
walking with home-based resistance training on muscle quality of older individuals.

Methods: Thirty-one participants performed walking training only (W-group; 72 + 5 years) and 33 participants
performed walking and home-based resistance training (WR-group; 73 + 6 years). This study was a non-randomized
controlled trial with no control group. All participants were instructed to walk 2 or 3 sets per week for 10 weeks (one
set: 30-min continuous walking). In addition, the WR-group performed home-based weight-bearing resistance training.
El was measured as a muscle quality index using axial B-mode ultrasound images of the rectus femoris and vastus
lateralis of the mid-thigh. We further averaged these parameters to obtain the El of the quadriceps femoris (QF).
Participants further performed five functional tests: sit-ups, supine up, sit-to-stand, 5-m maximal walk, and 6-min walk.

Results: QOF El was significantly decreased in both groups after training (W-group 69.9 + 74 a.u. to 61.7 + 70 a.u, WR-
group 64.0+95a.u.to 51.1 £ 100a.u, P < 0.05), suggesting improved muscle quality. QF El was further decreased in
the WR-group compared with the W-group. The sit-up test in both groups and the sit-to-stand and 5-m maximal walk
tests in the W-group were significantly improved after training.

Conclusion: These results suggest that training-induced stimulation is associated with a decrease in El in some thigh
regions. Furthermore, the addition of home-based resistance training to walking would be effective for a greater
reduction of El.
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Background

Skeletal muscle mass and function decline with age, and
this age-related deterioration of skeletal muscle is known
as sarcopenia [1]. As a result of aging and the progres-
sion of sarcopenia, adipose tissue infiltrates the skeletal
muscle. Increased fat infiltration within the muscle, i.e.,
increased intramuscular fat (IMF) content, which can be
assessed by computed tomography (CT) and magnetic
resonance imaging (MRI), is considered to reflect worse
muscle quality [2—4]. Aging-related physical and meta-
bolic impairments have been commonly investigated in
many previous studies [5, 6]; however, little attention
has been paid to the role that IMF may play in these
processes. Further, excessive IMF was found to be re-
lated to lower maximum strength, lower gait ability, and
insulin resistance [7-9]. These findings imply that worse
muscle quality may cause difficulty in living independ-
ently as well as metabolic syndrome. Thus, practical and
effective methods of improving muscle quality as well as
decreasing IMF in older individuals are needed.

Exercise interventions utilizing endurance and resistance
training protocols based on maximal oxygen consumption
and one-repetition maximum, respectively, have been re-
ported to induce significant muscle hypertrophy and im-
provements in cardiovascular function that enhance overall
physical function in older adults [10, 11]. Besides these in-
terventions, there are few attempts at determining whether
physical training reduces the IMF content in middle-aged
and older individuals [12]. Walking and home-based
weight-bearing resistance training have been proposed as
simple, easy, and practical exercise interventions for older
adults. Walking in particular has been shown to effectively
improve physical function [10, 13] and insulin responsive-
ness [14] and to reduce abdominal fat [15]. Previously, Ryan
et al. [16] evaluated the effects of walking combined with
diet restriction on IMF cross-sectional area in older obese
women using CT. They showed a decrease in IMF
cross-sectional area after 6 months of the intervention.
Thus, in this study, we hypothesize that an increase in
physical activity (i.e., walking) would also improve muscle
quality; however, the effects of walking training in older in-
dividuals on muscle quality are not well understood.

A combination of traditional endurance and resistance
training has also been shown to improve muscle quality in
older individuals. Wilhelm et al. [17] showed that concur-
rent strength and endurance training increased muscle
thickness and decreased ultrasound echo intensity (EI),
which reflects IMF and/or connective tissue content.
Higher skeletal muscle EI is associated with lower muscle
quality [18, 19]. Previous studies have shown that a statisti-
cally significant correlation exists between muscle EI and
adipose tissue level in a muscle biopsy sample [20]. Further-
more, connective and fibrous tissue also reflect muscle EI
[21, 22]. Akima et al. [23] showed significant correlation

(2018) 15:13

Page 2 of 10

between EI and extramyocellular lipid levels determined by
'H magnetic resonance spectroscopy (MRS) and IMF con-
tent measured using MRI. Therefore, EI can potentially re-
flect the lipid content around muscle cells; however, it
should be paid a little attention to including connective and
fibrous tissue as well. These observations suggest that com-
bined training can improve muscle quality by reducing the
IMF content. Additionally, in a cross-sectional study,
Akima et al. [3] found that IMF content measured by MRI
was related to muscle size (r=-0.67 to —0.59, P<0.05),
suggesting that individuals with larger muscles have less
IME. Considering the results of these two studies, it appears
that an increase in muscle size is the key to IMF reduction
and that a combination of walking and resistance training
would effectively reduce IMF; however, this has not been
proven. Home-based weight-bearing resistance training is
currently being recommended for sarcopenic individuals
because this type of training has been shown to improve
not only strength and functional ability but also muscle size
[13, 24, 25]. Accordingly, we hypothesize that the combin-
ation of walking and home-based weight-bearing resistance
training may decrease IMF and eventually improve muscle
quality, more than walking training alone. The purpose of
this study was to compare the effects of walking alone and
walking combined with home-based weight-bearing resist-
ance training on the muscle quality of the thigh muscles of
older individuals.

Methods

Experimental design and procedure

This study was carried out as part of health promotion
classes for volunteers at Nagoya City from 2014 to 2015.
All participants learned about this class through a public
relations magazine or website, and they applied to partici-
pate in the class on their own accord. The class consisted
of an introductory session (1st week), measurement ses-
sions (2nd and 12th week), lectures on health promotion
(4th, 6th, 8th, and 10th week), and presentation of the
measurement results (13th week). Therefore, we met the
participants at least once every 2 weeks during the class.
At the first visit, we introduced the purpose and signifi-
cance of the study to the participants and explained the
entire experimental protocol and specific training proce-
dures and measurement techniques.

All participants gave their written informed consent before
study  participation. ~ Participants ~ were  assigned
non-randomly to two exercise groups (i.e., walking alone or
walking combined with resistance training) and performed
the prescribed exercises at home for 10 weeks; they recorded
their training on customized recording sheets. This study
was designed as a non-randomized controlled trial to unify
the training condition within the class. Practical consider-
ations required that all participants in each class perform the
same exercise; therefore, participants were assigned to the
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walking group (W-group) during the first year (2014) and to
the walking combined with resistance training group
(WR-group) during the second year (2015). Nobody
attended the class during both the first and second years.
During the study period, the participants were instructed to
avoid changes in diet and in their recreational physical activ-
ities (e.g., walking, jogging, and stretching). Before and after
the training intervention, the participants underwent skeletal
muscle ultrasonography and physical function testing in our
laboratory.

Participants

The participant inclusion criteria were as follows: 1) re-
sided in Nagoya City, 2) aged 65 years or older, 3) did not
have any conditions requiring exercise restriction (e.g.,
cardiac disease, respiratory disease, hypertension, ortho-
pedic conditions), 4) were able to perform activities of
daily living (ADL) independently, and 5) were not cur-
rently involved in exercise training. Questionnaires and in-
terviews during the first classroom session were used to
determine pre-existing conditions and the ability to per-
form ADL, and no participants were excluded based on
these issues. Seventy-nine healthy older men and women
were eligible to participate in this study. Fifteen partici-
pants failed to complete either the 10-week intervention
or the follow-up examination; however, none of these par-
ticipants dropped out because of injury or illness. Of the
64 participants who completed the study, 31 were
assigned to the W-group (16 men and 15 women; age 72
+ 5 years, height 159 + 8 cm, weight 56 + 10 kg, BMI 22 +
3kg/m?) and 33 were assigned to the WR-group (12 men
and 21 women, age 73 * 6 years, height 156 + 7 cm, weight
53 +7 kg, BMI 22 + 2 kg/m®). Before the experiment, the
purpose, procedures, and risks associated with this study
were explained to each participant, and written informed
consent was obtained from all participants. All examin-
ation protocols were approved by the Institutional Review
Board of the Research Center for Health, Physical Fitness
and Sports at Nagoya University (approval numbers: 26—
13, 27-9) and conducted in accordance with the ethical
principles stated in the Declaration of Helsinki.

Training program

The walking program performed by W- and WR-group
participants consisted of more than two sets per week.
One set included at least 30 min of continuous walking
without rest. Furthermore, participants were asked to try
to achieve an average of 10,000 steps per day (i.e., total of
70,000 steps per week). If the daily steps of the participants
exceeded 10,000 steps without the walking intervention,
we instructed them to add the opportunity for walking
more than two sets per week. In this case, they would not
worry about the target step numbers. Each participant was
instructed to walk at his/her usual speed. The participants
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wore a pedometer (PD-635, TANITA, Tokyo, Japan) at-
tached to the anterior midline of their waist while perform-
ing their ADL every day during the 10-week training
period from the time they got up in the morning until they
went to bed at night. The reliability of this type of pedom-
eter has been well established, and these pedometers are
widely used to measure step counts [26, 27].

The WR-group performed resistance training at least
three times per week during the 10-week training period.
We used an original home-based resistance training pro-
gram developed by the Japan Health Promotion & Fitness
Foundation. This program can be performed at home and
does not require any specialized exercise equipment. The
participants were instructed on the correct exercise tech-
niques during the first classroom session and were then
able to perform the training at home while watching the
DVD, which included a performance model with music
and explanation of key points of the exercise. The training
regimen consisted of five exercises: chair stands, hip flex-
ions, calf raises, lateral leg raises, and sit-ups. Chair stands
consisted of repeatedly standing and sitting on a chair. Hip
flexions consisted of alternate elevations of each knee until
the hip joint was flexed at a 90° angle. Calf raises consisted
of alternating plantar flexion and dorsiflexion while stand-
ing. Lateral leg raises consisted of adduction of each leg to
approximately 30° from the vertical while standing. Sit-ups
were performed from a supine position, with the knees bent
at approximately 80° and arms crossed in front of the chest.
Hip flexions, calf raises, and lateral leg raises were per-
formed in a standing position while holding a chair to sup-
port the body. Participants repeated 45 repetitions of each
exercise to the music on the DVD and were told to perform
these exercises while singing to the lyrics to avoid holding
their breath. It was estimated that the participants would
complete one series in approximately 30 min. Between each
exercise, the participants were required to take a 30-s break.
We instructed the participants to keep training logs using
the customized recording sheets that we provided. We also
required participants to record their physical condition,
number of steps/day, type and frequency of physical activ-
ities, and special events in their daily life. We checked that
the participants were properly completing the training tasks
by interview once every 2 weeks.

Ultrasound measurements

Subcutaneous fat thickness, muscle thickness, and EI of the
mid-thigh were measured by ultrasonography, as in our
previous study [19, 28, 29]. Ultrasonography was per-
formed after 15 min rest in order to avoid the influence by
the body fluid shifts induced by muscle contraction [30]. Par-
ticipants laid down on an examination bed in a supine pos-
ition, with their knee joints fully extended. We measured the
anterior and lateral parts of the right thigh corresponding to
the midpoint between the greater trochanter and lateral
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condyle. A real-time B-mode ultrasonography device
(LOGIQ e, GE Healthcare, Duluth, GA, USA) with a 3.8-cm,
8-10 MHz linear array probe was used to obtain images
(Fig. 1) with the following acquisition parameters: frequency
10 MHz, gain 70 dB, depth 4.0 to 6.0 cm, focus point 1 (top
of the image). The depth was determined depending on each
participant, generally up to 6.0 cm, and was set at the same
level before and after the training period. A water-soluble gel
was applied to the scanning head of the probe to achieve
acoustic coupling, and extra care was taken to avoid deform-
ation of the muscle architecture. Three frozen axial images
of each section were stored in the DICOM format and trans-
ferred to a personal computer. Image] software (National In-
stitute of Health, Bethesda, MD, USA, version 1.46) was
used for analysis. The thickness of subcutaneous fat was
identified as the distance between the dermis and upper
boundary of the ventral fascia. Muscle thickness (MT) in the
rectus femoris (RF) and vastus lateralis (VL) was defined as
the distance between the superior border of the subcutane-
ous fascia and the deep aponeurosis. In the case of the vastus
intermedius (VI), muscle thickness was defined as the dis-
tance between the inferior border of the superficial aponeur-
osis and the superior border of the femur. The subcutaneous
fat thickness (SFT QF) and muscle thickness (MT QF) of
the quadriceps femoris (QF) were calculated using the fol-
lowing equations:

SFT QF = (anterior subcutaneous fat thickness

+lateral subcutaneous fat thickness) /2

MT QF = (thickness of RF + thickness of anterior VI
+thickness of VL + thickness of lateral VI)/4

EI was assessed at the gray scale level, which was
expressed in arbitrary units (a.u.), using Image] software.

(2018) 15:13

Page 4 of 10

A rectangular region of interest as large as possible was
established, excluding the visible fascia and bone in RF
from the anterior image and VL from the lateral image.
The mean EI inside the region of interest in RF (EI RF)
and VL (EI VL) was calculated for each image, and the
mean EI from three images for each muscle was used for
future analyses. We calculated EI QF using the following
equation:

EI QF = (EIRF + EI VL)/2

The reliability of this methodology was established by
Caresio et al. [31], which supported the reliability of our
method. We further calculated the interclass correlation co-
efficient (ICC, 2.1), the standard error of the measurement
(SEM), and minimal detectable change (MDC) of EI for 20
randomly selected participants. The ICC was 0.99 for RF
and 0.96 for VL (all P<0.01), SEM was 0.73 for RF and
1.86 for VL, and MDC was 7.77 for VL and 8.34 for VL.

Physical functional tests

The participants performed five functional tests (ie.,
sit-ups, supine up, sit-to-stand, 5-m maximal walking
and 6-min walk) in a gymnasium. These functional tests
were chosen because they have been used in many previ-
ous studies as the index of lower limb strength, and the
findings of several studies have shown that EI is associ-
ated with basic functional capacity and agility [28, 29,
32]. For the sit-up test, the participants lay in a supine
position with their knees bent at approximately 80° and
their feet flat on the floor. The participants performed as
many sit-ups as possible for 30 s with their arms crossed
in front of their chest. The examiner held the ankle
joints of the participants during the test. The supine up
test consisted of measuring the time it took for the par-
ticipant to go from the supine to standing position as

Fig. 1 Representative ultrasound images of the anterior (a) and lateral (b) thighs. SF, subcutaneous fat; RF, rectus femoris; VI, vastus intermedius;
VL, vastus lateralis; F, femur. Black double-headed arrows show subcutaneous fat thickness. White double-headed arrows show muscle thickness.
Scale is 1cm
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fast as possible using whatever form they preferred. The
sit-to-stand test measured the time taken to sit in and
stand up from a chair 10 times as quickly as possible,
with the participant’s arms crossed in front of their
chests. The height of the seat was 40 cm from the floor.
For the 5-m maximal walk test, four parallel lines were
taped on the floor at 1 m, 6 m, and 7 m (finish line) from
the start line (0 m). The participants walked with max-
imal effort from the start line toward the finish line. The
examiner timed between the 1-m and 6-m lines while
walking alongside the participant. The 6-min walk test
consisted of measuring the distance achieved by walking
for 6 min on a 108-m circular course at maximal effort.
Markers were placed along the course every 6 m as land-
marks, and the examiners counted the laps completed.
We verbally encouraged the participants to give their
maximal effort. The sit-up, sit-to-stand, and 6-min walk
tests were conducted once. The supine up and 5-m max-
imal walk tests were conducted twice, and the best re-
sults were used in the analyses. The ICC values (ICC,
2.1) for the physical function tests indicate that their re-
liabilities range from “moderate” to “almost perfect” (su-
pine up, 0.85; sit-to-stand, 0.74; 5-m maximal walk, 0.65;
6-min walk, 0.77; P <0.05). The MDC was 1.15 for su-
pine up, 0.34 for sit-to-stand, 0.21 for 5-m maximal
walk, and 25.92 for 6-m walk. ICC and MDC were mea-
sured in 20 older adults who were recruited from the
same community. They were confirmed to match with
our participants in age and BMI and were instructed to
perform five functional tests two times, following the
same procedure, to confirm test-retest reliability.

Statistical analysis

All values are reported as mean + standard deviation.
Two-way (time x group) analysis of variance with repeated
measures over time was used to compare subcutaneous fat
thickness, muscle thickness, EI, and physical function pa-
rameters. In the case of two-factor interaction of main ef-
fects, the Bonferroni post-hoc test was used to identify
significant differences. An unpaired Student’s t-test was
used to compare the variance in the percent change in sub-
cutaneous fat thickness, muscle thickness, and EI between
groups. Pearson’s product-moment correlation coefficients
were used to determine the associations between the per-
cent changes. The level of significance was set at P < 0.05.
All statistical analyses were performed using IBM SPSS sta-
tistics (version 22.0 J; IBM Japan, Tokyo, Japan).

Results

Both groups achieved the walking frequency target
(W-group: 2.8+ 1.6 times per week, WR-group: 3.0 + 2.0
times per week). The WR-group participants performed
their home-based resistance training series of exercises
with an average of 5.1 +2.8 times per week. Participants
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walked approximately 11,000 steps on their walking train-
ing days (W-group: 11,473 +2683 steps, WR-group:
11,035 £ 2324 steps). The number of steps taken on
non-walking days was significantly lower than that on
training days (W-group: 7969 + 2034 steps, WR-group:
7498 + 2180 steps). The average numbers of steps taken
per day during the 10-week training period were 9117 +
2360 steps for the W-group and 9306 + 2417 steps for the
WR-group; these values were not significantly different.

There were significant time-by-group interactions for
anterior subcutaneous fat thickness, SFT QF, RF thickness,
lateral VI thickness, EI VL, and EI QF (Table 1). The Els
of RE, VL, and QF were significantly decreased relative to
baseline in both groups after the training intervention (P
<0.05). When compared with baseline values, RF thick-
ness significantly increased in the WR-group, whereas the
thicknesses of RF and VI-lateral significantly decreased in
the W-group after training. Lateral and QF SFT were sig-
nificantly decreased in the WR-group after training (P <
0.05). The percent change from baseline in muscle thick-
ness and EI is also shown in Table 1. There were signifi-
cant between-group differences in the percent changes in
RF thickness, anterior VI thickness, and MT QF. There
were also significant between-group differences in the per-
cent changes in EI of the VL and QF.

After the training intervention, participants in both
the W- and WR-groups showed improvement in the
sit-up test. The W-group also showed improvements in
the sit-to-stand and 5-m maximal walk tests after the
intervention (Table 2).

The correlations of the percent changes in EI QF with
SFT QF MT QF and physical function are shown in
Table 3. We calculated the percent change in the sit-up test
using a limited number of participants (W-group, n =22;
WR-group, n =26) because some participants scored zero
at their baseline assessment. The percent change in EI QF
was associated with the percent change in MT QF in both
groups. The percent change in EI QF was associated with
the percent change in the supine up test in the W-group.

Discussion

The main findings of this study were as follows: 1) the EI
of the thigh muscles significantly decreased in both W-
and WR-groups over the study period and 2) changes in
EI VL and EI QF in the WR-group were significantly
greater than those in the W-group, resulting in signifi-
cantly lower post-intervention values, which suggests a
greater improvement of muscle quality in the WR-group
than in the W-group.

According to the American College of Sports Medi-
cine, walking is the recommended endurance exercise
for older adults [33]. Therefore, we selected walking as
the endurance exercise used in this study and monitored
the time the participants spent walking and the number
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Table 1 Echo intensity, subcutaneous fat thickness and muscle thickness for the walking training group (W-group) and walking and
resistance training group (WR-group) in before and after the 10-week training

W-group WR-group
Before After % Change Before After % Change
Echo intensity (a.u.)
Rectus femoris 76.10 + 9.28 67.23 + 797" —11.17 + 875 67.98 + 879" 5796+ 996" ~14.69 + 9.93
Vastus lateralis 63.71 + 7.53 56.18 + 804" —11.60 + 963 60.07 + 12.54 4429+ 11177 —2574 + 1452°
Quadriceps femoris 69.90 + 7.43 61.71 + 704" ~11.50 + 7.26 64.02 + 953" 5112+ 995" ~2022 + 952"
Subcutaneous fat thickness (cm)
Anterior 081 + 022 082 +0.25 149 + 1239 0.74 + 028 073 +0.25 091 + 16.13
Lateral 061 =021 063 + 024 410 + 2136 062 +0.28 052+ 021 ~13.04 + 19.56"
Quadriceps femoris 071 + 021 072+ 023 214+ 1217 068 + 0.27 062 + 023 647 + 1243"
Muscle thickness (cm)
Rsctus femoris 143 + 031 1314027 ~7.18+12.25 138+ 036 146 + 036 797 +18.50"
Vastus intermedius - anterior 139 + 042 124 + 038 —10.20 + 1341 145 + 047 146 + 046 460 + 2568"
Vastus lateralis 163 + 033 157 £ 032 272+ 1768 166 + 038 172 + 041 6.56 + 2533
Vastus intermedius - lateral 114 + 037 102+ 036 -10.09 + 21.97 148 + 040" 1.19+030" -1434 +33.19
Quadriceps femoris 140 + 025 129 + 024 ~7.83+7.70 149 + 033 146 + 032 063 + 1642

Values were shown as mean + SD
* P<0.05 vs. Before. 'P < 0.05 vs. W-Group

of steps taken. We allowed participants to walk at their
own, self-selected pace for several reasons. First, the
positive effects of walking have been previously estab-
lished. Rooks et al. [13] reported that self-paced walking
improved physical function parameters, such as balance
and stair climbing, and Ryan et al. [16] confirmed that
walking reduces IMF. Second, allowing participants to
self-select their walking pace reduces the risk of falls and
stress fractures. A recent cross-sectional study showed
that the risk of falls was greater during both slow and
fast walking than during walking at a normal speed [34].
Furthermore, walking at a non-usual speed (slow or fast)
can induce excessive fatigue, which increases fall risk in
older adults [35]. Therefore, we decided that self-paced
walking exercise provided the best balance between
stimulating muscle quality improvements and the need
for participant safety. The participants took approxi-
mately 7500 to 8000 steps per day on non-walking days

and 11,000 steps per day on walking days, with an over-
all average of approximately 9000 steps per day for both
groups. Previously, the number of steps taken by healthy
and unhealthy older individuals with obesity, peripheral
arterial occlusive disease, and claudication or stroke
ranged from 3500 to 7000 steps per day [26, 36]. It is
speculated that, compared with the subjects of these
studies, some of our participants would be active and
healthy; in fact, they had no serious health problems,
e.g., obesity, endocrine disorder, sarcopenia, and frailty.
Through the walking intervention used in our study, our
participants increased their number of steps per day by
approximately 2500 to 3000 steps; eventually, the overall
daily steps had increased by approximately 1.2- to
1.3-fold compared to those in untrained healthy older
individuals [37]. This might have contributed to the sig-
nificant improvements in their functional parameter test
results after the intervention. This result is supported by

Table 2 Functional performance for the walking training group (W-group) and walking and resistance training group (WR-group) in

before and after the 10-week training

W-group WR-group

Before After Before After
Sit-ups (repetitions) 8+6 11+6 8+4 10+5
Supine up (s) 32+08 34+ 06 28 +£0.7 20+ 10"
Sit-to-stand (s) 139+ 30 119+31 98+ 17" 102+ 217
5-m maximal walk (s) 24+03 23405 22+02" 23402
6-min walk (m) 5926 + 64.9 6204 + 704 617.1 +51.7 6190 + 77.7

Values were shown as mean + SD
* P<0.05 vs. Before. 'P < 0.05 vs. W-Group
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Table 3 Correlation coefficient between the percent change of
quadriceps femoris echo intensity (El QF) and that of
subcutaneous fat, muscle thickness and physical functions

W-group WR-group

CcC P value CcC P value
Subcutaneous fat in QF —-0.09 0.64 -0.12 049
Muscle thickness in QF -046 0.01 -0.35 0.04
Sit-ups -0.29 0.18 0.10 0.63
Supine up 0.38 0.03 0.18 0.34
Sit-to-stand 023 022 0.25 0.16
5-m maximal walk 0.13 048 -0.17 0.34
6-min walk -036 0.05 -0.06 0.76

CC correlation coefficient, QF quadriceps femoris

previous reports, which suggest that walking contributes
to improvements in mobility and the ability to perform
ADL [13]. We measured muscle EI to find the infiltra-
tion level of adipose and/or connective tissue [21, 22,
38]. Another striking result of this study was that the EI
of the thigh muscles significantly decreased after the 10
weeks walking intervention. This result is similar to the
results reported by Ryan et al. [16], who found a reduc-
tion in IMF cross-sectional area (as measured by CT)
after a walking intervention in obese older women.
However, given the different measurement methods
(e.g., CT vs. ultrasonography) and the physical character-
istics of participants in our study compared with those
in the study by Ryan et al. [16], similarities in the results
should be interpreted with care. The reduction in muscle
use induced by lower limb unloading has been shown to
increase IMF in the calf and thigh [39], and Goodpaster
et al. [40] reported that increased physical activity pre-
vented an increase in IMF. These results suggest that
the amount of activity performed by the lower limb
muscles greatly influences their IMF content. We also
found a significant decrease in the EI of RF, VL, and QF
after the 10-week walking training intervention in our
study. This response likely indicates a decrease in IMF
content. Improvements in muscle quality may also re-
duce the risk of type 2 diabetes in older individuals be-
cause IMF content has a negative effect on insulin
sensitivity [2, 8]. Therefore, walking may be an effective
method of improving the quality of the thigh muscles in
older individuals and may result in recovery and/or pre-
vention of metabolic syndrome.

We showed a significant decrease in SFT in the
WR-group accompanied by a decrease in muscle EI; ac-
cordingly, this caused a decrease in SFT and EI in QF
(Table 1). In a cross-sectional study, Goodpaster et al. [2]
found significant correlation coefficient between subcuta-
neous fat cross-sectional area and muscle density (r=-
0.35, P <0.01), which is the index of fat infiltration level,
implying that IMF content was higher if subcutaneous fat
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area was higher. Therefore, IMF accumulations may
change and may be accompanied by a change in subcuta-
neous fat; however, it is still unknown how regional fat ac-
cumulation in the whole body, including subcutaneous,
abdominal, intramuscular, intermuscular, liver, and so on,
are related to each other. Interestingly, the change was
shown only in the lateral region of the WR-group but not
in the anterior region (Table 1). This result is inconsistent
with that of our previous training experiment [29]. This
spot-specific change could be explained by the findings of
Akima et al. [28]. They showed that SFT is related with
the EI in the lateral (r = — 0.40, P < 0.05) but not in the an-
terior region (r=-0.29, P> 0.05). However, there are few
studies reporting the relationship of longitudinal change
in both subcutaneous fat and muscle quality, and the
underlying physiological mechanism is still unclear.

The percent changes in the muscle thicknesses of the
RF and QF were significantly higher in the WR-group
than in the W-group (Table 1). This demonstrates that
home-based weight-bearing resistance training effectively
increased the muscle size of the participants in our study.
This result was partly consistent with the results of previ-
ous studies [17, 41] and suggests that home-based resist-
ance training may contribute to preventing sarcopenia
and related mobility disorders, falls and fractures, disabil-
ity, and loss of independence [13, 24, 25]. However, in
both groups, some of the muscles examined showed no
significant change or even decrease in thickness after the
training intervention (Table 1). This was likely because the
MT parameter included both skeletal muscle tissue and
IMEF tissue, even though this parameter was called “muscle
thickness” [17, 41]. Thus, if the thickness of the skeletal
muscle tissue and/or IMF tissue decreased as a result of
the intervention, the measured “muscle thickness” would
decrease. EI changes in the W and WR groups suggest
that IMF decreased after the 10-week training interven-
tion. However, using ultrasound imaging, it is difficult to
determine whether the change in thickness that we ob-
served was due to IMF loss alone or to muscle loss. MRI
is considered the gold standard medical imaging modality
for analysis of lean and non-lean tissues [3, 4]; however,
the problems of cost and accessibility of MRI have been
discussed frequently in the literature. For practical rea-
sons, we used ultrasonography in this study. The validity
of assessing muscle size on the basis of thickness measure-
ments made using ultrasonography has been shown previ-
ously [42], and the validity and reliability of muscle quality
measurements made using ultrasonography have also
been discussed [20, 23, 31]. Therefore, ultrasonography
has been shown to be a suitable imaging technique for
studies such as ours and has the advantage of lower cost
and greater accessibility than those of MRI.

Our participants took approximately 7500 to 8000
steps per day on non-walking days, and the score of
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physical functional performance was better than that in
our previous reports [19, 29]. These characteristics
would imply that participants were very active and did
not have obstacle to the exercise and made it possible to
achieve our home-based training protocol because par-
ticipants were required to manage and fulfill their own
training quota considering their lifestyle. They actually
achieved the target of walking and resistance training
frequency. These characteristics of participants would
affect the results as well; greater decreases in EI, which
indicate greater improvements in muscle quality, were
observed after home-based weight-bearing resistance
training in conjunction with walking compared with
after walking alone (Table 1). Concurrent endurance and
resistance training effectively improves both muscle
strength and cardiovascular function and has been previ-
ously shown to reduce EI by 5% in older individuals
[17]. However, this reduction is small compared with the
effect on EI after strength training alone shown by
Radaelli et al. [41]; they found a 12 to 20% reduction in
El after resistance training of the same duration. Simi-
larly, Akima et al. [3] reported that muscle size inversely
determined IMF content. Thus, we hypothesized that
the effects on IMF of walking combined with resistance
training that induced muscle hypertrophy would be
greater than the effects of walking alone. Consistent with
our hypothesis, the percent changes in the EI VL and EI
QF of the WR-group were significantly greater than
those in the W-group (Table 1). However, this result was
inconsistent with results reported by Marcus et al. [43].
They confirmed a decrease in IMF cross-sectional area
after exercise but failed to find a specific effect of com-
bined training. One reason for this discrepancy may be
the characteristics of the participants. IMF content was
reported to be affected by many factors, including age,
disease status, injury, inactivity, and obesity [44]. Fur-
thermore, race is one of the factors that determine indi-
vidual difference in IMF content [7]. The different
magnitudes of response to the training interventions in
our study might also be due to different metabolic re-
sponses in the W- and WR-groups. Perhaps, the reduc-
tions in IMF that we observed were the result of
changes in energy expenditure, fat oxidation, and/or im-
provements in mitochondrial function [45, 46]; however,
we have not determined to what extent these changes
occurred in the muscles of our participants.

We found significant correlations between the percent
changes in EI QF and the percent changes in MT QF in
both groups (Table 3); this result supports the findings of
a previous study by Akima et al. [3]. Similarly, Gorgey et
al. [47] reported that neuromuscular electrical stimulation
of patients with spinal cord injury decreased IMF in con-
junction with muscle hypertrophy. Manini et al. [39]
showed a significant increase in IMF with muscle loss as a
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result of lower limb unloading and found that the in-
creased IMF could be statistically explained by muscle
loss. Therefore, interventions that increase muscle size,
such as resistance training, may more effectively reduce
IMF than endurance training interventions. In our partici-
pants, not all muscles increased in thickness (Table 1); this
was inconsistent with our hypothesis and may suggest that
the intensity of the weight-bearing resistance training was
not sufficient to induce muscle hypertrophy in all muscles.
Many previous studies have used resistance training pro-
tocols with increasing loads that require resistance ma-
chines or dumbbells [17, 41, 43]; however, lack of access
to transportation, unavailability of training programs,
labor considerations, and costs are major limitations of
these types of interventions. Furthermore, the risk of in-
jury is also greater with this type of training. Considering
the balance between risk, simplicity, and versatility, we
concluded that home-based weight-bearing resistance
training was suitable for our study, and our results suggest
that it was effective for improving muscle quality even
without causing hypertrophy of all muscles. The lack of
evident hypertrophy in some muscles may also be because
of the inclusion of IMF in the MT measurement, as dis-
cussed previously. A limitation of ultrasound imaging ana-
lysis is that it is difficult to precisely differentiate between
muscle tissue and IMF.

Our study had several limitations. First, we assigned par-
ticipants to the W- and WR-groups using a
non-randomized controlled procedure. However, we over-
came the biases as much as possible by the following proce-
dures: 1) participants were recruited from the same city
using the same methods (e.g., public invitation from
Nagoya City using public relations magazine and website),
2) participants in each year met the same inclusion criteria
(e.g., aged over 65 years, living independently, without ser-
ious disease, capable of exercise, and not currently involved
in exercise training), and 3) blinding the examiners analyz-
ing the data to the participants’ group. Thus, there were no
significant between-group differences in basic parameters
such as age, height, weight, BMI, and the number of steps
taken on non-walking days. Given these conditions, our
participants showed a high level of activity and perfor-
mances of physical function. Because of these participant
characteristics, it would be difficult to apply this training ef-
fect to older adults with injury, sarcopenia, frailty, nursing
care, etc. Second, we did not have a control group. Previous
studies that examined training effects on EI have reported
the before and after EI results over a control period; they
found that EI did not change over 6 weeks and 12 weeks
[17, 48]. Data from a control period may emphasize the ef-
fects of the training intervention, but we observed changes
in EI that were obviously enhanced by physical activity.
Third, we did not measure baseline physical activity level
because of restricted participant schedule. However, we
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analyzed their training logs and calculated the number of
steps on a non-training day as the baseline step count. We
instructed participants to describe in detail their physical
condition, daily steps, and events of daily living comprehen-
sively related with daily activity. Furthermore, we strictly
checked them once every 2weeks through consultation.
These managements could contribute to understanding
their daily living activity in both training and non-training
days.

Conclusion

Knee extensor muscle EI was significantly reduced after
a 10-week walking intervention in older adults and even
further reduced by a combined walking with
home-based resistance training intervention. Changes in
EI were negatively correlated with changes in MT in
both groups, suggesting that the mechanical and meta-
bolic stimulation of the trained muscles resulted in EI
changes. These results indicate that walking training
alone may be useful for improving the muscle quality of
older individuals but that it has a lesser overall training
effect than walking combined with home-based resist-
ance training. Muscle size and muscle quality were both
improved, with concurrent improvements in functional
abilities, as a result of the 10-week combined walking
and home-based resistance training intervention without
the use of conventional resistance training machines.

Abbreviations

CT: Computed tomography; El: Echo intensity; IMF: Intramuscular fat;

MRI: Magnetic resonance imaging; MT: Muscle thickness; QF: Quadriceps
femoris; RF: Rectus femoris; SEM: Standard error of the measurement;

SFT: Subcutaneous fat thickness; VI: Vastus intermedius; VL: Vastus lateralis; W-
group: Walking group; WR-group: Walking and resistance training group

Acknowledgements

This study was promoted by the City of Nagoya's Health and Welfare Bureau.
The experiment was carried out as a part of Health Promotion Services
called “Nagoya Health College” program.

Funding
The authors have received no funding for conducting this study.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Authors’ contributions

AY: guarantor of integrity of the entire study, study concepts and design, literature
research, experimental study, data analysis, and manuscript preparation and
editing. AT, RA, MO, SK, AS and NT: experimental study, data sampling and
analysis, and manuscript editing. TK: manuscript editing. YO: guarantor of integrity
of the entire study and manuscript editing. HA: guarantor of integrity of the entire
study, study concepts and design, experimental study, data sampling and
manuscript editing. All authors read and approved the final manuscript.

Ethics approval and consent to participate

All examination protocols were approved by the Institutional Review Board
of the Research Center for Health, Physical Fitness and Sports at Nagoya
University (approval numbers: 26-13, 27-9), and were conducted in
accordance with the ethical principles stated in the Declaration of Helsinki.
The subjects gave written informed consent for the study after receiving a

(2018) 15:13

Page 9 of 10

detailed explanation of the purposes, potential benefits, and risks associated
with participation.

Consent for publication
All participants completed consent forms.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Graduate School of Medicine, Nagoya University, Nagoya, Japan. “Graduate
School of Education and Human Development, Nagoya University, Nagoya,
Japan. *Japan Society for the Promotion of Science, Tokyo, Japan. “Research
Center of Health, Physical Fitness and Sports, Nagoya University, Nagoya,
Japan. °Faculty of Sports Sciences, Waseda University, Saitama, Japan.
5School of International Liberal Studies, Chukyo University, Toyota, Japan.

Received: 24 April 2018 Accepted: 6 November 2018
Published online: 19 November 2018

References

1. Evans WJ, Campbell WW. Sarcopenia and age-related changes in body
composition and functional capacity. J Nutr. 1993;123:465-8.

2. Goodpaster BH, Thaete FL, Kelley DE. Thigh adipose tissue distribution is
associated with insulin resistance in obesity and in type 2 diabetes mellitus.
Am J Clin Nutr. 2000;71(4):885-92.

3. Akima H, Yoshiko A, Hioki M, Kanehira N, Shimaoka K, Koike T, Sakakibara H,
Oshida Y. Skeletal muscle size is a major predictor of intramuscular fat
content regardless of age. Eur J Appl Physiol. 2015;115(8):1627-35.

4. Yoshiko A, Hioki M, Kanehira N, Shimaoka K, Koike T, Sakakibara H, Oshida Y,
Akima H. Three-dimensional comparison of intramuscular fat content
between young and old adults. BMC Med Imaging. 2017;17(1):12.

5. Fink RI, Kolterman OG, Griffin J, Olefsky JM. Mechanisms of insulin resistance
in aging. J Clin Invest. 1983;71(6):1523-35.

6. Jubrias SA, Odderson IR, Esselman PC, Conley KE. Decline in isokinetic force
with age: muscle cross-sectional area and specific force. Pflugers Arch. 1997;
434(3):246-53.

7. Goodpaster BH, Carlson CL, Visser M, Kelley DE, Scherzinger A, Harris T8,
Stamm E, Newman AB. Attenuation of skeletal muscle and strength in the
elderly: the health ABC study. J Appl Physiol. 2001,90(6):2157-65.

8. Goodpaster BH, Thaete FL, Simoneau JA, Kelley DE. Subcutaneous
abdominal fat and thigh muscle composition predict insulin sensitivity
independently of visceral fat. Diabetes. 1997;46(10):1579-85.

9. Marcus RL, Addison O, Dibble LE, Foreman KB, Morrell G, Lastayo P.
Intramuscular adipose tissue, sarcopenia, and mobility function in older
individuals. J Aging Res. 2012;2012:629637.

10.  Sipila S, Suominen H. Effects of strength and endurance training on thigh
and leg muscle mass and composition in elderly women. J Appl Physiol.
1995,78(1):334-40.

11. Cadore EL, Pinto RS, Bottaro M, Izquierdo M. Strength and endurance
training prescription in healthy and frail elderly. Aging Dis. 2014;5(3):183-95.

12, Jacobs JL, Marcus RL, Morrell G, LaStayo P. Resistance exercise with older
fallers: its impact on intermuscular adipose tissue. Biomed Res Int. 2014;
2014:398960.

13. Rooks DS, Kiel DP, Parsons C, Hayes WC. Self-paced resistance training and
walking exercise in community-dwelling older adults: effects on
neuromotor performance. J Gerontol A Biol Sci Med Sci. 1997,52(3):161-8.

14.  Hersey WC 3rd, Graves JE, Pollock ML, Gingerich R, Shireman RB, Heath GW,
Spierto F, McCole SD, Hagberg JM. Endurance exercise training improves
body composition and plasma insulin responses in 70- to 79-year-old men
and women. Metabolism. 1994:43(7):847-54.

15. Hong HR, Jeong JO, Kong JY, Lee SH, Yang SH, Ha CD, Kang HS. Effect of
walking exercise on abdominal fat, insulin resistance and serum cytokines in
obese women. J Exerc Nutrition Biochem. 2014;18(3):277-85.

16. Ryan AS, Nicklas BJ, Berman DM, Dennis KE. Dietary restriction and walking
reduce fat deposition in the midthigh in obese older women. Am J Clin
Nutr. 2000;72(3):708-13.



Yoshiko et al. European Review of Aging and Physical Activity

20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Wilhelm EN, Rech A, Minozzo F, Botton CE, Radaelli R, Teixeira BC, Reischak-
Oliveira A, Pinto RS. Concurrent strength and endurance training exercise
sequence does not affect neuromuscular adaptations in older men. Exp
Gerontol. 2014;60:207-14.

Fukumoto Y, lkezoe T, Yamada Y, Tsukagoshi R, Nakamura M, Takagi Y,
Kimura M, Ichihashi N. Age-related ultrasound changes in muscle quantity
and quality in women. Ultrasound Med Biol. 2015;41(11):3013-7.

Yoshiko A, Kaji T, Sugiyama H, Koike T, Oshida Y, Akima H. Muscle quality
characteristics of muscles in the thigh, upper arm and lower back in elderly
men and women. Eur J Appl Physiol. 2018;118(7):1385-95.

Reimers K, Reimers CD, Wagner S, Paetzke I, Pongratz DE. Skeletal muscle
sonography: a correlative study of echogenicity and morphology. J
Ultrasound Med. 1993;12(2):73-7.

Pillen S, Tak RO, Zwarts MJ, Lammens MM, Verrijp KN, Arts IM, van der Laak
JA, Hoogerbrugge PM, van Engelen BG, Verrips A. Skeletal muscle
ultrasound: correlation between fibrous tissue and echo intensity.
Ultrasound Med Biol. 2009;35(3):443-6.

Arts IM, Pillen S, Schelhaas HJ, Overeem S, Zwarts MJ. Normal values for
quantitative muscle ultrasonography in adults. Muscle Nerve. 2010/41(1):32-41.
Akima H, Hioki M, Yoshiko A, Koike T, Sakakibara H, Takahashi H, Oshida Y.
Intramuscular adipose tissue determined by T1-weighted MRl at 3 T
primarily reflects extramyocellular lipids. Magn Reson Imaging. 2016;34(4):
397-403.

Nelson ME, Layne JE, Bernstein MJ, Nuernberger A, Castaneda C, Kaliton D,
Hausdorff J, Judge JO, Buchner DM, Roubenoff R, et al. The effects of
multidimensional home-based exercise on functional performance in
elderly people. J Gerontol A Biol Sci Med Sci. 2004;59(2):154—160.
Bruce-Brand RA, Walls RJ, Ong JC, Emerson BS, O'Byrne JM, Moyna NM.
Effects of home-based resistance training and neuromuscular electrical
stimulation in knee osteoarthritis: a randomized controlled trial. BMC
Musculoskelet Disord. 2012;13:118.

Tudor-Locke CE, Myers AM. Methodological considerations for researchers
and practitioners using pedometers to measure physical (ambulatory)
activity. Res Q Exerc Sport. 2001;72(1):1-12.

Schneider PL, Crouter S, Bassett DR. Pedometer measures of free-living

physical activity: comparison of 13 models. Med Sci Sports Exerc. 2004;36(2):

331-5.

Akima H, Yoshiko A, Tomita A, Ando R, Saito A, Ogawa M, Kondo S, Tanaka
NI. Relationship between quadriceps echo intensity and functional and
morphological characteristics in older men and women. Arch Gerontol
Geriatr. 2017;70:105-11.

Yoshiko A, Kaji T, Sugiyama H, Koike T, Oshida Y, Akima H. Effect of 12-
month resistance and endurance training on quality, quantity, and function
of skeletal muscle in older adults requiring long-term care. Exp Gerontol.
2017;98:230-7.

Berg HE, Tedner B, Tesch PA. Changes in lower limb muscle cross-sectional
area and tissue fluid volume after transition from standing to supine. Acta
Physiol Scand. 1993;148(4):379-85.

Caresio C, Molinari F, Emanuel G, Minetto MA. Muscle echo intensity:
reliability and conditioning factors. Clin Physiol Funct Imaging. 2015;35(5):
393-403.

McCarthy EK, Horvat MA, Holtsberg PA, Wisenbaker JM. Repeated chair
stands as a measure of lower limb strength in sexagenarian women. J
Gerontol A Biol Sci Med Sci. 2004;59(11):1207-12.

Chodzko-Zajko WJ, Proctor DN, Fiatarone Singh MA, Minson CT, Nigg CR,
Salem GJ, Skinner JS. American College of Sports Medicine position stand.
Exercise and physical activity for older adults. Med Sci Sports Exerc. 2009;
41(7):1510-30.

Quach L, Galica AM, Jones RN, Procter-Gray E, Manor B, Hannan MT, Lipsitz
LA. The nonlinear relationship between gait speed and falls: the
maintenance of balance, independent living, intellect, and zest in the
elderly of Boston study. J Am Geriatr Soc. 2011;59(6):1069-73.

Morrison S, Colberg SR, Parson HK, Neumann S, Handel R, Vinik EJ, Paulson
J, Vinik Al. Walking-induced fatigue leads to increased falls risk in older
adults. J Am Med Dir Assoc. 2016;17(5):402-9.

Tudor-Locke C, Bassett DR Jr. How many steps/day are enough? Preliminary
pedometer indices for public health. Sports Med. 2004;34(1):1-8.

Sequeira MM, Rickenbach M, Wietlisbach V, Tullen B, Schutz Y. Physical activity
assessment using a pedometer and its comparison with a questionnaire in a
large population survey. Am J Epidemiol. 1995;142(9):989-99.

(2018) 15:13

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Page 10 of 10

Reimers CD, Fleckenstein JL, Witt TN, Muller-Felber W, Pongratz DE.
Muscular ultrasound in idiopathic inflammatory myopathies of adults. J
Neurol Sci. 1993;116(1):82-92.

Manini TM, Clark BC, Nalls MA, Goodpaster BH, Ploutz-Snyder LL, Harris TB.
Reduced physical activity increases intermuscular adipose tissue in healthy
young adults. Am J Clin Nutr. 2007,85(2):377-84.

Goodpaster BH, Chomentowski P, Ward BK, Rossi A, Glynn NW, Delmonico
MJ, Kritchevsky SB, Pahor M, Newman AB. Effects of physical activity on
strength and skeletal muscle fat infiltration in older adults: a randomized
controlled trial. J Appl Physiol. 2008;105(5):1498-503.

Radaelli R, Botton CE, Wilhelm EN, Bottaro M, Brown LE, Lacerda F, Gaya A,
Moraes K, Peruzzolo A, Pinto RS. Time course of low- and high-volume
strength training on neuromuscular adaptations and muscle quality in older
women. Age (Dordr). 2014;36(2):881-92.

Miyatani M, Kanehisa H, Ito M, Kawakami Y, Fukunaga T. The accuracy of
volume estimates using ultrasound muscle thickness measurements in
different muscle groups. Eur J Appl Physiol. 2004,91(2-3):264-72.

Marcus RL, Smith S, Morrell G, Addison O, Dibble LE, Wahoff-Stice D, Lastayo
PC. Comparison of combined aerobic and high-force eccentric resistance
exercise with aerobic exercise only for people with type 2 diabetes mellitus.
Phys Ther. 2008,38(11):1345-54.

Addison O, Marcus RL, Lastayo PC, Ryan AS. Intermuscular fat: a review of
the consequences and causes. Int J Endocrinol. 2014;2014:309570.

Crane JD, Devries MC, Safdar A, Hamadeh MJ, Tarnopolsky MA. The effect of
aging on human skeletal muscle mitochondrial and intramyocellular lipid
ultrastructure. J Gerontol A Biol Sci Med Sci. 2010;65(2):119-28.

Bajpeyi S, Reed MA, Molskness S, Newton C, Tanner CJ, McCartney JS,
Houmard JA. Effect of short-term exercise training on intramyocellular lipid
content. Appl Physiol Nutr Metab. 2012;37(5):822-8.

Gorgey AS, Shepherd C. Skeletal muscle hypertrophy and decreased
intramuscular fat after unilateral resistance training in spinal cord injury:
case report. J Spinal Cord Med. 2010;33(1):90-5.

Cadore EL, Gonzalez-lzal M, Pallares JG, Rodriguez-Falces J, Hakkinen K
Kraemer WJ, Pinto RS, Izquierdo M. Muscle conduction velocity, strength,
neural activity, and morphological changes after eccentric and concentric
training. Scand J Med Sci Sports. 2014;24(5):343-52.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Experimental design and procedure
	Participants
	Training program
	Ultrasound measurements
	Physical functional tests
	Statistical analysis

	Results
	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

